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[bookmark: _Ref521334010]Introduction
In Rel-18, to further reduce the complexity of RedCap devices, the following objectives were approved [1].
	· 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
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.


In this contribution, we provide our views on whether evaluations are needed corresponding to several aspects including UE complexity reduction, coverage, PDCCH blocking, network capacity and spectral efficiency.
 
Discussion
UE complexity reduction
In Rel-17, the maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. In Rel-18, supporting a UE with 5MHz bandwidth in FR1 and supporting a UE with reduced peak data rate are both potential solutions to further reduce the device complexity. Hence, we can focus on the evaluation of complexity reduction in Rel-18 study phase. 
According to the evaluation methodology for complexity reduction in TR 38.875, ADC/CDA, FFT/IFFT, post-FFT data buffering, receiver processing block, LDPC decoding, HARQ buffer and UL processing block are the main modules contributing to the cost reduction, when a smaller UE bandwidth is applied [2]. Based on whether RF bandwidth is reduced together with BB bandwidth, blocks that effectively reduce device complexity are slightly different. The initial analysis for both FDD and TDD are detailed in our companion’s contribution [3].
Proposal 1: Focus on evaluation of UE complexity reduction in the study phase of Rel-18 RedCap.

Coverage recovery
In Rel-17, PUSCH was identified as the main bottleneck channel in terms of coverage, which has been enhanced in Rel-17 Coverage Enhancement (CE) WI. It is noted that the Rel-17 CE features can be reused for RedCap UE. Meanwhile, coverage recovery is not needed for other UL and DL channels [2]. In Rel-18, for data channels including PUSCH and PDSCH, further coverage enhancement for Rel-18 RedCap UE may not be needed. Because along with the reduced bandwidth of (at least) baseband (e.g. 20 MHz → 5 MHz), the target data rate is also reduced (e.g. 50 Mbps → 10 Mbps) in a similar proportion. Empirically, the coverage performance will be close. Hence, the corresponding evaluation is not necessary.
Proposal 2: No need to evaluate the coverage of data channels.
The coverage of PDCCH is unchanged if the RF bandwidth is not reduced. On the other hand, if RF bandwidth reduction is allowed in FR1, a bandwidth of 5 MHz has large impact on PDCCH coverage. For example, a CORESET with 24 PRBs in frequency domain and 3 symbols in time domain can support at most aggregation level (AL) 8 when the SCS of PDCCH is configured as 15 kHz. More seriously, when SCS is configured as 30 kHz, the maximum AL of a candidate PDCCH is 4. The performance loss for PDCCH may be huge if larger aggregation levels are not supported.
Observation 1: Whether evaluation of coverage of PDCCH is needed or not depends on whether the RF bandwidth is reduced or not.
In addition, 5 MHz bandwidth will also have impact on PBCH coverage when the SSB is configured with 30 kHz SCS. However, there is no need to evaluate the performance loss in this case since the SSB is 7.2 MHz, which cannot even be completely received by a UE with 5 MHz RF bandwidth.

PDCCH blocking
PDCCH blocking probability is impacted by various parameters such as size of the CORESET, PDCCH aggregation levels, and number of UEs. When RF bandwidth is reduced to 5MHz, a narrower CORESET with fewer PDCCH candidates may increase the blocking probability even if lower aggregation level is used. In addition, if the CORESET is allowed to be shared by Rel-18 RedCap UEs and legacy UEs including Rel-17 RedCap UE, PDCCH blocking will be more serious. However, if the bandwidth is only restricted for data channels, PDCCH blocking probability can be maintained and no evaluation is needed.
Observation 2: Whether evaluation of PDCCH blocking is needed or not depends on whether the RF bandwidth is reduced or not.

Network capacity and spectral efficiency
It has been concluded in TR 38.875 that bandwidth reduction in FR1 will not have a significant impact on capacity and spectral efficiency, although there may be some minor degradation due to the loss in frequency selective scheduling gain [2]. The network capacity and spectral efficiency are usually affected by the reduced peak data rate caused by the relaxation of maximum number of MIMO layers and maximum modulation order. Hence, even if the Rel-18 RedCap UE continues to reduce the bandwidth, the capacity and spectral efficiency are unlikely to be largely affected considering the maximum number of MIMO layers and the maximum modulation order remain unchanged. In addition, improving the system capacity is not included in the SI scope. It seems no need to provide system level simulation evaluations for the impacts of UE bandwidth reduction to network capacity and spectrum efficiency.
Proposal 3: No need to evaluate network capacity and spectrum efficiency in the study phase of Rel-18 RedCap.

Conclusion
In this contribution, we provide our views on evaluation needs based on different assumptions with the following observations and proposals.
Observation 1: Whether evaluation of coverage of PDCCH is needed or not depends on whether the RF bandwidth is reduced or not.
Observation 2: Whether evaluation of PDCCH blocking is needed or not depends on whether the RF bandwidth is reduced or not.
Proposal 1: Focus on evaluation of UE complexity reduction in the study phase of Rel-18 RedCap.
Proposal 2: No need to evaluate the coverage of data channels.
Proposal 3: No need to evaluate network capacity and spectrum efficiency in the study phase of Rel-18 RedCap.
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