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1. Introduction
The latest version of WID[1] for RedCap is agreed in RANP #92 meeting, and RAN4 related are summarized as below, 
	· 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.)
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· 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.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 
· Specify RAN4 core requirements for the above. 



And in last RAN4 meeting, we had some agreements[2] that:
	· RAN4 to start discussing the eDRX for IDLE/INACTIVE state from RAN4#100e meeting.
· RAN4 to start discussing RRM relaxation work based on the outcome from RAN2 from RAN4#100e meeting.
· RedCap specific requirements are introduced in new subsections in TS 38.133.The new sections are FFS and will be decided based on the impacted requirements as identified in issue 4-1-1.
· For 36.133: RedCap specific inter-RAT requirements, if introduced, will be in new subsections in TS 36.133. The new sections are FFS and will be decided based on the impacted requirements as identified in issue 4-2-1.
· RedCap requirements are developed with NR release 15 RRM requirements as baseline. Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI.
· RRM requirements are developed for all three duplex modes, i.e. FD-FDD, HD-FDD type A and TDD in Release 17 RedCap.
· RRM requirements are developed for both 1 Rx and 2Rx for each duplex mode (FD-FDD, HD-FDD type A and TDD).
· RAN4 should focus on RRM requirements that are relevant to PCell operation, i.e. no DC or CA is considered for RedCap in release 17.
· Inter-frequency mobility
· FFS whether to define inter-frequency RRM requirements for RedCap UE in Rel-17.
· Inter-RAT mobility
· Option 1: 
· Do not define inter-RAT RRM requirements for RedCap UE in Rel-17.
· Option 2: 
· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
· FFS: whether define inter-RAT RRM requirements on LTE for RedCap UE in Rel-17



In this contribution we continue the discussion on the impact of RedCap feature to RRM requirement. 
2. Discussion
Based on the RedCap scope, there might be five key features which would impact the RRM requirements, 
· 1Rx
· Reduced BW
· HD-FDD
· eDRX
· RRM relaxation
The inter-frequency and inter-RAT mobility are two open issues from the last meeting WF[2]. In our understanding, inter-frequency and inter-RAT to LTE mobility are important and fundamental use cases for NR RedCap UE. However, for other inter-RAT mobility, we only have UTRA FDD measurement requirement in R16 and it’s only applied for SRVCC capable UE in R16 (SRVCC + RedCap UE shall not be a high priority case at this stage). Thus, we propose to specify inter-frequency RRM requirement and inter-RAT E-UTRAN RRM requirements for RedCap UE in Rel-17 and do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17.
Proposal 1: RAN4 defines inter-frequency RRM requirements for RedCap UE in Rel-17.
Proposal 2:
• Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
• RAN4 defines inter-RAT RRM requirements on LTE for RedCap UE in Rel-17
In last RAN4 meeting, we had two summary tables for impact analysis of TS38.133 and TS36.133, and in this contribution we add our proposal and comments based on those two tables as below.
Proposal 3: agree on the table 1 for RRM impacts on TS38.133 for RedCap UE.
Table 1. RRM impacts based on RedCap features (TS38.133)
	Section
	Type of requirements
	Is requirement impacted?
	Comment

	3. Definitions, symbols and abbreviations
	3.1 Definitions,
3.2 Symbols,
3.3 Abbreviations 
	YES
	

	
	3.5 Frequency bands grouping
	YES
	

	
	3.6 Applicability of requirements in this specification version
	YES
	

	4. IDLE state mobility
	4.2.2.1 UE measurement capability
	YES
	

	
	4.2.2.2 Measurement and evaluation of serving cell
	YES
	

	
	4.2.2.3 Measurements of intra-frequency NR cells
 
	YES
	

	
	4.2.2.4 Measurements of inter-frequency NR cells
	YES 
	As per our proposal 1

	
	4.2.2.5 Measurements of inter-RAT E-UTRAN cells
	YES 
	As per our proposal 2

	
	4.2.2.6 Maximum interruption in paging reception
	NO
	In current spec we have applicability condition that “These requirements assume sufficient radio conditions, so that decoding of system information can be made without errors and does not take into account cell re-selection failure.” Since the “sufficient radio conditions” is assumed, no requirement change is needed for RedCap UE.

	5. INACTIVE state mobility
	5.1.2.1 UE measurement capability
	Same as in IDLE
	

	
	5.1.2.2 Measurement and evaluation of serving cell
	Same as in IDLE
	

	
	5.1.2.3 Measurements of intra-frequency NR cells
	Same as in IDLE
	

	
	5.1.2.4 Measurements of inter-frequency NR cells
	Same as in IDLE
	

	
	5.1.2.5 Measurements of inter-RAT E-UTRAN cells
 
	Same as in IDLE
	

	
	5.1.2.6 Maximum interruption in paging reception
	Same as in IDLE
	

	6. CONNECTED state mobility
 
 
	6.1 Handover
	YES
	If target Cell is unknown, the cell search time might be extended due to 1Rx usage(so far the side condition is ≥-2dB for 2Rx case).

	
	6.2.1 RRC re-establishment
	YES
	The cell identification delay for SNR≥-8dB and SNR<-8dB might be extended due to 1Rx usage for re-establishment requirement.

	
	6.2.2 Random Access
	YES
	Early indication of RedCap UEs has been used as working assumption in RAN1, and therefore RAN4 may need some clarification in RACH requirement. Details shall wait more conclusions from RAN1 and RAN2.

	
	6.2.3 RRC Connection Release with Redirection
	YES
	The cell identification delay may be extended due to 1Rx usage for redirection requirement.

	7. Timing
 
 
 
 
 
 
	7.1 UE transmit timing
	NO
	High SNR condition is assumed for Tx timing requirement/test.

	
	7.2 UE timer accuracy
	NO
	

	
	7.3 Timing Advance
	NO
	The granularity of UL is not changed.

	
	7.4 Cell phase synchronization accuracy
	NO
	

	
	7.5 Maximum Transmission Timing Difference
	NO
	

	
	7.6 Maximum Receive Timing Difference
	NO
	

	
	7.7 deriveSSB-IndexFromCell tolerance
	NO
	

	8. Signalling characteristics
	8.1 Radio Link Monitoring
	YES
	1. Hypothetical PDCCH transmission parameter may need change due to 1Rx and reduced BW (Current hypothetical BW for CSI-RS is larger than 20MHz in 60kHz).
2. RLM requirement applicability due to HD-FDD.
3. The SNR threshold setup in TCs may need change due to 1Rx


	
	8.2 Interruption
	NO
	

	
	8.3 SCell Activation and Deactivation Delay
	Not applicalbe for Redcap in release 17
	

	
	8.4 UE UL carrier RRC reconfiguration delay
	Not applicalbe for Redcap in release 17
	SUL is not in the scope of RedCap WI.

	
	8.5 Link Recovery Procedures
	YES
	BFD:
1. Hypothetical PDCCH transmission parameter for BF may need change due to 1Rx and reduced BW (Current hypothetical BW for CSI-RS is larger than 20MHz in 60kHz).
2. the SNR threshold setup in TCs may need change due to 1Rx
3. requirement applicability due to HD-FDD.

CBD:
1. The evaluation period may need change due to 1Rx (rely on L1-RSRP measurement)
2. requirement applicability due to HD-FDD.


	
	8.6 Active BWP switch delay
	NO
	

	
	8.8 NE-DC: E-UTRAN PSCell Addition and Release Delay
	Not applicalbe for Redcap in release 17
	

	
	8.9 NR-DC: PSCell Addition and Release Delay
	Not applicalbe for Redcap in release 17
	

	
	8.10 Active TCI state switching delay
	YES
	The L1-RSRP measurement period might be extended due to 1Rx for active TCI switching delay.

	
	8.11 PSCell Change
	Not applicalbe for Redcap in release 17
	

	
	8.12 Uplink spatial relation switch delay
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	8.13 UE-specific CBW change
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	8.14 Pathloss reference signal switching delay
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	9.Measurement Procedure
 
 
 
 
 
 
 
 
 
 
	9.1 General measurement requirement
 
	YES
	

	
	9.2 NR intra-frequency measurements
	YES
	

	
	9.3 NR inter-frequency measurements
	YES 
	As per our proposal 1

	
	9.4 Inter-RAT measurements
	YES
	As per our proposal 2

	
	9.5 L1-RSRP measurements for Reporting
	YES
	1. The L1-RSRP measurement period might be extended due to 1Rx
2. The CSI-RS based L1-RSRP measurement might need change due to reduced BW (current CSI-RS measurement BW is larger than 20MHz in 60kHz)
3. Requirement applicability and measurement prioritization needs to be clarified due to HD-FDD

	
	9.6 NE-DC: Measurements
	Not applicalbe for Redcap in release 17
	

	
	9.7 Cross Link Interference measurements
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	9.8 L1-SINR measurements for Reporting
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	9.9 NR measurements for positioning
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	9.10 CSI-RS based L3 measurements
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	
	9.11 NR measurements with autonomous gaps
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”

	10. Measurement Performance requirements
	10.1 NR measurements
	YES
	

	12. V2X Requirements
	V2X Requirements
	FFS until sufficient progress of WI
	Due to the conclusion in last meeting: “Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI”




Regarding the LTE spec impacts, in last meeting, some companies proposed to also consider the cell selection/reselection or redirection requirement for LTE Cat-M1 or non-anchor NB-IoT UEs, we think whether or not such kinds of UE shall be considered can be discussed after we have sufficient progress on the fundamental inter-RAT cases, e.g., legacy LTE UE reselect to NR cell as a NR RedCap UE.

Proposal 4: Whether LTE cat-M1 or NB-IoT shall be considered for RedCap requirement in TS36.133 is discussed in case by case manner after sufficient progress is made in the WI.

The LTE side impacts due to RedCap are summarized as below,

Proposal 5: agree on the table 2 for RRM impacts on TS36.133 for RedCap UE.
Table 2. RRM impacts based on RedCap features (TS36.133)
	Section
	Type of requirements
	 Is requirement impacted?
	Comment

	3. Definitions, symbols and abbreviations
	3.1 Definitions,
3.2 Symbols,
3.3 Abbreviations
	YES 

	As per our proposal 2

	4. E-UTRAN RRC_IDLE state mobility
	4.1 Cell Selection
	NO
	LTE cell selection requirement could be same as for the legacy LTE UE. 

	
	4.2 Cell Re-selection
	YES
 
	As per our proposal 2

	
	4.3 Minimization of Drive Tests (MDT)
	N/A
	

	
	4.4 MBSFN Measurements
	N/A
	

	
	4.5 Proximity-based Services
	N/A
	

	
	4.6 Cell Selection and Re-selection Requirements for UE category NB1
	FFS until sufficient progress of WI
	As per our proposal 4

	
	4.7 Cell Selection and Re-selection Requirements for UE category M1
	FFS until sufficient progress of WI
	As per our proposal 4

	
	4.8 Idle State Positioning Measurement Requirements for UE category NB1
	N/A
	

	5. E-UTRAN RRC_CONNECTED state mobility
	5.1 E-UTRAN Handover
	N/A
	

	
	5.3 Handover to other RATs
	YES
 
	As per our proposal 2

	
	5.4 Handover to Non-3GPP RATs
	N/A
	

	
	5.5 E-UTRAN Handover for Cat-M1 UEs
 
	FFS until sufficient progress of WI
	As per our proposal 4

	
	5.7 E-UTRAN DAPS Handover
	N/A
	

	6. RRC Connection Mobility Control
 
 
 
 
 
 
	6.1 RRC Re-establishment
	N/A
	

	
	6.2 Random Access
	N/A
	

	
	6.3 RRC Connection Release with Redirection
	YES 

	As per our proposal 2

	
	6.4 CSG Proximity Indication for E-UTRAN and UTRAN
	N/A
	

	
	6.5 RRC Re-establishment for NB-IoT UEs
	N/A
	

	
	6.6 Random Access for UE category NB1
 
	N/A
	

	
	6.7 RRC Re-establishment for Cat-M1 UEs
	N/A
	

	
	6.8 RRC Connection Release with Redirection for Cat-M1 UEs
	FFS until sufficient progress of WI
	As per our proposal 4

	
	6.9 RRC Connection Redirection to Non-anchor Carrier in NB-IoT
	FFS until sufficient progress of WI
	As per our proposal 4

	7. Timing and signalling characteristics
	 
	N/A
	

	8. UE Measurements Procedures in RRC_CONNECTED State
	 
	N/A
	

	9. Measurements performance requirements for UE
	 
	N/A
	

	10. Measurements Performance Requirements for E-UTRAN
	 
	YES 

	As per our proposal 2

	11. ProSe Requirements in Any Cell Selection state
	 
	N/A
	

	12. V2V Sidelink Communication Requirements for V2V Operation on Dedicated V2V Carrier
	 
	N/A
	

	13. V2X Requirements
	 
	N/A
	




9 Conclusion
In this contribution we provide the further analysis on the impact of RedCap feature to RRM requirement. 
Proposal 1: RAN4 defines inter-frequency RRM requirements for RedCap UE in Rel-17.
Proposal 2:
• Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
• RAN4 defines inter-RAT RRM requirements on LTE for RedCap UE in Rel-17
Proposal 3: agree on the table 1 for RRM impacts on TS38.133 for RedCap UE.
Proposal 4: Whether LTE cat-M1 or NB-IoT shall be considered for RedCap requirement in TS36.133 is discussed in case by case manner after sufficient progress is made in the WI.
Proposal 5: agree on the table 2 for RRM impacts on TS36.133 for RedCap UE.
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