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1. Introduction
At RAN#88e meeting, revised SID on support of reduced capability NR devices was approved with the objective as follows [1]:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
· Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB
· The study includes evaluations of the impact to network capacity and spectral efficiency
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87 or later.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity



At RAN1#101-e meeting, following agreements related to UE power saving were made [2]:
	Agreements:
· Study the impact of BD and CCE limits reduction on power saving and PDCCH blocking probability (quantitatively) and impacts on latency and scheduling flexibility (at least qualitatively).

Agreements:
· Reuse the power consumption models and scaling factors for FR1 and FR2 provided in TR 38.840 (sections 8.1.1, 8.1.2, 8.1.3) as appropriate.
· For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.
· For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity 100 ms should be considered (other values are encouraged).



In addition, at RAN1#102-e meeting, a number of agreements related to the evaluation assumption of power consumption were made [2]. 
In this contribution, the reduced PDCCH monitoring for RedCap UEs is discussed.

2. Reduced PDCCH monitoring
2.1. Smaller numbers of blind decodes and CCE limits
As shown in Section 1, the objective of this SI includes studying UE power saving and battery lifetime enhancement for RedCap UEs using reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits. In RAN1#102-e meeting, following alternatives were discussed [4]:
	· Alt.1: Reducing Rel-15 BDs to smaller values without any other modifications 
· Alt.2: Reducing Rel-15 BDs to smaller values by DCI size budget reduction
· Alt.3: Reducing Rel-15 BDs to smaller values and introducing new schemes to reduce PDCCH blocking probability, e.g. group scheduling or compact DCI format  


Either scheme has some specification impact. However, it is our understanding that the numbers of BDs and CCE limits in a PDCCH monitoring occasion can be configured by Rel.15 CORESET/search space set configurations, e.g., duration and frequencyDomainResources in ControlResourceSet, or nrofCandidates in SearchSpace. In addition, the number of PDCCH monitoring occasions can also be configured by Rel.15 search space set configuration, e.g., monitoringSlotPeriodicityAndOffset, duration, and monitoringSymbolsWithinSlot in SearchSpace. Hence, not only smaller numbers BDs and CCE limits in a PDCCH monitoring occasion but also smaller number PDCCH monitoring occasions can be realized by existing RRC configurations. We propose to add Alt.4: No specification update, for the discussion, and think this should be the baseline for the study. Note that, for Alt.4, new UE capability (e.g., supporting long PDCCH monitoring periodicity only) can be introduced for RedCap UEs for power saving as Rel.15 UEs need to support an arbitrary monitoringSlotPeriodicityAndOffset. It is necessary to study whether further enhancement (e.g., Alt.1 to 3) is necessary for reducing the number of BDs and CCE limits in a PDCCH monitoring occasion.
Proposal 1: RRC configurations for supporting smaller number of BDs and CCE limits are the baseline, and it is necessary to study whether further enhancement is necessary for reducing the number of BDs and CCE limits.

2.2. Other methods for reduced PDCCH monitoring
Regarding any other methods for reduced PDCCH monitoring, we think RedCap specific issue should be discussed in this AI (e.g., due to reduced BW, lower BD/CCE limits), otherwise (i.e., applicable both RedCap and non-RedCap UEs), power saving WI is appropriate.
In Rel.16 power saving WI, PDCCH-based WUS and cross-slot scheduling enhancement have been adopted. Both schemes can reduce the number of PDCCH monitoring occasions and hence, should be the baseline to reduce the number of PDCCH monitoring occasions for RedCap UEs. As the enhancement of power saving techniques for connected-mode UE (e.g., enhancement of PDCCH-based WUS) and that for idle/inactive-mode UE (e.g, reduced paging receptions) will be studied/specified in Rel.17 power saving WI [5], it would be better to discuss whether/how to reduce PDCCH monitoring for idle/inactive-mode UE in the WI.
In RAN1#102-e meeting, following candidates were discussed for reduced PDCCH monitoring [4]:
	1. Dynamic adaptation of PDCCH monitoring or search space sets
1.1 DCI-based approach (e.g. enhanced DCI format 2_6 or scheduling DCI format)
1.2 Timer-based approach
2. Extending the PDCCH monitoring span gap from 1 slot to X slots (X>1) 


Regarding 1) dynamic adaptation of PDCCH monitoring or search space set, similar discussion was held in Rel.17 power saving WI. In addition, in NR-U UE feature, it has not been decided whether FG10-9/9b/9c/9d (Search space set group switching) can be applied to licensed bands as well. Therefore, we think this candidate should be discussed in Rel.17 power saving WI and/or NR-U UE feature.
Regarding 2) extending the PDCCH monitoring span gap from 1 slot to X slots (X>1), as this can be assumed as reduction of number of BDs by extending the duration, we think this candidate can be discussed together with “Smaller numbers of blind decodes and CCE limits”.

3. Conclusion
In this contribution, we discussed the reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits for RedCap UEs. Based on the discussion, we made following proposal.
Proposal 1: RRC configurations for supporting smaller number of BDs and CCE limits are the baseline, and it is necessary to study whether further enhancement is necessary for reducing the number of BDs and CCE limits.
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