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Introduction
The revised Rel-18 WID [1] for Enhanced RedCap contains several enhancements for core requirements:
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



In RAN4#106bis-e [2], it is discussed how to define the requirements for eDRX cycle > 10.24 sec in FR1 and FR2. 

	Extended eDRX range requirements in RRC INACTIVE 
· INACTIVE state requirements for eDRX cycle > 10.24 sec
· The sample number needed to perform the serving cell and intra/inter-frequency neighbor cell detection/evaluation/measurements for corresponding IDLE mode eDRX cycles can be reused for INACTIVE mode eDRX cycles.

When configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements
· Wait for the RAN2 decisions on the T value and PTW length design before defining serving cell measurements requirements 

When configured with both IDLE and INACTIVE eDRX configurations for neighbour cell measurements
The detection/measurement/evaluation delay requirements for intra-frequency/inter-frequency neighbour cells shall be specified in the step of:
· INACTIVE eDRX cycle, if the eDRX_Inactive=2.56/5.12/10.24sec
· FFS if eDRX_Inactive ³ 20.48sec

When to measure when configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s for serving cell measurements
· Measurements/evaluation period shall be constrained to be within a single PTW irrespective of whether IDLE or INACTIVE eDRX PTW is being used.
· Note: Wait for the RAN2 decisions on the T value and PTW.  

[bookmark: _Hlk134569230]When to measure when configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s for neighbour cell measurements
The number of samples needed for Tdetect,NR of intra-freq or inter-freq cell measurement (measured in DRX cycles) may belong to more than one PTW.

When to measure when IDLE and INACTIVE eDRX PTW do not coincide
RAN4 to wait for RAN2 progress to discuss following:
· Whether to clarify the measurement behavior when the PTWs of IDLE and INACTIVE states are not coinciding.
Transition requirements 
RAN4 to discuss the need for transition requirements (UE behavior and corresponding requirement for the transition between short INACTIVE eDRX (≤10.24sec) and long INACTIVE eDRX(³20.48sec)) after the INATIVE eDRX with PTW requirements are finalized. 

CG-SDT requirements with PTW
· FFS whether to define requirements for CG-SDT for Rel-18 eRedCap UE with PTW

CG-SDT requirements with PTW: RSRP2 time range 
Following option is to be discussed after RAN4 has identified whether new requirements are to be specified for Rel-18 eRedCap with PTW:
· RSRP2 time range in FR1 with eDRX cycle > 10.24 sec is defined as (T2 –640ms) ≤ T2’ ≤ T2.




In RAN4#106bis-e, RRM impact due to baseband reduction is discussed. 
	Impact on CGI reading requirements

· FFS whether to define CGI reading requirements for Rel-18 eRedCap UEs
· If CGI reading requirements for Rel-18 eRedCap UEs are introduced
· If SIB1 is scheduled within 5MHz BW
· Reuse existing requirements for SIB1 reading for the case 
· FFS for the requirements for the case of SIB1 scheduled with BW > 5MHz

Impact on paging requirements 
No impact on paging reception requirements due to baseband BW reduction.

Impact on THARQ
There is not any impact on THARQ due to baseband BW reduction.




For above depicted enhancements, RRM core requirements are discussed in this contribution and a proposal on the further proceeding is made. 
Discussion
Impacts to RRM core requirements for the above enhancements in the WID objective are discussed in this section.
Defining of requirements for eDRX cycle > 10.24 sec in FR1 and FR2
When configured with both IDLE and INACTIVE eDRX configurations
The WID contains the objective to introduce eDRX enhancements related to eDRX cycles >10.24s in RRC_INACTIVE. This requires resolving CN aspects by involving SA2, CT1 and CT4. RAN2 has defined the range of enhanced eDRX cycles in RRC_INACTIVE. In RAN2#121 [3], it is agreed that the PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e., from 1.28 sec to 40.96 sec in the step of 1.28 sec. Also, the range of the long eDRX cycle with the enhanced INACTIVE eDRX is from 20.48 sec to 10485.76 sec same as IDLE eDRX. Since RAN2 has agreed the range of enhanced eDRX cycles in RRC_INACTIVE, RAN4 can develop the respective RRM core requirements for RRC_INACTIVE state in regard to measurement periods. Also, RAN2#121bis-e [4] has made the following agreements on the CN and RAN PTWs. 
	Use TeDRX_RAN instead of TeDRX_CN to calculate the PH for RAN paging when TeDRX_RAN is longer than 10.24s.
For the overlapping PH, RAN PTW starting location is determined based on CN eDRX cycle.
For the non-overlapping PH, PTW starting location for RAN PTW is determined based on the CN eDRX cycle.
In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.
In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.



Therefore, we study when configured with both IDLE and INACTIVE eDRX configurations for serving cell measurements. In Rel-17, the RRM requirements are specified based on paging DRX T for serving cell. If a similar approach is adopted, the requirements will be specified based on T for the serving cell measurement while considering the RAN2 discussion on T value and PTW length design for serving cell measurements. As RAN2 defined the definition of T for the potential cases in an overlapping PH, serving cell measurements can be based on T as done in the IDLE case. T can be referred to RAN2 definition in TS38.304 and also the RAN2 agreements on the T calculation based on eDRX cycle length. In particular since there two PTWs exist, the value T is determined on the case-by-case basis. If necessary, it can be discussed to identify a valid case and specify the measurement with which value of T is used. We support that the requirement specified based on T similar to INACTIVE requirement for UE with eDRX in Rel-17. 
The serving cell requirement can be specified based on T as done in Rel-17 INACTIVE requirement with eDRX. 
Next, we discuss the neighboring cell measurements when configured with both IDLE and INACTIVE eDRX configurations. For neighbor cell detection, evaluation, and measurement, the requirements defined in the IDLE eDRX can be reused for INACTIVE eDRX. In this case of neighboring cell measurements, measurement according to T could be challenging, and thus UE may need to perform intra-/inter-frequency measurement according to a fixed period. Here it is an open issue on how to determine a fixed period. To select a fixed period, it should be sufficiently larger than T, e.g., a fixed period can be multiple of T so that it becomes 6 times less frequent than that of the serving cell measurement without RRM relaxation. Also, the fixed period can be distinguished whether RRM relaxation mode is configured. Then the fixed period can depend on the different RRM relaxation factors for neighboring cell measurements. To study the details, it can be first agreed that the fixed period for neighbor cell measurement should be sufficiently large.  
The fixed period for neighbor cell measurement should be sufficiently large if eDRX_Inactive ≥ 20.48 sec. 
When to measure when configured with both IDLE and INACTIVE eDRX configurations
We discuss when to measure when configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s for serving cell measurements. For serving cell, the measurement will be completed within a PTW. It needs to study which PTW to be used for serving cell measurement. To this end, an overlapping period within both CN and RAN PTW can be firstly considered for measurements and evaluation period of serving cell. The other combination of the PTWs can be also considered. 
RAN4 to define a single PTW for serving cell measurement when RAN and CN PTWs are used. 
For the neighbor cell measurements, when configured with both IDLE and INACTIVE eDRX configurations larger than 10.24 sec, it is agreed that the number of samples for Tdetect,NR of intra-frequency or inter-frequency cell measurement can be split into more than one PTW. Next, it needs to study how Tmeasure,NR and Tevalaute,NR can be specified. For example the measurement for neighbor cell can be done within a single PTW similar to serving cell measurement. It is however also possible that neighboring cell requires a longer period as it needs to detect low signal level from the neighbor cell. In conclusion, we suggest studying how Tmeasure,NR and Tevalaute,NR can be specified.
RAN4 to discuss whether to specify Tmeasure,NR and Tevalaute,NR within a PTW for intra- and inter-frequency cell measurements. 
When to measure when IDLE and INACTIVE eDRX PTW do not coincide
When IDLE and INACTIVE eDRX PTWs do not coincide, INACTIVE eDRX PTW will be used only since the IDLE eDRX has a longer cycle length between PTWs than INACTIVE eDRX. 
RAN4 should agree that UE follows the INACTIVE eDRX when IDLE and INACTIVE eDRX PTWs do not coincide.
CG-SDT requirement for Rel-18 eRedCap UE with PTW
In RAN4#106bis-e, it was agreed to study whether to define requirements for CG-SDT for Rel-18 eRedCap UE with PTW. For CG-SDT, UE is allowed to transmit using CG-SDT with the timing derived using the latest available NTA value if the TA validation based on the RSRP change criterion is satisfied. For instance, the valid measurement for FR1 with eDRX cycle is defined in Table 5.2B.2.1-3 and Valid measurement for FR2 is defined in Table 5.2B.2.1-2. According to the aforementioned requirements of CG-SDT for RedCap, UE can transmit using CG-SDT if the TA validation is satisfied for the first and second RSRP measurements. Therefore, the operation of CG-SDT could not be affected by eDRX configuration or PTW. It is however open to discuss whether CG-SDT can be performed inside PTW and outside PTW when eDRX > 10.24 sec. 
 RAN4 to agree that CG-SDT can be performed inside and outside PTW when eDRX > 10.24 sec. 
Hence there is no impact of longer eDRX cycle on CG-SDT requirements, except that a clarification is 
suitable on the potential collision between CG-SDT and PTW.
RAN4 to add a clarification on the potential collision between CG-SDT and PTW when eDRX cycle > 10.24 sec.
RRM impact of baseband reduction 
CGI reading requirement
The WID specifies to reduce UE BB bandwidth for PDSCH (for both unicast and broadcast) and PUSCH to 5 MHz while keeping 20 MHz RF bandwidth as for Rel-17 RedCap. Other physical channels and reference signals still use a bandwidth up to 20 MHz as for Rel-17 RedCap. Related to baseband reduction, in Section 8 of TR 38.865 [5], an observation is provided for the highlighted combination BW3 (option for UE BB bandwidth reduction) and PR3 (option for UE peak data reduction). In particular, for broadcast channels such as SIB1, the potential Rel-18 UE may utilize additional processing/combining to compensate the coverage difference when considering coexistence and minimizing impact on legacy UEs [5].
[bookmark: _Hlk131618471]In RAN4#106bis-e, it is agreed to reuse existing requirements for SIB1 reading for CGI reading requirements if SIB1 is scheduled within 5MHz BW. When SIB1 scheduled with BW > 5MHz, Rel-18 eRedCap UE can receive SIB1 with BW > 5 MHz and buffer the entire SIB1 so that the SIB1 can be processed and decoded over multiple slots since there is a limit on the number of PRBs the UE can process per slot. The Rel-18 UE is unable to process the entire PDSCH within a slot using a BW greater than 5 MHz, and a performance impact may exist. However, the UE would only require more processing time, e.g., around 2-5 ms or lower. Hence, there is no significant impact on CGI reading requirements.
The existing CGI reading requirement is reused for SIB1 scheduled with BW > 5 MHz.
Conclusion
This contribution has investigated the impact to RRM core requirements from the objectives in the Rel-18 Enhanced RedCap WID [1]. The following proposals are made.
1. The serving cell requirement can be specified based on T as done in Rel-17 INACTIVE requirement with eDRX. 
The fixed period for neighbor cell measurement should be sufficiently large if eDRX_Inactive ≥ 20.48 sec. 
RAN4 to define a single PTW for serving cell measurement when RAN and CN PTWs are used. 
RAN4 to discuss whether to specify Tmeasure,NR and Tevalaute,NR within a PTW for intra- and inter-frequency cell measurements. 
RAN4 to agree that UE follows the INACTIVE eDRX when IDLE and INACTIVE eDRX PTWs do not coincide
RAN4 to agree that CG-SDT can be performed inside and outside PTW when eDRX > 10.24 sec. 
RAN4 to add a clarification on the potential collision between CG-SDT and PTW when eDRX cycle > 10.24 sec.
The existing CGI reading requirement is reused for SIB1 scheduled with BW > 5 MHz.
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