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Introduction
A new study item on support of reduced capability (RedCap) NR devices was approved in [1] and revised in [2]. The objective of study item description (SID) is described in Annex. 
The agreements held in RAN1#101-e related to evaluation methodology for coverage recovery are also described in Annex.
In this paper, we discuss the coverage recovery aspects of the RedCap UEs.

Discussion
Coverage Evaluation Methodology
In RAN1#101-e, it has been agreed that coverage evaluation methodology for RedCap UEs is based on that of the NR coverage enhancements study [3]. If there is a need to evaluate coverage outside the scopes specified in the NR coverage enhancements study item, the basic evaluation methodology for RedCap UE is based on link-level simulation for FR1 and FR2 as follows
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.
According to [3], the NR coverage enhancements study item mainly focuses on evaluating the coverage and enhancing on PDCCH, PDSCH, PUCCH, and PUSCH, i.e., the baseline channels evaluated by the NR coverage enhancements study item. In the RedCap study item, for initial access related channels of SSB, CORESET#0 and PRACH, at first the relation to the limited bandwidth or other reduction influences should be discussed in the agenda of "Potential UE complexity reduction features". If no specific complexity reduction related to initial access is required, there does not need to evaluate these channels.
Proposal 1: The need of the evaluation for initial access related channels should depend on the fact whether UE complexity reduction is applied to initial access channels.

Coverage Recovery Solutions
There is relation between the coverage recovery 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 "8.8 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 "8.8 Study on NR coverage enhancement". In the other words, some solutions in "8.8 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. When some solutions in coverage enhancement are tailored, as RedCap UE is more sensitive to the power consumption, power saving aspect is especially taken into account.  
· 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 and the reduced UE bandwidth.
Proposal 2: Some solutions in the agenda item "8.8 Study on NR coverage enhancement" should be tailored to the coverage recovery for the RedCap UEs under the consideration of power saving aspect.

Conclusion
Based on the discussion, we have the following proposals: 
Proposal 1: The need of the evaluation for initial access related channels should depend on the fact whether UE complexity reduction is applied to initial access channels.
Proposal 2: Some solutions in the agenda item "8.8 Study on NR coverage enhancement" should be tailored to the coverage recovery for the RedCap UEs under the consideration of power saving aspect.
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Annex

The objective of Revised SID on Study on support of reduced capability NR devices.
	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.
Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity




The agreement held in RAN1#101-e related to evaluation methodology for coverage recovery
	Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.
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
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