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Introduction
When the foundation has been laid in R17, enhancements can be considered to improve the support for the mentioned use cases and also to expand RedCap into a new range of use cases such as smart grid. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, e.g., industrial wireless sensor network use cases, some further complexity reduction enhancements should be considered. 
According to the R18 RedCap SID [1], at least the following solutions should be studied.
	· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· 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


In the last RAN1 meeting, for coverage impact, the following agreements were reached [2]:
	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
         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.
 

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


In this contribution, we discuss the coverage impact for eRedCap based on the evaluation results.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Evaluation of coverage impact
In the following sections, we summarize the outcome of link budget analysis. The evaluation results and observations for different deployment scenarios are described in section 2.1-2.5, respectively. The summary of the coverage recovery evaluation is available in Section 2.6. (Note: our detailed evaluation results can be found in Evaluation Folder)
Rural 700MHz
Figure 1 illustrates MIL for various channels under Rural scenario at 700MHz for 1Rx RedCap UE with the option of RF+BB BW reduction to 5MHz (option BW1). 
Figure 1. MIL under Rural scenario at 700MHz
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It can be observed that the performance of almost all the DL channel/signals is decreased. For the primary channels that need to be evaluated, i.e., PBCH, PDCCH CSS and SIB1:
· PBCH: The impact is relatively small, since PBCH can be fully received at 700MHz@15KHz SCS.
· PDCCH: With BW1, the supported max AL is reduced from 16 to 8, this leads to around 3 dB MIL loss. For the PDCCH reception of 48 PRB@AL=16, the span is larger than 5 MHz, the PRBs that fall outside of its RF bandwidth(5MHz) will be dropped (puncturing), then a larger loss (~5dB) is observed.
· SIB1: The impacts on SIB1 are also significant. If the BW of SIB1 is wider than 5MHz, 4dB loss is expected. If the SIB BW can be limited to 5MHz, then 3dB loss is observed, the performance loss can be recovered a little bit at the cost of scheduling flexibility.
For other downlink channels/signals, such as Msg4, PDCCH USS, PDSCH, BW1 will bring non-negligible negative impacts (~1-3dB loss). For uplink channels/signals, no significant impacts are observed.
Observation 1: For rural scenario at 700MHz, no significant loss is observed for PBCH.
Observation 2: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for PDCCH, and the performance of PDCCH is highly depended on the aggregation level configuration.
Observation 3: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for SIB1, and limiting SIB1 to 5MHz can provide better performance than SIB1 puncturing.
Observation 4: For rural scenario at 700MHz, BW1 will lead to non-negligible negative impacts (~1-3dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
Observation 5: For rural scenario at 700MHz, no significant loss is observed for uplink channels/signals.

Urban 2.6GHz-11PRBs
Figure 2 illustrates MIL for various channels under urban scenario at 2.6GHz for 1Rx RedCap UE with the option of RF+BB BW reduction to 5MHz (option BW1).
Figure 2. MIL under urban scenario at 2.6GHz (11PRBs)
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Based on the figure, the performance of the DL channel/signals is degraded. For the primary channels that need to be evaluated, i.e., PBCH, PDCCH CSS and SIB1:
· PBCH: Different from 700MHz, the impact is significant (around 5dB loss) in this scenario, since the BW of PBCH is larger than 5MHz (puncturing of PBCH is needed). 
· PDCCH: For 48 PRB@AL=16 and 24 PRB@AL=8, the span of CORESET #0 is larger than 5 MHz, the PRBs that fall outside of its RF bandwidth(5MHz) need to be dropped, then 8 dB and 9 dB loss are observed, respectively. In addition, for 6PRB@AL=2, compared to R17 RedCap ref (i.e., AL=16), 12 dB degradation is observed.
· SIB1: The impacts on SIB1 are also significant. If the BW of SIB1 is wider than 5MHz (e.g., 48PRBs), as 38 PRBs are dropped, 11dB loss is observed. If the SIB BW can be limited to 11PRB, then the loss can be recovered a little bit, but there is still a 10dB loss.
[bookmark: _GoBack]For other downlink channels/signals, such as Msg4, PDCCH USS, PDSCH, BW1 will bring non-negligible negative impacts under urban scenario at 2.6GHz. For uplink channels/signals, no significant impacts are observed as well. 
Observation 6: For urban scenario at 2.6GHz, BW1 will lead to significant loss (~5dB) for PBCH.
Observation 7: For urban scenario at 2.6GHz, BW1 will lead to at least 8dB loss for PDCCH, the performance of PDCCH is highly depended on the aggregation level configuration.
Observation 8: For urban scenario at 2.6GHz, BW1 will lead to at least 10dB loss for SIB1, and limiting SIB1 to 5MHz can provide better performance than SIB1 puncturing.
Observation 9: For urban scenario at 2.6GHz, BW1 will lead to non-negligible negative impacts (~2-6dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
Observation 10: For urban scenario at 2.6GHz, no significant loss is observed for uplink channels/signals.

Urban 2.6GHz-12PRBs
With 12 PRBs, more data can be received by the UE, the performance can be recovered in principle. As no significant loss is observed for uplink channels/signals for urban scenario at 2.6GHz, we only compared the performance of the downlink channel/signals here. Figure 3 illustrates the MIL comparison of 11 PRBs and 12 PRBs.
Figure 3. MIL under urban scenario at 2.6GHz (12 PRBs)
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Compared to 11PRBs, it can be observed that the performance can be recovered, but not significant. For the primary channels that need to be evaluated, i.e., PBCH, PDCCH CSS and SIB1:
· PBCH: Compared to 11PRBs, the performance loss can be reduced by about 0.7 dB.
· PDCCH: Compared to 11PRBs, for 48 PRB@AL=16, 24 PRB@AL=8, 6PRB@AL=2 cases, the loss can be reduced by about 0.6 dB, 0.5dB, 0.5dB, respectively. In addition, AL=4 can be configured in this case, with AL=4, around 7 dB MIL loss at a 1% BLER target is observed compared to R17 RedCap Ref.
· SIB1: Compared to 11PRBs, the loss can be reduced (about 0.8dB) only for the case of SIB1 < 5 MHz.
Observation 11: For urban scenario at 2.6GHz, compared to 11PRBs case, 12 PRBs case can help to recover the performance of the DL channel/signals, but the recovering degrees are not significant (<1dB).

Urban 4GHz-11PRBs-24dBmPSD
Figure 4 illustrates MIL for various channels under urban scenario at 4GHz for 1Rx RedCap UE with the option of RF+BB BW reduction to 5MHz (option BW1).
Figure 4. MIL under urban scenario at 4GHz (11PRBs-24dBmPSD)
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In general, the tendency of the performance impacts of downlink channel/signals is similar to that of 2.6GHz-11PRBs. However, with 24dBm, the downlink channel performance will be lower than PUSCH, and this means new bottleneck channels appear.
Observation 12: For urban scenario at 4GHz (24dBm), the performance of some downlink channels will be lower than that of PUSCH, and this means new bottleneck channels appear.

Urban 4GHz-11PRBs-33dBmPSD
Figure 5 illustrates MIL for various channels under urban scenario at 4GHz for 1Rx RedCap UE with the option of RF+BB BW reduction to 5MHz (option BW1).
Figure 5. MIL under urban scenario at 4GHz (11PRBs-33dBmPSD)
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The impacts of downlink channel/signals are similar to that of 2.6GHz-11PRBs, and the analysis can be referred to chapter 2.2.
Observation 13: For urban scenario at 4GHz (11PRB-33dBm), the impacts of downlink channel/signals are similar to that of 2.6GHz-11PRBs.

Summary of results
Based on the above, we have the following summary:
For DL:
· For PBCH: Compared to R17 RedCap, BW1 leads to a significant impact on coverage (i.e., 5 dB MCL degradation) for 30 kHz SCS.
· For PDCCH: Compared to R17 RedCap, BW1 results in around 8/3 dB MIL degradation for 30/15 kHz SCS respectively.
· For SIB1: Compared to R17 RedCap, BW1 results in around 10/3 dB MIL degradation for 30/15 kHz SCS respectively.
· For other DL channels: BW1 will lead to non-negligible negative impacts (1~6dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
· Compared to BW1+11PRBs, BW1+12 PRBs can help to recover the performance of the DL channel/signals, but the recovering degrees are not significant.
For UL:
· 	BW1 brings little/no impacts on the uplink channel/signals.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, all the observations are listed below:
Observation 1: For rural scenario at 700MHz, no significant loss is observed for PBCH.
Observation 2: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for PDCCH, and the performance of PDCCH is highly depended on the aggregation level configuration.
Observation 3: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for SIB1, and limiting SIB1 to 5MHz can provide better performance than SIB1 puncturing.
Observation 4: For rural scenario at 700MHz, BW1 will lead to non-negligible negative impacts (~1-3dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
Observation 5: For rural scenario at 700MHz, no significant loss is observed for uplink channels/signals.
Observation 6: For urban scenario at 2.6GHz, BW1 will lead to significant loss (~5dB) for PBCH.
Observation 7: For urban scenario at 2.6GHz, BW1 will lead to at least 8dB loss for PDCCH, the performance of PDCCH is highly depended on the aggregation level configuration.
Observation 8: For urban scenario at 2.6GHz, BW1 will lead to at least 10dB loss for SIB1, and limiting SIB1 to 5MHz can provide better performance than SIB1 puncturing.
Observation 9: For urban scenario at 2.6GHz, BW1 will lead to non-negligible negative impacts (~2-6dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
Observation 10: For urban scenario at 2.6GHz, no significant loss is observed for uplink channels/signals.
Observation 11: For urban scenario at 2.6GHz, compared to 11PRBs case, 12 PRBs case can help to recover the performance of the DL channel/signals, but the recovering degrees are not significant (<1dB).
Observation 12: For urban scenario at 4GHz (24dBm), the performance of some downlink channels will be lower than that of PUSCH, which means new bottleneck channels appear.
Observation 13: For urban scenario at 4GHz (11PRB-33dBm), the impacts of downlink channel/signals are similar to that of 2.6GHz-11PRBs.
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