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Introduction
The revised WID on enhanced support of reduced capability NR devices has been approved in [1]. Techniques for further UE complexity reduction have been studied in the study item documented in TR 38.865. The WID has the following objectives: 
	The objective is to specify support for the following enhancements: 
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


This contribution provides the preliminary analysis on the possible RRM impacts due to eRedCap.
Discussion
· Enhanced eDRX in RRC_INACTIVE
RedCap UE in inactive mode shall monitor both CN paging and RAN Paging. In R17 RedCap WI, eDRX for RRC_INACTIVE is up to 10.24s, and there is no PTW for RRC_INACTIVE. Therefore for R17 RedCap UE with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration, the reselection requirements for serving cell are defined based on T which is determined in RAN2, and the intra-frequency and inter-frequency cell reselection requirements are defined based on eDRX_Inactive cycle.
Further enhancement is provided for R18 RedCap UE. The extended DRX for RRC_INACTIVE can be larger than 10.24s, then two PTW (one for RRC-IDLE and the other for RRC_INACTIVE) with different parameters (e.g., length, etc.) can be present at the same time. RAN4 would carry out the study on the definition of RRM measurement requirements for cell reselection
As per some conclusion from SI phase, the possible case is that IDLE eDRX is not less than inactive eDRX. Figure 1 provides one case that there are some PH where RAN paging and CN paging are overlapped, where Idle eDRX cycle length is 40.96s and Inactive eDRX cycle length is 20.48s. 
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RAN2 ever had an agreement at RAN2#114 that when RAN and CN paging coincide in the same PH, the PTW starting locations are the same. This agreement needs to be confirmed in R18 WI phase, and RAN2 will further discuss how to calculate the PTW starting location and how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap. In other words, in coincide PH, RAN2 would discuss how to decide DRX cycle (which is noted as “T”), e.g., T1 for overlapping part of CN and RAN PTW, and T2 for the non-overlapping part with PTW, or a general T which is common for both parts. 
[image: ]
As in R17 RedCap, the RRM requirements of serving cell are specified based on T (paging DRX) which is both inside PTW and outside PTW. When two PTW exist, there are multiple kinds of T: T1 in non-overlapped PTW, common T2 or separate T2-1/T2-2 in overlapped PTW. Which T UE shall use to perform serving cell measurement needs further discussion.
As in R17 RedCap, the measurement period of intra-frequency/inter-frequency measurement depends on inactive eDRX cycles. One reason why T is not used for neighbour cell measurement is that paging DRX T is different within idle_PTW and outside PTW. Measurements as per changed T would complicate UE implementation. We think the same principle can be reused for two PTWs case for R18 RedCap: UE performs intra-frequency/inter-frequency measurement according to a fixed period.
For both serving cell and intra-frequency/inter-frequency measurements, one thing is noted that UE shall perform measurements within PTW(s) for both idle eDRX and inactive eDRX, otherwise the power saving gain of introducing PTW for inactive eDRX vanished.
Anyway the principle of how to determine T when two PTW are overlapped shall wait for RAN2. 
Proposal 1: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE shall perform measurements within PTW(s) for both idle eDRX and inactive eDRX.
Proposal 2: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, measurement requirements on serving cell wait for RAN2 conclusion.
Proposal 3: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE performs intra-frequency/inter-frequency measurement according to a fixed period rather than T(s).

· Complexity/cost reduction
There are some progress in RAN1 on UE BB bandwidth reduction. These complexity reduction focus on reduce the BB bandwidth for PDSCH and PUSCH to 5MHz. There is no reduction on SSB bandwidth. In general, this objective has very limited impact on RRM requirements. The possible impact is reduction of THARQ. However this kind of enhancement is in RAN1 scope. 
	#110b
· For UE BB bandwidth reduction
· the scheduling of SIB1/ broadcast OSI (PDSCH) are allowed to be larger than 5 MHz (as in legacy operation). The size of UE post-FFT buffering is FFS.
· a UE is not expected to receive an UL grant, either dynamic grant or configured grant, with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop.
· For UE Peak data rate reduction
· The value X in “The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X” got no consensus yet. 
· For standalone PR1, the constraint value can be different from the X above.
#111
· For UE BB bandwidth reduction
· PR3 is agreed in RAN1 to replace BW3, i.e. “a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.”
· For broadcast and unicast PDSCH, RAN1 does not assume that the UE post-FFT buffer size per slot is smaller than 20 MHz.
· Broadcast of separate SIB1/OSI (PDSCH) to Rel-18 RedCap UEs is not supported.
· For paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). 
· A UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop.
· For RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot. Only for this case, a timeline relaxation for Msg3 transmission can be further discussed. 




Proposal 4: Almost no RRM impact is foreseen due to UE BB bandwidth reduction. If RAN1 agree on reduction of THARQ RAN4 would capture the changes accordingly.

Conclusions
This contribution provides analysis on the measurement requirements for RedCap UE when eDRX is configured. According to the analysis, we propose the following proposals.
Proposal 1: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE shall perform measurements within PTW(s) for both idle eDRX and inactive eDRX.
Proposal 2: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, measurement requirements on serving cell wait for RAN2 conclusion.
Proposal 3: For R18 RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration which are larger than 10.24s, UE performs intra-frequency/inter-frequency measurement according to a fixed period rather than T(s).
Proposal 4: Almost no RRM impact is foreseen due to UE BB bandwidth reduction. If RAN1 agree on reduction of THARQ RAN4 would capture the changes accordingly.
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