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1	Introduction
According to the Rel-18 SID on further NR RedCap UE complexity reduction (eRedCap), the following potential solutions for further complexity reduction should be studied [1]:
	· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI



Furthermore, the SID [1] indicates that potential network impact incurred due to the above complexity reduction should be studied. 
	· […]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact



During RAN1#109-e, it was concluded that the evaluation of network capacity and spectral efficiency (using SLS), latency, throughput, power saving gain, and PDCCH blocking probability will not be carried out in the Rel-18 eRedCap SI [2]. 
	Conclusion:
· SLS evaluation for network capacity and spectral efficiency is not conducted in Rel-18 RedCap SI.

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

Conclusion:
· Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI




Therefore, in this contribution, we focus on coverage impacts due to further UE complexity reduction, in particular the different BW reduction options. We also provide evaluation results for coverage impacts of different physical channels. The evaluations results are also available in the spreadsheets attached with this contribution as well as in [3]. A draft skeleton for TR 38.865 has been endorsed in [4] and a work plan has been provided by the rapporteur in [5].
Based on the coverage impact evaluations, our high-level views can be summarized as follows:
· The need for coverage recovery depends on whether the additional UE antenna efficiency loss should be considered or not, on the value of DL PSD (33-dBm/MHz or 24-dBm/MHz) for the 4-GHz scenario, and on the UE BW reduction option, i.e., BW1 (RF and BB bandwidth reduction) or BW3 (BB-only bandwidth only for data channels). 
· From the perspective of coverage impact, BW3 (BB-only bandwidth only for data channels) would be a better choice as it would not lead to coverage loss (compared to Rel-17 RedCap) for PBCH and PDCCH. The coverage loss for these channels, in some scenarios, are difficult to recover using existing techniques. As shown in our companion contribution [8], BW3 can also provide roughly similar cost savings as BW1. 
· The coverage impacts with and without the assumption of the additional UE antenna efficiency loss, as well as the coverage impacts due to different choices of the DL PSD values should be captured in TR 38.865. This gives a better picture of the coverage impacts due to the different BW reduction options. 
In the companion contribution [8], based on the observations in this coverage impact evaluation and other observations captured in [8], we draw the conclusion that complexity reduction techniques/options BW3 or PR3 can be considered for Rel-18 eRedCap, while options BW1, BW2, PT1, and PT2 are not preferred.
This contribution is a revision of [9]. The changes compared to [9] are the following:
· We have updated the coverage margin values for PUSCH for the 5-MHz RedCap UE (BW1 and BW3) in tables 16 and 17. The summary in Section 3.2.4 has also been updated accordingly.
· We have updated the column corresponding to 5-MHz RedCap UE in the PUSCH tab in the R1-2205740 eRedCapCoverage-0.7GHz.xlsx spreadsheet attached with [9]. 
· The typos in the Msg4 tab in the R1-2205740 eRedCapCoverage-2.6GHz-12PRBs-Opt spreadsheet have been corrected. The MIL and the required SNR values have not been changed.
2 	Evaluation methodology for coverage recovery
One of the main complexity reduction techniques that is part of the Rel-18 eRedCap SI scope is UE bandwidth reduction to 5 MHz. The UE bandwidth reduction may have impact on the coverage of physical channels. The impact to DL and UL control and data channels, such as PDCCH, PDSCH, PUSCH, and PUCCH, and the initial access related channels, such as PBCH, PRACH, Msg2, Msg3, Msg4 and PDCCH scheduling Msg2/4 should be studied. 
There are different flavors of bandwidth reduction that are being studied in the eRedCap SI. These are described in the following agreements from RAN1#109-e:
	Agreement:
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement:
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.




The study of BW2 is optional, and it is likely that BW2 would have similar performance as BW1 (as frequency hopping may not provide a significant gain within 20 MHz BW). Therefore, in this contribution, we limit our discussion to coverage impacts of BW1 and BW3. BW1 and BW3 would have different impacts on coverage of the physical channels. For example, BW3 would not lead to performance losses for PDCCH or PBCH (compared to a Rel-17 RedCap UE), whereas BW1 can have significant impact on these channels. Therefore, it is imperative to consider these options separately when analyzing the coverage impacts. However, the results for BW3 can be obtained as a subset of the BW1 results, and no additional link simulations are needed. This has been noted in the FL summary in [6], as well as in the RAN1#109-e agreement [2].
	FL2
	The received responses generally express that it is enough to collect results for BW1 and that results for other options can be obtained as a subset of the BW1 results.



	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:
· 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.


 
Link budget evaluations are used to study the coverage impacts. Based on the agreement from RAN1#109-e, Rel-17 evaluation methodology in TR 38.875 should be reused. 
	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



The agreement above implies that the following steps are used to determine the target performance for coverage recovery (copied directly from TR 38.875 [7]):
	-	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
-	Step 3: Find the coverage recovery value for the channel if the link budget performance is worse than the target performance requirement 

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. The "bottleneck channel(s)" are the physical channel(s) that have the lowest MIL


 
That is, the coverage recovery target for each channel of a 5-MHz RedCap UE corresponds to the MIL of the bottleneck channel(s) for the reference NR UE within the same deployment scenario, where the reference UE is a Rel-15/16 NR UE with mandatory features only. The amount of coverage recovery for each channel is the difference between the MIL of the channel for the 5-MHz RedCap UE and the MIL of the bottleneck channel for the reference NR UE. 
In TR 38.875, a 3-dB antenna efficiency loss was assumed in the link budget calculation for RedCap UEs in FR1 to reflect the impact of their small form factor. However, based on the agreements from RAN1#109-e, the consideration of this antenna efficiency loss is optional in the eRedCap SI. Nevertheless, in this contribution, we have provided results with the antenna efficiency loss as well as without it. 
	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”



2.1	General assumptions
Based on the agreements from RAN1#109-e, the following deployment scenarios can be considered in the Rel-18 eRedCap SI: 
· Rural with the carrier frequency of 0.7 GHz and DL PSD of 36 dBm/MHz
· Urban with the carrier frequency of 2.6 GHz and DL PSD of 33 dBm/MHz
· Urban with the carrier frequency of 4 GHz and DL PSD of 33 dBm/MHz (optional; baseline)
· Urban with the carrier frequency of 4 GHz and DL PSD of 24 dBm/MHz (optional)
	Agreement:
· …
· 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 in Urban scenario at 4 GHz, DL PSD 33 dBm/MHz is baseline and DL PSD 24 dBm/MHz is optional.



The general assumptions which are common to all physical channels for reference NR UE, Rel-17 RedCap UE and 5-MHz RedCap UE are shown in Table 1, Table 2, and Table 3, respectively. The Rel-17 RedCap UE considered is the simplest RedCap UE that was specified in Rel-17 for FR1, which from physical layer perspective can be characterized as follows:
· Does not support UE Tx/Rx bandwidths larger than 20 MHz
· Only supports a single UE Tx/Rx antenna branch and a single MIMO layer.
· Only supports up to 64QAM 

Note that HD-FDD support has not been taken into consideration for coverage impact analysis. For the 5-MHz RedCap UE, we assume that the maximum Tx/Rx bandwidth supported is 5 MHz, but with different flavors as in options BW1 and BW3. All the other reduced capabilities are assumed to the same for Rel-17 RedCap and 5-MHz RedCap UEs. The following agreements from RAN1#109-e support this assumption:
	Agreement:
· For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
 
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


[bookmark: _Ref100280795][bookmark: _Ref101962011]Table 1: Assumptions for reference NR UE.
	Parameters
	FR1 values

	# UE Tx chains
	1

	# UE Rx chains
	Rural: 2 and Urban: 4

	UE bandwidth
	Rural: 20 MHz (106 PRBs, 15 kHz SCS)
Urban: 100 MHz (273 PRBs, 30 kHz SCS)



[bookmark: _Ref101962097]
Table 2: Assumptions for Rel-17 RedCap UE.
	Parameters
	FR1 values

	# UE Tx chains
	1

	# UE Rx chains
	1 

	UE bandwidth
	Rural: 20 MHz (106 PRBs, 15 kHz SCS)
Urban: 20 MHz (51 PRBs, 30 kHz SCS)



[bookmark: _Ref100280803]
Table 3: Assumptions for 5-MHz RedCap UE.
	Parameters
	FR1 values

	# UE Tx chains
	1

	# UE Rx chains
	1 

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



Strictly speaking, it is not necessary to consider Rel-17 RedCap UEs in the coverage evaluation as the reference is an NR UE. However, including Rel-17 RedCap provides a better perspective on the coverage needs for the 5-MHz RedCap UE. Other assumptions that are common for the Reference UE, the Rel-17 RedCap UE, and the 5-MHz RedCap UE are described in Table 4. These assumptions are also based on the agreed link budget template [6] and TR 38.875 [7].
[bookmark: _Ref100285030]Table 4: Assumptions used for coverage recovery evaluation.
	Parameters
	FR1 values

	Carrier Frequency
	Rural: 0.7 GHz (FDD)
Urban: 2.6 GHz (TDD)
Urban: 4 GHz (TDD)

	SCS
	Rural: 15 kHz
Urban: 30 kHz

	Frame structure for TDD
	2.6 GHz: DDDDDDDSUU (S: 6D:4G:4U)
4GHz: DDDSUDDSUU (S: 10D:2G:2U)

	Channel model
	TDL-C, NLOS

	Delay spread
	300ns

	UE velocity
	3 km/h

	Antenna correlation
	Low

	# gNB Tx chains
	2 (Rural) or 4 (Urban)

	# gNB Rx chains
	2 (Rural) or 4 (Urban)



2.2	Channel-specific assumptions
The channel-specific assumptions for PBCH, PRACH, PDCCH, PDSCH (data), SIB1, Msg2, Msg4, PUCCH, PUSCH (data), and Msg3 are described in the following sub-sections.
2.2.1	PBCH
[bookmark: _Ref47339958]Table 5: Assumptions for PBCH.
	[bookmark: _Hlk99716441]Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	(Residual) frequency offset (UE)
	0.1 ppm
	0.1 ppm
	0.1 ppm

	SS burst set periodicity
	20 ms
	20 ms
	20 ms

	Precoder
	Precoder cycling
	Precoder cycling
	Precoder cycling

	Number of transmissions (shots)
	4
	4
	4

	BLER target
	1%
	1%
	1%


[bookmark: _Ref47340063]
2.2.2	PRACH
For PRACH, we have the following agreement from RAN1#109:
	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.



Table 6: Assumptions for PRACH.
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	PRACH format
	0.7 GHz: Format 0 (1.25 KHz SCS); BW = 1.04875 MHz

2.6 and 4 GHz: Format B4 (30 KHz SCS); occupied BW = 4.17 MHz
	0.7 GHz: Format 0 (1.25 KHz SCS); BW = 1.04875 MHz

2.6 and GHz: Format B4 (30 KHz SCS); occupied BW = 4.17 MHz
	0.7 GHz: Format 0 (1.25 KHz SCS); BW = 1.04875 MHz

2.6 and 4 GHz: Format B4 (30 KHz SCS); occupied BW = 3.96 MHz for 11-PRB UE BW and 4.17 MHz for 12-PRB UE BW

	Number of transmissions
	1
	1
	1

	Rx combining
	non-coherent combining of branches
	non-coherent combining of branches
	non-coherent combining of branches

	Propagation delay (RTT)
	0.7 GHz (Rural): Uniformly distributed [0, 23] µs (ISD 6 km)

2.6 and 4 GHz (Urban): Uniformly distributed [0, 2.7] µs (ISD 700 m)
	0.7 GHz (Rural): Uniformly distributed [0, 23] µs (ISD 6 km)

2.6 and 4 GHz (Urban): Uniformly distributed [0, 2.7] µs (ISD 700 m)
	0.7 GHz (Rural): Uniformly distributed [0, 23] µs (ISD 6 km)

2.6 and 4 GHz (Urban): Uniformly distributed [0, 2.7] µs (ISD 700 m)

	Frequency error
	0.10 ppm at the UE, none at the gNB
	0.10 ppm at the UE, none at the gNB
	0.10 ppm at the UE, none at the gNB

	Performance target
	1% missed detection at 0.1% false alarm probability
	1% missed detection at 0.1% false alarm probability
	1% missed detection at 0.1% false alarm probability



2.2.3	PDCCH
For PDCCH coverage evaluations, we have the following agreements from RAN1#109:
	 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:
· 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)
Other configurations are also not precluded



[bookmark: _Ref100285575][bookmark: _Hlk99717040]Table 7: Assumptions for PDCCH. 
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	DCI payload size
	40 bits+CRC
	40 bits+CRC
	40 bits+CRC

	Aggregation level (AL)
	16
	16
	Different configurations (see below)

	CORESET
	2 symbols x 48 PRBs
	2 symbols x 48 PRBs
	Different configurations (see below)

	Precoding
	Precoder cycling at CCE level (REG bundle=6)
	Precoder cycling at CCE level (REG bundle=6)
	Precoder cycling at CCE level (REG bundle=6)

	BLER target 
	1%
	1%
	1%



CORESET configurations for Rel-18 RedCap evaluations:
PDCCH CSS:
·  Opt1: CORESET BW is larger than 5MHz
· 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.  
·  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.  
·  Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4
PDCCH CSS:
· 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)

Note that with the 5 MHz UE maximum RF bandwidth, for some CORESET configurations, the CORESET bandwidth can exceed the maximum UE bandwidth, such as: (48 PRBs, 15 kHz SCS), (96 PRBs, 15), (24 PRBs, 30 kHz SCS), and (48 PRBs, 30 kHz SCS). Therefore, for such configurations (which can be shared with legacy UEs), if the UE is constrained to have 5 MHz RF bandwidth, it must skip/puncture the PRBs that fall outside of its Rx bandwidth. 
2.2.4	PDSCH (data)
For PDSCH cell-edge target data rate we have the following agreements from RAN1#109-e:
	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


[bookmark: _Ref100285578]
The target data rates for PDSCH are:
· Rural: 1 Mbps for the Reference NR UE and the Rel-17 RedCap UE, and 1 Mbps or 0.5 Mbps for the 5-MHz RedCap UE
· Urban: 10 Mbps for the Reference NR UE, 2 Mbps for the Rel-17 RedCap UE, and 2 Mbps, 1 Mbps, or 0.5 Mbps for the 5-MHz RedCap UE
The number of PRBs, TBS, and MCS of PDSCH (eMBB) in Table 8 were chosen based on these target data rates.
Table 8: Assumptions for PDSCH (eMBB). 
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	700 MHz: 39 PRBs
2.6 GHz and 4 GHz: 273 PRBs
	700 MHz: 39 PRBs
2.6 GHz and 4 GHz: 51 PRBs
	700 MHz, 1 Mbps: 25 PRBs 700 MHz, 0.5 MBps 20 PRBs
2.6 GHz and 4 GHz: 11 PRBs

	PDSCH duration
	12 OFDM symbols
	12 OFDM symbols
	12 OFDM symbols

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	DMRS configuration
	Type I, 2 DMRS symbol, 
no multiplexing with data.
	Type I, 2 DMRS symbol, 
no multiplexing with data.
	Type I, 2 DMRS symbol, 
no multiplexing with data.

	HARQ configuration
	No retransmission
	No retransmission
	No retransmission

	TBS
	target data rate 1 Mbps (15 kHz SCS): TBS = 1128, MCS0

target data rate 10 Mbps (30 kHz SCS, 2.6 GHz): TBS = 7680, MCS0 

target data rate 10 Mbps (30 kHz SCS, 4 GHz): TBS = 9984, MCS1 

	target data rate 1 Mbps (15 kHz SCS): TBS = 1128, MCS0

target data rate 2 Mbps (30 kHz SCS, 2.6 GHz): TBS = 1480, MCS0

target data rate 2 Mbps (30 kHz SCS, 4 GHz): TBS = 1928, MCS1
	target data rate 1 Mbps (15 kHz SCS): TBS = 1128, MCS2

target data rate 0.5 Mbps (15 kHz SCS): TBS = 576, MCS0

target data rate 0.5 Mbps (30 kHz SCS, 4 GHz): TBS =408, MCS1 

target data rate 1 Mbps (30 kHz SCS, 2.6 GHz): TBS =808, MCS4 

target data rate 2 Mbps (30 kHz SCS, 2.6 GHz): TBS =1608, MCS8

target data rate 1 Mbps (30 kHz SCS, 4 GHz): TBS =984, MCS5 

target data rate 2 Mbps (30 kHz SCS, 2.6 GHz): TBS =1800, MCS9



	MCS
	MCS0-1 (Table 5.1.3.1-1, TS 38.214)
	MCS0-1 (Table 5.1.3.1-1, TS 38.214)
	MCS0 - 9 (Table 5.1.3.1-1, TS 38.214)

	Rx combining
	MRC
	MRC
	MRC

	Diversity scheme
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2

	BLER target
	10% BLER

	10% BLER

	10% BLER




2.2.5	SIB1
For SIB1, we have the following agreement from RAN1#109:
	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



Table 9: Assumptions for SIB1
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	48 PRBs
	48 PRBs
	700 MHz: 48 or 25 PRBs
2.6 GHz: 48, 11, or 12 PRBs
4 GHz: 48 or 11 PRBs 

	PDSCH duration
	12 OFDM symbols
	12 OFDM symbols
	12 OFDM symbols

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	DMRS configuration
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data

	HARQ configuration
	No retransmission or four transmissions
	No retransmission or four transmissions
	No retransmission or four transmissions

	TBS target
	1256 bits
	1256 bits
	1256 bits



2.2.6	Msg2
For Msg2, we have the following agreement from RAN1#109-e:
	Agreement:
· For Msg2 coverage evaluation of reference UE, Rel-17 RedCap UE, and Rel-18 RedCap UE, A TBS of 72 bits is assumed.



[bookmark: _Ref100285581]Table 10: Assumptions for Msg2. 
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	3, 6, or 12 PRBs depending on TBS scaling
	3, 6, or 12 PRBs depending on TBS scaling

	3, 6, 11, or 12 PRBs depending on TBS scaling


	PDSCH duration
	12 OFDM symbols
	12 OFDM symbols
	12 OFDM symbols

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	DMRS configuration
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data

	HARQ configuration
	No retransmission
	No retransmission
	No retransmission

	TBS target
	9 bytes
	9 bytes
	9 bytes

	MCS
	MCS0 (Table 5.1.3.1-1, TS 38.214)
	MCS0 (Table 5.1.3.1-1, TS 38.214)
	MCS0 (Table 5.1.3.1-1, TS 38.214) except for
TBS scaling factor 0.25 for 2.6 and 4 GHz where MCS1 is used to fit into 11 PRBs

	Rx combining
	MRC
	MRC
	MRC

	Diversity scheme
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2

	TBS scaling
	1, 0.5, or 0.25
	1, 0.5, or 0.25
	1, 0.5, or 0.25

	BLER target
	10% BLER
	10% BLER
	10% BLER



2.2.7	Msg4
For Msg4, we have the following agreement from RAN1#109-e:
	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.



Table 11: Assumptions for Msg4. 
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	40 PRBs

	40 PRBs
	700 MHz: 25 PRBs
2.6 GHz: 11 or 12 PRBs
4 GHz: 11 PRBs 

	PDSCH duration
	12 OFDM symbols
	12 OFDM symbols
	12 OFDM symbols

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	DMRS configuration
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data
	Type I, 3 DMRS symbol, no multiplexing with data

	HARQ configuration
	No retransmission or up to four transmissions
	No retransmission or up to four transmissions
	No retransmission or up to four transmissions 

	TBS target
	1040 bits
	1040 bits
	1040 bits

	MCS
	MCS0 (Table 5.1.3.1-1, TS 38.214)
	MCS0 (Table 5.1.3.1-1, TS 38.214)
	700 MHz: MCS3 (Table 5.1.3.1-1, TS 38.214)
2.6 GHz and 4 GHz: MCS6

	Rx combining
	MRC
	MRC
	MRC

	Diversity scheme
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2
	Precoder cycling; PRB bundle size of 2

	BLER target
	10% BLER
	10% BLER
	10% BLER



2.2.8	PUCCH
[bookmark: _Ref47354902]Table 12: Assumptions for PUCCH.
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	
	PUCCH format 1
	PUCCH format 3
	PUCCH format 1
	PUCCH format 3
	PUCCH format 1
	PUCCH format 3

	Payload and format
	2 bits (A/N)
	4/11/22 bits (A/N+SR/UCI)
	2 bits (A/N)
	4/11/22 bits (A/N+SR/UCI)
	2 bits (A/N)
	4/11/22 bits (A/N+SR/UCI)

	Number of symbols
	14
	14
	14
	14
	14
	14

	Number of PRBs
	1
	1
	1
	1
	1
	1

	Frequency hopping
	At UL BWP edge
	At UL BWP edge
	At UL BWP edge
	At UL BWP edge
	At UL BWP edge
	At UL BWP edge

	DMRS
	every even symbol according to the specification
	Additional DMRS configured (4 symbols)
	every even symbol according to the specification
	Additional DMRS configured (4 symbols)
	every even symbol according to the specification
	Additional DMRS configured (4 symbols)

	Performance target 
	1% D2A and Aerr, 0.1% N2A
	BLER 1% for 4 bits, 10% and 1% for the rest
	1% D2A and Aerr, 0.1% N2A
	BLER 1% for 4 bits, 10% and 1% for the rest
	1% D2A and Aerr, 0.1% N2A
	BLER 1% for 4 bits, 10% and 1% for the rest



2.2.9	PUSCH (data)
For PUSCH cell-edge target data rate, we have the following agreements from RAN1#109-e:
	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



The target data rates for PUSCH are:
· Rural: 100 kbps for the Reference NR UE and the Rel-17 RedCap UE, and 25 kbps for the 5-MHz RedCap UE
· Urban: 1 Mbps for the Reference NR UE and the Rel-17 RedCap UE, and 250 kbps for the 5-MHz RedCap UE. 
The number of PRBs, TBS, and MCS of PUSCH (eMBB) in Table 12 were chosen based on these target data rates.
[bookmark: _Ref100306618]Table 13: Assumptions for PUSCH (eMBB).
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	700 MHz: 4 PRBs
2.6 GHz: 30 PRBs
4 GHz: 30 PRBs
	700 MHz: 4 PRBs
2.6 GHz: 30 PRBs
4 GHz: 30 PRBs
	700 MHz: 1 PRB
2.6 GHz and 4 GHz: 11 PRBs for 11-PRB UE BW, and 12 PRBs for 12-PRB UE BW

	PUSCH duration
	14 OFDM symbols
	14 OFDM symbols
	14 OFDM symbols

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM

	DMRS configuration
	Type I, 1+1 DMRS symbol, 
no multiplexing with data.
	Type I, 1+1 DMRS symbol, 
no multiplexing with data.
	Type I, 1+1 DMRS symbol, 
no multiplexing with data.

	HARQ configuration
	No retransmission
	No retransmission
	No retransmission

	TBS
	700 MHz (15 kHz SCS): 128
2.6 GHz (30 kHz SCS): 3240
4 GHz (30 kHz SCS): 2152

	700 MHz (15 kHz SCS): 128
2.6 GHz (30 kHz SCS): 3240
4 GHz (30 kHz SCS): 2152

	700 MHz (15 kHz SCS): 32
2.6 GHz (30 kHz SCS): 808 (11-PRB UE BW) and 848 (12-PRB UE BW)
4 GHz (30 kHz SCS): 480 (11-PRB UE BW)


	MCS
	700 MHz: MCS0 
2.6 GHz: MCS5
4 GHz: MCS3
 
(Table 6.1.4.1-1, TS 38.214)
	700 MHz: MCS0 
2.6 GHz: MCS5
4 GHz: MCS3
 
(Table 6.1.4.1-1, TS 38.214)
	700 MHz: MCS0 
2.6 GHz: MCS3 (for both 11-PRB and 12-PRB UE BW) 
4 GHz: MCS1 (11-PRB UE BW)
 
(Table 6.1.4.1-1, TS 38.214)

	Rx combining
	MRC
	MRC
	MRC

	Diversity scheme
	no frequency hopping
	no frequency hopping
	no frequency hopping

	BLER target
	10% BLER

	10% BLER

	10% BLER




2.2.10	Msg3
[bookmark: _Ref100312913]Table 14: Assumptions for Msg3.
	Parameter
	Values for NR reference UE
	Values for Rel-17 RedCap UE
	Values for 5-MHz RedCap UE

	FDRA 
	2 PRBs

	2 PRBs

	2 PRBs


	PUSCH duration
	14 OFDM symbols
	14 OFDM symbols
	14 OFDM symbols

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM

	DMRS configuration
	Type I, 1+1+1 DMRS symbol, 
no multiplexing with data.
	Type I, 1+1+1 DMRS symbol, 
no multiplexing with data.
	Type I, 1+1+1 DMRS symbol, 
no multiplexing with data.

	HARQ configuration
	No retransmission
	No retransmission
	No retransmission

	TBS
	56 bits

	56 bits

	56 bits


	MCS
	MCS0 (Table 6.1.4.1-1, TS 38.214)
	MCS0 (Table 6.1.4.1-1, TS 38.214)
	MCS0 (Table 6.1.4.1-1, TS 38.214)

	Rx combining
	MRC
	MRC
	MRC

	Diversity scheme
	no frequency hopping
	no frequency hopping
	no frequency hopping

	BLER target
	10% BLER 

	10% BLER

	10% BLER




3	Coverage recovery
[bookmark: _Toc51768588][bookmark: _Toc51771095][bookmark: _Toc56714337][bookmark: _Toc57126604][bookmark: _Toc57126725][bookmark: _Toc57127672][bookmark: _Toc57127781][bookmark: _Toc57136481][bookmark: _Toc57144831][bookmark: _Toc65758100]3.1	Introduction to coverage recovery
In the following sections, we describe the outcome of link budget analysis, which is based on our link-level simulation results in Appendix 1. The evaluation results for different deployment scenarios are described in Section 3.2. The summary of the coverage recovery evaluation is available in Section 3.2.4. Potential coverage recovery techniques for the physical channels that were identified to have worse link budget performance than the bottleneck channel is described in Section 3.3. 
3.2	Coverage recovery evaluation
3.2.1	Rural scenario at 0.7 GHz
For Rural scenario at 0.7 GHz, the bottleneck channel for the reference NR UE and the corresponding MIL are shown in Table 15. The coverage margins estimated for the 5-MHz RedCap UE relative to the bottleneck channel for the reference NR UE are summarized in Table 16 and Table 17, where Table 16 correspond to the case without 3 dB UE antenna efficiency loss, and Table 17 corresponds to the case with the antenna efficiency loss. A positive value in the tables indicate that coverage of the channel is better than that of the bottleneck channel, whereas as a negative value indicates that coverage is worse than that of the bottleneck channel. The amount of coverage recovery needed for the channels with worse coverage than the bottleneck channel is highlighted in red. Note that the configuration within the parenthesis in the first column of Table 16 and Table 17 are applicable only to 5-MHz RedCap UEs. 
[bookmark: _Ref100313815]Table 15: Bottleneck channel and MIL value for Reference NR UE in Rural scenario at 0.7 GHz.
	Bottleneck Channel
	MIL (dB)

	PUSCH
	143.0



[bookmark: _Ref100314129]Table 16: Coverage margin (dB) in Rural scenario at 0.7 GHz without 3 dB antenna efficiency loss. 
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 25 PRBs)
	10.0
	10.0
	10.0

	PDCCH CSS (BW1, 25 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	9.9
	3.6
	9.9

	PDCCH CSS (BW1, 25 PRBs; CORESET: 3 symbols, 24 PRBs; AL8)
	9.9
	5.2
	9.9

	SIB1 (BW1/BW3, 25 PRBs; SIB1 > 5 MHz; TBS 1256 bits)
	9.2
	4.6
	4.6

	SIB1 (BW1/BW3, 25 PRBs; SIB1 < 5 MHz; TBS 1256 bits; 1 transmission
	9.2
	5.6
	5.6

	PRACH Format 0 (BW1, 25 PRBs)
	5.0
	5.0
	5.0

	Msg2 (BW1/BW3, 25 PRBs; TBS 72 bits)
	5.5
	5.5
	5.5

	Msg2 (BW1/BW3, 25 PRBs; TBS scaling factor 0.5)
	5.5
	9.3
	9.3

	Msg2 (BW1/BW3, 25 PRBs; TBS scaling factor 0.25)
	5.5
	13.0
	13.0

	Msg3 (BW1/BW3, 25 PRBs)
	2.0
	2.0
	2.0

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040 bits)
	9.3
	6.9
	6.9

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	9.3
	10.4
	10.4

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	9.3
	12.2
	12.2

	PDCCH USS (BW1, 25 PRBs; CORESET: 3 symbols, 24 PRBs; AL8)
	9.9
	5.2
	9.9

	PDSCH (BW1/BW3, 25 PRBs; 0.25 Mbps)
	9.0
	7.4
	7.4

	PUSCH (BW1/BW3, 25 PRBs; 25 kbps)
	0.0
	3.2
	3.2

	PUCCH 2 bits (BW1, 25 PRBs)
	6.1
	4.9
	6.1

	PUCCH 11 bits (BW1, 25 PRBs)
	6.9
	6.9
	6.9

	PUCCH 22 bits (BW1, 25 PRBs)
	4.4
	4.4
	4.4



[bookmark: _Ref111080503]Table 17: Coverage margin (dB) in Rural scenario at 0.7 GHz with 3 dB antenna efficiency loss.
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 25 PRBs)
	7.0
	7.0
	7.0

	PDCCH CSS (BW1, 25 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	6.9
	0.6
	6.9

	PDCCH CSS (BW1, 25 PRBs; CORESET: 3 symbols, 24 PRBs; AL8)
	6.9
	2.2
	6.9

	SIB1 (BW1/BW3, 25 PRBs; SIB1 > 5 MHz; TBS 1256 bits)
	6.2
	1.6
	1.6

	SIB1 (BW1/BW3, 25 PRBs; SIB1 < 5 MHz; TBS 1256 bits; 1 transmission
	6.2
	2.6
	2.6

	PRACH Format 0 (BW1, 25 PRBs)
	2.0
	2.0
	2.0

	Msg2 (BW1/BW3, 25 PRBs; TBS 72 bits)
	2.5
	2.5
	2.5

	Msg2 (BW1/BW3, 25 PRBs; TBS scaling factor 0.5)
	2.5
	6.3
	6.3

	Msg2 (BW1/BW3, 25 PRBs; TBS scaling factor 0.25)
	2.5
	10.0
	10.0

	Msg3 (BW1/BW3, 25 PRBs)
	-1.0
	-1.0
	-1.0

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040 bits)
	6.3
	3.9
	3.9

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	6.3
	7.4
	7.4

	Msg4 (BW1/BW3, 25 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	6.3
	9.2
	9.2

	PDCCH USS (BW1, 25 PRBs; CORESET: 3 symbols, 24 PRBs; AL8)
	6.9
	2.2
	6.9

	PDSCH (BW1/BW3, 25 PRBs; 0.25 Mbps)
	6.0
	4.4
	4.4

	PUSCH (BW1/BW3, 25 PRBs; 25 kbps)
	-3.0
	0.2
	0.2

	PUCCH 2 bits (BW1, 25 PRBs)
	3.1
	1.9
	3.1

	PUCCH 11 bits (BW1, 25 PRBs)
	3.9
	3.9
	3.9

	PUCCH 22 bits (BW1, 25 PRBs)
	1.4
	1.4
	1.4



3.2.2	Urban scenario at 2.6 GHz
For Urban scenario at 0.7 GHz, the bottleneck channel for the reference NR UE and the corresponding MIL are shown in Table 18. For the case with 11-PRB UE BW for the 5-MHz UE, the estimated coverage margins relative to the bottleneck channel for the reference NR UE are summarized in Table 19 and Table 20 of Section 3.2.2.1. For the case with 12-PRB UE BW for the 5-MHz UE, the estimated coverage margins are summarized in Table 21 and Table 22 of Section 3.2.2.2. A positive value in the tables indicate that coverage of the channel is better than that of the bottleneck channel, whereas as a negative value indicates that coverage is worse than that of the bottleneck channel. The amount of coverage recovery needed for the channels with worse coverage than the bottleneck channel is highlighted in red. Note that the configuration within the parenthesis in the first column of tables 19 through 22 are applicable only to 5-MHz RedCap UEs. 
[bookmark: _Ref111106469]Table 18: Bottleneck channel and MIL value for Reference NR UE in Urban scenario 2.6 GHz.
	Bottleneck Channel
	MIL (dB)

	PUSCH
	137.1



3.2.2.1	Coverage margin with 11-PRB UE BW
[bookmark: _Ref111106581]Table 19: Coverage margin (dB) in Urban scenario at 2.6 GHz without 3 dB antenna efficiency loss and 11-PRB UE BW
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	15.9
	8.5
	15.9

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	14.1
	6.5
	14.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	14.1
	6.0
	14.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	14.1
	-0.7
	14.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	11.0
	-2.2
	-2.2

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	11.0
	1.0
	1.0

	PRACH B4 (BW1, 11 PRBs)
	17.9
	18.0
	17.9

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	6.7
	6.7
	6.7

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	6.7
	10.7
	10.7

	Msg2 (BW1, 11 PRBs; TBS scaling factor 0.25)
	6.7
	13.6
	13.6

	Msg3 (BW1/BW3, 11 PRBs)
	14.1
	14.1
	14.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	10.9
	2.2
	2.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	10.9
	7.2
	6.5

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	10.9
	9.2
	9.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	10.9
	10.7
	10.7

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	18.1
	3.3
	18.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	18.1
	8.1
	18.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	14.6
	12.0
	12.0

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	0.0
	5.5
	5.5

	PUCCH 2 bits (BW1, 11 PRBs)
	14.9
	13.1
	14.9

	PUCCH 11 bits (BW1, 11 PRBs)
	18.4
	18.6
	18.4

	PUCCH 22 bits (BW1, 11 PRBs)
	16.5
	16.6
	16.5



[bookmark: _Ref111106590]Table 20: Coverage margin (dB) in Urban scenario at 2.6 GHz with 3 dB antenna efficiency loss and 11-PRB UE BW
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	12.9
	5.5
	12.9

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	11.1
	3.5
	11.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	11.1
	3.0
	11.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	11.1
	-3.7
	11.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	8.0
	-5.2
	-5.2

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	8.0
	-2.0
	-2.0

	PRACH B4 (BW1, 11 PRBs)
	14.9
	15.0
	14.9

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	3.7
	3.7
	3.7

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	3.7
	7.7
	7.7

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.25)
	3.7
	10.6
	10.6

	Msg3 (BW1/BW3, 11 PRBs)
	11.1
	11.1
	11.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	7.9
	-0.8
	-1.0

	Msg4 (BW1, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	7.9
	4.2
	3.5

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	7.9
	6.2
	6.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	7.9
	7.7
	7.7

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	15.1
	0.3
	15.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	15.1
	5.1
	15.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	11.6
	9.0
	9.0

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	-3.0
	2.5
	2.5

	PUCCH 2 bits (BW1, 11 PRBs)
	11.9
	10.1
	11.9

	PUCCH 11 bits (BW1, 11 PRBs)
	15.4
	15.6
	15.4

	PUCCH 22 bits (BW1, 11 PRBs)
	13.5
	13.6
	13.5



3.2.2.2	Coverage margin with 12-PRB UE BW
[bookmark: _Ref111106688]Table 21: Coverage margin (dB) in Urban scenario at 2.6 GHz without 3 dB antenna efficiency loss and 12-PRB UE BW
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 12 PRBs)
	15.9
	8.5
	15.9

	PDCCH CSS (BW1, 12 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	14.1
	7.3
	14.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	14.1
	6.4
	14.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	14.1
	-0.7
	14.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	14.1
	4.4
	14.1

	SIB1 (BW1/BW3, 12 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	11.0
	-0.4
	-0.4

	SIB1 (BW1/BW3, 12 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	11.0
	1.9
	1.9

	PRACH B4 (BW1, 12 PRBs)
	17.9
	17.9
	17.9

	Msg2 (BW1/BW3, 12 PRBs; TBS 72 bits)
	6.7
	6.7
	6.7

	Msg2 (BW1/BW3, 12 PRBs; TBS scaling factor 0.5)
	6.7
	10.7
	10.7

	Msg2 (BW1/BW3, 12 PRBs; TBS scaling factor 0.25)
	6.7
	14.6
	14.6

	Msg3 (BW1/BW3, 12 PRBs)
	14.1
	14.1
	14.1

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040 bits)
	10.9
	3.1
	3.1

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	10.9
	7.8
	7.8

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	10.9
	9.8
	9.8

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	10.9
	11.0
	11.0

	PDCCH USS (BW1, 12 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	18.1
	3.3
	18.1

	PDCCH USS (BW1, 12 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	18.1
	8.4
	18.1

	PDSCH (BW1/BW3, 12 PRBs; 0.5 Mbps)
	14.6
	12.0
	12.0

	PUSCH (BW1/BW3, 12 PRBs; 0.25 Mbps)
	0.0
	5.4
	5.4

	PUCCH 2 bits (BW1, 12 PRBs)
	14.9
	13.1
	14.9

	PUCCH 11 bits (BW1, 12 PRBs)
	18.4
	18.6
	18.4

	PUCCH 22 bits (BW1, 12 PRBs)
	16.5
	16.6
	16.5



[bookmark: _Ref111106695]Table 22: Coverage margin (dB) in Urban scenario at 2.6 GHz with 3 dB antenna efficiency loss and 12-PRB UE BW
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 12 PRBs)
	12.9
	5.5
	12.9

	PDCCH CSS (BW1, 12 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	11.1
	4.3
	11.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	11.1
	3.4
	11.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	11.1
	-3.7
	11.1

	PDCCH CSS (BW1, 12 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	11.1
	1.4
	11.1

	SIB1 (BW1/BW3, 12 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	8.0
	-3.4
	-3.4

	SIB1 (BW1/BW3, 12 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	8.0
	-1.1
	-1.1

	PRACH B4 (BW1, 12 PRBs)
	14.9
	14.9
	14.9

	Msg2 (BW1/BW3, 12 PRBs; TBS 72 bits)
	3.7
	3.7
	3.7

	Msg2 (BW1/BW3, 12 PRBs; TBS scaling factor 0.5)
	3.7
	7.7
	7.7

	Msg2 (BW1/BW3, 12 PRBs; TBS scaling factor 0.25)
	3.7
	11.6
	11.6

	Msg3 (BW1/BW3, 12 PRBs)
	11.1
	11.1
	11.1

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040 bits)
	7.9
	0.1
	0.1

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	7.9
	4.8
	4.8

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	7.9
	6.8
	6.8

	Msg4 (BW1/BW3, 12 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	7.9
	8.0
	8.0

	PDCCH USS (BW1, 12 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	15.1
	0.3
	15.1

	PDCCH USS (BW1, 12 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	15.1
	5.4
	15.1

	PDSCH (BW1/BW3, 12 PRBs; 0.5 Mbps)
	11.6
	9.0
	9.0

	PUSCH (BW1/BW3, 12 PRBs; 0.25 Mbps)
	-3.0
	2.4
	2.4

	PUCCH 2 bits (BW1, 12 PRBs)
	11.9
	10.1
	11.9

	PUCCH 11 bits (BW1, 12 PRBs)
	15.4
	15.6
	15.4

	PUCCH 22 bits (BW1, 12 PRBs)
	13.5
	13.6
	13.5



3.2.3	Urban scenario at 4 GHz
For Urban scenario at 4 GHz, the bottleneck channel for the reference NR UE and the corresponding MIL are shown in Table 23, for both 24-dBm/MHz and 33-dBm/MHz DL PSDs. For the case with 24-dBm/MHz DL PSD, the coverage margins estimated for the 5-MHz UE relative to the bottleneck channel for the reference NR UE are summarized in Table 24 and Table 25 of Section 3.2.3.1. For the case with 33-dBm/MHz DL PSD, the coverage margins are summarized in Table 26 and Table 27 of Section 3.2.3.2. A positive value in the tables indicate that coverage of the channel is better than that of the bottleneck channel, whereas as a negative value indicates that coverage is worse than that of the bottleneck channel. The amount of coverage recovery needed for the channels with worse coverage than the bottleneck channel is highlighted in red. Note that the configuration within the parenthesis in the first column of tables 24 through 27 are applicable only to 5-MHz RedCap UEs. 
[bookmark: _Ref111110971]Table 23: Bottleneck channel and MIL value for Reference NR UE in Urban scenario 4 GHz
	Bottleneck Channel
	MIL (dB)

	PUSCH
	139.2



3.2.3.1	Coverage margin with 24-dBm/MHz DL PSD 
[bookmark: _Ref111111066]Table 24: Coverage margin (dB) in Urban scenario at 4 GHz without 3 dB antenna efficiency loss, 11-PRB UE BW, and 24-dBm/MHz DL PSD
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	5.1
	-2.4
	5.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	3.1
	-4.4
	3.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	3.1
	-4.5
	3.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	3.1
	-11.4
	3.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	-0.1
	-13.3
	-13.3

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	-0.1
	-10.0
	-10.0

	PRACH B4 (BW1, 11 PRBs)
	15.6
	15.6
	15.6

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	-4.2
	-4.2
	-4.2

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	-4.2
	-0.3
	-0.3

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.25)
	-4.2
	2.6
	2.6

	Msg3 (BW1/BW3, 11 PRBs)
	12.0
	12.0
	12.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	-0.3
	-9.1
	-9.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	-0.3
	-4.0
	-4.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	-0.3
	-1.9
	-1.9

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	-0.3
	-0.4
	-0.4

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	7.1
	-7.4
	7.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	7.1
	-3.3
	7.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	2.6
	0.9
	0.9

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	0.0
	5.7
	5.7

	PUCCH 2 bits (BW1, 11 PRBs)
	11.9
	11.1
	11.9

	PUCCH 11 bits (BW1, 11 PRBs)
	16.3
	16.5
	16.3

	PUCCH 22 bits (BW1, 11 PRBs)
	14.4
	14.6
	14.4



[bookmark: _Ref111111073]Table 25: Coverage margin (dB) in Urban scenario at 4 GHz with 3 dB antenna efficiency loss, 11-PRB UE BW, and 24-dBm/MHz DL PSD
	Channels
	Rel-17 RedCap UE
	5 MHz RedCap UE (BW1)
	5 MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	2.1
	-5.4
	2.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	0.1
	-7.4
	0.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	0.1
	-7.5
	0.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	0.1
	-14.4
	0.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	-3.1
	-16.3
	-16.3

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	-3.1
	-13.0
	-13.0

	PRACH B4 (BW1, 11 PRBs)
	12.6
	12.6
	12.6

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	-7.2
	-7.2
	-7.2

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	-7.2
	-3.3
	-3.3

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.25)
	-7.2
	-0.4
	-0.4

	Msg3 (BW1/BW3, 11 PRBs)
	9.0
	9.0
	9.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	-3.3
	-12.1
	-12.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	-3.3
	-7.0
	-7.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	-3.3
	-4.9
	-4.9

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	-3.3
	-3.4
	-3.4

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	4.1
	-10.4
	4.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	4.1
	-6.3
	4.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	-0.4
	-2.1
	-2.1

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	-3.0
	2.7
	2.7

	PUCCH 2 bits (BW1, 11 PRBs)
	8.9
	8.1
	8.9

	PUCCH 11 bits (BW1, 11 PRBs)
	13.3
	13.5
	13.3

	PUCCH 22 bits (BW1, 11 PRBs)
	11.4
	11.6
	11.4



3.2.3.2	Coverage margin with 33-dBm/MHz DL PSD 
[bookmark: _Ref111111131]Table 26: Coverage margin (dB) in Urban scenario at 4 GHz without 3 dB antenna efficiency loss, 11-PRB UE BW, and 33-dBm/MHz DL PSD
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	14.1
	6.6
	14.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	12.1
	4.6
	12.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	12.1
	4.5
	12.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	12.1
	-2.4
	12.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	8.9
	-4.3
	-4.3

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	8.9
	-1.0
	-1.0

	PRACH B4 (BW1, 11 PRBs)
	15.6
	15.6
	15.6

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	4.8
	4.8
	4.8

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	4.8
	8.7
	8.7

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.25)
	4.8
	11.6
	11.6

	Msg3 (BW1/BW3, 11 PRBs)
	12.0
	12.0
	12.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	8.7
	-0.1
	-0.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	8.7
	5.0
	5.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	8.7
	7.1
	7.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	8.7
	8.6
	8.6

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	16.1
	1.6
	16.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	16.1
	5.7
	16.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	11.6
	9.9
	9.9

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	0.0
	5.7
	5.7

	PUCCH 2 bits (BW1, 11 PRBs)
	11.9
	11.1
	11.9

	PUCCH 11 bits (BW1, 11 PRBs)
	16.3
	16.5
	16.3

	PUCCH 22 bits (BW1, 11 PRBs)
	14.4
	14.6
	14.4



[bookmark: _Ref111111138]Table 27: Coverage margin (dB) in Urban scenario at 4 GHz with 3 dB antenna efficiency loss, 11-PRB UE BW, and 33-dBm/MHz DL PSD
	Channels
	Rel-17 RedCap UE
	5-MHz RedCap UE (BW1)
	5-MHz RedCap UE (BW3)

	PBCH (BW1, 11 PRBs)
	11.1
	3.6
	11.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	9.1
	1.6
	9.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	9.1
	1.5
	9.1

	PDCCH CSS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)
	9.1
	-5.4
	9.1

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	5.9
	-7.3
	-7.3

	SIB1 (BW1/BW3, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)
	5.9
	-4.0
	-4.0

	PRACH B4 (BW1, 11 PRBs)
	12.6
	12.6
	12.6

	Msg2 (BW1/BW3, 11 PRBs; TBS 72 bits)
	1.8
	1.8
	1.8

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.5)
	1.8
	5.7
	5.7

	Msg2 (BW1/BW3, 11 PRBs; TBS scaling factor 0.25)
	1.8
	8.6
	8.6

	Msg3 (BW1/BW3, 11 PRBs)
	9.0
	9.0
	9.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040 bits)
	5.7
	-3.1
	-3.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 1 retransmission (up to 2 transmissions total))
	5.7
	2.0
	2.0

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 2 retransmissions (up to 3 transmissions total))
	5.7
	4.1
	4.1

	Msg4 (BW1/BW3, 11 PRBs; TBS 1040; 3 retransmissions (up to 4 transmissions total))
	5.7
	5.6
	5.6

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2; baseline)
	13.1
	-1.4
	13.1

	PDCCH USS (BW1, 11 PRBs; CORESET: 3 symbols, 12 PRBs; AL4)
	13.1
	2.7
	13.1

	PDSCH (BW1/BW3, 11 PRBs; 0.5 Mbps)
	8.6
	6.9
	6.9

	PUSCH (BW1/BW3, 11 PRBs; 0.25 Mbps)
	-3.0
	2.7
	2.7

	PUCCH 2 bits (BW1, 11 PRBs)
	8.9
	8.1
	8.9

	PUCCH 11 bits (BW1, 11 PRBs)
	13.3
	13.5
	13.3

	PUCCH 22 bits (BW1, 11 PRBs)
	11.4
	11.6
	11.4



3.2.4	Summary of coverage recovery evaluation
The evaluation results described in sections 3.2.1 through 3.2.3 can be summarized as follows:
For Rural scenario at 0.7 GHz:
· Without 3-dB UE antenna efficiency loss: The MIL for all channels of the 5-MHz UE (for both BW1 and BW3) is better than that of the bottleneck channel of the reference NR UE, and therefore, coverage recovery is not needed. 
· With 3-dB UE antenna efficiency loss: Coverage recovery is needed for Msg3 (for both BW1 and BW3). The amount of coverage recovery needed is 1 dB. The coverage loss can be compensated by HARQ retransmissions (or by configuring repetitions as specified in Rel-17). 

For Urban scenario at 2.6 GHz (with 11-PRB UE BW and 33 dBm/MHz DL PSD):
· Without 3-dB UE antenna efficiency loss: Coverage recovery is needed for PDCCH CSS with AL 2 (for BW1).  However, the amount of coverage recovery needed is only 0.7 dB. For higher ALs, coverage recovery is not needed. Coverage recovery is also needed for SIB1 (for both BW1 and BW3) when the transmitted SIB1 BW is larger than 5 MHz, e.g., 17.28 MHz (48 PRBs). The amount of coverage recovery is 2.2 dB. Our results in Appendix A1.5 indicate that soft-combining multiple SIB1 transmissions within the SIB1 periodicity/TTI could recover the coverage loss.  It is worth noting that coverage recovery is not needed for PUSCH as the cell-edge target data rates are scaled by a factor of 0.25 for the 5-MHz UE compared to the Rel-17 RedCap UE. 
· With 3-dB UE antenna efficiency loss: Coverage recovery is needed for PDCCH CSS with AL 2, SIB1 with BW > 5MHz, SIB1 with BW < 5MHz, and Msg4. The amount of coverage recovery needed are 3.7 dB, 5.2 dB, 2.0 dB, and 1.0 dB, respectively.  Like the case without antenna efficiency loss, the coverage loss for PDCCH CSS and SIB1 can be compensated by using higher ALs and soft combining of multiple SIB1 transmissions, respectively. The coverage loss for Msg4 can be compensated by using HARQ retransmissions.  Note that PDCCH CSS is impacted only for option BW1 (and not BW3). 
· Urban scenario at 2.6 GHz with 12-PRB UE BW follows the same trend as the 11-PRB case described above. 
For Urban scenario at 4 GHz (with 11-PRB UE BW and DL PSD of 24 dBm/MHz):
· Without 3-dB UE antenna efficiency loss: The amount of coverage recovery needed for the impacted channels are:
· 2.4 dB for PBCH (BW1 only)
· 4.4 dB for PDCCH CSS with AL 16 (BW1 only)
· 3.3 dB for PDCCH USS with AL 4 (BW1 only)
· 13.3 dB and 10.0 dB for SIB1 with BW > 5 MHz and with BW < 5MHz, respectively (both BW1 and BW3).
· 4.2 dB for Msg2 without TBS scaling. It is noted that the coverage loss for Msg2 can be compensated by using a TBS scaling factor of 0.25 (both BW1 and BW3).
· 9.1 dB for Msg4 without retransmissions. Coverage loss for Msg4 can be compensated (almost fully) after 3 retransmissions (both BW1 and BW3).
· With 3-dB UE antenna efficiency loss: All the DL channels would require significant coverage compensation. 
· Urban scenario at 4 GHz with 33 dBm/MHz DL PSD follows similar trend as the Urban scenario at 2.6 GHz with 33 dBm/MHz DL PSD. 
Based on the above summary, the following key observations can be made:
· [bookmark: _Hlk101946689]The determination of which channels require coverage recovery, and the amount of coverage recovery, would depend on the deployment scenario, on whether the 3-dB UE antenna efficiency loss is assumed for RedCap UEs, the value of DL PSD, and on the BW reduction options. 
· E.g., coverage recovery for DL channels is not needed for the Rural scenario at 0.7 GHz but is needed for the Urban scenarios at 2.6 GHz and 4 GHz. 
· E.g., many more channels (and by a larger amount) would need coverage recovery under the assumption of reduced antenna efficiency for RedCap UEs. For instance, coverage recovery for Msg3 for the Rural scenario at 0.7 GHz is needed only with reduced antenna efficiency. 
· [bookmark: _Hlk101947581]E.g., coverage recovery for PDCCH (transmitted in CSS or USS) is needed for Option BW1 but not for Option BW3. It is noted that coverage loss for PDCCH is difficult to recover by using the existing techniques.
[bookmark: _Toc111235816]The determination of which channels require coverage recovery, and the amount of coverage recovery, would depend on the scenario, on whether the antenna efficiency loss is assumed for RedCap UEs, and on the BW reduction options.
[bookmark: _Toc111235817][bookmark: _Toc102130091]For Rural scenario at 0.7 GHz, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed only for PUSCH. With the assumption of the antenna efficiency loss, coverage recovery is needed also for Msg3 in addition to PUSCH. 
[bookmark: _Toc111235818]For Urban scenarios at 2.6 GHz and 4 GHz with 33 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PDCCH (with AL 2) and SIB1. With the assumption of the antenna efficiency loss, coverage recovery is needed also for Msg4. 
[bookmark: _Toc111235819]For Urban scenario at 4 GHz with 24 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PBCH, PDCCH, SIB1, Msg3, and Msg4. With the assumption of the antenna efficiency loss, coverage recovery is needed also for PDSCH. 
[bookmark: _Toc111235820]Coverage recovery for PBCH and PDCCH (transmitted in CSS or USS) are needed only for Option BW1 but not for Option BW3.
3.3	Coverage recovery features
Based on the evaluation in Section 3.2, it can be observed that the following channels may need coverage recovery in different scenarios and under different assumptions:
· [bookmark: _Hlk101963428]Option BW1: PBCH, PDCCH CSS, PDCCH USS, SIB1, Msg2, Msg4, PDSCH, Msg3, PUSCH
· Option BW3: SIB1, Msg2, Msg4, PDSCH, Msg3, PUSCH
[bookmark: _Hlk101951873]The potential coverage recovery techniques for the channels above, as well as analysis of coexistence with legacy UEs and analysis of specification impacts have been described extensively in TR 38.875 clause 9.2 through 9.4. We discuss potential coverage recovery solutions in Table 28, where we itemize solutions for different channels, signals, and messages. Depending on the findings from this coverage evaluation study, coverage recovery may be needed only for the channels and/or the messages that end up having Rel-18 eRedCap UE coverage lower than the target NR coverage.
[bookmark: _Ref111176299]Table 28: Potential coverage recovery techniques
	Channel
	Coverage recovery techniques

	PBCH
	· Multiple SSB retransmissions
· With relaxed SSB acquisition time, the UE may also try to accumulate the detection metrics over multiple SSB transmissions in the same beam to improve coverage. 
· For cases where SSB BW exceeds the 5 MHz, the UE may perform RF retuning to receive and accumulate different parts of an SSB in different times and effectively have an entire SSB after multiple transmissions.

	PDCCH
	· Reduce DCI sizes to allow for lower code rates for a given aggregation level. Since RedCap UEs have smaller BW and reduced capability, some of the DCI fields may be either reduced or removed.
· Introducing a higher aggregation level, when possible (e.g., new AL 12 can be considered). Also, using a higher aggregation level may be achieved e.g., by time repetition.
· Consider frequency hopping CORESET for RedCap UEs to increase frequency diversity
· Take the advantage of PDCCH repetition
· More details are available in Clause 9.4, TR 38.875 [7]

	SIB1
	· Soft-combining multiple SIB1 transmissions with different RVs within the SIB1 periodicity/TTI
· Dedicated SIB1 transmission (e.g., with SIB1 BW < 5 MHz, smaller TBS, etc.) to 5-MHz RedCap UEs

	Msg2
	· TBS scaling

	Msg4
	· HARQ retransmissions
· Use of smaller TBS

	PDSCH
	· Consider frequency hopping to increase frequency diversity
· Take the advantage of PDSCH repetition
· More details are available in Clause 9.3, TR 38.875 [7]

	Msg3
	· HARQ retransmissions
· Msg3 repetitions introduced in Rel-17

	PUSCH
	· HARQ retransmissions
· Use slot aggregation. Rel-16 already introduced slot aggregation level up to 16, which allows the same payload to be repeated in 16 slots.
· Consider frequency hopping to increase frequency diversity
· More details are available in Clause 9.2, TR 38.875 [7]



5	Conclusion
In this contribution, we discussed coverage impacts due to further UE BW reduction for Rel-18 eRedCap. We have also provided evaluation results for coverage impacts of different physical channels and have described potential coverage recovery techniques. The summary of the coverage recovery evaluation is available in Section 3.2.4. 
Based on the coverage impact evaluations, our high-level views can be summarized as follows:
· The need for coverage recovery depends on whether the additional UE antenna efficiency loss should be considered or not, on the value of DL PSD (33-dBm/MHz or 24-dBm/MHz), and on the BW reduction option, i.e., BW1 (RF and BB bandwidth reduction) or BW3 (BB-only bandwidth only for data channels). 
· From the perspective of coverage impact, BW3 (BB-only bandwidth only for data channels) would be a better choice as it would not lead to coverage loss (compared to Rel-17 RedCap) for PBCH and PDCCH. The coverage loss for these channels, in some scenarios, are difficult to recover using existing techniques. As shown in our companion contribution [8], BW3 can also provide roughly similar cost savings as BW1. 
· The coverage impacts with and without the assumption of the additional UE antenna efficiency loss, as well as the coverage impacts due to different choices of the DL PSD values should be captured in TR 38.865. This gives a better picture of the coverage impacts due to the different BW reduction options.
In the companion contribution [8], based on the observations in this coverage impact evaluation and other observations captured in [8], we draw the conclusion that complexity reduction techniques/options BW3 or PR3 can be considered for Rel-18 eRedCap, while options BW1, BW2, PT1, and PT2 are not preferred.
In the previous sections, we made the following observations: 
Observation 1	The determination of which channels require coverage recovery, and the amount of coverage recovery, would depend on the scenario, on whether the antenna efficiency loss is assumed for RedCap UEs, and on the BW reduction options.
Observation 2	For Rural scenario at 0.7 GHz, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed only for PUSCH. With the assumption of the antenna efficiency loss, coverage recovery is needed also for Msg3 in addition to PUSCH.
Observation 3	For Urban scenarios at 2.6 GHz and 4 GHz with 33 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PDCCH (with AL 2) and SIB1. With the assumption of the antenna efficiency loss, coverage recovery is needed also for Msg4.
Observation 4	For Urban scenario at 4 GHz with 24 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PBCH, PDCCH, SIB1, Msg3, and Msg4. With the assumption of the antenna efficiency loss, coverage recovery is needed also for PDSCH.
Observation 5	Coverage recovery for PBCH and PDCCH (transmitted in CSS or USS) are needed only for Option BW1 but not for Option BW3.
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Appendix A1: Link-level simulation results
A1.1	PBCH

[image: ]
Figure 1: BLER performance of PBCH (700 MHz).

For 30 kHz SCS, the SSB bandwidth is 7.2 MHz which exceeds the UE 5 MHz bandwidth. In this case, we assume that the UE performs RF retuning to receive and accumulate different parts of an SSB in different times and effectively have an entire SSB after multiple transmissions. Note that this imposes additional UE complexity and power consumption which is not desired.
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Figure 2: BLER performance of PBCH (2.6 GHz).
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Figure 3: BLER performance of PBCH (4 GHz).

Table 29: SNR at 1% BLER for PBCH.
	
	700 MHz
	2.6 GHz
	4 GHz

	5 MHz RF BW, 1 Rx
	-2.9 dB
	3.1 dB
	2.9 dB

	Rel-17 RedCap (20 MHz RF BW, 1 Rx)
	-2.9 dB
	-4.3 dB
	-4.6 dB

	Reference NR UE
	-7.3 dB
	-11 dB
	-11.1 dB




A1.2 PRACH 
[image: ]
Figure 4: Missed detection rate of PRACH 
[bookmark: _Ref47428365][bookmark: _Ref47428359]
Table 30: SNR at 1% missed detection and 0.1% false alarm probability for PRACH 
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	Rel-15 Reference UE
	-9.1 dB
	-17.5 dB
	-17.3 dB

	Rel-17 RedCap UE
	-9.1 dB
	-17.5 dB
	-17.3 dB

	5 MHz RedCap UE 
	-9.1 dB
	-17.5 dB (12 PRBs)
-17.3 dB (11 PRBs)
	-17.3 dB (12 PRBs)
-17 dB (11 PRBs)




A1.3	PDCCH
For CORESET configurations that exceed the 5 MHz UE bandwidth, the UE must skip/puncture the PDCCH subcarriers that fall outside of its Rx bandwidth. Here, we assume that subcarriers are punctured from both edges (i.e., low and high frequencies) of a CORESET equally. 
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Figure 5: BLER performance of PDCCH (700 MHz).
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Figure 6: BLER performance of PDCCH (2.6 GHz, 11-PRB UE BW).
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Figure 7: BLER performance of PDCCH (2.6 GHz, 12-PRB UE BW).
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Figure 8: BLER performance of PDCCH (4 GHz, 11-PRB UE BW).
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Figure 9: BLER performance of PDCCH (4 GHz, 12-PRB UE BW).

Table 31: SNR at 1% BLER for PDCCH for 700 MHz.
	Scenario and CORESET configuration
	SNR at 1% BLER

	5 MHz RF BW, configuration: [3 symbols, 24 PRBs, AL 8]
	1.9 dB

	5 MHz RF BW, configuration: [2 symbols, 48 PRBs, AL 16]
	3.5 dB

	Rel-17 RedCap (20 MHz RF BW, 1 Rx), configuration: [2 symbols, 48 PRBs, AL 16]
	-2.8 dB

	Reference NR UE, configuration: [2 symbols, 48 PRBs, AL 16] 
	-6.6 dB



Table 32: SNR at 1% BLER for PDCCH for 2.6 GHz.
	Scenario and CORESET configuration
	SNR at 1% BLER

	5 MHz RF BW with 11-PRB UE BW, configuration: [2 symbols, 48 PRBs, AL 16]
	5.1 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [2 symbols, 24 PRBs, AL 8]
	5.6 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [3 symbols, 6 PRBs, AL 2]
	12.3 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [3 symbols, 12 PRBs, AL 4]
	7.5 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [2 symbols, 48 PRBs, AL 16]
	4.3 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [2 symbols, 24 PRBs, AL 8]
	5.2 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [3 symbols, 6 PRBs, AL 2]
	12.3 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [3 symbols, 12 PRBs, AL 4]
	7.2 dB

	Rel-17 RedCap (20 MHz RF BW, 1 Rx)
	-2.5 dB

	Reference NR UE
	-9.2 dB



Table 33: SNR at 1% BLER for PDCCH for 4 GHz.
	Scenario and CORESET configuration
	SNR at 1% BLER

	5 MHz RF BW with 11-PRB UE BW, configuration: [2 symbols, 48 PRBs, AL 16]
	4.9 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [2 symbols, 24 PRBs, AL 8]
	5 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [3 symbols, 6 PRBs, AL 2]
	11.9 dB

	5 MHz RF BW with 11-PRB UE BW, configuration: [3 symbols, 12 PRBs, AL 4]
	7.8 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [2 symbols, 48 PRBs, AL 16]
	4.1 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [2 symbols, 24 PRBs, AL 8]
	4.7 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [3 symbols, 6 PRBs, AL 2]
	11.9 dB

	5 MHz RF BW with 12-PRB UE BW, configuration: [3 symbols, 12 PRBs, AL 4]
	7.2 dB

	Rel-17 RedCap (20 MHz RF BW, 1 Rx)
	-2.6 dB

	Reference NR UE
	-9.2 dB




A1.4	PDSCH (data)
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Figure 10: BLER performance of PDSCH (700 MHz)
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Figure 11: Throughput of PDSCH (700 MHz)
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Figure 12: BLER performance of PDSCH (2.6 GHz)
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Figure 13: Throughput of PDSCH (2.6 GHz)
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Figure 14: BLER performance of PDSCH (4 GHz)
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Figure 15: Throughput of PDSCH (4 GHz)

Table 34: SNR at 10% BLER for PDSCH.
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	5-MHz RedCap UE 
	1 Mbps: 0.30 dB
0.5 Mbps: -1.26 dB
0.25 Mbps: -0.36 dB
	11 PRBs:
2 Mbps: 12.66 dB
1 Mbps: 7.20 dB
0.5 Mbps: 3.65 dB
12 PRBs:
0.5 Mbps: 3.61 dB
	2 Mbps: 14.07 dB
1 Mbps: 8.37 dB
0.5 Mbps: 3.61 dB

	Rel-17 RedCap UE 
	-1.95 dB
	1.00 dB
	1.98 dB

	Reference NR UE 
	-5.84 dB
	-5.50 dB
	-4.67 dB




A1.5	SIB1
For the 5 MHz RF BW we show BLER curves for both a SIB1 transmission that covers 48 PRBs and a dedicated SIB1 transmission whose bandwidth is smaller than 5 MHz. For the 48 PRB transmission, the UE receives the PRBs with the smallest indices and punctures the others. For the 5 MHz RF BW we show results for both a single transmission and four soft combined transmissions with different RVs. The gNB can transmit four different PDSCHs with SIB1 within a 160 ms SIB1 period/TTI. We note that when soft combining four transmissions, the performance difference between a dedicated SIB1 transmission within a 5 MHz BW and receiving a punctured SIB1 is at most 0.93 dB for the studied scenarios. 
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Figure 16: BLER performance of SIB1 (700 MHz)
[image: ]
Figure 17: BLER performance of SIB1 (2.6 GHz) 11 PRB BW for 5 MHz UE
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Figure 18: BLER performance of SIB1 (2.6 GHz) 12 PRB BW for 5 MHz UE
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Figure 19: BLER performance of SIB1 (4 GHz)

Table 35: SNR at 10% BLER for SIB1
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	5-MHz RedCap UE 
SIB1 BW > 5 MHz
	1 transmission: 2.46 dB
4 soft combined transmissions:
-5.33 dB
	11 PRBs:
1 transmission: 13.86 dB
4 soft combined transmissions:
1.34 dB
12 PRBs:
1 transmission:  12.00 dB
4 soft combined transmissions:
 0.72 dB
	1 transmission: 13.86 dB
4 soft combined transmissions:
1.16 dB

	5-MHz RedCap UE 
SIB1 BW < 5 MHz
	1 transmission: 1.48 dB
4 soft combined transmissions:
-5.50 dB
	11 PRBs:
1 transmission: 10.59 dB
4 soft combined transmissions:
0.48 dB
12 PRBs:
1 transmission: 9.72 dB
4 soft combined transmissions:
-0.07 dB
	1 transmission: 10.55 dB
4 soft combined transmissions:
 0.36 dB

	Rel-17 RedCap UE 
	-2.11 dB
	0.65 dB
	0.62 dB

	Reference NR UE 
	-6.08 dB
	-6.41 dB
	-6.39 dB



A1.6	Msg2
Since Msg2 is only 72 bits and occupies, 3, 6, or 12 PRBs depending on TBS scaling factor, the link performance for a 5 MHz RF BW UE is the same as for the Rel-17 RedCap UE. The only exception is the 0.25 TBS scaling factor case when the 5 MHz RF BW UE is limited to 11 PRBs which we show separately. When the BLER curves are the same, we will show only the Rel-17 RedCap UE, but we list all results in the tables.
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Figure 20: BLER performance for MSG2 (700 MHz)
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Figure 21: BLER performance for MSG2 (2.6 GHz)
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Figure 22: BLER performance for MSG2 (4 GHz)

 Table 36: SNR at 10% BLER for Msg2.
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	5-MHz RedCap UE TBS scaling = 1
	1.58 dB
	11 and 12 PRBs: 4.94 dB
	4.75 dB

	Rel-17 RedCap UE 
TBS scaling = 1
	1.58 dB
	4.94 dB
	4.75 dB

	Reference NR UE 
TBS scaling = 1
	-3.78 dB
	-3.64 dB
	-3.68 dB

	5-MHz RedCap UE TBS scaling = 0.5
	-2.26 dB
	11 and 12 PRBs: 0.98 dB
	0.81 dB

	Rel-17 RedCap UE 
TBS scaling = 0.5
	-2.26 dB
	0.98 dB
	0.81 dB

	Reference NR UE 
TBS scaling = 0.5
	-7.08 dB
	-6.47 dB
	-6.58 dB

	5-MHz RedCap UE TBS scaling = 0.25
	-5.96 dB
	11 PRBs: -1.98 dB
12 PRBS: -2.98 dB
	-2.02 dB

	Rel-17 RedCap UE 
TBS scaling = 0.25
	-5.96 dB
	-2.98 dB
	-2.99 dB

	Reference NR UE 
TBS scaling = 0.25
	-9.66 dB
	-9.61 dB
	-9.66 dB




A1.7	Msg4
For the 5 MHz RF BW case we show results for 1-4 HARQ transmissions.
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Figure 23: BLER performance for MSG4 (700 MHz)
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Figure 24: BLER performance for MSG4 (2.6 GHz)
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Figure 25: BLER performance for MSG4 (4 GHz)

Table 37: SNR at 10% BLER for Msg4.
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	5-MHz RedCap UE 1 transmission
	0.14 dB
	11 PRBs: 9.48 dB
12 PRBs: 8.56 dB
	9.60 dB

	5-MHz RedCap UE 2 transmissions
	-3.29 dB
	11 PRBs: 4.45 dB
12 PRBs: 3.87 dB
	4.52 dB

	5-MHz RedCap UE 3 transmissions
	-5.14 dB
	11 PRBs: 2.41 dB
12 PRBs: 1.80 dB
	2.40 dB

	5-MHz RedCap UE 4 transmissions
	-6.32 dB
	11 PRBs: 0.96 dB
12 PRBs: 0.56 dB
	0.96 dB

	Rel-17 RedCap UE 
1 transmission
	-2.27 dB
	0.76 dB
	0.82 dB

	Reference NR UE 
1 transmission
	-6.24 dB
	-6.39 dB
	-6.47 dB




A1.8	PUCCH
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Figure 26: PUCCH format 1 performance (0.7 GHz)
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Figure 27: PUCCH format 3 performance (0.7GHz)
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Figure 28: PUCCH format 1 performance (2.6 GHz)
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Figure 29: PUCCH format 3 performance (2.6GHz)
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Figure 30: PUCCH format 1 performance (4 GHz)
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Figure 31: PUCCH format 3 performance (4GHz)

Table 38: SNR (dB) at 1% D2A and Aerr (0.1% N2A) for PUCCH format 1 (2 bits)
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	5-MHz RedCap UE 
	-1.38
	-2 (11 PRBs)
-2 (12 PRBs)
	-2.08 (11 PRBs)
-1.96 (12 PRBs)

	Rel-17 RedCap UE 
	-2.61
	-3.84
	-2.96

	Reference NR UE 
	-2.61
	-3.78
	-3.72



Table 39: SNR (dB) at 1% BLER for 4 bits, and 1% and 10% for both 11 bits and 22 bits for PUCCH format 3
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	
	11 bits
	22 bits
	11 bits
	22 bits
	11 bits
	22 bits

	5-MHz RedCap UE 
	-3.39 (1%)

-7.18 (10%)
	-0.87 (1%)

-4.49 (10%)
	11PRBs:
-7.49 (1%)
-10.16 (10%)

12PRBs:
-7.50 (1%)
-10.15 (10%)
	11PRBs:
-5.56 (1%)
-7.90 (10%)

12PRBs
-5.57 (1%)
-7.90 (10%)
	11PRBs:
-7.51 (1%)
-10.15 (10%)

12PRBs:
-7.52 (1%)
-10.14 (10%)
	11PRBs:
-5.58 (1%)
-7.90 (10%)

12PRBs:
-5.60 (1%)
-7.89 (10%)

	Rel-17 RedCap UE 
	-3.40 (1%)

-7.23 (10%)
	-0.91 (1%)

-4.53 (10%)
	-7.37 (1%)

-10.04 (10%)
	-5.44 (1%)

-7.81 (10%)
	-7.32 (1%)

-9.99 (10%)
	-5.38 (1%)

-7.78 (10%)

	Reference NR UE 
	
N/A
	
N/A
	-7.29 (1%)

-9.98 (10%)
	-5.36 (1%)

-7.77 (10%)
	-7.30 (1%)

-9.98 (10%)
	-5.34 (1%)

-7.76 (10%)




A1.9	PUSCH (data)
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Figure 32: BLER performance of PUSCH (0.7 GHz).
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Figure 33: Throughput performance of PUSCH (0.7 GHz).
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Figure 34: BLER performance of PUSCH (2.6 GHz).
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Figure 35: Throughput performance of PUSCH (2.6 GHz).
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Figure 36: BLER performance of PUSCH (4 GHz).
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Figure 37: Throughput performance of PUSCH (4 GHz).

Table 40: SNR at 10% BLER for PUSCH.
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	Rel-15 Reference UE
	-2.5 dB
	-3.7 dB
	-5.8 dB

	Rel-17 RedCap UE
	-2.5 dB
	-3.7 dB
	-5.8 dB

	5 MHz RedCap UE 
	0.3 dB
	-4.8 (11 PRBs)
-5.1 (12 PRBs)
	-7.1 (11 PRBs)
-7.2 (12 PRBs)




A1.10	Msg3
[image: ]
Figure 38: BLER performance of Msg3.

Table 41: SNR at 10% BLER for Msg3.
	Scenario
	Rural, 0.7 GHz
	Urban, 2.6 GHz

	Urban, 4 GHz

	Rel-15 Reference UE
	-1.5 dB
	-6 dB
	-6 dB

	Rel-17 RedCap UE
	-1.5 dB
	-6 dB
	-6 dB

	5 MHz RedCap UE 
	-1.5 dB
	-6 dB
	-6 dB
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image14.emf



-10 -5 0 5 10 15



SNR [dB]



10 -2



10 -1



100



B
LE



R
 (



in
iti



al
 tr



an
sm



is
si



on
)



PDSCH data (4 GHz)
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Msg4 (700 MHz)

reference NR UE, 40 PRBs (7.2 MHz), 2 Rx, 1040 bits

Rel-17 RedCap, 40 PRBs (7.2 MHz), 1 Rx, 1040 bits

5 MHz RF BW, 25 PRBs (4.5 MHz), 1 Rx, 1040 bits, 1 transmission

5 MHz RF BW, 25 PRBs (4.5 MHz), 1 Rx, 1040 bits, 2 transmissions

5 MHz RF BW, 25 PRBs (4.5 MHz), 1 Rx, 1040 bits, 3 transmissions

5 MHz RF BW, 25 PRBs (4.5 MHz), 1 Rx, 1040 bits, 4 transmissions
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reference NR UE, 40 PRBs (14.4 MHz), 2 Rx
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5 MHz RF BW, 12 PRBs (4.32 MHz), 1 Rx, 3 transmissions
5 MHz RF BW, 12 PRBs (4.32 MHz), 1 Rx, 4 transmissions
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reference NR UE, 40 PRBs (14.4 MHz), 2 Rx
Rel-17 RedCap, 40 PRBs (14.4 MHz), 1 Rx
5 MHz RF BW, 11 PRBs (3.96 MHz), 1 Rx, 1 transmission
5 MHz RF BW, 11 PRBs (3.96 MHz), 1 Rx, 2 transmissions
5 MHz RF BW, 11 PRBs (3.96 MHz), 1 Rx, 3 transmissions
5 MHz RF BW, 11 PRBs (3.96 MHz), 1 Rx, 4 transmissions
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5 MHz RF BW, 11 PRBs (3.96 MHz), 1 Rx, 2 transmissions
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