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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was updated in RAN#91e [1]. As per the work item, at least the following key objectives are likely to have direct impact on RRM requirements (impacts from other objectives are not precluded)
· Support for UE complexity reduction features
· Support for Extended DRX enhancements
· RRM relaxation for neighbor cells

In this paper, we analyze each of these objectives and RRM requirements that may need to be added or updated.  Based on our analysis of the impact on RRM requirements, a work-plan for RRM core requirements specification is proposed.
UE complexity reduction
As specified in the WID [1], the following UE complexity reduction features are to be considered for reduced capability NR devices:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
RAN1 is discussing various solutions for reduced bandwidth operation which are likely to impact RLM/link recovery procedures and RRM measurement requirements. Certain solutions may also need discussion on BWP switching timelines. RAN4 may want to closely monitor the solutions being discussed and discuss any impact on RRM requirements
Observation 1: Certain bandwidth reduction solutions, such as narrow BWP, are likely to impact RLM/Link recovery procedures, measurement procedures, BWP switching delays, etc.
As noted in [1], RX branch number reduction (from 2 to 1, 4 to 2, or 4 to 1) as well as antenna efficiency reduction due to device size limitation are expected to impact the receiver characteristics, demodulation performance requirements, CSI reporting, RRM/RLM measurements, HO and cell (re)selection procedures of RedCap UE.
Observation 2: RX branch number reduction may impact RRM/RLM measurements, HO and cell (re)selection procedures.
Proposal 1: Depending on the agreements from RAN1/RAN2, the complexity reduction solutions are likely to impact RRM/RLM requirements. Propose RAN4 to identify any potential impact based on RAN1/RAN2 agreements.
Extended DRX enhancements
The following Extended DRX enhancements are agreed to be supported by a reduced capability UE according to the latest WID:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive
Observation 3: Specifications related to extended DRX enhancements are likely to impact the cell (re)selection procedures for a RedCap UE.
Proposal 2: Propose RAN4 to begin discussion on extended DRX enhancements based on, if required, RAN2 agreements for RRC_Idle/Inactive/Connected states from RAN4#100e.
RRM Relaxations for neighboring cells
The following RRM relaxation related agreements are captured in the WID:
· RRM relaxations for neighboring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell.

Observation 4: RRM measurement relaxation criteria are being studied in RAN2, which will require RAN4 to specify the RRM measurement relaxation for RRD_Idle/Inactive/Connected states.
Proposal 3: Propose RAN4 to begin discussion on RRM measurement relaxation methods based on the relaxation criteria specified by RAN2 for RRC_Idle/Inactive/Connected states from RAN4#100e.
Miscellaneous
According to the WID, this WI focuses on SA mode and single connectivity with operation in a single band at a time. So, only PCell related requirements needs to be defined and inter-RAT measurements are not required.
Observation 5: NR UEs with reduced capability will operate in a SA mode and single connectivity with operation in a single band at a time.
Proposal 4: RAN4 should focus on RRM requirements that are relevant to PCell operation.
Proposal 5: Reduced capability NR UE is not required to monitor/measure/evaluate any inter-RAT cell.
Proposal 6: RAN4 to discuss the number of cells/layers/frequencies to be monitored/measured by a reduced capability NR device. 
Proposal 7: RAN4 to start discussing RRM performance after a significant progress is done on the core part, preferably after the core part is complete.
Work plan
According to the WID, the core part is supposed to be complete by RAN#95. With the target completion date of March 2022, we propose the following work-plan for the RRM core requirement specification.
· RAN4 #99e (May 2021)
0. Initial work plan discussion
0. Identify impact on RRM requirement 
· RAN4 #100e (Aug 2021)
0. Prioritize discussion on RRM relaxation and extended DRX enhancements
0. Discussion on UE complexity reduction techniques
· RAN4 #101e (Nov 2021)
0. Prioritize discussion on UE complexity reduction techniques
0. Discussion on RRM relaxation and extended DRX enhancements 
0. CR endorsement and agreements
· RAN4 #102e (Feb 2022)
0. Prioritize discussion on UE complexity reduction techniques
0. Discussion on RRM relaxation and extended DRX enhancements 
0. CR endorsement and agreement
0. Core part completion

Conclusion
Observation 1: Certain bandwidth reduction solutions, such as narrow BWP, are likely to impact RLM/Link recovery procedures, measurement procedures, BWP switching delays, etc.
Observation 2: RX branch number reduction may impact RRM/RLM measurements, HO and cell (re)selection procedures.
Proposal 1: Depending on the agreements from RAN1/RAN2, the complexity reduction solutions are likely to impact RRM/RLM requirements. Propose RAN4 to identify any potential impact based on RAN1/RAN2 agreements.
Observation 3: Specifications related to extended DRX enhancements are likely to impact the cell (re)selection procedures for a RedCap UE.
Proposal 2: Propose RAN4 to begin discussion on extended DRX enhancements based on, if required, RAN2 agreements for RRC_Idle/Inactive/Connected states from RAN4#100e.
Observation 4: RRM measurement relaxation criteria are being studied in RAN2, which will require RAN4 to specify the RRM measurement relaxation for RRD_Idle/Inactive/Connected states.
Proposal 3: Propose RAN4 to begin discussion on RRM measurement relaxation methods based on the relaxation criteria specified by RAN2 for RRC_Idle/Inactive/Connected states from RAN4#100e.
Observation 5: NR UEs with reduced capability will operate in a SA mode and single connectivity with operation in a single band at a time.
Proposal 4: RAN4 should focus on RRM requirements that are relevant to PCell operation.
Proposal 5: Reduced capability NR UE is not required to monitor/measure/evaluate any inter-RAT cell.
Proposal 6: RAN4 to discuss the number of cells/layers/frequencies to be monitored/measured by a reduced capability NR device. 
Proposal 7: RAN4 to start discussing RRM performance after a significant progress is done on the core part, preferably after the core part is complete.
Proposal 8: We propose the following work-plan for the RRM core requirement specification.
· RAN4 #99e (May 2021)
0. Initial work plan discussion
0. Identify impact on RRM requirement 
· RAN4 #100e (Aug 2021)
0. Prioritize discussion on RRM relaxation and extended DRX enhancements
0. Discussion on UE complexity reduction techniques
· RAN4 #101e (Nov 2021)
0. Prioritize discussion on UE complexity reduction techniques
0. Discussion on RRM relaxation and extended DRX enhancements 
0. CR endorsement and agreements
· RAN4 #102e (Feb 2022)
0. Prioritize discussion on UE complexity reduction techniques
0. Discussion on RRM relaxation and extended DRX enhancements 
0. CR endorsement and agreement
0. Core part completion
References
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