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[bookmark: _Ref521334010]Introduction
In RAN1#109-e meeting, the evaluation needs on coverage recovery, latency, throughput, power saving, PDCCH blocking, network capacity and spectral efficiency were extensively discussed. The following agreements and conclusions were achieved in the meeting [1]. Only the coverage performance is required to be simulated and most of the simulation assumptions have been aligned.
	Agreement
         At least the option of RF+BB BW reduction to 5 MHz is considered for coverage evaluation
  FFS whether/which other options are also considered
  FFS which DL/UL Channels of all the DL/UL channels are evaluated

Conclusion
· SLS evaluation for network capacity and spectral efficiency is not conducted in Rel-18 RedCap SI.

Agreement
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
· Note: It is up to each company whether to reuse the LLS results

Agreement
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz 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
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 
· FFS which evaluation assumption should be updated for the above channels

Agreement
         Following evaluations are not conducted in Rel-18 RedCap SI
  Latency
  Throughput
  Power saving gain

 Agreement
         Coverage of Msg4 can be optionally evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”
 
Agreement
         For coverage evaluation of Rel-17 and Rel-18 RedCap UEs, only 1 Rx branch is assumed.
  Note: it does not mean that 2Rx is precluded for Rel-18 RedCap UE
 
Agreement
         For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, following parameters are used.
	Parameters
	FR1 values

	UE bandwidth
	Rural: 5 MHz (25 PRBs, 15 kHz SCS)
Urban: 5 MHz (11 PRBs or 12 PRBs (optional), 30 kHz SCS)


  Note: Rural scenario at 0.7 GHz, Urban scenario at 2.6 GHz, and Urban scenario at 4 GHz (optional) are considered.
 
Agreement
         For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, target data rates are
  FR1 Rural: 250 kbps on DL and 25 kbps in UL
  FR1 Urban: 500 kbps on DL and 250 kbps in UL
  Note: The target data rates are the scaled value in the Rel-17 RedCap SI by a factor of 0.25
 
Agreement
         3dB antenna efficiency loss can be optionally assumed for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”

 Agreement
         For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, following revision are assumed
  For 15KHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
  For 30KHz SCS,
  Opt1: CORESET size is 3 symbols and 6 PRBs, AL is 2 (baseline)
  Opt2: CORESET size is 3 symbols and 12 PRBs, AL is 4 (optional)
FFS：Use all CCEs of the CORESET
 
Agreement
         For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
 
Conclusion
         Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI
Agreement
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5 MHz, e.g., 48 PRB 
· The UE can receive a part of SIB1 PDSCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· Opt2: SIB1 BW is within 5 MHz
· A TBS of 1256 bits(other size is not precluded)
Note: whether interleaving mapping is assumed depends on companies’ report
Agreement
· For PDCCH CSS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, following revision are assumed
· Opt1: CORESET BW is larger than 5 MHz
· The UE can receive a part of PDCCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· For 15/30 kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30 kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configuations are also not precluded
· Opt2: CORESET BW is within 5MHz
· For 15 kHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30kHz SCS,
· Opt2-1: CORESET size is 3 symbols and 6 PRBs, AL is 2. Other configurations are also not precluded
· Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4
Agreement
         The LLS results of the option of “RF+BB BW reduction to 5 MHz for all DL/UL channels” can be reused for the coverage evaluation of other BW reduction options, if applicable.
Agreement
         For coverage evaluation in Urban scenario at 4 GHz, DL PSD 33 dBm/MHz is baseline and DL PSD 24 dBm/MHz is optional.
Agreement
         Revise the agreement as follows:
Agreement
· For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, following revision are assumed
· For 15KHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30KHz SCS,
· Opt1: CORESET size is 3 symbols and 6 PRBs, AL is 2 (baseline)
· Opt2: CORESET size is 3 symbols and 12 PRBs, AL is 4 (optional)
FFS: Use all CCEs of the CORESET Other configurations are also not precluded
Agreement
· For Msg4 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, a TBS of 1040 bits is assumed
· a TBS smaller than 1040 bits can be optionally evaluated and reported by each company.
Agreement
· For PRACH coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, Format 0 is used for Rural scenario and Format B4 is used for Urban scenario
· Format C2 can be used optionally.
Agreement
For Msg2 coverage evaluation of reference UE, Rel-17 RedCap UE, and Rel-18 RedCap UE, A TBS of 72 bits is assumed.


In this contribution, we provide our simulation results based on the Rel-18 eRedCap UE assumptions according to the above agreements and comparisons with simulation results of Rel-17 RedCap UE. We also provide our views on whether coverage recovery for Rel-18 eRedCap UE is needed or not.

Discussion
Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction was studied. In the contribution, the coverage evaluation is performed in the option of RF-BB BW reduction to 5 MHz for all DL/UL channels. Three scenarios including rural scenario at 0.7 GHz, urban scenario at 2.6 GHz, and urban scenario at 4 GHz are evaluated. For urban scenario at 2.6 GHz, both 5 MHz bandwidth with 11 PRBs and 5 MHz bandwidth with 12 PRBs are simulated for comparison. For coverage evaluation in urban scenario at 4 GHz, 5 MHz bandwidth with 11 PRBs is considered for both DL PSD 33 dBm/MHz and DL PSD 24 dBm/MHz. In the following sections, we present the coverage performance of each channel in different scenarios in detail. 
It should be noted that the MIL margin/gap in the following tables is the D-value between the MIL of one channel for the Rel-17 RedCap UE or the Rel-18 eRedCap UE and the MIL of the bottleneck channel PUSCH for Rel-15 reference NR UE. The bottleneck channel PUSCH for the reference NR UE and the corresponding maximum isotropic loss (MIL) value in different scenarios are shown in Table 1. MIL margin/gap less than 0 means that the coverage performance of the channel is worse than that of the bottleneck channel PUSCH. In this case, coverage loss of the channel is identified. In addition, the MIL loss mentioned in the analysis is calculated by the simulation result of Rel-18 eRedCap UE with 3dB antenna efficiency loss since the antenna loss has been considered in the reference value of Rel-17 RedCap UE.
[bookmark: _Ref110958345]Table 1 MIL value of bottleneck channel PUSCH for Reference NR UE
	Scenario
	MIL (dB)

	Urban
(2.6 GHz)
	144.3

	
	

	Rural
(700 MHz)
	146.5

	Urban
(4 GHz)
	145.1



[bookmark: _Ref51753467]Evaluation results of broadcast channels
Coverage of common channels has been studied, including SIB1, PBCH and PDCCH CSS. The FR1 link layer simulation results are provided as follows. The detailed simulation assumptions can be found in the appendix. 
SIB1
	Agreement
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5 MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5 MHz, e.g., 48PRB 
· The UE can receive a part of SIB1 PDSCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· Opt2: SIB1 BW is within 5 MHz
· A TBS of 1256 bits(other size is not precluded)
Note: whether interleaving mapping is assumed depends on companies’ report



For SIB1, both BW larger than 5MHz and BW within 5MHz are simulated. In the case of BW larger than 5MHz, the gNB uses 24 PRBs or 48 PRBs to calculate the MCS used for SIB1 PDSCH transmission. Then, the UE can only receive a part of SIB1 PDSCH at a time by puncturing the REs outside UE BW e.g. 11 PRBs or 12 PRBs. On the other hand, in case of BW within 5 MHz, SIB1 PDSCH is directly transmitted using a higher MCS calculated by less transmission resources without the need of puncturing, e.g. 11 PRBs or 12 PRBs. Simulation results are provided in Table 2. For Rel-17 RedCap UE, gNB transmits the SIB1 PDSCH using 48 PRBs and UE receives all the REs of SIB1 PDSCH.
[bookmark: _Ref109567738]Table 2 performance evaluation of SIB1
	Scenario
	SIB1 BW
	MIL (dB)

	
	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	
	Value 
	Gap
	Value
	Gap
	Value
	Gap

	Urban 
(2.6 GHz)
	Larger than 5 MHz (24 PRBs)
	N/A
	N/A
	11 PRBs: 143.5
	-0.8
	140.5
	-3.8

	
	
	
	
	12 PRBs: 146.3
	2.0
	143.3
	-1.0

	
	Larger than 5 MHz (48 PRBs)
	153.2
	8.9
	11 PRBs: 145.3
	1.0
	142.3
	-2.0

	
	
	
	
	12 PRBs: 146.5
	2.2
	143.5
	-0.8

	
	Within 5 MHz
	N/A
	N/A
	11 PRBs: 147.1
	2.8
	144.1
	-0.2

	
	
	
	
	12 PRBs: 147.6
	3.3
	144.6
	0.3

	Rural 
(700 MHz)
	Larger than 5 MHz (48 PRBs)
	152.7
	6.2
	148.8
	4.3
	145.8
	1.3

	
	Within 5 MHz
	N/A
	N/A
	152.8
	6.3
	149.8
	3.3

	Urban 
(4 GHz)
	Larger than 5 MHz (24 PRBs)
	N/A 
	N/A
	11 PRBs,
24 dBm: 134.5
	-11.0
	131.5
	-14.0

	
	
	
	
	11 PRBs,
33 dBm: 143.5
	-2.0
	140.5
	-5.0

	
	Larger than 5 MHz (48 PRBs)
	24 dBm: 144.2
	2
	11 PRBs,
24 dBm: 136.3
	-8.8
	133.3
	-11.8

	
	
	33 dBm: 153.2
	11
	11 PRBs,
33 dBm: 145.3
	0.2
	142.3
	-2.8

	
	Within 5 MHz
	N/A
	N/A
	11 PRBs,
24 dBm: 138.1
	-7.0
	135.1
	-10.0

	
	
	
	
	11 PRBs,
33 dBm: 147.1
	2.0
	144.1
	-1.0



Compared to the Rel-17 RedCap UE, when 3 dB antenna efficiency loss is counted, obvious coverage loss can be observed for SIB1 with further reduced BW. Furthermore, the coverage loss differs when an eRedCap UE with various SIB1 BWs. According to Table 2, the coverage performance of SIB1 BW within 5 MHz is always better than the coverage performance of SIB1 BW larger than 5 MHz, no matter in case of SIB1 BW with 48 PRBs or 24 PRBs. Hence, we focus on the simulation results of SIB1 BW within 5 MHz to achieve the best SIB1 performance as far as possible.
Specifically, about 8.6~9.1 dB loss can be observed in urban scenario at 2.6 GHz and 12 dB loss can be observed in urban scenario at 4 GHz. Meanwhile, the MIL may be worse than the bottleneck channel PUSCH of Rel-15 reference NR UE when considering 3 dB antenna efficiency loss. The difference between UE BW with 11 PRBs and UE BW with 12 PRBs is tiny. On the other hand, about 2.0~3.3 dB margin is observed for SIB1 PDSCH without antenna loss. Hence, according to the comparison with bottleneck channel PUSCH, whether coverage recovery for SIB1 PDSCH is needed in urban scenario depends on if antenna efficiency loss is considered. 
For rural scenario at 700 MHz, only 2.9 dB loss is observed. According to the comparison with bottleneck channel PUSCH, there is still 3.3 dB margin left even if considering the antenna loss, which has less impact on the coverage performance. Hence, coverage recovery for SIB1 PDSCH may not be needed in rural scenario.
Observation 1: For SIB1 PDSCH, in both urban scenario and rural scenario, the MIL loss for SIB1 BW within 5 MHz is less than that for SIB1 BW larger than 5 MHz.
Observation 2: In case of SIB1 BW within 5 MHz, when 3 dB antenna efficiency loss is counted:
· For urban scenario, the MIL loss is about 8.6~9.1 dB at 2.6 GHz for different UE BW PRB number and 12 dB at 4 GHz.
· For rural scenario, the MIL loss is about 2.9 dB.
Observation 3: In urban scenario at 2.6 GHz and 4 GHz, whether coverage recovery for SIB1 PDSCH is needed depends on if antenna efficiency loss is considered.
Observation 4: In rural scenario at 700 MHz, coverage recovery for SIB1 PDSCH may not be needed.

PBCH
PBCH transmission always occupies 20 PRBs while only 11 or 12 valid PRBs can be received for 5 MHz UE in urban scenario. The same puncture method is used to receive PBCH. On the other hand, there is no impact on the PBCH transmission in rural scenario since the UE BW is 25 PRBs. Simulation results are provided in Table 3.
[bookmark: _Ref109653681]Table 3 performance evaluation of PBCH
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	157.7
	13.4
	11 PRBs: 155.3
	11
	152.3
	8

	
	
	
	12 PRBs: 155.9
	11.6
	152.9
	8.6

	Rural
(700 MHz)
	154.9
	8.4
	157.9
	11.4
	154.9
	8.4

	Urban
(4 GHz)
	24 dBm: 148.7
	3.6
	11 PRBs: 146.3
	1.2
	143.3
	-1.8

	
	33 dBm: 157.7
	12.6
	11 PRBs: 155.3
	10.2
	152.3
	7.2



Compared to the Rel-17 RedCap UE, when 3 dB antenna efficiency loss is counted, about 4.8~5.4 dB loss can be observed in urban scenario at 2.6 GHz and 5.4 dB loss can be observed in urban scenario at 4 GHz. Nevertheless, the left MIL margin of PBCH is sufficient for 5 MHz UE except for urban scenario with 24 dBm/MHz. In rural scenario, no coverage loss is observed because there is no difference between the Rel-17 RedCap UE and 5 MHz UE in transmitting and receiving the PBCH. In general, according to the comparison with bottleneck channel PUSCH, coverage recovery for PBCH is not needed neither in urban scenario nor rural scenario.
Observation 5: For PBCH, when 3 dB antenna efficiency loss is counted, coverage loss is observed in partial scenario.
· For urban scenario, the MIL loss is about 4.8~5.4 dB at 2.6 GHz for different UE BW PRB number and 5.4 dB at 4 GHz.
· For rural scenario, no MIL loss is observed.
Observation 6: Coverage recovery for PBCH is not needed neither in urban scenario nor rural scenario.

PDCCH CSS
	Agreement
· For PDCCH CSS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
· Opt1: CORESET BW is larger than 5 MHz
· The UE can receive a part of PDCCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· For 15/30 kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30 kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configuations are also not precluded
· Opt2: CORESET BW is within 5MHz
· For 15 kHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30kHz SCS,
· Opt2-1: CORESET size is 3 symbols and 6 PRBs, AL is 2.  Other configuations are also not precluded
· Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4



For PDCCH CSS, there are two options considered for CORESET BW, including larger than 5 MHz and within 5 MHz. When the COSESET BW is larger than 5 MHz, the REs outside UE BW are punctured e.g. 11 PRBs or 12 PRBs. Simulation results are provided in Table 4. For Rel-17 RedCap UE, the MIL margin/gap used as a reference value is determined by the simulation result of the PDCCH with the maximum aggregation level 16.
[bookmark: _Ref109750644]Table 4 performance evaluation of PDCCH CSS
	Scenario
	CORESET size and PDCCH AL
	MIL (dB)

	
	
	Rel-17 RedCap UE
with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	48 PRB, AL16
	156.6
	12.3
	11 PRBs: 149.9
	5.6
	146.9
	2.6

	
	
	
	
	12 PRBs: 150.6
	6.3
	147.6
	3.3

	
	24 PRB, AL 8
	N/A
	N/A
	11 PRBs: 147.5
	3.2
	144.5
	0.2

	
	
	
	
	12 PRBs: 148.5
	4.6
	145.5
	1.6

	
	12PRB, AL 4
	N/A
	N/A
	11 PRBs: N/A
	N/A
	N/A
	N/A

	
	
	
	
	12 PRBs: 149.8
	5.5
	146.8
	2.5

	
	6 PRB, AL 2
	N/A
	N/A
	144.2
	-0.1
	141.2
	-3.1

	Rural
(700 MHz)
	48 PRB, AL 16
	155.3
	8.8
	153.6
	7.1
	150.6
	4.1

	
	24 PRB, AL 8
	N/A
	N/A
	152.1
	5.6
	149.1
	 2.6

	Urban
(4 GHz)
	48 PRB, AL 16
	24 dBm: 146.6
	1.5
	11 PRBs,
24 dBm: 140.9
	-4.2
	137.9
	-7.2

	
	
	33 dBm: 155.6
	10.5
	11 PRBs,
33 dBm: 149.9
	4.8
	146.9
	1.8

	
	24 PRB, AL 8
	N/A
	N/A
	11 PRBs,
24 dBm: 138.5
	-6.6
	135.5
	-9.6

	
	
	
	
	11 PRBs,
33 dBm: 147.5
	2.4
	144.5
	-0.6

	
	6 PRB, AL 2
	N/A
	N/A
	11 PRBs,
24 dBm: 135.0
	-10.1
	132.0
	-13.1

	
	
	
	
	11 PRBs,
33 dBm: 144.0
	-1.1
	141.0
	-4.1



Compared to the Rel-17 RedCap UE, when 3 dB antenna efficiency loss is counted, obvious MIL loss can be observed no matter UE receives a part of PDCCH with a large aggregation level or receives a complete PDCCH with a small aggregation level. The worst case is PDCCH AL 2 when CORESET size is 3 symbols and 6 PRBs in urban scenario, in which the MIL of the PDCCH is poorer than that of the PUSCH for Rel-15 reference NR UE. Hence, we propose that if UE BW within 5 MHz contains only 11 PRBs in urban scenario, Opt1 should be used to transmit PDCCH CSS. For other cases, the ascending order of simulation performance is AL 8, AL 4 (if supported) and AL 16. If AL 16 is used to transmit the PDCCH CSS, although about 9~12.1 dB loss in urban scenario and 4.7~6.2 dB in rural scenario can be observed due to the puncturing, there is still MIL margin left. According to the comparison with bottleneck channel PUSCH, coverage recovery is not needed. 
Observation 7: In urban scenario, PDCCH CSS AL 2 has the worst coverage performance, which is the case that needs coverage recovery compared with bottleneck channel PUSCH.
Observation 8: For PDCCH CSS using different aggregation levels, when 3 dB antenna efficiency loss is counted, coverage loss is observed.
· For urban scenario, the MIL loss is about 9~12.1 dB,
· For rural scenario, the MIL loss is about 4.7~6.2 dB.
Observation 9: In both urban scenario and rural scenario, PDCCH AL 16 has the best coverage performance and coverage recovery is not needed.
Proposal 1: If UE BW within 5 MHz contains only 11 PRBs in urban scenario, CORESET BW larger than 5 MHz should be used to transmit PDCCH CSS.

Evaluation results of unicast channels in DL
Coverage of unicast channels in DL has been studied. The FR1 link layer simulation results are provided as follows. The detailed simulation assumptions can be found in the appendix. 
PDSCH
For PDSCH, it is scheduled with full available UE BW. As has been agreed, the required data rate is reduced to adapt to the narrower BW. Simulation results are provided in Table 5.
[bookmark: _Ref109916060]Table 5 performance evaluation of PDSCH
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	157.3
	13.0
	11 PRBs: 156.8
	12.5
	153.8
	9.5

	
	
	
	12 PRBs: 158.5
	14.2
	155.5
	11.2

	Rural
(700 MHz)
	152.7
	6.2
	154.5
	8
	151.5
	5

	Urban
(4 GHz)
	24 dBm: 147.5
	2.4
	11 PRBs: 147.8
	2.7
	144.8
	-0.3

	
	33 dBm: 156.5
	11.4
	11 PRBs: 156.8
	11.7
	153.8
	8.7



Compared to the Rel-17 RedCap UE, when 3 dB antenna efficiency loss is counted, about 1.8~3.5 dB loss can be observed for UE BW with 12 or 11 PRBs in urban scenario at 2.6 GHz, 2.7 dB loss in urban scenario at 4 GHz and 1.2 dB loss in rural scenario. In general, the MIL loss is relatively small and has less impact on PDSCH coverage. According to the comparison with bottleneck channel PUSCH, coverage recovery is not needed.
Observation 10: For PDSCH, when 3 dB antenna efficiency loss is counted, relatively small coverage loss is observed.
· For urban scenario, the MIL loss is about 1.8~3.5 dB loss for UE BW with 12 or 11 PRBs at 2.6 GHz and 2.7 dB at 4 GHz.
· For rural scenario, the MIL loss is about 1.2 dB.
Observation 11: Coverage recovery for PDSCH is not needed neither in urban scenario nor rural scenario.

PDCCH USS
For PDCCH USS, UE is not allowed to receive partial PDCCH at a time in principle. Hence, in urban scenario, only the case of AL 2 for a UE BW containing 11 PRBs and AL 4 for a UE BW containing 12 PRBs can be simulated. In rural scenario, only the case of AL 8 for a UE BW containing 25 PRBs is allowed. Simulation results are provided in Table 6. For Rel-17 RedCap UE, the MIL margin/gap used as a reference value is determined by the simulation result of the PDCCH with the maximum aggregation level 16.
[bookmark: _Ref109919093]Table 6 performance evaluation of PDCCH USS
	Scenario
	CORESET size and PDCCH AL
	MIL (dB)

	
	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	6 PRB, AL 2
	N/A
	N/A
	148.2
	3.9
	15.2
	0.9

	
	12 PRB, AL 4
	
	
	152.4
	8.1
	149.4
	5.1

	
	48 PRB, AL 16
	162.6
	15.3
	N/A
	N/A
	N/A
	N/A

	Rural 
(700 MHz)
	24 PRB, AL 8
	N/A
	N/A
	152.1
	5.6
	149.9
	2.6

	
	48 PRB, AL 16
	158.3
	8.8
	N/A
	N/A
	N/A
	N/A

	Urban
(4 GHz)
	6 PRB, AL 2
	N/A
	N/A
	24 dBm: 139.0
	-6.1
	136.0
	-9.1

	
	
	N/A
	N/A
	33 dBm: 148.0
	2.9
	145.0
	-0.1

	
	48 PRB, AL 16
	24 dBm: 153.6
	5.5
	N/A
	N/A
	N/A
	N/A

	
	
	33 dBm: 162.6
	14.5
	N/A
	N/A
	N/A
	N/A



In the case of CORESET size is 3 symbols and 6 PRBs in urban scenario, the coverage loss of the PDCCH USS is large enough so that the MIL of the PDCCH USS with AL 2 is approximately equal to the MIL of the bottleneck channel PUSCH for Rel-15 reference NR UE when considering 3dB antenna efficiency loss. However, about 3.9 dB margin at 2.6 GHz and 2.9 dB margin at 4 GHz is observed for PDCCH without antenna loss. Hence, according to the comparison with bottleneck channel PUSCH, if UE BW is supposed to contain only 11 PRBs in urban scenario, whether coverage recovery is needed for PDCCH USS depends on if antenna efficiency loss is considered. For other cases including PDCCH AL 4 and PDCCH AL 8, MIL margin left is sufficient for PDCCH coverage. Hence, coverage recovery for PDCCH USS may not be needed neither in urban scenario nor rural scenario as long as the aggregation level is larger than 2.
Observation 12: If UE BW is supposed to contain only 11 PRBs in urban scenario, whether coverage recovery for PDCCH USS is needed depends on if antenna efficiency loss is considered.
Observation 13: Coverage recovery for PDCCH AL4 in urban scenario and PDCCH AL8 in rural scenario may not be needed.

Msg2&Msg4
Msg2 and Msg4 are the channels related to the RACH procedure. For Msg2, a TBS of 72 bits is assumed. Simulation results are provided in Table 7. For Msg4, the payload size is assumed to be 1040 bits, aligned with the assumption in Rel-17 RedCap topic. Simulation results are provided in Table 8.
[bookmark: _Ref109927973]Table 7 performance evaluation of Msg2
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE
with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	147.6
	3.3
	150.6
	6.3
	147.6
	3.3

	Rural
(700 MHz)
	146.3
	-0.2
	149.3
	2.8
	146.3
	-0.2

	Urban
(4 GHz)
	24 dBm: 138.6
	-6.5
	141.6
	-3.5
	138.6
	-6.5

	
	33 dBm: 147.6
	2.5
	150.6
	5.5
	147.6
	2.5


[bookmark: _Ref109928028]Table 8 performance evaluation of Msg4
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE
with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	153.3
	9.0
	11 PRBs: 149.3
	4.0
	146.3
	1.0

	
	
	
	12 PRBs: 148.7
	4.4
	145.7
	1.4

	Rural
(700 MHz)
	152.8
	6.3
	152.6
	6.1
	149.6
	3.1

	Urban
(4 GHz)
	24 dBm: 144.4
	-0.7
	11 PRBs: 139.3
	-5.8
	136.3
	-8.8

	
	33 dBm: 153.4
	8.3
	11 PRBs: 148.3
	3.2
	145.3
	0.2



Since only one PRB is used to transmit Msg2, there is no coverage loss for Msg2 even if the UE BW is further reduced to 5 MHz.
On the other hand, full available UE BW is used to transmit Msg4. When 3 dB antenna efficiency loss is counted, coverage loss can be observed due to the higher data rate caused by narrower frequency domain resource. There is large impact on Msg4 coverage in urban scenario. About 7.6~8 dB loss for UE BW with 12 or 11 PRBs in urban scenario at 2.6 GHz and 8.1 dB loss in urban scenario at 4 GHz. Fortunately, according to the comparison with bottleneck channel PUSCH, coverage recovery may not be needed if not considering antenna loss. 
In rural scenario, when 3 dB antenna efficiency loss is counted, about 3.2dB loss is observed. According to the comparison with bottleneck channel PUSCH, coverage recovery is not needed.
Observation 14: For Msg2, no coverage loss is observed in both urban scenario and rural scenario.
Observation 15: For Msg4, coverage loss is observed.
· For urban scenario, the MIL loss is about 7.6~8 dB loss for UE BW with 12 or 11 PRBs at 2.6 GHz and 8.1 dB at 4 GHz.
· For rural scenario, the MIL loss is about 3.2 dB
Observation 16: Coverage recovery for Msg2 and Msg4 is not needed neither in urban scenario nor rural scenario.
Evaluation results of unicast channels in UL
Coverage of unicast channels in UL has been studied. The FR1 link layer simulation results are provided as follows. The detailed simulation assumptions can be found in the appendix. 
PUSCH
For PUSCH, the scheduled UE BW needs to meet the requirement of the minimum MCS as far as possible, i.e. 11 or 12 PRBs in urban scenario and 4 PRBs in rural scenario. Simulation results are provided in Table 9.
[bookmark: _Ref109996194]Table 9 performance evaluation of PUSCH
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	141.3
	-3.0
	11 PRBs: 148.7
	4.4
	145.7
	1.4

	
	
	
	12 PRBs: 148.6
	4.3
	145.6
	1.3

	Rural
(700 MHz)
	143.5
	-3.0
	146.5
	0
	143.5
	-3

	Urban
(4 GHz)
	142.1
	-3.0
	11 PRBs: 150.5
	5.4
	147.5
	2.4



In urban scenario, although the available UE BW is reduced, PUSCH transmission using MCS 0 still can be ensured due to the lower peak data rate. Thus, the required SNR for PUSCH of 5MHz UE is almost the same as the Rel-17 RedCap UE. However, in the link budget, BW scheduled for PUSCH is used to calculate effective noise power and receive sensitivity. These two values would get smaller as the UE BW decreases and be subtracted during the calculation of MIL. Consequently, the MIL of the 5 MHz UE is larger than the reference UE. 
In rural scenario, considering only 4 PRBs are used to transmit PUSCH, UE BW reduction has no impact on PUSCH coverage. In general, although the PUSCH especially in rural scenario is the bottleneck channel which needs coverage recovery, it can be easily compensated by Rel-17 CE methods.
Observation 17: For PUSCH, no coverage loss is observed in rural scenario and the MIL would be better in urban scenario.
Observation 18: Additional coverage recovery for PUSCH is not needed neither in urban scenario nor rural scenario according to reuse Rel-17 CE methods.

Msg3
It is assumed to use 2 PRBs to transmit Msg3 PUSCH. Simulation results are provided in Table 10. No coverage loss is observed for Msg3, and thus no coverage recovery is needed.
[bookmark: _Ref110005037]Table 10 performance evaluation of Msg3
	Scenario
	MIL (dB)

	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	149.8
	5.5
	152.8
	8.5
	149.8
	5.5

	Rural
(700 MHz)
	144.7
	-1.8
	147.7
	1.2
	144.7
	-1.8

	Urban
(4 GHz)
	149.8
	4.7
	152.8
	7.7
	149.8
	4.7



Observation 18: For Msg3, no coverage loss is observed in both urban scenario and rural scenario.
Observation 19: Coverage recovery for Msg3 is not needed neither in urban scenario nor rural scenario.

PUCCH
PUCCH transmission is assumed to occupy one PRB. Simulation results on different PUCCH payloads are provided in Table 11. No coverage loss is observed for PUCCH, and thus no coverage recovery is needed.
[bookmark: _Ref110005729]Table 11 performance evaluation of PUCCH
	Scenario
	PUCCH payloads
	MIL (dB)

	
	
	Rel-17 RedCap UE with antenna loss
	Rel-18 eRedCap UE without antenna loss
	Rel-18 eRedCap UE with antenna loss

	
	
	Value
	Gap
	Value
	Gap
	Value
	Gap

	Urban
(2.6 GHz)
	PUCCH 2 bits
	157.2
	12.9
	160.2
	15.9
	157.2
	12.9

	
	PUCCH 11 bits
	155.8
	11.5
	158.8
	14.5
	155.8
	11.5

	
	PUCCH 22 bits
	153.2
	8.9
	156.2
	12.5
	153.2
	9.5

	Rural
(700 MHz)
	PUCCH 2 bits
	153.5
	7
	156.5
	10.2
	153.5
	7.2

	
	PUCCH 11 bits
	152.1
	5.6
	155.1
	7.4
	152.1
	4.4

	
	PUCCH 22 bits
	148
	1.5
	151
	4.7
	148
	1.7

	Urban
(4 GHz)
	PUCCH 2 bits
	157.2
	12.1
	160.2
	15.1
	157.2
	12.1

	
	PUCCH 11 bits
	155.8
	10.7
	158.8
	13.7
	155.8
	10.7

	
	PUCCH 22 bits
	153.2
	8.1
	156.2
	11.9
	153.2
	8.9



Observation 20: For all of the PUCCH payloads, no coverage loss is observed in both urban scenario and rural scenario.
Observation 21: Coverage recovery for PUCCH is not needed neither in urban scenario nor rural scenario.
Proposal 2: Coverage recovery for uplink channels is not needed neither in urban scenario nor rural scenario.

Conclusion
In this contribution, we provide our views on evaluation needs based on different assumptions with the following observations and proposals.
Observation 1: For SIB1 PDSCH, in both urban scenario and rural scenario, the MIL loss for SIB1 BW within 5 MHz is less than that for SIB1 BW larger than 5 MHz.
Observation 2: In case of SIB1 BW within 5 MHz, when 3 dB antenna efficiency loss is counted:
· For urban scenario, the MIL loss is about 8.6~9.1 dB at 2.6 GHz for different UE BW PRB number and 12 dB at 4 GHz.
· For rural scenario, the MIL loss is about 2.9 dB.
Observation 3: In urban scenario at 2.6 GHz and 4 GHz, whether coverage recovery for SIB1 PDSCH is needed depends on if antenna efficiency loss is considered.
Observation 4: In rural scenario at 700 MHz, coverage recovery for SIB1 PDSCH may not be needed.
Observation 5: For PBCH, when 3 dB antenna efficiency loss is counted, coverage loss is observed in partial scenario.
· For urban scenario, the MIL loss is about 4.8~5.4 dB at 2.6 GHz for different UE BW PRB number and 5.4 dB at 4 GHz.
· For rural scenario, no MIL loss is observed.
Observation 6: Coverage recovery for PBCH is not needed neither in urban scenario nor rural scenario.
Observation 7: In urban scenario, PDCCH CSS AL 2 has the worst coverage performance, which is the case that needs coverage recovery compared with bottleneck channel PUSCH.
Observation 8: For PDCCH CSS using different aggregation levels, when 3 dB antenna efficiency loss is counted, coverage loss is observed.
· For urban scenario, the MIL loss is about 9~12.1 dB,
· For rural scenario, the MIL loss is about 4.7~6.2 dB.
Observation 9: In both urban scenario and rural scenario, PDCCH AL 16 has the best coverage performance and coverage recovery is not needed.
Observation 10: For PDSCH, when 3 dB antenna efficiency loss is counted, relatively small coverage loss is observed.
· For urban scenario, the MIL loss is about 1.8~3.5 dB loss for UE BW with 12 or 11 PRBs at 2.6 GHz and 2.7 dB at 4 GHz.
· For rural scenario, the MIL loss is about 1.2 dB.
Observation 11: Coverage recovery for PDSCH is not needed neither in urban scenario nor rural scenario.
Observation 12: If UE BW is supposed to contain only 11 PRBs in urban scenario, whether coverage recovery for PDCCH USS is needed depends on if antenna efficiency loss is considered.
Observation 13: Coverage recovery for PDCCH AL4 in urban scenario and PDCCH AL8 in rural scenario may not be needed.
Observation 14: For Msg2, no coverage loss is observed in both urban scenario and rural scenario.
Observation 15: For Msg4, coverage loss is observed while coverage recovery may not be needed.
· For urban scenario, the MIL loss is about 7.6~8 dB loss for UE BW with 12 or 11 PRBs at 2.6 GHz and 8.1 dB at 4 GHz.
· For rural scenario, the MIL loss is about 3.2 dB
Observation 16: Coverage recovery for Msg2 and Msg4 is not needed neither in urban scenario nor rural scenario.
Observation 17: For PUSCH, no coverage loss is observed in rural scenario and the MIL would be better in urban scenario.
Observation 18: Additional coverage recovery for PUSCH is not needed neither in urban scenario nor rural scenario according to reuse Rel-17 CE methods.
Observation 18: For Msg3, no coverage loss is observed in both urban scenario and rural scenario.
Observation 19: Coverage recovery for Msg3 is not needed neither in urban scenario nor rural scenario.
Observation 20: For all of the PUCCH payloads, no coverage loss is observed in both urban scenario and rural scenario.
Observation 21: Coverage recovery for PUCCH is not needed neither in urban scenario nor rural scenario.

Proposal 1: If UE BW within 5 MHz contains only 11 PRBs in urban scenario, CORESET BW larger than 5 MHz should be used to transmit PDCCH CSS.
Proposal 2: Coverage recovery for uplink channels is not needed neither in urban scenario nor rural scenario.
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Appendix
Table 12 Simulation assumptions for broadcast channels of Rel-18 eRedCap UE
	Parameters
	Values

	Scenario
	Urban
	Rural

	Channels
	PBCH
	PDCCH CSS
	SIB1
	PBCH
	PDCCH CSS
	SIB1

	Carrier: 
	2.6 GHz / 4 GHz (TDD)
	700 MHz (FDD)

	BWP
	5 MHz
	5 MHz 

	SCS
	30 kHz 
	15 kHz 

	Number of antenna elements for BS
	192 antenna elements, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
	16 antenna elements,
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	BS TxRUs
	64 TxRUs
	4 TxRUs 

	BS Tx chains
	4
	4

	UE Rx chains
	1 
	1 

	OFDM symbol
	12 OS
	12 OS

	Configuration of DMRS
	
	
	1 DMRS symbol
	
	
	1 DMRS symbol

	Data rate
	
	DCI payload: 40 bits
	
	
	DCI payload: 40 bits
	

	PRBs/TBS/MCS
	11/12 PRBs
	6 PRBs (AL 2);
12 PRBs (AL 4);
11/12PRBs
(AL 8/AL 16)
	11/12 PRBs;
TBS: 1256bits;
MCS 6
	20 PRBs
	24 PRBs (AL 8/AL 16)
	25 PRBs;
TBS: 1256 bits;
MCS 2

	Channel Model
	TDL-C for NLOS
	TDL-C for NLOS

	DS
	300 ns
	300 ns

	UE velocity:
	3 km/h
	3 km/h 

	Channel estimation
	True
	True

	Target BLER
	1% iBLER
	1% iBLER
	w/o HARQ, 10% iBLER.
	1% iBLER.
	1% iBLER
	w/o HARQ, 10% iBLER.

	TDD UL/DL configuration 
	DDDDDDDSUU (S: 6D:4G:4U) 
	N/A



Table 13 Simulation assumptions for unicast DL channels of Rel-18 eRedCap UE
	Parameters
	Values

	Scenario
	Urban
	Rural

	Channels
	PDSCH
	PDCCH USS
	Msg2 & Msg4
	PDSCH
	PDCCH USS
	Msg2 & Msg4

	Carrier: 
	2.6 GHz / 4 GHz (TDD)
	700 MHz (FDD)

	BWP
	5 MHz
	5 MHz 

	SCS
	30 kHz 
	15 kHz 

	Number of antenna elements for BS
	192 antenna elements, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
	16 antenna elements,
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	BS TxRUs
	64 TxRUs
	4 TXRUs 

	BS Tx chains
	4
	4

	UE Rx chains
	1 
	1

	OFDM symbol
	12 OS
	12 OS

	Configuration of DMRS
	1 DMRS symbol, no multiplexing with data
	
	3 DMRS symbol, no multiplexing with data
	2 DMRS symbol, no multiplexing with data
	
	3 DMRS symbol, no multiplexing with data

	Data rate 
	500 kbps
	DCI payload: 40 bits
	Msg2 payload: 72 bits;

Msg4 payload: 1040 bits
	250 kbps
	DCI payload: 40 bits
	Msg2 payload: 72 bits;

Msg4 payload: 1040 bits

	PRBs/TBS/MCS
	11/12 PRBs; 
MCS 1 
	6 PRBs (AL 2) ;
12 PRBs (AL 4)

	Msg2: 
4 PRBs;
MCS 0;

Msg4: 
11/12 PRBs;
MCS 5; 
	25 PRBs;
MCS 0 
	24 PRBs (AL 8)
	Msg2: 
4 PRBs;
MCS 0;

Msg4:
24 PRBs;
MCS 2;

	Channel Model
	TDL-C for NLOS
	TDL-C for NLOS

	DS
	300 ns
	300 ns

	UE velocity:
	3 km/h
	3 km/h 

	Channel estimation
	True
	True

	Target BLER
	w/o HARQ, 10% iBLER.
	1% iBLER.
	w/o HARQ, 10% iBLER.
	w/o HARQ, 10% iBLER.
	1% iBLER.
	w/o HARQ, 10% iBLER.

	TDD UL/DL configuration 
	DDDDDDDSUU (S: 6D:4G:4U) 
	N/A



Table 14 Simulation assumptions for unicast UL channels of Rel-18 eRedCap UE, urban
	Parameters
	Values

	Scenario
	Urban

	Channels
	PUSCH
	PUCCH
	Msg3
	PRACH

	Carrier: 
	2.6 GHz / 4 GHz (TDD)

	BWP
	5 MHz

	SCS
	30 kHz 

	Number of antenna elements for BS
	192 antenna elements, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)

	BS TxRUs
	64 TxRUs

	BS Rx chains
	4

	UE Tx chains
	1

	OFDM symbol
	14 OS

	Configuration of DMRS
	1 DMRS symbol, no multiplexing with data
	w/o additional DMRS
	3 DMRS symbol, no multiplexing with data
	

	Data rate 
	250 kbps
	Format 1 payload: 2 bits 
Format 3 payload: 11/22 bits
	Msg3 payload: 56 bits
	Format B4

	PRBs/TBS/MCS
	11/12 PRBs;
MCS 0
	1 PRB
	2 PRB;
MCS 0 
	6 PRB

	Channel Model
	TDL-C for NLOS, 

	DS
	300 ns

	UE velocity:
	3 km/h

	Channel estimation
	True

	Target BLER
	w/o HARQ, 10% iBLER.
	1% ACK missing,
0.1% N2A.
	w/o HARQ, 10% iBLER.
	1% iBLER.

	TDD UL/DL configuration 
	DDDDDDDSUU (S: 6D:4G:4U) 



Table 15 Simulation assumptions for unicast UL channels of Rel-18 eRedCap UE, rural
	Parameters
	Value

	Scenario
	Rural

	Channels
	PUSCH
	PUCCH
	Msg3
	PRACH

	Carrier: 
	700 MHz (FDD)

	BWP
	5 MHz 

	SCS
	15kHz 

	Number of antenna elements for BS
	16 antenna elements,
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	BS TxRUs
	4 TXRUs 

	BS Rx chains
	4

	UE Tx chains
	1

	OFDM symbol
	14 OS

	Configuration of DMRS
	1 DMRS symbol, no multiplexing with data
	w/o additional DMRS
	3 DMRS symbol, no multiplexing with data
	

	Data rate 
	25 kbps
	Format 1 payload: 2 bits;
Format 3 payload: 11/22 bits
	Msg3 payload: 56 bits
	Format 0

	PRBs/TBS/MCS
	4 PRB;
MCS 0
	1 PRB
	2 PRB;
MCS 0 
	11 PRB

	Channel Model
	TDL-C for NLOS

	DS
	300 ns

	UE velocity:
	3 km/h 

	Channel estimation
	True

	Target BLER
	w/o HARQ, 10% iBLER.
	1% ACK missing,
0.1% N2A.
	w/o HARQ, 10% iBLER.
	1% iBLER.

	TDD UL/DL configuration 
	N/A



