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Introduction
The RedCap work item, defined in [1], has the following objectives which impact RRM requirements: 
· Reduced maximum UE bandwidth
· Reduced minimum number of Rx branches, 
· Relaxed maximum modulation order, 
· Support for HD-FDD, FD-FDD and TDD
· Support for extended DRX enhancements
· RRM measurement relaxations
Though some of the requirements are still open for discussion, as listed in the way forward in [5] and in [6], the majority has already been agreed.  In RAN4 #102, RAN4 has endorsed two CRs, one for TS 38.133 [3] and another to TS 36.133 [4], which contain the agreed RRM requirements for RedCap UEs.
In this contribution, we discuss the current RedCap RRM requirements and present an overview of the test cases and accuracy requirements that are necessary based on the latest RAN4 agreements. 
Discussion
Accuracy requirements
During the RedCap WI, RAN4 has relied on link level simulations for assessing the performance degradation due to reducing the number of Rx branches. The simulation assumptions were agreed in: [2][7][8][9][10] and [11]. These simulations were used to decide whether to reuse the core requirements from NR Rel-15 or if it was necessary to increase the number of samples for 1 Rx RedCap UEs. 
In general, for the definition of Core requirements, RAN4 used the performance of the worst channel among the ones defined in the simulation assumptions. However, the accuracy requirements currently defined in TS 38.133 and TS 36.133 assume that the Io EPRE is constant within the bandwidth, and the performance tests also assume AWGN channel. 
Therefore, in our view, it is reasonable that the accuracy requirements are defined based on the performance degradation observed between the performance of 2 Rx RedCap UEs and 1 Rx RedCap UEs in AWGN channel.
Relaxation of the accuracy requirements for 1 Rx RedCap UEs is defined based on the accuracy degradation observed in AWGN channel. 
Test Cases in TS 38.133
In the table below, we make an analysis of the test cases that will be needed, considering the requirements that were introduced in Rel-17 RedCap. 
RAN4 to consider Table 1 in the discussion of the RRM requirements test cases for RedCap UEs, and on the discussion of the work plan.
Table 1 - List of proposed Test Cases for RedCap UEs
	Group of requirements
	Test cases
	Sub-test
	Comments

	RRC_IDLE, cell re-selection
	FR1-> FR1 
	intra-frequency
	Tests are needed

	
	
	inter-frequency
	

	
	FR2 -> FR2
	intra-frequency
	

	
	
	inter-frequency
	

	Neighbour cell measurement relaxations
	Cell reselection for UE fulfilling stationary criterion, w/o eDRX
	Intra-frequency FR1 / FR2 serving and target cell
	Tests are needed

	
	
	Inter-frequency FR1 / FR2 serving and target cell
	

	
	
	Inter-RAT E-UTRAN target cell and FR1/FR2 serving cell 
	

	
	Cell reselection for UE fulfilling stationary criterion, w/ eDRX
	Intra-frequency FR1 / FR2 serving and target cell
	Tests are needed

	
	
	Inter-frequency FR1 / FR2 serving and target cell
	

	
	
	Inter-RAT E-UTRAN target cell and FR1/FR2 serving cell 
	

	
	Cell reselection for UE fulfilling 
1) stationary and not-at -cell-edge criterion
2) stationary and low mobility criterion    
3) stationary, not-at- cell-edge and low mobility criterion
w/o eDRX
	Intra-frequency FR1 / FR2 serving and target cell
	Tests are needed

	
	
	Inter-frequency FR1 / FR2 serving and target cell
	

	
	
	Inter-RAT E-UTRAN target cell and FR1/FR2 serving cell 
	

	
	Cell reselection for UE fulfilling 
1) stationary and not-at -cell-edge criterion
2) stationary and low mobility criterion    
3) stationary, not-at- cell-edge and low mobility criterion
w/ eDRX
	Intra-frequency FR1 / FR2 serving and target cell
	Tests are needed

	
	
	Inter-frequency FR1 / FR2 serving and target cell
	

	
	
	Inter-RAT E-UTRAN target cell and FR1/FR2 serving cell 
	

	HO (delay and interruptions)
	
	intra-frequency, known target cell
	Tests are needed

	
	FR1-> FR1 and FR2 -> FR2
	intra-frequency, unknown target cell
	

	RRC Re-establishment
	FR1-> FR1 and FR2 -> FR2
	intra frequency
	Tests are needed

	
	
	inter frequency
	

	
	
	intra frequency without serving cell timing
	

	Random access
	4-step RACH
	Contention based
	Tests are needed

	
	
	Non-contention based
	

	
	2-step RACH
	Contention based
	

	
	
	Non-contention based
	

	RRC Connection Release with Redirection
	FR1-> FR1 and FR2 -> FR2
	
	Tests are needed

	Timing
	UE Transmit Timing 
	
	Tests are needed

	
	Timing advance adjustment accuracy
	
	Tests are needed

	Active BWP switch
	
	
	Tests are needed

	Radio link monitoring
	PCell, SSB-based 
	Out-of-sync, in non-DRX
	Tests are needed 

	
	
	In-sync, in non-DRX mode
	

	
	
	Out-of-sync, in DRX mode
	

	
	
	In-sync, in DRX mode
	

	
	 PCell, CSI-RS-based 
	Out-of-sync, in non-DRX
	Tests are needed

	
	
	In-sync, in non-DRX mode
	

	
	
	Out-of-sync, in DRX mode
	

	
	
	In-sync, in DRX mode
	

	
	Scheduling restrictions
	
	Tests are needed

	Beam failure detection and link recovery
	FR1 and FR2 PCell 
	SSB-based in non-DRX mode
	Tests are needed

	
	
	SSB-based in non-DRX mode
	

	
	
	CSI-RS-based in non-DRX mode
	

	
	
	CSI-RS -based in non-DRX mode
	

	
	Scheduling restrictions
	SSB-based in non-DRX mode
	Tests are needed

	Active TCI state switching delay
	MAC-CE based
	PCell in FR1
	Tests are needed

	
	RRC based
	PCell in FR1
	

	Intra-frequency measurement procedure
	FR1 and FR2 PCell 
	Event triggered reporting under non DRX
	Tests are needed 

	
	
	Event triggered reporting under DRX
	

	
	
	Event triggered reporting under DRX with SSB index reading
	

	
	L1-RSRP measurement 
	SSB based L1-RSRP when DRX is not used
	Tests are needed 

	
	
	SSB based L1-RSRP when DRX is used
	

	
	
	CSI-RS based L1-RSRP when DRX is not used
	

	
	
	CSI-RS based L1-RSRP when DRX is used
	

	Inter-frequency measurement procedure
	FR1 PCell
	Event triggered reporting when DRX is not used
	Tests are needed 

	
	
	Event triggered reporting when DRX is used
	

	
	
	Event triggered reporting when DRX is not used with SSB index reading
	

	Accuracy for measurements

	SS-RSRP
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap 

	
	
	Inter frequency FR1 serving and target cell
	

	

	
	Inter frequency FR2 serving and FR1 target cell
	

	
	SS-RSRQ
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	

	
	Inter frequency FR1 serving and target cell
	

	
	SS-SINR
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	
	
	Inter frequency FR1 serving and target cell
	

	
	L1-RSRP
	SSB based
	New tests are needed for 1 Rx RedCap

	
	
	CSI-RS based
	New tests are needed for 1 Rx RedCap

	
	CSI-RSRP
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	
	
	Inter frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	
	CSI-RSRQ
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	
	CSI-SINR
	Intra-frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap

	
	
	Inter frequency FR1 serving and target cell
	New tests are needed for 1 Rx RedCap


Conclusions
In this paper we discuss Nokia’s views on RRM performance requirements and test cases for RedCap, the following proposals are discussed:
1. Relaxation of the accuracy requirements for 1 Rx RedCap UEs is defined based on the accuracy degradation observed in AWGN channel. 
1. RAN4 to consider Table 1 in the discussion of the RRM requirements test cases for RedCap UEs, and on the discussion of the work plan.
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