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1 Introduction

In RAN#86, a new study item was approved on the support of reduced capability NR devices, relative to Rel-15/16 eMBB and URLLC NR devices, to serve specific targeted use cases: industrial wireless sensors, video surveillance, and wearables. The study item description has been revised in RAN#88-e [1]. 
One of the objectives of the study is:

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].

In RAN1#101-e, the following agreements 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 this contribution, we provide our views on reduced PDCCH monitoring for RedCap UE.

2 Reduced PDCCH monitoring
A UE needs to blindly decode PDCCH candidates in order to find DCI. The network uses PDCCH search spaces to convey such information and UE may have to monitor for multiple candidates for each configured AL. A good way for a RedCap UE to enhance power saving and battery lifetime is through reduced PDCCH monitoring. 

PDCCH monitoring occasions (in terms of monitoring periodicity, offset and symbols within slot) can be controlled by Rel-15 configuration. Reduced PDCCH monitoring periodicity can be examined for RedCap UE and we should identify if the existing value set (spanning between 1 and 2560 slots) needs to be enhanced. This examination needs to consider the specific latency requirements of the targeted use cases.  Furthermore, RRC configurations on CORESET and search space sets are also already in place since Rel-15. These configurations can be used to control the number of BD attempts and CCE limits and can be considered to start studying whether any enhancement is required for RedCap UE. If enhancements are found to be required, the impact on latency, scheduling flexibility, power saving and PDCCH blocking probability from further BD/CCE reductions latency, scheduling flexibility and PDCCH blocking probability as has been agreed in previous meeting.
Proposal 1: Study whether enhancements on existing Rel-15 configurations are at all required for reducing PDCCH monitoring by smaller numbers of blind decodes and CCE limits.
Rel-16 power saving WI introduced PDCCH-based WUS solution and enhanced the cross-slot scheduling procedure. These features can be used to reduce PDCCH monitoring occasions and should be discussed if feasible to adopt or adapt for RedCap UE.

Proposal 2: Study feasibility to adopt or adapt the features from Rel-16 power saving WI reducing PDCCH monitoring.
Several additional enhancements related to reduced PDCCH monitoring are being discussed in Rel-17 power saving work item. We should monitor progress in design of these features and, if supported regular NR UE, we can consider extending some solutions for Redcap UE such as dynamic adaptation of PDCCH monitoring occasions which could enhance the current NR specification supporting semi-static adaptation.
Proposal 3: Reducing PDCCH monitoring task for RedCap UE should take into account related progress in Rel-17 power saving WI to avoid duplicate efforts.
Another axis for reducing PDCCH monitoring has to do with the supported DCI formats and sizes since the number of different sizes a UE has to monitor is connected to the total number of BD required. 12 DCI formats exist as of Rel-16 (excluding the ones for scheduling of sidelink), some with sizes possible to align for reduced monitoring, and a legacy NR UE has a monitoring size budget of 4. However, for RedCap UE, we should consider if some DCI formats are not relevant at all (e.g. DCI 2-1/4 used for preemption/cancellation indication) as well as if enhanced specification on DCI sizes alignment is needed, by e.g. padding bits or removing/reducing specific fields.
Regarding the power consumption model of TR 38.840, we believe that some refinement will be needed to better capture the additional reduced capability (e.g. reduced bandwidth, MIMO order, PDCCH monitoring, etc.). At high-level view of the study, we should also clarify if it is considered that RedCap devices are battery powered or not, and consider if UE battery life evaluation methodology needs to be developed.
Finally, progress in PDCCH monitoring relaxation study should go hand in hand with the investigations on N1/N2 relaxation for complexity reduction. N1/N2 relaxation should be also evaluated together with PDCCH monitoring relaxation, to clarify joint gain and impact, or if there is conflict. If PDCCH monitoring is relaxed, reducing capability #1 may not give the same complexity reduction benefit; therefore, the evaluation of the benefit each feature brings may need to be considered together with a joint implementation evaluation. Another aspect to study more on this is the latency impact in case of jointly employing these two features.
3 Conclusion
In this contribution, we discuss reduced PDCCH monitoring issues for redcap UE. We reach to the following proposals:  

Proposal 1: Study whether enhancements on existing Rel-15 configurations are at all required for reducing PDCCH monitoring by smaller numbers of blind decodes and CCE limits.

Proposal 2: Study feasibility to adopt or adapt the features from Rel-16 power saving WI reducing PDCCH monitoring.
Proposal 3: Reducing PDCCH monitoring task for RedCap UE should take into account related progress in Rel-17 power saving WI to avoid duplicate efforts.
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