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Introduction
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.)
In this document, we provide our views on RRM impact on UE complexity reduction features for Redcap UE.
Discussion
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 needs to discuss the impact on BWP switching due to reduced UE bandwidth for Redcap UE.
Observation 1: Bandwidth reduction solutions could have impact on BWP switching delays.
After RRC connection is set up, RedCap UE can be configured with one or more dedicated DL/UL BWPs. The dedicated DL/UL BWPs shall be narrower than RedCap UE’s bandwidth. For UEs with light traffic, a narrow DL or UL BWP can be configured for the UE for the purpose of power saving. However, within a narrow BWP, the frequency diversity gain will lose thus the transmission performance would be degraded. Therefore, how to improve the transmission performance when the UE is configured with narrow DL/UL BWP shall be considered. 
In our view, one possible method is using BWP switching to get the frequency diversity gain. Redcap UE can switch its active BWP among multiple BWPs in a predefined pattern as shown in Figure 1.  


Figure 1 Fast BWP switching for RedCap UE
Currently, as specified in Table 8.6.2-1 of TS 38.133, BWP switching delay of 1-3ms is needed, including type 1an type 2. To facilitate such BWP switching mechanism, it is necessary to reduce the BWP switching delay and fast BWP switching. If the bandwidth, the subcarrier spacing and other baseband parameter are all keep consistent among the BWPs and only the central frequency is changed, the BWP switching delay can be expected to be reduced. 
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Table 1 RF retuning time under different conditions
	Scenarios
	RF retuning time
	Corresponding number of symbols（Normal CP）

	
	
	Subcarrier spacing =30kHz
	Subcarrier spacing =60kHz

	Intra-band operation
	Center frequency unchanged, only the bandwidth changed.
	20 µs
	~1 symbols
	~2 symbols

	
	Center frequency changed
	50-200 µs
	~2-6 symbols
	~3-12 symbols

	Inter-band operation
	900 µs
	~26 symbols
	~51 symbols


Regarding fast BWP switching for redcap UE could be supported from RAN1, RAN4 needs to evaluate the reduced delay requirements, especially for the case only the central frequency is changed among the BWP. A new type of requirements may be needed.
Proposal 1: RAN4 to evaluate the fast BWP switching delay if only the central frequency is changed among the BWP for RedCap UE.
Conclusion
In this document, we provide our views on RRM impact on UE complexity reduction features for Redcap UE.
Observation 1: Bandwidth reduction solutions could have impact on BWP switching delays.
Proposal 1: RAN4 to evaluate the fast BWP switching delay if only the central frequency is changed among the BWP for RedCap UE.
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