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Introduction
A new study item on support of reduced capability NR devices was approved [1]. The study item description (SID) includes the following objectives:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]

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. 
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity
  



In this paper, we discuss the coverage recovery aspects of the RedCap UEs. 

Discussion
This study item is targeting to reduced capability (RedCap) UEs, which are also known as mid-market new radio (NR) devices, such as smart watches, video surveillance cameras, and industrial sensors. In order to achieve objectives of functionality on coverage enhancement for RedCap UEs, the use case specific requirements should be considered [1]. 
· Industrial wireless sensors (IWSs): The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years; 
· Video Surveillance: Reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video would require 7.5-25 Mbps. Traffic pattern is dominated by UL transmissions;
· Wearables: Reference bitrate can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for DL and 50 Mbps for UL. Battery of the device should last multiple days (up to 1-2 weeks).
Due to the form factor restriction and/or cost reduction, the number of antennas and UE complexity could be reduced. Data rate requirements for applications running on a RedCap UE should be less demanding as compared to that of eMBB or URLLC, so that the UE bandwidth is possibly reduced as well. In addition, there can be many types of the RedCap UE realization. A UE design with integrated transceiver and power amplifier, such as system on chip (SoC) integration, would have some benefits by specifying a lower power class in order to reduce the device size and cost. In this case, the UE power class could be less than 20 dBm. Therefore, the study on solutions for coverage recovery should consider supporting a possible lower UE power class.
In our understanding, the objectives of coverage enhancement for an extreme coverage is out of scope for this study item. There is relation between the enhancing coverage scope of this study item and the NR coverage enhancements study item [2]. The general coverage enhancement should be discussed in the study item on NR coverage enhancements, i.e., the agenda item "8.4 Study on NR coverage enhancement". We propose that the functionality for coverage recovery in this study item should be interacted with that are designed in the agenda item "8.4 Study on NR coverage enhancement". In the other words, some solutions for the general coverage enhancements in "8.4 Study on NR coverage enhancement" can be tailored to the coverage recovery for the RedCap UEs. This study item should focus on solutions specific to reduced features. Specifically, coverage recovery should only be considered to compensate potential coverage reduction 
· Downlink coverage recovery if needed due to UE reduction features such as the reduced number of antennas, the reduced UE bandwidth,
· Uplink coverage recovery if needed due to the use of lower power class.
The main target is to achieve a similar coverage of the existing non-RedCap UEs. Therefore, coverage performance of Rel-15/16 eMBB UE can be a baseline for the RedCap UEs.
Our proposed evaluation methodology is formulated in [3]. We propose that, firstly, the performance degradation for reduced features in terms of required SINR (or MCL) and gap from the target SINR should be clarified. Following that, the possible UE reduction features will be discussed and solutions for coverage recovery should consider the balance among cost saving effect, performance, and standardization effort. 
Proposal 1: Some solutions for the general coverage enhancements in the agenda item "8.4 Study on NR coverage enhancement" can be tailored to the coverage recovery for the RedCap UEs

Conclusion
[bookmark: _GoBack]Based on the discussion, we have the following proposal: 
Proposal 1: Some solutions for the general coverage enhancements in the agenda item "8.4 Study on NR coverage enhancement" can be tailored to the coverage recovery for the RedCap UEs 
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