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Introduction
[bookmark: _Hlk525462591]In Rel-18, a study item on further UE complexity reduction has been agreed [1]. In RAN1#109-e, the following agreements were reached in relation to simulation needs and assumptions for coverage evaluation.
Agreement
· At least the option of RF+BB BW reduction to 5MHz 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
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 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
· 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 5MHz 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 5MHz 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 5MHz 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 5MHz for all DL/UL channels”
Agreement (further updated as shown in red – from May 20th GTW)
· For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz 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 coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
Agreement
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5MHz, 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 5MHz
· 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 5MHz for all DL/UL channels”, following revision are assumed
· Opt1: CORESET BW is larger than 5MHz
· 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 15/30kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configurations are also not precluded
· Opt2: CORESET BW is within 5MHz
· For 15kHz 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 5MHz 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
· For Msg4 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz 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 5MHz 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 discuss the coverage of different channels for Rel-18 eRedCap UE with RF+BB bandwidth reduction to 5 MHz.
[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Evaluation of coverage
In this section, we evaluate the coverage of the Rel-18 eRedCap UE with 5 MHz bandwidth in comparison with Rel-15 reference UE and Rel-17 RedCap UE. The following scenarios are considered.
· Rural 700 MHz (FDD)
· Urban 2.6 GHz (TDD) with maximum supported bandwidth of 11 PRBs
· Urban 4 GHz (TDD) with maximum supported bandwidth of 11 PRBs and 33 dBm PSD at gNB
In each scenario, the MCS and TBS for PDSCH and PUSCH are determined based on the assumed number of PRBs to achieve the target data rate while taking into account the frame structure assumed (for TDD). We consider the maximum isotropic loss (MIL) for the following channels.
· SIB1
· PBCH
· PDCCH CSS
· PDCCH USS
· PDSCH
· Msg4
· Msg2
· PUSCH
· Msg3
For simplicity of analysis and comparison among different channels, we assume in the following that the transmitter and receiver antenna gain correction factors at antenna gain component 3 and antenna gain component 4 is zero for all channels in all scenarios. Other assumptions related to the various channels are provided in Appendix A. As agreed in RAN1 #109-e, the evaluation methodology follows that of the Rel-17 RedCap study [2].
Rural 700 MHz (FDD)
Figure 1 shows the maximum isotropic loss (MIL) for the Rel-15 reference UE in the Rural 700 MHz scenario. In this scenario, PUSCH is the limiting channel. A horizontal dashed red line is drawn in the figure corresponding to the MIL of the limiting channel. The MIL for Msg3 is about 2 dB better. All of the DL channels have a hardware link budget that is better than that of the limiting channel by at least 15 dB.
Observation 1: PUSCH is the limiting channel for the Rel-15 reference UE in the Rural 700 MHz (FDD) scenario.
[image: ]
[bookmark: _Ref111038615][bookmark: _Hlk111031628]Figure 1. Hardware link budget in Rural 700 MHz scenario for Rel-15 reference UE.

Figure 2 shows the MIL for the Rel-17 RedCap UE. The horizontal dashed red line again corresponds to the MIL of the limiting channel for the Rel-15 reference UE. It is seen that the MIL is unchanged for the UL channels whereas the DL channels experience a degradation in the MIL. However, the hardware link budget for all the DL channels is still more than 10 dB better than that of the limiting channel.
[image: ]
[bookmark: _Ref111039178]Figure 2. Hardware link budget in Rural 700 MHz scenario for Rel-17 RedCap UE.
Figure 3 shows the MIL for the Rel-18 eRedCap UE. There is no change in the MIL for PBCH, Msg2, and Msg3. All other DL channels suffer some degradation in the MIL.
· The target data rate for PDSCH is lower than for Rel-17 RedCap UE, but the link performance loss due to reduced frequency diversity degrades the MIL.
· Msg4 is transmitted using fewer resources to this UE and hence experiences some loss in coverage. However, the loss is small enough that the hardware link budget is still substantially better than that of the limiting channel.
· The following three cases are considered for SIB1:
1) SIB1 (1256 bits) is transmitted using 44 PRBs, but the UE receives only the portion within 25 PRBs.
2) SIB1 (1256 bits) is transmitted using 21 PRBs.
3) SIB1 (1480 bits) is transmitted using 25 PRBs.
The hardware link budget for SIB1 is degraded in all three cases but is still more than 7 dB better than that of the limiting channel.
· [bookmark: _Hlk111116774]The following two cases are considered for PDCCH CSS:
1) The CORESET is configured with 48 PRBs and 2 OFDM symbols (AL of 16), but the UE receives only the portion of PDCCH within 25 PRBs.
2) The CORESET is configured with 24 PRBs and 3 OFDM symbols (AL of 8).
The hardware link budget is degraded in both cases but is still significantly better than that of the limiting channel.
· The CORESET for PDCCH USS evaluation is configured with 24 PRBs and 3 OFDM symbols (AL of 8). While the channel suffers loss in coverage, the hardware link budget is still significantly better than that of the limiting channel.
Unlike for other channels, the hardware link budget for PUSCH improves. This is because, transmission using fewer resources for the lower target data rate increases the transmission PSD substantially (assuming the same transmit power) and the link performance degradation due to loss of frequency diversity only slightly offsets this gain. It is thus observed that the MIL for all the channels is above the MIL for the limiting channel of the Rel-15 reference UE (shown with the dashed red line).
Observation 2: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE is better than that of the limiting channel of the Rel-15 reference UE in the Rural 700 MHz (FDD) scenario.
[image: ]
[bookmark: _Ref111039346]Figure 3. Hardware link budget in Rural 700 MHz scenario for Rel-18 eRedCap UE.

Urban 2.6 GHz (TDD)
Figure 4 and Figure 5 show the MIL for the Rel-15 reference UE and Rel-17 RedCap UE, respectively, in the Urban 2.6 GHz scenario. PUSCH is again observed to be the limiting channel. Furthermore, the degradation in MIL for the DL channels of the Rel-17 RedCap UE is again small enough that the MIL for these channels is significantly higher than that of the limiting channel.
Observation 3: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario.
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[bookmark: _Ref111041286]Figure 4. Hardware link budget in Urban 2.6 GHz scenario for Rel-15 reference UE.
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[bookmark: _Ref111041289]Figure 5. Hardware link budget in Urban 2.6 GHz scenario for Rel-17 RedCap UE.
Figure 6 shows the MIL for the Rel-18 eRedCap UE with the assumption that the maximum supported bandwidth within 5 MHz spans 11 PRBs. Some of the cases are different relative to the 700 MHz scenario.
· The following three cases are considered for SIB1:
1) SIB1 (1256 bits) is transmitted using 44 PRBs, but the UE receives only the portion within 11 PRBs.
2) SIB1 (1256 bits) is transmitted using 10 PRBs.
3) SIB1 (1352 bits) is transmitted using 11 PRBs.
The hardware link budget for SIB1 is degraded in all three cases but is still more than 6 dB better than that of the limiting channel.
· The following three cases are considered for PDCCH CSS:
1) The CORESET is configured with 48 PRBs and 2 OFDM symbols (AL of 16), but the UE receives only the portion of PDCCH within 11 PRBs.
2) The CORESET is configured with 24 PRBs and 2 OFDM symbols (AL of 8), but the UE receives only the portion of PDCCH within 11 PRBs.
3) The CORESET is configured with 6 PRBs and 3 OFDM symbols (AL of 2).
The hardware link budget is degraded in all three cases but is still significantly better than that of the limiting channel.
· The following two cases are considered for PDCCH USS:
1) The CORESET is configured with 6 PRBs and 3 OFDM symbols (AL of 2).
2) The CORESET is configured with 12 PRBs and 3 OFDM symbols (AL of 4), but the UE receives only the portion of PDCCH within 11 PRBs.
Although the channel suffers substantial loss in coverage, the hardware link budget is still significantly better than that of the limiting channel.
For most channels, the impact of reduced bandwidth for the Rel-18 eRedCap UE is similar that observed in the Rural 700 MHz scenario. The exception is PBCH, which suffers a performance loss due to the UE’s inability to receive the entire channel within 11 PRBs. However, due the large coverage margin of this channel in the reference case, the resulting degradation in coverage is small enough that the MIL is still substantially better than that of the limiting channel (as illustrated with the dashed red line). It is thus observed that the MIL for all the channels is above the MIL for the limiting channel of the Rel-15 reference UE in this scenario as well.
Observation 4: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs is better than that of the limiting channel of the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario.
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[bookmark: _Ref111041291]Figure 6. Hardware link budget in Urban 2.6 GHz scenario for Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs.
For a Rel-18 RedCap UE with maximum supported bandwidth of 12 PRBs, the coverage is expected to be at least as good as for the Rel-18 RedCap UE with maximum supported bandwidth of 11 PRBs considered above. For several channels, relaxation of the bandwidth constraint from 11 to 12 helps to improve the link performance and hence the hardware link budget. For other channels that utilized fewer than 11 PRBs, the hardware link budget remains unchanged. Given that there was no coverage issue for any of the channels with 11 PRBs, we do not consider coverage analysis for the Rel-18 RedCap UE with maximum supported bandwidth of 12 PRBs in this contribution.
Observation 5: The hardware link budget for a Rel-18 RedCap UE with maximum supported bandwidth of 12 PRBs in 5 MHz is not worse than for a Rel-18 RedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz.
Urban 4 GHz (TDD)
Figure 7, Figure 8, Figure 9 show the MIL for the Rel-15 reference UE, Rel-17 RedCap UE, and Rel-18 eRedCap UE with maximum supported bandwidth spanning 11 PRBs, respectively, in the Urban 4 GHz scenario, where the gNB transmit PSD is assumed to be 33 dBm/MHz. The trends of the hardware link budget of all three UEs for all the channels are very similar to those observed in the Urban 2.6 GHz scenario. Thus, we have the following observations.
Observation 6: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.
Observation 7: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz is better than that of the limiting channel of the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.

 
[bookmark: _Ref111043082]Figure 7. Hardware link budget in Urban 4 GHz scenario for Rel-15 reference UE with gNB PSD of 33 dBm/MHz.

 
[bookmark: _Ref111043084]Figure 8. Hardware link budget in Urban 4 GHz scenario for Rel-17 RedCap UE with gNB PSD of 33 dBm/MHz.
 
[bookmark: _Ref111043086]Figure 9. Hardware link budget in Urban 4 GHz scenario for Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz and with gNB PSD of 33 dBm/MHz.
Based on the coverage evaluations presented in this section, it can be concluded that although several channels for the Rel-18 eRedCap UE with RF+BB bandwidth of 5 MHz suffer from coverage loss relative to the Rel-17 RedCap UE, the hardware link budget for these channels is still better than that of the limiting channel (PUSCH) for the Rel-15 reference UE. Therefore, coverage recovery will not be required for the Rel-18 eRedCap UE.
Observation 8: Coverage recovery is not required for the Rel-18 eRedCap UE with RF+BB bandwidth of 5 MHz.
Conclusions
In this contribution, we study coverage of Rel-18 eRedCap UE with RF+BB bandwidth of 5 MHz and make the following observations.
Observation 1: PUSCH is the limiting channel for the Rel-15 reference UE in the Rural 700 MHz (FDD) scenario.
Observation 2: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE is better than that of the limiting channel of the Rel-15 reference UE in the Rural 700 MHz (FDD) scenario.
Observation 3: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario.
Observation 4: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs is better than that of the limiting channel of the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario.
Observation 5: The hardware link budget for a Rel-18 RedCap UE with maximum supported bandwidth of 12 PRBs in 5 MHz is not worse than for a Rel-18 RedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz.
Observation 6: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.
Observation 7: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz is better than that of the limiting channel of the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.
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Appendix A [bookmark: _Ref111030277][bookmark: _Ref111030392] – Assumptions for link budget evaluation
A.1	General assumptions
This subsection summarizes general assumptions for the link budget evaluation for the Rural and Urban scenarios in FR1. The parameters are presented in Table 1. A 3-dB loss in antenna efficiency is not considered for Rel-17 RedCap UE and Rel-18 eRedCap UE in this study.
[bookmark: _Ref40303631]Table 1. General assumptions for link budget evaluation in FR1.
	Scenario parameters

	Duplexing 
	TDD
	FDD

	Scenario
	Urban
	Rural

	Carrier frequency
	2.6 GHz and 4 GHz
	700MHz

	SCS
	30 kHz

	15 kHz

	BW
	Rel-15 Reference UE
	100 MHz
	20 MHz

	
	Rel-17 RedCap UE
	20 MHz
	20 MHz

	
	Rel-18 eRedCap UE
	5 MHz
	5 MHz

	Channel parameters

	Model
	TDL-C

	Delay spread
	TDD
	FDD

	
	Urban
	Rural

	
	300 ns
	300 ns

	UE speed
	3 Km/h
	3 Km/h

	Propagation
	NLOS 

	Power allocation parameters

	Tx power gNB
	Urban
	Rural

	
	53 dBm
	49 dBm

	Tx power UE
	Rel-15 Reference UE
	23 dBm

	
	Rel-17 RedCap UE
	

	
	Rel-18 eRedCap UE
	

	Power allocation
	DL
	Uniformly allocated to CBW

	
	UL
	Concentrated on occupied BW

	Antenna element parameters

	Antenna element gain
	gNB
	Rural
	8 dBi

	
	
	Urban
	

	
	Rel-15 Reference UE
	Rural
	0 dBi

	
	
	Urban
	

	
	Rel-17 RedCap UE
	Rural
	0 dBi

	
	
	Urban
	

	
	Rel-18 eRedCap UE
	Rural
	0 dBi

	
	
	Urban
	

	Antenna array configuration parameters

	Antennas
	Elements [#E]
	Chains [#C]

	
	gNB
	Rural
	16 
	gNB
	2DL 2UL

	
	
	Urban
	192
	
	

	
	Rel-15 Reference UE
	Rural
	2
	Rel-15 Reference UE
	2 (FDD)/4 (TDD) DL 1UL

	
	
	Urban
	4
	
	

	
	Rel-17 RedCap UE
	Rural
	1
	Rel-17 RedCap UE
	1 (FDD)/1  (TDD) DL 1UL

	
	
	Urban
	1
	
	

	
	Rel-18 eRedCap UE
	Rural
	1
	Rel-18 eRedCap UE
	1 (FDD)/1  (TDD) DL 1UL

	
	
	Urban
	
	
	

	Antenna array gain
	

	gNB TXRUs
	Rural
	Urban

	
	2
	64

	Receiver parameters

	Receiver noise figure
	gNB
	Rural
	5 dB

	
	
	Urban
	

	
	Rel-15 Reference UE
	Rural
	7 dB

	
	
	Urban
	

	
	Rel-17 RedCap UE
	Rural
	7 dB

	
	
	Urban
	

	
	Rel-18 eRedCap UE
	Rural
	7 dB

	
	
	Urban
	

	Frame configuration parameters

	Frame structure for TDD
	DDDSUDDSUU (D:U=10:2, 5 ms periodicity) for 4 GHz and DDDDDDDSUU (D:U=6:4, 5 ms periodicity) for 2.6 GHz

	Symbols per slot
	14

	DMRS
	PxSCH
	Urban/Rural
	DL/UL

	
	
	
	2 symbols
Type 1 - 1 layer 
no multiplexing with data
3dB power boost

	
	PxCCH
	Urban/Rural
	DL/UL

	
	
	
	According to NR specification

	HARQ
	No



A.2	Detailed assumptions for each physical channel
In the following, the MCS index is with reference to Table 1 (Table 5.1.3.1-1 in TS 38.214). For obtaining the transmission parameters based on target data rate, it is assumed that PDSCH is transmitted only in DL-only slots and PUSCH is transmitted only in UL-only slots.
A.2.1	Shared channels
Table 2, Table 3, and Table 4 show the number of PRBs and MCS indices that are used for link budget evaluation for PDSCH for Rel-15 reference UE, Rel-17 RedCap RedCap UE, and Rel-18 eRedCap UE, respectively. Similarly, Table 5, Table 6, and Table 7 show the number of PRBs and MCS indices that are used for link budget evaluation for PUSCH for Rel-15 reference UE, Rel-17 RedCap RedCap UE, and Rel-18 eRedCap UE, respectively. Given the number of PRBs, the lowest MCS index that satisfies target throughput is used for both PDSCH and PUSCH and the corresponding TBS is determined.
[bookmark: _Ref53673882]Table 2. The considered PRBs and MCS indices that satisfy target throughput for PDSCH for Rel-15 reference UE.
	[bookmark: _Ref40304698]Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	1 Mbps
	39
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	10 Mbps
	273
	0

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	10 Mbps
	240
	2



[bookmark: _Ref53673907][bookmark: _Ref40304705]Table 3. The considered PRBs and MCS indices that satisfy target throughput for PDSCH for Rel-17 RedCap UE.
	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	1 Mbps
	39
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	2 Mbps
	51
	0

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	2 Mbps
	46
	2



[bookmark: _Ref111028509]Table 4. The considered PRBs and MCS indices that satisfy target throughput for PDSCH for Rel-18 eRedCap UE.
	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	250 kbps
	9
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	500 kbps
	11
	1

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	500 kbps
	10
	2



[bookmark: _Ref53673999]Table 5. The considered PRBs and MCS indices that satisfy target throughput for PUSCH for Rel-15 reference UE.
	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	100 kbps
	4
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	1 Mbps
	30
	4

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	1 Mbps
	30
	2



[bookmark: _Ref53674002]Table 6. The considered PRBs and MCS indices that satisfy target throughput for PUSCH for Rel-17 RedCap UE
	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	100 kbps
	4
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	1 Mbps
	30
	4

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	1 Mbps
	30
	2



[bookmark: _Ref111028569]Table 7. The considered PRBs and MCS indices that satisfy target throughput for PUSCH for Rel-18 eRedCap UE.
	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	700 MHz/-
	25 kbps
	1
	0

	Urban TDD
	2.6 GHz/ DDDDDDDSUU (6D:4G:4U)
	250 Mbps
	8
	4

	
	4 GHz/
DDDSUDDSUU (10D:2G:2U)
	250 Mbps
	8
	2



A.2.3	PBCH
For PBCH, the periodicity of transmission is assumed to be 20 ms and decoding after combining of 4 transmissions is considered. For 15 kHz SCS, which is assumed at 700 MHz, the PBCH is entirely contained within 5 MHz bandwidth and therefore, there are no special considerations for the Rel-18 eRedCap UE. For 30 kHz SCS, assumed at 2.6 GHz and 4 GHz, it is assumed that the UE can receive for any transmission only the portion within 11 PRBs.
A.2.4	Control channels and DMRS
For PDCCH, we consider 40 bits DCI and 24 bits CRC. The baseline aggregation level is 16 and a CORESET bandwidth of 48 PRBs and two OFDM symbols are used. However, for the Rel-18 eRedCap UE, the bandwidth for reception of PDCCH is limited to the UE BB bandwidth – 25 PRBs at 700 MHz and 11 (or 12 PRBs) at 2.6/4 GHz. Thus, different cases are considered corresponding to reception of PDCCH in either the wideband CORESET exceeding the UE bandwidth but decoding only the CCEs within the specified number of PRBs or in a narrower CORESET that is configured to be no wider than the UE bandwidth.
Concerning DMRS, we consider configuration type 1 with 1 layer and 3.0 dB power boost for both DL and UL. Two OFDM symbols for DMRS are used in both DL and UL for all scenarios. Two DMRS symbols are assumed for PDSCH/Msg4/PUSCH and three DMRS symbols are assumed for Msg2/Msg3. Finally, for PDCCH, DMRS configuration follows NR specification.
A.3	Detailed assumptions for SIB1, Msg2, Msg3, and Msg4
A SIB1 size of 1256 bits is assumed. Table 8 shows the number of PRBs and the MCS assumed for transmission of the SIB1 payload of 1256 bits for the Rel-15 reference UE and the Rel-17 RedCap UE. For the Rel-18 eRedCap UE, it is observed that the number of PRBs exceeds the number of RBs that can be received within the UE bandwidth (25 PRBs for 15 kHz SCS at 700 MHz and 11 or 12 PRBs for 30 kHz SCS at 2.6/4 GHz ). Therefore, the SIB1 reception performance is evaluated assuming that the eRedCap UE decodes SIB1 received only within those PRBs. SIB1 coverage is also evaluated for the case where SIB1 is assumed to be transmitted only within the Rel-18 eRedCap UE bandwidth using the parameters shown in Table 9.
[bookmark: _Ref111028206]Table 8. The considered TBS, PRBs, and MCS index for SIB1 transmission for Rel-15 reference UE and Rel-17 RedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	1256 bits
	44
	0

	Urban
	2.6 GHz
	
	
	

	
	4 GHz

	
	
	



[bookmark: _Ref111028101]Table 9. The considered TBS, PRBs, and MCS index for SIB1 transmission for Rel-15 reference UE and Rel-17 RedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	1256 bits
	21
	3

	Urban
	2.6 GHz
	
	10
	7

	
	4 GHz

	
	10
	7



Table 10 shows the number of PRBs for the Rel-15 reference UE, Rel-17 RedCap UE, and Rel-18 eRedCap with MCS index 0 with 0.25 TBS scaling to transmit the Msg2 payload of 72 bits.
[bookmark: _Ref53676190][bookmark: _Hlk111028350]Table 10. The considered TBS, PRBs, and MCS index for Msg2 transmission for Rel-15 reference UE, Rel-17 RedCap UE, and Rel-18 eRedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	72 bits
	12
	0 with 0.25 TBS scaling

	Urban
	2.6 GHz
	
	
	

	
	4 GHz

	
	
	


Table 11 shows the number of PRBs and the MCS index for Rel-15 reference UE and the Rel-17 RedCap UE to transmit the Msg4 payload of 1040 bits. Table 12 shows the corresponding parameter values for transmission of Msg4 to the Rel-18 eRedCap UE.
[bookmark: _Ref53677173]Table 11. The considered TBS, PRBs, and MCS index for Msg4 transmission for Rel-15 reference UE and Rel-17 RedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	1064 bits
	37
	0

	Urban
	2.6 GHz
	1064 bits
	37
	0

	
	4 GHz

	1064 bits
	37
	0



[bookmark: _Ref111028273]Table 12. The considered TBS, PRBs, and MCS index for Msg4 transmission for Rel-18 eRedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	1064 bits
	25
	2

	Urban
	2.6 GHz
	1064 bits
	10
	6

	
	4 GHz

	1064 bits
	10
	6




Table 13 shows the MCS index for Rel-15 reference UE, Rel-17 RedCap UE, and Rel-18 eRedCap UE to transmit the Msg3 payload of 56 bits in 2 PRBs.
[bookmark: _Ref53677184]Table 13. The considered TBS, PRBs, and MCS index for Msg3 transmission for Rel-15 reference UE, Rel-17 RedCap UE, and Rel-18 eRedCap UE.
	Scenario
	Carrier Frequency
	TBS
	Number of PRBs
	MCS index

	Rural
	700 MHz
	56 bits
	2
	0

	Urban
	2.6 GHz
	
	
	

	
	4 GHz

	
	
	



Rel-15 reference UE


PBCH	SIB1	PDSCH	Msg4	Msg2	PDCCH CSS	PDCCH USS	PUSCH	Msg3	156.16040090650705	152.76040090650702	151.56040090650703	152.76040090650702	156.060400906507	156.06040090650703	156.06040090650703	127.0704980676938	136.8314106582506	
MIL (dB)



Rel-17 RedCap UE


PBCH	SIB1	PDSCH	Msg4	Msg2	PDCCH CSS	PDCCH USS	PUSCH	Msg3	149.06040090650703	146.16040090650702	144.16040090650702	145.960400906507	149.560400906507	149.36040090650701	149.36040090650701	127.0704980676938	136.8314106582506	
MIL (dB)



Rel-18 eRedCap UE


PBCH	SIB1 (1)	SIB1 (2)	PDSCH	Msg4	Msg2	PDCCH CSS (1)	PDCCH CSS (2)	PDCCH CSS (3)	PDCCH USS (1)	PDCCH USS (2)	PUSCH	Msg3	143.16040090650702	136.86040090650701	136.36040090650701	142.86040090650701	135.66040090650702	149.560400906507	140.16040090650702	140.16040090650702	136.16040090650702	136.16040090650702	140.66040090650702	131.11081074497099	136.8314106582506	
MIL (dB)
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