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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 further updated in RAN#92e [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

The following complexity reduction features are agreed to be supported by a reduced capability UE according to the latest WID[1]:· 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.)



In this contribution, we analyze the impact of some of these features on RRM requirements. 
Reduced maximum UE Bandwidth
RedCap UEs can have a maximum bandwidth of 20MHz in FR1. Like non-RedCap UEs, a RedCap UE shall also perform SSB based measurements for RRM/RLM purposes. 
RAN4 specifies UE transmit timing requirements in TS 38.133, clause 7.1 as 
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.




However, the spec doesn’t mention whether SSB has to be within the active BWP or not. Because of the narrow BW of a RedCap UE, it is likely that an SSB may not be configured in the active BWP of the UE. In such case, measurement gaps may be required to switch to the DL BWP containing the SSB, perform measurement and switch back to the active BWP. Such a procedure brings additional complexity which is not desirable for a RedCap UE. So, we propose that a RedCap UE shall determine the UL Tx timing accuracy requirements based on SSBs within the active DL BWP.
Observation 1: Current RAN4 spec defines UL Tx timing accuracy requirements based on SSB:
· UE has to meet requirement if SSB was transmitted during the last 160 ms
· Spec does not mention if SSB has to be within active BWP

Proposal 1: A RedCap UE shall meet the Te requirements for an initial transmission provided that at-least one SSB is available in the active DL BWP of the UE during the last 160ms.
A RedCap UE supporting FG 6-1a may never have an SSB within the active BWP. In such cases, a RedCap UE has to rely on SSB measurements on the initial DL BWP using measurement gaps. In a dense deployment scenario, many UEs may simultaneously switch to the initial DL BWP causing network congestion. One solution to this problem could be to use CSI-RS/TRS which are always transmitted in the active BWP and are good candidates for acquiring reference cell timing. Such measurements do not require BWP switch, hence avoid additional UE complexity.
Observation 2: Optional UE feature group, FG 6-1a (TR 38.822) supports RRC configured BWP without SSB or CORESET0
Observation 3: RedCap UEs supporting optional UE feature group, FG 6-1a would have to rely on measurement gaps to acquire reference cell timing for an initial transmission.
Proposal 2: When a RedCap UE is operating in a RRC configured DL BWP without CORESET0 or SSB (FG 6-1a), CSI-RS/TRS may be used to acquire the reference cell timing.
Reduced minimum number of Rx branches
RedCap supports a minimum of 1 Rx antenna. All RAN4 RRM and RLM requirements have been derived based on the assumption of 2 Rx antenna. Reduction in the number of Rx antenna will result in SNR loss and hence some of the RRM and RLM measurements needs to be revisited. 
Observation 4: Current RAN4 RRM/RLM requirements are derived based under 2 Rx antenna assumption. Reduction in the number of Rx antenna will need re-evaluation of some of RRM/RLM requirements
Proposal 3: RAN4 to discuss the impact of Rx branch reduction on the following topics
· Cell reselection
· RLM/LR
· Measurement procedures
· Measurement accuracy

An extensive study on the impact of Rx branch reduction was done for LTE cat 1bis UE requirements. In general, the impact was identified in terms of relaxing the RSRP/SCH Es/Iot by 1db, RSRP and RSRQ performance accuracy requirements by 1db, increasing the measurement durations etc. We think it will be a good to refer to the simulation assumptions and results derived for LTE Cat 1bis and see if the requirements for RedCap could be adopted in a similar manner. Simulations may be performed for requirements that assume significantly different configurations, channel conditions etc.
Observation 5: Impact of Rx branch reduction was studied during the development of RAN4 requirements for LTE cat 1bis UE.
Proposal 4: Discuss if, and what, conclusions from LTE Cat 1bis UE requirements w.r.t. Rx antenna reduction can be used for NR RedCap UE as well.
Conclusion
Observation 1: Current RAN4 spec defines UL Tx timing accuracy requirements based on SSB:
· UE has to meet requirement if SSB was transmitted during the last 160 ms
· Spec does not mention if SSB has to be within active BWP

Proposal 1: A RedCap UE shall meet the Te requirements for an initial transmission provided that at-least one SSB is available in the active DL BWP of the UE during the last 160ms.
Observation 2: Optional UE feature group, FG 6-1a (TR 38.822) supports RRC configured BWP without SSB or CORESET0
Observation 3: RedCap UEs supporting optional UE feature group, FG 6-1a would have to rely on measurement gaps to acquire reference cell timing for an initial transmission.
Proposal 2: When a RedCap UE is operating in a RRC configured DL BWP without CORESET0 or SSB (FG 6-1a), CSI-RS/TRS may be used to acquire the reference cell timing.
Observation 4: Current RAN4 RRM/RLM requirements are derived based under 2 Rx antenna assumption. Reduction in the number of Rx antenna will need re-evaluation of some of RRM/RLM requirements
Proposal 3: RAN4 to discuss the impact of Rx branch reduction on the following topics
· Cell reselection
· RLM/LR
· Measurement procedures
· Measurement accuracy

Observation 5: Impact of Rx branch reduction was studied during the development of RAN4 requirements for LTE cat 1bis UE.
Proposal 4: Discuss if, and what, conclusions from LTE Cat 1bis UE requirements w.r.t. Rx antenna reduction can be used for NR RedCap UE as well.
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