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1 Introduction

One objective of the RedCap study is:

Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:

· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. Extent of recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB.

In this contribution, we provide our views on coverage recovery for RedCap UE.

2 Coverage evaluation methodology
Some of the cost/complexity reduction techniques proposed to be studied for RedCap UE will result in coverage loss. This renders the study of coverage recovery solution useful to compensate for potential coverage loss on specific physical channels or system messages.
Enhancements related to coverage are currently being discussed in Rel-17 NR CE study item . While NR CE study mainly focuses on evaluation of PDCCH, PUCCH, PDSCH and PUSCH, it is possible that SSB and system messages and PRACH may require to be considered for RedCap UE depending on the specific complexity reduction techniques shortlisted for further study. Generally, we have the view that the target of coverage recovery in this study should be aimed on channels impacted by shortlisted complexity reduction techniques and bottleneck channels should be prioritized. 
Proposal 1: For coverage recovery evaluations, consider channels impacted by shortlisted complexity reduction techniques and prioritize bottleneck channels.
Furthermore, we should monitor progress in support (and possibly design) of features in NR CE study to avoid duplicate efforts and we can even consider extending solutions for Redcap UE or even consider Rel-17 UE with CE features as reference UE in order to set a more proper baseline to evaluate performance of candidate coverage recovery techniques for RedCap UE. 
Proposal 2: For coverage recovery evaluations, consider if Rel-17 UE with CE features is a more appropriate baseline for reference UE.
3 Coverage recovery solutions
Regarding coverage recovery solutions, we see SSB higher accumulation, reduced DCI size, PDCCH repetition or AL increase, control/data frequency hopping, and transmission in longer time duration as some of the possible solutions that can be further explored, considering of course that we have identified the need to design such improvements. As a general rule for now, we believe that we should focus only on solutions that do not extend the already existing control/data retransmission and repetition capabilities of Rel-16 NR specification. The legacy features that have already been specified from work on increased reliability for eMBB and eURLLC (e.g. slot aggregation, MCS table for improved reliability, compact DCI) can also be considered if feasible to be supported by RedCap UE or adapted for RedCap UE, to address coverage recovery.
Proposal 3: For coverage recovery solutions, consider legacy features improving reliability such as slot aggregation, MCS table for improved reliability, and compact DCI.
Finally, regarding the ongoing proposed cost/complexity reduction techniques, we can already identify some that may have coverage impact. For UE bandwidth reduction it is expected to affect frequency diversity gain and possibly pose a limit on possible PDCCH ALs.  For FR2, we need to consider the impact of 50MHz choice on supporting the >50 MHz bandwidth of SSB with 240 kHz SCS, which actually affects PBCH coverage, as well as the higher bandwidth configurations of CORESET#0. Furthermore, reducing RX antenna branches will affect processing and spatial diversity gain. A ~3dB sensitivity loss when moving from 2Rx to 1Rx transceiver branch and loss due to no possible receive multiplexing should be expected. When moving from 4Rx to 2Rx branches, a ~2dB+ sensitivity loss should be expected. Thus, in FR1, it seems more sensible to just limit RedCap UE support on 2RX branches for all bands (as agreed also for NR-V2X case) to keep coverage loss in reasonable limits. In addition, in FR2, reducing the number of antenna elements will further reduce coverage due to lower EIRP. Also, for HD-FDD, although previous LTE MTC study (see TR 36.888) showed no loss in coverage, this conclusion was under the assumption of delay-tolerant traffic. If HD-FDD is shown to be a promising cost/complexity technique, it should be also examined in terms of coverage impact under operation with delay-constrained traffic.

4 Conclusion
In this contribution, we discuss coverage recovery issues for RedCap UE. We reach to the following proposals:  

Proposal 1: For coverage recovery evaluations, consider channels impacted by shortlisted complexity reduction techniques and prioritize bottleneck channels.
Proposal 2: For coverage recovery evaluations, consider if Rel-17 UE with CE features is a more appropriate baseline for reference UE.
Proposal 3: For coverage recovery solutions, consider legacy features improving reliability such as slot aggregation, MCS table for improved reliability, and compact DCI.
