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Introduction
In RAN#90-e, a WID on support of reduced capability NR devices [1] was agreed, but whether to include PDCCH monitoring reduction in the WID at a later time (e.g. RAN#91-e) is open for further discussions. Some of RAN1#103-e meeting agreements regarding study of power saving techniques for reduced capability (RedCap) UEs are provided below [2]:
Agreements Capture the following four paragraphs into TR 38.875 clause 12 for PDCCH monitoring: 
	 The PDCCH monitoring reduction for RedCap UEs has been studied. The study includes the evaluation of power saving benefit, system performance impacts, coexistence impacts, potential schemes, and the corresponding specification impacts. 
The power saving benefit by PDCCH monitoring reduction for RedCap UEs has been evaluated based on the agreed power model and traffic model, with the results and observations captured in section 8.2.2. In addition, scheduling flexibility and latency impacts have also been studied in Section 8.2.3.
The system performance impact has been evaluated using PDCCH blocking rate as the metric, with the results and observations captured in section 8.2.3. In addition, scheduling flexibility and latency impacts have also been studied in Section 8.2.3.
Three candidate schemes for PDCCH monitoring reduction have been identified and studied with the corresponding coexistence and specification impacts captured in sections 8.2.4 and section 8.2.5, respectively. 



Agreements:
Capture the following feature description for Scheme #1 in the TR:
	Scheme #1: Reduced maximum number of Blind Decoding (BD) per slot in connected mode 
In Rel-15 and Rel-16 NR, the limits on maximum number of BDs per slot is configurable up to the limits are defined for different SCS configurations, as summarized in Table 1. Scheme #1 reduces the maximum number of BDs in a slot. In Rel-15 and Rel-16 specifications, the total number of different DCI sizes configured to monitor is up to 4 with up to 3 different DCI sizes with C-RNTI. Two alternatives were studied under Scheme #1, which includes reduced maximum number of BDs per slot with additionally reduced DCI size budget (Alt.1a) and reduced maximum number of BDs per slot without reduced DCI size budget (Alt.1b).     
Table 1: Blind decoding limits in NR.
	SCS [kHz]
	15
	30
	60
	120

	Max # BD per slot (in NR)
	44
	36
	22
	20






Agreements: Capture the following feature description for Scheme #2 in the TR:
	 In Rel-15/16 NR, the range of PDCCH monitoring periodicity is configurable, which is in a range of a few symbol (s) to 2560 slots subject to UE capability. Scheme#2 is to extend the minimum separation between two consecutive PDCCH monitoring occasions, spans or slots with configured PDCCH candidates to be X slots, where X>1. 



Agreements:
Capture the following feature description for Scheme #3 in the TR:
	Scheme #3: Dynamic adaptation of PDCCH Blind Decoding (BD) parameters in connected mode
In Rel-15/16, the parameters of PDCCH monitoring is configured by RRC signaling on a per search space set basis. Scheme #3 is to dynamically adapt PDCCH BD parameters e.g. maximum number of PDCCH candidates per PDCCH monitoring occasion and minimum time separation between two consecutive PDCCH monitoring occasions. For example, to address real-time traffic variations on a cell or for a UE while accounting for blocking, a gNB can indicate reduced/full PDCCH BD on the cell to the UE when traffic is low/high. 



 Agreements: Capturing the following into TR 38.875 for latency impact:
	The latency impact due to BD reduction may largely depend on PDCCH blocking rate performance impact. If the PDCCH blocking rate is increased by BD reduction, the latency performance is expected to be increased; Otherwise, BD reduction has no impact on the latency.  



Agreements Capture the following into TR 38.875 for section 8.2.3 for scheduling flexibility impacts.  
	Scheduling flexibility may or may not be impacted by BD reduction depending on multiple factors at least including BW, Subcarrier Spacing (SCS), CORESET size, AL distribution, channel condition, number of ALs per UE, number of UEs that need to be simultaneously scheduled, DCI size budget reduction, etc. 


 
Agreements Capturing the following into TR 38.875 for section 8.2.5 
	· Depending on the considered techniques, for scheme with reducing maximum number of PDCCH candidates, specification impact may include reducing the limit on maximum number of PDCCH candidates.  
· For Extending the PDCCH monitoring gap to X slots (X), the minimum separation between two consecutive PDCCH monitoring occasions, spans or slots configured with PDCCH candidates is increased from 1 slot to X>1 slots and X needs to be specified.
· For dynamic adaptation of PDCCH BD parameters in connected mode, specification impacts may include mechanisms used to dynamically adapt PDCCH BD parameters e.g., maximum number of BDs per PDCCH monitoring occasion, span or slot and minimum time separation between two consecutive PDCCH monitoring occasions, spans or slots configured with PDCCH candidates. 
· The existing Rel-15/Rel-16 PDCCH monitoring configuration can still be used to configure the BD candidates and PDCCH monitoring gap. Additional specification impacts may include one or more of following: reducing DCI size budget, modification to DCI size alignment rule, DCI format design (including single PDSCH scheduling and multiple PDSCHs scheduling), modification to PDCCH candidates dropping rule, to minimize the PDCCH blocking rate impact and network restriction.   



In this document, we provide our views on potential reduction of blind decoding/non-overlapped CCE limits and potential enhancements in PDCCH monitoring of RedCap UEs to achieve reduced complexity and reduced power consumption.  
Discussion
Reducing the maximum number of monitored PDCCH candidates (i.e. the maximum number of blind decoding) per slot and per serving cell can reduce device complexity. In addition, the reduced max number of PDCCH candidates per slot per serving cell may achieve reduced power consumption when combined with a proper configuration(s) of PDCCH monitoring occasions. For example, if monitoring occasions of a search space occur in every slot, there might be no or limited power saving gain from the reduced max. number of PDCCH candidates per slot per serving cell, compared to the case of maintaining the Rel-15/16 max number of PDCCH candidates per slot per serving cell and performing PDCCH monitoring in every other slot. Thus, reducing the max number of monitored PDCCH candidates per slot per serving cell and enhanced PDCCH monitoring mechanisms should be jointly considered.
Observation 1: Reduction of the max number of monitored PDCCH candidates per slot per serving cell and enhanced PDCCH monitoring mechanisms should be jointly considered to fully realize power saving gains.
The RedCap SID [3] includes 3 use case specific requirements as follows: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
From the above requirement description, it is envisioned that gNB can delay scheduling of some RedCap UEs upon arrival of DL/UL data thanks to relaxed latency requirements. If gNB properly distributes PDCCH monitoring occasions among RedCap UEs in a cell and adjusts a monitoring occasion/search space configuration based on each RedCap UE’s active application or traffic type, the PDCCH blocking probability may not be a major factor to consider when deciding whether to reduce the max number of PDCCH candidates. 
Observation 2: The max number of PDCCH blind decoding per slot per serving cell can be reduced without impacting scheduling flexibility thanks to relaxed latency requirements for RedCap UEs.
The PDCCH blind decoding effort could be reduced by configuring a smaller number of search space sets per bandwidth part (note that in Rel-15/16 NR, the maximum number of configured search space sets per BWP is 10). From this, it is expected that the number of DCI format sizes to be detected by the UE, which is up to 4, could be reduced, such that the PDCCH blind decoding effort is further relaxed. However, at least one search space set with fallback DCI formats needs to be configured to a UE in order to support e.g., data scheduling in uncertainty phase when the UE performs RRC reconfiguration. On the other hand, the fallback DCI formats may not be efficient in supporting large data packet scheduling. This leads to the need to support adaptation of search space sets with different DCI formats. 
Proposal 1: Reduce the DCI size budget of “3+1” for NR RedCap UEs for PDCCH blind decoding reduction.
Proposal 2: Support adaptation of search space sets with different DCI formats to accommodate DCI size budget reduction.  
In addition, it could be considered to reduce PDCCH monitoring through a unified framework of search space set adaptation, which is similar with search space set grouping for NR-U. In general, a search space set is configured but deactivated, and it is activated when a DCI format is detected from another search space set. As an alternative, the activation/deactivation of the search space set is based on a configured timer and/or a MAC CE. Specifically, a PDCCH in one search space set with one set of configurations of e.g., a long PDCCH monitoring periodicity, a smaller number of aggregation level (AL)/candidates, and fallback DCI formats, can activate another search space set with another set of configurations of e.g., a short PDCCH monitoring periodicity, a larger number of AL/candidates, and non-fallback DCIs. Activation/deactivation of a particular search space set could be based on traffic status. 
Proposal 3: Support PDCCH monitoring reduction through dynamic adaptation of search space sets with different configurations in term of e.g., monitoring periodicity, number of AL/candidates, and DCI formats. 
Conclusion
In summary, we have the following observation and proposals for PDCCH monitoring at NR RedCap UEs:
· Observation 1: Reduction of the max number of monitored PDCCH candidates per slot per serving cell and enhanced PDCCH monitoring mechanisms should be jointly considered to fully realize power saving gains.
· Observation 2: The max number of PDCCH blind decoding per slot per serving cell can be reduced without impacting scheduling flexibility thanks to relaxed latency requirements for RedCap UEs.
· Proposal 1: Consider reducing the DCI size budget of “3+1” for NR RedCap UEs for PDCCH blind decoding reduction.
· Proposal 2: Support adaptation of search space sets with different DCI formats to accommodate DCI size budget reduction.  
· Proposal 3: Support PDCCH monitoring reduction through dynamic adaptation of search space sets with different configurations in term of e.g., monitoring periodicity, number of AL/candidates, and DCI formats. 
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