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1 Introduction
At RAN plenary meeting #86, a study item (SI) for the support of reduced capability (RedCap) NR devices was agreed, the following objectives related to PDCCH monitoring reduction were identified for the SI[1]:
	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]



The following use cases have been prioritized by 3GPP RAN for upcoming Rel-17 studies on potential introduction of reduced capability (RedCap) NR UEs [1]: 

	• 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 TS 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 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).




As can be seen from the use cases, bit rate and latency requirements are quite relaxed compared to NR eMBB devices. Moreover, the device cost and complexity, form factor, and power consumption compared to eMBB and URLLC devices of Rel-15/Rel-16 are expected to be much lower as well. To this end, frequent PDCCH monitoring capability is neither necessary nor desirable for RedCap UEs that need to satisfy long battery lifetimes of up to few years. Thus, PDCCH monitoring requirements should be significantly relaxed compared to Rel-15 features and requirements. 
In this contribution, we present our views on relaxed PDCCH monitoring requirements and simplified features related to PDCCH monitoring towards complexity reduction of RedCap UEs.
2 Relaxed PDCCH monitoring requirements
Per Rel-15 NR specifications, a UE needs to be able to support a minimum number of PDCCH blind decoding attempts (BDs) and be able to perform channel estimation for a minimum number of non-overlapped CCEs per slot and per serving cell, where the minimum values are as summarized in Tables 1 and 2, respectively.
Table 1: Maximum number of BDs per slot and per serving cell that may be configured for monitoring for 15 kHz, 30 kHz, 60 kHz, and 120 kHz [2]
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Table 2: Maximum number of non-overlapped CCEs per slot and per serving cell that may be configured for 15 kHz, 30 kHz, 60 kHz, and 120 kHz [2]
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For RedCap NR UEs, the above minimum requirements may be relaxed to help limit the UE complexity and reduce power consumption for PDCCH monitoring. That is, the maximum number of monitored PDCCH candidates per slot and per serving cell for a RedCap UE can be less than 44, 36, 22, 20 for SCS values of 15, 30, 60, 120 kHz respectively. Also, the maximum number of non-overlapped CCEs per slot and per serving cell for a RedCap UE can be less than 56, 56, 48, 32 for SCS values of 15, 30, 60, 120 kHz respectively. Such reduction in the minimum requirements for PDCCH monitoring further help in relaxing the overall processing requirements for DL and UL shared channel processing that are typically associated with relatively tight timelines, at least for unicast scheduling. 
However, it should be also be noted that such reduction in the requirements potentially increases the probability of user blocking for PDCCH scheduling, and thus, means to reduce the PDCCH load itself for the gNB scheduler should be considered to enable better trade-offs between efficient scheduling and power consumption and complexity reduction at the UE.

Proposal 1
· Significant reduction on the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs per slot and per serving cell compared to Rel-15 requirements should be considered for RedCap UEs.

Several factors identified below may facilitate relaxation on the requirements of number BDs and non-overlapped CCEs per slot per serving cell for RedCap UEs:
· Simplified PDCCH monitoring can be adopted for RedCap UEs, such as only PDCCH monitoring Case 1-1 is supported (i.e., PDCCH MOs are restricted to the first three symbols in a slot), at least for monitoring scheduling DCI formats. 
· Reduction in the max # of CORESETs and SS sets in a BWP. In addition to CORESET #0, at most one additional CORESET maybe supported and number of SS sets per BWP should be reduced from 10.
· Reduction on the max # of DCI format sizes compared to the “3+1” rule of R15. For instance, “2+1” rule maybe considered assuming non-fall back DCI formats are size aligned.
· Avoiding partial overlapping monitoring occasions belonging to different CORESETs. 
· Reduction in max # of DL and UL scheduling DCI formats a UE may expect to need to store (i.e., max # PDSCHs/PUSCHs not yet recd./transmitted. Rel-15 supports value of 16 which can be reduced for RedCap UEs.

Proposal 2
· RAN1 to further study simplifications/reduction/constraints related to the following features:
· Locations of PDCCH monitoring occasions in a slot.
· Maximum number of CORESETs and SS sets in a BWP.
· Maximum number of DCI format sizes compared to the “3+1” rule of Rel-15.
· Overlapping monitoring occasions. 
· Maximum number of DL and UL scheduling DCI formats that a UE may be expected to store.

In addition, towards enabling an efficient trade-off between scheduling flexibility and efficiency (that in turn define the impact on system performance from the introduction of RedCap UEs) and UE power consumption and complexity, options that enable operation with reduced PDCCH load in a cell should be pursued. For instance, the following should be considered further towards reducing PDCCH loading and associated probability of user blocking in the cell:
· Enabling configuration of DCI formats with compact size, smaller than formats 0_0/1_0 for a given DL/UL BWP.
· Enabling scheduling of multiple PDSCHs/PUSCHs with different TBs using a single DCI format.
For the first feature, DCI formats 0_2/1_2 may be considered as a starting point for further adaptation. 
The second feature is especially motivated for use cases involving bursty traffic profiles, wherein the UE may be scheduled for multiple PDSCHs/PUSCHs in succession over relatively short periods of time (e.g., much shorter compared to semi-static signaling time profiles), e.g., whenever there would be transfer of relatively large packets (relative in context of RedCap UEs). For such scenarios, it can be quite beneficial to schedule multiple PDSCHs/PUSCHs using a single DCI format. 
Although the size of a single DCI format scheduling multiple PDSCHs/PUSCHs would likely be larger than a DCI format scheduling a single PDCSH/PUSCH, and thus, in apparent contradiction with the first feature, the benefits offered would be at the system level, and can be seen as a way to mitigate some of the adverse impact to system spectral efficiency from introduction of service to RedCap UEs in the network.    

Proposal 3
· RAN1 to further study approaches to help mitigate the adverse impact to system-level performance due to reduced PDCCH monitoring capabilities considering impact to scheduling flexibility and user blocking for PDCCH scheduling. At least the following should be considered:
· Enabling configuration of DCI formats with compact size, smaller than formats 0_0/1_0 for a given DL/UL BWP.
· Enabling scheduling of multiple PDSCHs/PUSCHs with different TBs using a single DCI format.
3 Conclusions
In this contribution, we presented our views on relaxed PDCCH monitoring requirements and simplifications of some of the PDCCH monitoring behaviors compared to Rel15. Our views are summarized via the following proposals:
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