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1	Introduction
The work item on NR support of reduced capability NR devices has been approved [1]. This work item contains objective that has RRM impact as shown below:
	This WI has the following objectives: 
· 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.
· 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.
· RRM relaxations for neighbouring 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. 
· Specify RAN4 core requirements for the above. 
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.



In this contribution we go through the objectives, discuss and identify the type of RRM requirements that RAN4 need to develop for the release 17 RedCap UEs. 
2	Discussion
2.1	Overview of affected requirements 
In this section we go through the different types of UE RRM requirements that are currently defined for NR MBB UEs and identify their impact due to RedCap UE operation. 

Table 1: Impact on TS 38.133:
	Section
	Type of requirements
	Is requirement impacted?
	Comments
	Simulation need

	3. Definitions, symbols and abbreviations
	3.1 Definitions,
3.2 Symbols,
3.3 Abbreviations 
	YES
	New definitions, symbols and abbreviations will be introduced for RedCap
	

	
	3.5 Frequency bands grouping
	YES
	The tables need to be updated to include the new NR operating bands for RedCap
	

	
	3.6 Applicability of requirements in this specification version
	FFS
	Potential impact. RAN4 needs to discuss the applicability after requirements have been developed. 
	

	4. IDLE state mobility
	4.2.2.1 UE measurement capability
	YES
	The measurement capability might be different for RedCap UE compared to the release 15 NR UE. Since the use case of RedCap UE is different compared to the NR MBB UEs, RAN4 needs to discuss whether to define different (i.e. reduced) number of carriers to monitor, e.g. N1 number of NR inter-frequency carriers, N2 number of inter-RAT carriers (FDD, TDD), etc. 
	

	
	4.2.2.2 Measurement and evaluation of serving cell
	YES
	Due to the reduced minimum number of Rx branches, the serving cell evaluation requirements need to be revisited and possibly also relaxed. More specifically, the reduced Rx branch UE may need more DRX cycles for serving cell evaluation compared to release 15 NR UE. 
In addition, RAN4 needs introduce eDRX requirements in IDLE mode. 
	

	
	4.2.2.3 Measurements of intra-frequency NR cells

	YES
	Due to the reduced minimum number of Rx branches, the intra-frequency neighbour cell requirements are likely to be affected. For example, the UE may need longer time to detect a neighbour cell (Tdetect,NR_Intra). 
In addition, relaxation of neighbour measurements is currently under RAN2 discussion. Any relaxation, if agreed, is likely to have impact on this section. 
In addition, RAN4 needs introduce eDRX requirements in IDLE mode.
	X

	
	4.2.2.4 Measurements of inter-frequency NR cells
	YES
	Due to the reduced minimum number of Rx branches, the inter-frequency neighbour cell requirements are likely to be affected. For example, the UE may need longer time to detect a neighbour cell (Tdetect,NR_Inter).
In addition, relaxation of neighbour measurements is currently under RAN2 discussion. Any relaxation, if agreed, is likely to have impact on this section.
In addition, RAN4 needs introduce eDRX requirements in IDLE mode.
	

	
	4.2.2.5 Measurements of inter-RAT E-UTRAN cells
	FFS
	Similar to NR MBB UE, measurement support for inter-RAT E-UTRAN cells are needed. Details of requirements are FFS. 
	X

	
	4.2.2.6 Maximum interruption in paging reception
	YES
	The UE is allowed to cause interruption during the paging reception due to SI reading. The SI reading requirements may also be revisited due to reduced BW operation. 
	X

	5. INACTIVE state mobility
	5.1.2.1 UE measurement capability
	YES: same as in IDLE mode
	
	

	
	5.1.2.2 Measurement and evaluation of serving cell
	YES
	Requirements will be similar to the IDLE mode requirements except that the eDRX specific requirements might be different since longer eDRX support is to be introduced in INACTIVE mode than in IDLE mode. 
	

	
	5.1.2.3 Measurements of intra-frequency NR cells
	YES
	Requirements will be similar to the IDLE mode requirements except that the eDRX specific requirements might be different since longer eDRX support is to be introduced in INACTIVE mode than in IDLE mode.
	

	
	5.1.2.4 Measurements of inter-frequency NR cells
	YES
	Requirements will be similar to the IDLE mode requirements except that the eDRX specific requirements might be different since longer eDRX support is to be introduced in INACTIVE mode than in IDLE mode.
	

	
	5.1.2.5 Measurements of inter-RAT E-UTRAN cells

	YES
	Requirements will be similar to the IDLE mode requirements except that the eDRX specific requirements might be different since longer eDRX support is to be introduced in INACTIVE mode than in IDLE mode.
	

	
	5.1.2.6 Maximum interruption in paging reception
	YES: same as in IDLE mode
	
	

	6. CONNECTED state mobility
	6.1 Handover
	YES
	New handover requirements are needed because the handover delay contains different parameters that are likely to be different for RedCap, e.g. Tsearch. Current specification contains support for following types of handovers:
· NR FR1 NR FR1 handover
· NR FR2  NR FR1 handover
· NR FR1  NR FR2 handover
· NR other RATs
RAN4 needs to discuss what type of handovers is to be introduced for RedCap in release17. 
	

	
	6.2.1 RRC re-establishment
	YES
	New RRC re-establishment requirements are needed because at least following components of the total delay is likely to be different:
· Tidentify_intra_NR,
· Tidentify_inter_NR,i
· TSI-NR:
	

	
	6.2.2 Random Access
	FFS
	Whether new random access requirements are needed depend on the RAN1 agreements on the PRACH design and configurations. For example, due to the reduced BW operation the PRACH occasions might be outside the UE BW resulting in the legacy requirements cannot be reused. 
	

	
	6.2.3 RRC Connection Release with Redirection
	YES
	For the similar reason as for RRC re-establishment, new requirements are needed for the RRC connection release with redirection. Examples of parameters that might be affect include: 
· Tidentify-NR, 
· TSI-NR
	

	7. Timing
	7.1 UE transmit timing
	YES
	Due to the reduced complexity in the UE, it is uncertain whether the same timing requirements can be reused. It is recalled that the timing requirements in LTE cat-M was relaxed compared to the LTE MBB (Rel-8) UEs. 
	

	
	7.2 UE timer accuracy
	NO
	
	

	
	7.3 Timing Advance
	FFS
	Due to the reduced complexity in the UE, there may be impact on TA, but this also depends on RAN1 agreements.
	

	
	7.4 Cell phase synchronization accuracy
	NO
	
	

	
	7.5 Maximum Transmission Timing Difference
	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	7.6 Maximum Receive Timing Difference
	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	7.7 deriveSSB-IndexFromCell tolerance
	FFS
	Discussions needed to identify potential impact. 
	

	8. Signalling characteristics
	8.1 Radio Link Monitoring
	YES
	New RLM requirements are needed due to reduced complexity operation. For example, the RLM evaluation period, PDCCH transmission parameters for out-of-sync and in-sync are going to be different. 
	X

	
	8.2 Interruption
	YES
	New interruption requirements are needed due to reduced minimum BW operation which requires the UE to perform RF retuning. In addition, HD-FDD UEs might require additional interruptions. 
	

	
	8.3 SCell Activation and Deactivation Delay
	N/A
	No support for SCell in release 17 for RedCap.
	

	
	8.4 UE UL carrier RRC reconfiguration delay
	N/A
	This WI focuses on SA mode and single connectivity with operation in a single band at a time. Thus this part of the requirement is not applicable for RedCap.

	

	
	8.5 Link Recovery Procedures
	YES
	For same reason as for RLM, new link recovery requirements are needed. 
	

	
	8.6 Active BWP switch delay
	FFS
	New BWP switching delay requirements are expected. Discussions are needed based on the RAN1 design. 
	

	
	8.8 NE-DC: E-UTRAN PSCell Addition and Release Delay

	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	8.9 NR-DC: PSCell Addition and Release Delay
	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	8.10 Active TCI state switching delay
	YES
	The switching delays contain components that are impacted by RedCap. One example is TL1-RSRP which is expected to be different for RedCap. Therefore, the total TCI switching delay is also going to be affected. 
	

	
	8.11 PSCell Change
	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	8.12 Uplink spatial relation switch delay
	YES
	Same comment as for section 8.10 Active TCI state switching delay.
	

	
	8.13 UE-specific CBW change
	YES
	This set of requirements specify the interruptions that the UE is allowed to cause to other serving cells when UE receives an RRC reconfiguration that changes offsetToCarrier or carrierBandwidth. Similar requirements are also needed for RedCap. 
	

	9. Measurement Procedure
	9.1 General measurement requirement

	YES
	This is a high-level section defining the general requirements on the UE regarding measurement reporting in RRC_CONNECTED state for the different types of measurements such as intra-frequency, inter-frequency, etc. It also specifies the use of gaps which might be needed due to reduced BW. This section will be affected by the new RedCap measurement requirements.  
	

	
	9.2 NR intra-frequency measurements
	YES
	Same as in IDLE mode
	

	
	9.3 NR inter-frequency measurements
	YES
	Same as in IDLE mode
	

	
	9.4 Inter-RAT measurements
	YES 
	Same as in IDLE mode    
	

	
	9.5 L1-RSRP measurements for Reporting
	YES
	Same reason as Link Recovery Procedure requirements.
	

	
	9.6 NE-DC: Measurements
	N/A
	Not applicable since this WI focuses on SA mode.
	

	
	9.7 Cross Link Interference measurements
	N/A
	Not applicable for RedCap in release 17.
	

	
	9.8 L1-SINR measurements for Reporting
	YES
	Same reason as Link Recovery Procedure requirements assuming that RedCap supports L1-SINR measurements. 
	

	
	9.9 NR measurements for positioning
	FFS
	
	

	
	9.10 CSI-RS based L3 measurements

	N/A
	Not applicable for RedCap in release 17.
	

	
	9.11 NR measurements with autonomous gaps
	YES
	CGI reading using autonomous gaps will be impacted due to the reduced Rx branches and also reduced bandwidth operation. Similar to IDLE mode SI reading requirements, simulations will be needed here to determine the number of attempts needed for reliably detecting TMIB and T SIB1. 
	X

	10. Measurement Performance requirements
	10.1 NR measurements
	YES
	RAN4 needs to define new accuracy requirements which will impacted due to reduced number of receive branches. 
	X

	12. V2X Requirements
	V2X Requirements
	N/A
	Not applicable for RedCap
	



Table 2: Impact on TS 36.133:
	Section
	Type of requirements
	Is requirement impacted?
	Comments
	Simulation need

	3. Definitions, symbols and abbreviations
	3.1 Definitions,
3.2 Symbols,
3.3 Abbreviations
	YES
	New definitions, symbols and abbreviations will be introduced for RedCap
	

	4. E-UTRAN RRC_IDLE state mobility
	- Measurements of NR cells
- UE measurement capability
	YES
	In order to support inter-RAT mobility from LTE to NR, new RedCap specific requirements for NR cells are needed.  
FFS if cat-M specific requirements (section 4.7) and category NB1 specific requirements (section 4.6) are impacted. 

	X

	5. E-UTRAN RRC_CONNECTED state mobility
	5.1 E-UTRAN Handover
	NO
	
	

	
	5.3 Handover to other RATs
	YES
	RedCap handover requirements to support handover from LTE to NR are needed.
	

	
	5.4 Handover to Non-3GPP RATs
	NO
	
	

	
	5.5 E-UTRAN Handover for Cat-M1 UEs

	FFS
	
	

	
	5.7 E-UTRAN DAPS Handover
	NO
	
	

	6. RRC Connection Mobility Control
	6.1 RRC Re-establishment
	NO
	
	

	
	6.2 Random Access
	NO
	
	

	
	6.3 RRC Connection Release with Redirection
	YES
	RedCap specific requirements for supporting RRC connection release with redirection to the target NR cell is needed. 
	

	7. Timing and signalling characteristics
	
	NO
	
	

	8. UE Measurements Procedures in RRC_CONNECTED State
	
	NO
	
	

	9. Measurements performance requirements for UE
	
	NO
	
	

	10. Measurements Performance Requirements for E-UTRAN
	
	NO
	
	

	11. ProSe Requirements in Any Cell Selection state
	
	NO
	
	

	12. V2V Sidelink Communication Requirements for V2V Operation on Dedicated V2V Carrier
	
	NO
	
	

	13. V2X Requirements
	
	NO
	
	




2.2	Specification impact 
Based on the list of affected requirements in Table 1 (TS 38.133) and Table 2 (TS 36.133), following observation is made:
· Observation #1: Significant RRM impact in 38.133 due to new RedCap specific requirements. 
· Observation #2: RRM impact in 36.133 due to new RedCap specific inter-RAT LTE requirements. 

It is observed from the list of affected requirements in Table 1 that there is significant impact on the TS 38.133 specification due to large number of new requirements. For example, there will be new requirements in all RRC states and for most of the basic procedures. For clarity and convenience specification reading, also following earlier approach from LTE cat-M, NB-IoT work and NR-U, it is proposed to define the all RedCap specific requirements in new sections. 
It is also observed from the list of affected requirements in Table 2 that there is some impact on the TS 36.133 specification due to new inter-RAT LTE requirements for RedCap UE.
· Proposal #1: RedCap specific requirements are introduced in new subsections of each relevant section in TS 38.133. 
· Proposal #2: RedCap specific requirements are introduced in new subsections of each relevant section in TS 36.133. 

3	Conclusion
In this contribution we have discussed and identified the affected requirements in existing specifications of TS 38.133 and TS 36.133 due to introducing RedCap. Based on the list of affected requirements in Table 1 (TS 38.133) and Table 2 (TS 36.133), following observations and proposals are made:

· Observation #1: Significant RRM impact in 38.133 due to new RedCap specific requirements. 
· Observation #2: RRM impact in 36.133 due to new RedCap specific inter-RAT LTE requirements.

· Proposal #1: RedCap specific requirements are introduced in new subsections of each relevant section in TS 38.133. 
· Proposal #2: RedCap specific requirements are introduced in new subsections of each relevant section in TS 36.133. 

References
1. RP-210918, “Revised WID on support of reduced capability NR devices”

