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1   Introduction
In RAN1#109 e-meeting, further UE bandwidth reduction was discussed to reduce UE complexity. Based on 5MHz UE bandwidth, the coverage performance of physical channels may be impacted for eRedCap UE. According to RAN1 agreements [1], the coverage evaluations of the following physical channels are needed:

· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”

· SIB1
· PBCH
· PDCCH CSS
· [Msg4]

· Following channels can be optionally evaluated
· PUSCH
· PUCCH 2bits

· PUCCH 11bits

· PUCCH 22bits

· PRACH

· PDSCH
· PDCCH USS
· Msg2
· Msg3
In this contribution, we provide our performance evaluation and analysis on coverage for these physical channels.
2   Discussions 
2.1 Coverage performance for PBCH

2.1.1 Rural scenario at 0.7 GHz
For 15KHz subcarrier spacing, 5MHz bandwidth corresponds to 25 available PRBs where UE can receive entire PBCH based on 512-point FFT. Hence, 5MHz BW UE can achieve the similar performance to Rel-17 RedCap UE. From Table 1, compared with Rel-17 RedCap, no performance loss is observed for PBCH.

Table 1. SNR at target BLER for PBCH (15KHz SCS)
	
	SNR at BLER of 10% (dB)
	SNR at BLER of 1% (dB)

	Reference NR UE
	-11.0
	-8.3

	Rel-17 RedCap UE
	-7.3
	-3.6

	eRedCap UE 
	-7.3
	-3.7


2.1.2 Urban scenario at 2.6 GHz
For 30KHz subcarrier spacing, the PBCH cannot be fully received since it exceeds the maximum bandwidth of eRedCap UE. In this case, we assume eRedCap UE can receive 11 PRBs of PBCH at a time. And for the combination of 4 PBCHs in 80ms, the UE can receive the PBCH using the following two methods:
· Receive the middle 11 PRBs of PBCH across 4 times without RF-retuning, as shown in Figure 1. This method simplifies UE operation, but only part of the PBCH can be received within an MIB update periodicity of 80 ms.

· Receive 11 PRBs of PBCH across 4 times with RF-retuning. At the first time, the UE receives the middle 11 PRBs of PBCH, which corresponds to the same frequency domain resources of the PSS/SSS for cell identification/synchronization. From the second to the fourth detection, the UE alternately receives the highest 11 PRBs and the lowest 11 PRBs of the PBCH, as shown in Figure 2. Through this method, the UE can receive the entire PBCH by the 4 PBCH repetitions.
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Figure 1. PBCH receptions across 4 times without RF-retuning
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Figure 2. PBCH receptions across 4 times with RF-retuning
Based on these two methods, we give the PBCH performance of eRedCap UE, reference Rel-17 RedCap UE and NR UE in Table 2 for 30KHz subcarrier spacing.

Table 2. SNR at target BLER for PBCH (30KHz SCS)
	
	SNR at BLER of 10% (dB)
	SNR at BLER of 1% (dB)

	Reference NR UE
	-15.3
	-13.8

	Rel-17 RedCap UE
	-9.5
	-7.2

	eRedCap UE with RF-retuning
	-6.9
	-4.5

	eRedCap UE without RF-retuning
	-3.3
	2.2


From Table 2, it can be observed that compared with Rel-17 RedCap UE, eRedCap UE has a performance loss of around 2.6 dB for PBCH reception with RF-retuning and 6.2 dB for PBCH reception without RF-retuning at BLER of 10%. In 4 PBCH receptions, RF-retuning can provide performance gain of ~3.6 dB for eRedCap UE.
Observation 1: For PBCH, eRedCap UE has a performance loss of around 2.6 dB for PBCH reception with RF-retuning and 6.2 dB for PBCH reception without RF-retuning at BLER of 10% for 30KHz SCS compared to Rel-17 RedCap UE.
2.1.3 Potential solutions
For 30HKz subcarrier spacing, PBCH reception across multiple times with RF-retuning could be used to enhance coverage performance. According to the current specifications, the reception and combination of 4 PBCHs is supported during initial access.
Further, considering that the MIB is not updated frequently, the UE can receive more repeated PBCH across multiple SSB cycles (e.g. two cycles of 80ms). Figure 3 shows eRedCap UE can provide better performance than reference Rel-17 RedCap UE when PBCH reception across 8 times SSB repetition with RF-retuning is used for 5MHz BW UE. This approach may increase access delay, but it can further improve the PBCH decoding performance without additional enhancement techniques.
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Figure 3 PBCH performance with multiple receptions for 30KHz SCS

Proposal 1: PBCH reception across multiple times with RF-retuning could be used to enhance coverage performance for 30HKz SCS.
2.2 Coverage performance for PDCCH
2.2.1 Rural scenario at 0.7 GHz
For PDCCH CSS, the payload size is assumed as 40bits. As for the truncated receiving when the UE bandwidth is less than the CORESET size, the UE is assumed to receive the middle frequency resources of CORESET and the illustration is shown as following:
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Figure 4. Truncated receiving when UE bandwidth is less than the CORESET size
If the bandwidth of PDCCH CSS is configured with larger than 5MHz, eRedCap UE cannot receive the entire PDCCH. Otherwise, the aggregation level of the PDCCH is restricted. Hence, further UE bandwidth reduction causes a performance loss on PDCCH CSS. Table 3 shows that eRedCap UE has a performance loss of 1.4 dB for PDCCH bandwidth >5MHz and 4.2 dB for PDCCH bandwidth <5MHz at BLER of 1% compared to Rel-17 RedCap UE.
Table 3. SNR at target BLER for PDCCH CSS (15KHz SCS)
	
	Number of PRBs occupied by PDCCH
	SNR at BLER of 1% (dB)

	Reference NR UE
	48
	-8.5

	Rel-17 RedCap UE
	48
	-5.1

	eRedCap UE, 
PDCCH BW >5MHz 
	48
	-3.7

	eRedCap UE,

PDCCH BW <5MHz 
	24
	-0.9


For PDCCH USS, the payload size is assumed as 100bits for all the UEs. Due to restricted aggregation level, the performance loss of eRedCap UE is around 1.7 dB at BLER of 1% compared to Rel-17 RedCap UE.
Table 4. SNR at target BLER for PDCCH USS (15KHz SCS)

	
	Number of PRBs occupied by PDCCH
	SNR at BLER of 1% (dB)

	Reference NR UE
	48
	-6.0

	Rel-17 RedCap UE
	48
	-2.8

	eRedCap UE
	24
	-1.1


Observation 2: For PDCCH, eRedCap UE has the following performance loss in 15KHz SCS at BLER of 1% compared to Rel-17 RedCap UE with 48 PRBs of CSS.

· 1.4/4.2 dB for eRedCap UE with 48/24 PRBs of CSS
· 1.7 dB for USS
2.2.2 Urban scenario at 2.6 GHz

For 30KHz subcarrier spacing, an eRedCap UE can receive up to 11 PRBs of PDCCH within 5MHz bandwidth. So larger performance loss is shown in Table 5 and 6 for PDCCH in CSS and USS respectively. 

Table 5. SNR at target BLER for PDCCH CSS (30KHz SCS)
	
	Number of PRBs occupied by PDCCH
	SNR at BLER of 1% (dB)

	Reference NR UE
	48
	-11.6

	Rel-17 RedCap UE
	48
	-5.4

	eRedCap UE, 

PDCCH BW = 48 PRBs  
	48
	3.1

	eRedCap UE, 

PDCCH BW = 24 PRBs
	24
	8.0

	eRedCap UE, 

PDCCH BW = 6 PRBs
	6
	6.8


Table 6. SNR at target BLER for PDCCH USS (30KHz SCS)
	
	Number of PRBs occupied by PDCCH
	SNR at BLER of 1% (dB)

	Reference NR UE
	48
	-9.5

	Rel-17 RedCap UE
	48
	-2.7

	eRedCap UE, 

PDCCH BW = 6 PRBs  
	6
	14.1


Observation 3: For PDCCH, eRedCap UE has the following performance loss in 30KHz SCS at BLER of 1% compared to Rel-17 RedCap UE with 48 PRBs of CSS. 

· 8.5/13.4/12.2 dB for eRedCap UE with 48/24/6 PRBs of CSS

· 16.8 dB for USS
2.2.3 Potential solutions

For PDCCH CSS, some coverage enhancement, e.g. PDCCH repetition, new mapping method for eRedCap or new common CORESET, could be considered to improve PDCCH performance for eRdCap UE. For PDCCH USS, some existing technologies, e.g. CSI report, can be used to improve PDCCH performance. For PDCCH repetition, it is assumed that double repetitions can brings 3dB gain. Especially considering the SIB1 can be repeatedly transmitted, the corresponding PDCCH is possible to be repeated. And this method have minimum spec impacts compared with the new mapping method and new CORESET.
2.3 Coverage performance for SIB1
2.3.1 Rural scenario at 0.7 GHz
In the simulation for 15KHz SCS, the channel bandwidth of SIB1 is set as below:
· 48 PRBs for reference NR UE and Rel-17 RedCap UE
· 48 PRBs for eRedCap UE and SIB1 BW> 5MHz

· 24 PRBs for eRedCap UE and SIB1 BW< 5MHz

If SIB1 bandwidth is configured with 48 PRBs for both Rel-17 RedCap UE and eRedCap UE, incomplete reception of SIB1 causes a performance loss of ~3dB at BLER of 10% for eRedCap UE, as shown in Table 7. And if SIB1 bandwidth is configured with 48 PRBs for Rel-17 RedCap UE and 24 PRBs for eRedCap UE, SIB1 performance is reduced by ~1.9dB at BLER of 10% for eRedCap UE.
Table 7. SNR at target BLER for SIB1 (15KHz SCS)
	
	Number of PRBs occupied by SIB1
	SNR at BLER of 10% (dB)

	Rel-15 NR UE
	48
	-8.9

	Rel-17 RedCap UE
	48
	-5.2

	eRedCap UE,
SIB1 BW>5MHz
	48
	-2.2

	eRedCap UE,

SIB1 BW<5MHz
	25
	-3.3


Observation 4: For SIB1, eRedCap UE has a performance loss of 3 dB for SIB1 bandwidth > 5MHz (48 PRBs) and 1.9 dB for SIB1 bandwidth < 5MHz (24 PRBs) at BLER of 10% for 15KHz SCS compared to Rel-17 RedCap UE.
2.3.2 Urban scenario at 2.6 GHz

In the simulation for 30KHz SCS, the channel bandwidth of SIB1 is set as below:

· 48 PRBs for reference NR UE and Rel-17 RedCap UE
· 48 PRBs for eRedCap UE and SIB1 BW> 5MHz

· 11 PRBs for eRedCap UE and SIB1 BW< 5MHz
For SIB1 bandwidth > 5MHz, eRedCap UE can only receive 11 PRBs of SIB1 occupying 48 PRBs at a time. So a significant SNR gap (exceeding 14 dB) between Rel-17 RedCap UE and eRedCap UE can be observed at BLER of 10% for SIB1 performance. For SIB1 bandwidth < 5MHz, it is assumed that the channel bandwidth of SIB1 is reduced from 48 PRBs to 11 PRBs. Hence SIB1 performance is reduced by ~8.8 dB at BLER of 10%, as shown in Table 8.
Table 8. SNR at target BLER for SIB1 (30KHz SCS)
	
	Number of PRBs occupied by SIB1
	SNR at BLER of 10% (dB)

	Rel-15 NR UE
	48
	-13.6

	Rel-17 RedCap UE
	48
	-8.9

	eRedCap UE，

SIB1 BW>5M
	48
	5.7

	eRedCap UE，

SIB1 BW<5M
	11
	-0.1


Observation 5: For SIB1, eRedCap UE has a performance loss of 14 dB for SIB1 bandwidth > 5MHz (48 PRBs) and 8.8 dB for SIB1 bandwidth < 5MHz (11 PRBs) at BLER of 10% for 30KHz SCS compared to Rel-17 RedCap UE.
2.3.3 Potential solutions

Due to incomplete reception of SIB1 or limited SIB1 bandwidth, 5MHz UE bandwidth will cause performance decrease on SIB1. Thus, the existing technologies could be considered to compensate SIB1 coverage performance. Since SIB1 is repeatedly transmitted within 160ms, the UE can receive and combine SIB1 across multiple times to compensate the performance loss. In addition, for other SIBs, it could also be considered to receive and combine repeated SIB to improve performance.
Proposal 2: It could be considered to receive and combine repeated SIB1/other SIBs across multiple times to improve performance.
2.4 Coverage performance for Msg3
2.4.1 Rural scenario at 0.7 GHz
For Msg3, the channel bandwidth of 2 PRBs and payload size of 56 bits are assumed for all the UEs in the link simulation. The frequency hopping is enabled within 20MHz bandwidth for reference NR UE and Rel-17 RedCap UE and 5MHz bandwidth for eRedCap UE. Table 9 shows that for 15KHz SCS, the performance of eRedCap UE is around 0.4 dB better than that of reference NR UE at BLER of 10%, which implies that 5MHz bandwidth has higher frequency hopping gain.
Table 9 SNR at target BLER for Msg3 (15KHz SCS)
	
	Number of PRBs occupied by Msg3
	SNR at BLER of 10% (dB)

	Rel-15 NR UE
	2
	-2.2

	Rel-17 RedCap UE
	2
	-2.2

	eRedCap UE
	2
	-2.6


2.4.2 Urban scenario at 2.6 GHz

Table 10 shows the SNR of SIB1 at BLER of 10% for 30KHz SCS. From this table, it can be observed that the performance of eRedCap UE is around 0.3 dB better than that of reference NR UE.
Table 10. SNR at target BLER for Msg3 (30KHz SCS)
	
	Number of PRBs occupied by Msg3
	SNR at BLER of 10% (dB)

	Rel-15 NR UE
	2
	-5.6

	Rel-17 RedCap UE
	2
	-5.6

	eRedCap UE
	2
	-5.9


Observation 6: For Msg3, the performance of eRedCap UE is slightly better than that of Rel-17 RedCap UE and NR UE at BLER of 10% due to the frequency hopping gain of 5MHz bandwidth.
2.5 Coverage performance for Msg4
2.5.1 Rural scenario at 0.7 GHz
In Msg4 simulation, due to bandwidth reduction, the number of PRBs carrying Msg4 is reduced from 42 PRBs to 25 PRBs for 15KHz subcarrier spacing. Hence for eRedCap UE, a performance loss of ~1 dB is observed at BLER of 10% in Table 11 compared to Rel-17 RedCap UE.  
Table 11. SNR at target BLER for Msg4 (15KHz SCS)
	
	Number of PRBs occupied by Msg4
	SNR at BLER of 10% (dB)
	SNR at BLER of 1% (dB)

	Rel-15 NR UE
	42
	-8.9
	-7.3

	Rel-17 RedCap UE
	42
	-5.8
	-4.7

	eRedCap UE
	25
	-4.8
	-4.0


2.5.2 Urban scenario at 2.6 GHz
For 30KHz subcarrier spacing, it is assumed to reduce the number of PRBs carrying Msg4 from 42 PRBs to 11 PRBs in the simulation. Thus, it can be observed that eRedCap UE has a performance loss of 7.4 dB at BLER of 10% compared to Rel-17 RedCap UE from Table 12. 
Table 12. SNR at target BLER for Msg4 (30KHz SCS)
	
	Number of PRBs occupied by Msg4
	SNR at BLER of 10% (dB)
	SNR at BLER of 1% (dB)

	Rel-15 NR UE
	42
	-13.7
	-13.0

	Rel-17 RedCap UE
	42
	-8.9
	-7.0

	eRedCap UE
	11
	-1.5
	2.5


Observation 7: For Msg4, eRedCap UE has a performance loss of 1 dB for 15KHz SCS and 7.4 dB for 30KHz SCS at BLER of 10% compared to Rel-17 RedCap UE.
2.5.3 Potential solutions

Since UE bandwidth is reduced to 5MHz, the RedCap UE cannot receive entire Msg4 if the channel bandwidth exceeds the maximum bandwidth of the RedCap UE. On the other hand, the code rate of Msg4 will increase if the channel bandwidth is less than 5MHz. Therefore, bandwidth reduction for RedCap UEs will result in a performance loss on Msg4. Thus, the existing coverage enhancement techniques, such as scaling factor for TBS determination and PDSCH repetition to compensate Msg4 performance loss. 
Proposal 3: The existing coverage enhancement techniques, such as scaling factor for TBS and PDSCH repetition can be considered to improve Msg4 performance.
2.6 Other physical channels 

PRACH

The coverage evaluation for PRACH assumes that PRACH format 0, B4 and C2 are used. Wherein, for 15KHz subcarrier spacing, format 0 is configured with sequence length of 839 and 1.25 KHz SCS of PRACH, which occupies 6 PRBs in frequency domain. This channel bandwidth can be supported by eRedCap UE, so no significant performance loss is observed. For 30KHz subcarrier spacing, format B4 and C2 are configured with sequence length of 139 and 30 KHz SCS of PRACH, which occupies 12 PRBs in frequency domain. For UE bandwidth reduction of BW1 and BW2, there is no performance impact if 12 PRBs are supported by 5MHz bandwidth.
Msg2

In Msg2 simulation, based on channel bandwidth of 3 PRBs, there is no obvious performance gap between eRedCap UE and Rel-17 RedCap UE. Hence, the coverage on Msg2 is not impacted by further UE bandwidth reduction.

PUSCH

Compared with Rel-17 RedCap UE, the target data rate of eRedCap UE is reduced by 3/4. But the channel bandwidth of eRedCap UE is not changed for 15 KHz SCS and is reduced from 30 PRBs to 11 PRBs for 30KHz SCS in simulation. Therefore, eRedCap UE provides better coverage performance due to lower code rate and spectral efficiency.
PUCCH 

For PUCCH with payload size of 2, 11 and 22 bits, the channel bandwidth of 1 PRB is assumed for all the UEs in simulation According to our simulation results, 5MHz bandwidth can provide more frequency hopping gain than bandwidth of 20MHz and 100MHz.  So PUCCH performance of eRedCap UE is a little better than that of NR UE and Rel-17 RedCap UE.

PDSCH
For 15KHz subcarrier spacing, the target data rate is 1 Mbps for Rel-17 RedCap UE and 250 Kbps for eRedCap UE. And the channel bandwidth is assumed as 39 PRBs for Rel-17 RedCap UE and 25 PRBs for eRedCap UE in simulation. Since eRedCap UE has lower cade rate and spectral efficiency, it can achieve better coverage performance than Rel-17 RedCap UE in rural scenarios with 15KHz SCS.
For 30KHz subcarrier spacing, the target data rate is 2 Mbps for Rel-17 RedCap UE and 500 Kbps for eRedCap UE. And the channel bandwidth is assumed as 51 PRBs for Rel-17 RedCap UE and 11 PRBs for eRedCap UE in simulation. Thus, higher code rate causes performance decrease of 1.8 dB at BLER of 10% for eRedCap UE. However, the coverage performance of PDSCH is better than that of the bottleneck channel of NR UE. Moreover, the gNB can reduce target data rate, e.g. use lower MCS and larger slot aggregation factor, to improve PDSCH coverage performance.
Observation 8: For PDSCH, eRedCap UE has a performance loss of 1.8 dB for 30KHz SCS at BLER of 10% compared to Rel-17 RedCap UE.
2.7 Summary of coverage evaluation

2.7.1 Rural scenario at 0.7 GHz

According to link budget results [2], the maximum isotropic loss (MIL) values of physical channels are given for NR UE, Rel-17 RedCap UE and eRedCap UE for rural scenario at 0.7 GHz in Table 13. 
Table 13. MIL for physical channels in Urban scenario at 0.7 GHz (15KHz SCS)
	
	Reference NR UE
	Rel-17 RedCap UE
	eRedCap UE, Channel BW > 5MHz
	eRedCap UE, Channel BW < 5MHz

	PBCH
	157.5
	153.8
	153.8
	-

	PDCCH CSS
	155.0
	151.6
	150.2
	147.4

	SIB1
	155.4
	151.7
	148.7
	149.8

	Msg2
	152.1
	148.7
	148.7
	-

	Msg3
	142.1
	142.1
	142.5
	-

	Msg4
	155.4
	152.3
	151.3
	-

	PDCCH USS
	156.2
	153.0
	151.3
	-

	PDSCH
	158.6
	156.0
	160.1
	-

	PUSCH 
	143.9
	143.9
	147.7
	-

	PUCCH 2bits
	152.5
	152.5
	152.8
	-

	PUCCH 11 bits
	149.8
	149.8
	150.3
	-

	PUCCH 22 bits
	147.4
	147.4
	147.8
	-


Based on Table 13, Msg3 is the bottleneck channel of reference NR UE and Rel-17 RedCap UE, which has the lowest MIL values among physical channels. Table 14 gives MIL difference between each physical channel of eRedCap UE and Msg3 of reference NR UE. In Table 14, all the channels have better coverage than that of the bottleneck channel. 
Table 14. Coverage loss (dB) for eRedCap UE in Urban scenario at 0.7 GHz 
	
	PBCH
	PDCCH CSS ChBW >5MHz
	PDCCH CSS ChBW <5MHz
	SIB1 ChBW >5MHz
	SIB1 ChBW <5MHz
	Msg2 
	Msg3
	Msg4
	PDCCH USS
	PDSCH
	PUSCH
	PUCCH 2bits
	PUCCH     11 bits
	PUCCH      22 bits

	MIL difference
	11.7
	8.1
	5.3
	6.6
	7.7
	6.6
	0.4
	9.2
	9.2
	18.0
	5.6
	10.7
	8.2
	5.7


Observation 9: For rural scenario at 0.7 GHz, all the physical channels of eRedCap UE have better coverage than that of the bottleneck channel of the reference NR UE. 
2.7.2 Urban scenario at 2.6 GHz
For urban scenario at 2.6 GHz, the maximum isotropic loss (MIL) values of physical channels are given for NR UE, Rel-17 RedCap UE and eRedCap UE in Table 15. 

Table 15. MIL for physical channels in Urban scenario at 2.6 GHz (30KHz SCS)
	
	Reference NR UE
	Rel-17 RedCap UE
	eRedCap UE, Channel BW > 5MHz
	eRedCap UE, Channel BW < 5MHz

	PBCH
	160.7
	154.9
	152.3
	-

	PDCCH CSS
	157.0
	150.8
	142.3 (ChBW=48 PRBs)

137.4 (ChBW=24 PRBs)
	138.6

	SIB1
	159.0
	154.3
	139.7
	145.5

	Msg2
	158.1
	152.0
	152.0
	-

	Msg3
	154.9
	154.9
	155.2
	-

	Msg4
	159.1
	154.3
	146.9
	-

	PDCCH USS
	165.4
	158.6
	141.8
	-

	PDSCH
	169.2
	164.3
	162.5
	-

	PUSCH 
	141.4
	141.4
	146.5
	-

	PUCCH 2bits
	162.5
	162.6
	162.7
	-

	PUCCH 11 bits
	159.9
	159.9
	160.1
	-

	PUCCH 22 bits
	158.0
	158.0
	158.1
	-


Based on Table 15, PUSCH is the bottleneck channel of reference NR UE and Rel-17 RedCap UE, which has the lowest MIL values among physical channels. Table 16 gives MIL difference between each physical channel of eRedCap UE and the bottleneck channel of reference NR UE. In Table 16, PDCCH CSS with channel bandwidth <5MHz and SIB1 with channel bandwidth >5MHz show negative values that indicate the coverage of the channel is worse than that of the bottleneck channel of the reference NR UE. The remaining channels have better coverage than that of the bottleneck channel. 

Table 16. Coverage loss (dB) for eRedCap UE in Urban scenario at 2.6 GHz 
	
	PBCH
	PDCCH CSS ChBW >5MHz
	PDCCH CSS ChBW <5MHz
	SIB1 ChBW >5MHz
	SIB1 ChBW <5MHz
	Msg2 
	Msg3
	Msg4
	PDCCH USS
	PDSCH
	PUSCH
	PUCCH 2bits
	PUCCH     11 bits
	PUCCH      22 bits

	MIL difference
	10.9
	-4
	-2.8
	-1.7
	4.1
	10.6
	13.8
	5.5
	0.4
	21.1
	5.1
	21.3
	18.7
	16.7


Observation 10: For urban scenario at 2.6 GHz, the following physical channels have worse coverage performance than that of the bottleneck channel of the reference NR UE. 

· For BW1 and BW2, 
· PDCCH CSS 

· SIB1 with channel bandwidth >5MHz

· For BW3,

· SIB1 with channel bandwidth >5MHz
3   Conclusion
Base on the evaluation results and analysis in the previous sections, we have the following observations and proposals:

Observation 1: For PBCH, eRedCap UE has a performance loss of around 2.6 dB for PBCH reception with RF-retuning and 6.2 dB for PBCH reception without RF-retuning at BLER of 10% for 30KHz SCS compared to Rel-17 RedCap UE.
Observation 2: For PDCCH, eRedCap UE has the following performance loss in 15KHz SCS at BLER of 1% compared to Rel-17 RedCap UE with 48 PRBs of CSS.

· 1.4/4.2 dB for eRedCap UE with 48/24 PRBs of CSS
· 1.7 dB for USS
Observation 3: For PDCCH, eRedCap UE has the following performance loss in 30KHz SCS at BLER of 1% compared to Rel-17 RedCap UE with 48 PRBs of CSS. 

· 8.5/13.4/12.2 dB for eRedCap UE with 48/24/6 PRBs of CSS

· 16.8 dB for USS
Observation 4: For SIB1, eRedCap UE has a performance loss of 3 dB for SIB1 bandwidth > 5MHz (48 PRBs) and 1.9 dB for SIB1 bandwidth < 5MHz (24 PRBs) at BLER of 10% for 15KHz SCS compared to Rel-17 RedCap UE.

Observation 5: For SIB1, eRedCap UE has a performance loss of 14 dB for SIB1 bandwidth > 5MHz (48 PRBs) and 8.8 dB for SIB1 bandwidth < 5MHz (11 PRBs) at BLER of 10% for 30KHz SCS compared to Rel-17 RedCap UE.
Observation 6: For Msg3, the performance of eRedCap UE is slightly better than that of Rel-17 RedCap UE and NR UE at BLER of 10% due to the frequency hopping gain of 5MHz bandwidth.
Observation 7: For Msg4, eRedCap UE has a performance loss of 1 dB for 15KHz SCS and 7.4 dB for 30KHz SCS at BLER of 10% compared to Rel-17 RedCap UE.
Observation 8: For PDSCH, eRedCap UE has a performance loss of 1.8 dB for 30KHz SCS at BLER of 10% compared to Rel-17 RedCap UE.
Observation 9: For rural scenario at 0.7 GHz, all the physical channels of eRedCap UE have better coverage than that of the bottleneck channel of the reference NR UE. 
Observation 10: For urban scenario at 2.6 GHz, the following physical channels have worse coverage performance than that of the bottleneck channel of the reference NR UE. 

· For BW1 and BW2, 
· PDCCH CSS 

· SIB1 with channel bandwidth >5MHz

· For BW3,

· SIB1 with channel bandwidth >5MHz
Proposal 1: PBCH reception across multiple times with RF-retuning could be used to enhance coverage performance for 30HKz SCS.
Proposal 2: It could be considered to receive and combine repeated SIB1/other SIBs across multiple times to improve performance.
Proposal 3: The existing coverage enhancement techniques, such as scaling factor for TBS and PDSCH repetition can be considered to improve Msg4 performance.
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