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1 Introduction

In RAN#86, a new study item was approved on the support of reduced capability NR devices, relative to Rel-15/16 eMBB and URLLC NR devices, to serve specific targeted use cases: industrial wireless sensors, video surveillance, and wearables. The study item description has been revised in RAN#88-e [1]. 
One of the objectives of the 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 RAN1#101-e, the following agreements were made [2]:

Agreements:

· If/when coverage evaluations outside the CE SI are needed,

· The basic evaluation methodology is based on link-level simulation for FR1.

· ​Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.

· ​Step 2: Obtain the baseline performance based on required SINR and link budget template.

· ​Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately

· The evaluation methodology for FR2 is the same as FR1.

Agreements:

· If/when link-level coverage evaluations outside the CE SI are needed,

· The CE SI link-level simulation assumptions can be used as a starting point.

· For calibration purposes, the following settings can be used:

	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:

2.6 GHz (TDD) (primary choice)

4 GHz (TDD) (secondary choice)

Rural:

700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:

DDDDDDDSUU 

(S: 6D:4G:4U)

For 4 GHz:

DDDSUDDSUU

(S: 10D:2G:2U)
	DDDSU

(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h


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

2 Coverage evaluation methodology
Some cost/complexity reduction techniques proposed to be studied for RedCap UE may 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.
In last RAN1 meeting, it was agreed that coverage evaluation methodology for RedCap UE will follow the NR coverage enhancements study item [3]. NR CE SI will mainly focus on evaluation of PDCCH, PUCCH, PDSCH and PUSCH. However, it is possible that SSB and system messages and PRACH may require depending on the specific complexity reduction techniques shortlisted for further study.

For the moment, we think that we need to follow NR CE SI on assumptions development to avoid duplication of effort in RAN1. In addition it has to be discussed what will be the coverage target to compare with for RedCap UE. NR CE SI will introduce enhancement for NR UEs and assuming that Rel-17 deployment will support both RedCap and normal UEs, it may make more sense to target coverage recovery from Rel-17 eMBB UEs.

Proposal 1: Coverage recovery target should take into account progress in NR CE SI.
After acquiring stable assumptions from NR CE SI, coverage of Rel-15/Rel-16 NR is to be assessed, while the physical channels that are limiting the coverage of RedCap UE have to be identified first and then evaluated.

Proposal 2: If/when coverage evaluations for channels outside the NR CE SI are needed should be clarified from further progress on complexity reduction techniques study.
3 Coverage recovery solutions
As discussed above, RedCap study shall focus on solutions addressing specifically the reduced complexity features introduced. NR CE SI progress should be also monitored to align with the design/solutions developed there. From a general view on proposed complexity reduction features, we can already identify some that may have coverage impact. 
For example, UE bandwidth reduction will in general affect frequency diversity gain and may 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 doe to lower EIRP. Moreover, HD-FDD under delay-constrained traffic should be also examined in terms of coverage impact. It needs to be clarified whether VoIP will generally be in the evaluation scenarios for RedCap UE as this is one case of delay sensitive traffic.

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 later on, 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 (or at least at first) 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) have to also be considered if feasible to be supported by RedCap UE or adapted for RedCap UE, to address coverage recovery.
Proposal 3: Study feasibility for RedCap UE to adopt or adapt legacy features improving reliability (e.g. slot aggregation, MCS table for improved reliability, compact DCI) for coverage recovery due to reduced complexity solutions.

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

Proposal 1: Coverage recovery target should take into account progress in NR CE SI.

Proposal 2: If/when coverage evaluations for channels outside the NR CE SI are needed should be clarified from further progress on complexity reduction techniques study.

Proposal 3: Study feasibility for RedCap UE to adopt legacy feature improving reliability (e.g. slot aggregation, MCS table for improved reliability, compact DCI) for coverage recovery due to reduced complexity solutions.
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