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1. [bookmark: _Toc120549591]Introduction
According to the agreement of RAN1#109-e [1], at least the option of RF+BB BW reduction to 5MHz is considered for coverage evaluation. Evaluation methodology in TR 38.875 is reused and the following evaluation needs and assumptions are considered.
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

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

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

Agreement
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 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
         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
 
Agreement
         For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
 
Conclusion
         Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI

Agreement
         For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 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 configuations 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 configuations 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 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 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 will evaluate the coverage of reference NR UE, Rel-17 RedCap UE and Rel-18 RedCap UE with bandwidth reduction option BW1, and give our proposals on coverage impact of BW1.
2. Evaluation of coverage impact for R18 RedCap
Based on the evaluation needs and assumptions of RAN1#109-e, we provide the coverage evaluation results of reference NR UE, Rel-17 RedCap UE and Rel-18 RedCap UE with RF+BB BW reduction to 5MHz under 2.6GHz urban scenario and 700MHz rural scenario in Table 1, 2.
Since PBCH occupies 20RBs, the bandwidth of PBCH with 30kHz SCS is larger than 5MHz, two PBCH reception methods of R18 RedCap UEs is considered. For case 1, as shown in Fig. 1, PSS and SSS with 12 RBs is received in the first period of SSB for acquiring synchronization. Then, UE receives different parts of PBCH through retuning between different periods of SSB and decodes PBCH by soft combining different parts of PBCH. For case 2, as shown in Fig. 2, PBCH is received by combining 12 RBs at the center of PBCH during 4 periods of SSB. 


Fig. 1 Case 1 of PBCH reception


Fig. 2 Case 2 of PBCH reception
Table 1: MIL evaluation results of R18 RedCap with BW1 under 2.6GHz urban scenario
	Channels
	Reference NR device
	R17 RedCap
	R18 RedCap with BW1 11RB
	R18 RedCap with BW1 12RB

	PBCH
	160.54
	150.29
	Case 1: 153.63
	Case 1: 153.63

	
	
	
	Case 2: 149.61
	Case 2: 150.08

	PDCCH CSS
	162.04
	154.70
	CORESET: 2 symbols, 48 PRBs, AL16: 144.45
	CORESET: 2 symbols, 48 PRBs, AL16: 145.55

	
	
	
	CORESET: 2 symbols, 24 PRBs, AL8: 144.45
	CORESET: 2 symbols, 24 PRBs, AL8: 145.54

	
	
	
	CORESET: 3 symbols, 6 PRBs, AL2: 140.69
	CORESET: 3 symbols, 6 PRBs, AL2: 140.69

	
	
	
	
	CORESET: 3 symbols, 12 PRBs, AL4: 146.28

	SIB1
	MCS0 48RB:160.76
	MCS0 48RB: 155.16
	SIB1 BW > 5 MHz, MCS4 19RB: 146.36
	SIB1 BW > 5 MHz, MCS4 19RB: 147.76

	
	
	
	SIB1 BW < 5 MHz, MCS7 11RB: 148.86
	SIB1 BW < 5 MHz, MCS6 12RB; 150.16

	PRACH B4 15k SCS
	158.47
	158.47
	158.47
	158.47

	PRACH B4 30k SCS
	155.63
	155.63
	155.75
	155.63

	PRACH C2
	153.79
	153.79
	153.79
	153.79

	Msg2
	165.26
	159.76
	159.76
	159.76

	Msg3 w/o FH
	152.77
	152.75
	152.71
	152.71

	Msg4
	166.86
	161.16
	155.96
	156.96

	PDCCH USS
	168.04
	160.70
	CORESET: 3 symbols, 6 PRBs, AL2: 146.69
	CORESET: 3 symbols, 6 PRBs, AL2: 146.69

	
	
	
	CORESET: 3 symbols, 12 PRBs, AL4: 152.28
	CORESET: 3 symbols, 12 PRBs, AL4: 152.28

	PDSCH
	166.66
	161.46
	160.36
	160.06

	PUSCH
	141.01
	141.00
	145.45
	145.46

	PUCCH 2bits
	156.23
	156.51
	156.61
	156.54

	PUCCH 11bits
	154.46
	154.67
	154.76
	154.8

	PUCCH 22bits
	152.44
	152.84
	152.85
	152.83



Fig. 3 Coverage evaluation results of R18 RedCap with BW1 under 2.6GHz urban scenario
Under 2.6GHz urban scenario, PUSCH is the bottleneck channel for reference NR UEs and R17 RedCap UEs. Fig. 3 shows the coverage evaluation results of R18 RedCap with BW1 11 RBs and 12 RBs. Compared with bottleneck channel, PDCCH CSS under some configuration needs coverage enhancement, such as CORESET with 3 symbols and 6 PRBs for R18 RedCap with BW1 11 RBs and 12 RBs.
Observation 1: For R18 RedCap, under 2.6GHz urban scenario, PDCCH CSS with low AL CORESET needs coverage enhancement, such as CORESET with 3 symbols and 6 PRBs under BW1 11 RBs and 12 RBs cases.
Table 2: Coverage evaluation results of R18 RedCap with BW1 under 700MHz rural scenario
	Channels
	Reference NR device
	R17 RedCap
	R18 RedCap

	PBCH
	156.91 
	152.10 
	152.10 

	PDCCH CSS
	159.86 
	155.80 
	CORESET: 2 symbols, 48 PRBs, AL16: 148.1

	
	
	
	CORESET: 3 symbols, 24 PRBs, AL8: 148.28

	SIB1
	MCS0 48RB: 157.92
	MCS0 48RB: 154.32
	SIB1 BW > 5 MHz, MCS0 48RB: 149.02

	
	
	
	SIB1 BW < 5 MHz, MCS3 25RB: 152.82

	PRACH format 0
	146.00
	146.00
	146.00

	Msg2
	155.62
	151.02
	151.22

	Msg3 w/o FH
	143.80
	143.84
	143.89

	Msg4
	158.02
	154.22
	153.82

	PDCCH USS
	159.86
	155.80
	148.28

	PDSCH
	158.42
	154.92
	153.72

	PUSCH
	136.35
	136.35
	141.30

	PUCCH 2bits
	147.89
	147.89
	147.80

	PUCCH 11bits
	146.24
	146.24
	146.19

	PUCCH 22bits
	143.93
	143.93
	143.89



Fig. 4 Coverage evaluation results of R18 RedCap with BW1 under 700MHz rural scenario
Under 700MHz rural scenario, PUSCH is the bottleneck channel for reference NR UEs and R17 RedCap UEs. Fig. 4 shows the coverage evaluation results of R18 RedCap. Compared with bottleneck channel, no channel of R18 RedCap UEs needs coverage enhancement.
Observation 2: For R18 RedCap, under 700MHz urban scenario, no channel needs coverage enhancement.
There are two possible options to further reduce UE bandwidth, and both of the options can further combine with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI. In our companion contribution [2], the potential coexistence and specification impact have been analyzed, and to our understanding, bandwidth reduction option BW1 requires more specification effort. Whether both options can be selected or only one is down selected depends on not only the cost reduction, but also the performance impacts and specification effort to enable standalone deployment or coexistence with non-RedCap or R17 RedCap UEs. With option BW1, since PDCCH CSS with low AL CORESET needs coverage enhancement for R18 RedCap, and the other specification impacts in aspects of CORESET0/SIB1/paging/RACH design and additional SSB overhead are also more severe than option BW3, bandwidth reduction option BW3 is preferred for down-selection for R18 RedCap UEs.
Proposal 1: To minimize specification impacts and reduce additional SSB overhead, bandwidth reduction option BW3 is preferred for down-selection for R18 RedCap UEs.
3. Conclusions
In this contribution, coverage impact of BW1 option of R18 RedCap are evaluated under 2.6GHz urban and 700MHz rural scenarios, the following observation and proposals are made,
Observation 1: For R18 RedCap, under 2.6GHz urban scenario, PDCCH CSS with low AL CORESET needs coverage enhancement, such as CORESET with 3 symbols and 6 PRBs under BW1 11 RBs and 12 RBs cases.
Observation 2: For R18 RedCap, under 700MHz urban scenario, no channel needs coverage enhancement.
Proposal 1: To minimize specification impacts and reduce additional SSB overhead, bandwidth reduction option BW3 is preferred for down-selection for R18 RedCap UEs.
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