3GPP TSG RAN WG1 #102-e		                                    R1-2006539
e-Meeting, August 17th –28th, 2020

Agenda Item:	8.6.2
Source:	InterDigital, Inc.
Title:	Reduced PDCCH monitoring for reduced capability NR devices
Document for:	Discussion
[bookmark: _Ref513464071]Introduction
In RAN#86, a new SI on reduced capability NR devices was approved [1]. One of the objectives of the SI is the following:
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]

This contribution discusses potential techniques for PDCCH monitoring reduction.
PDCCH monitoring reduction
PDCCH monitoring is one of the largest contributors to power consumption as it requires UE to be active even when there is no data to receive. In addition, a larger number of blind decoding attempts in a PDCCH monitoring occasion leads to higher power consumption and implementation complexity as a UE needs to finish decoding all blind decoding candidates within a processing time allowed. Therefore, reducing UE’s active time for PDCCH monitoring as well as the number of blind decodes in a monitoring occasion will reduce UE implementation complexity and power consumption.
PDCCH monitoring adaptation
A potential method to limit the number of blind decoding attempts is to dynamically manage the search spaces monitored based on the traffic and the cell load patterns. For example, a device sometimes may need to monitor the PDCCH more frequently and sometimes the monitoring periodicity can be reduced. In another example, at times, the number of PDCCH candidates can be reduced if the load in the cell is not as high. Therefore, dynamically switching between search spaces or dynamically activating/deactivating search spaces can help reduce blind decoding. The dynamic switching/activation may be indicated in the DCI explicitly or indicated implicitly.
One method that has already been adopted for NR-Unlicensed and can also be used with some changes for reduced capability devices is search space switching. Search space switching can also be extended to search space activation or deactivation the difference being that in switching, the first set of search spaces are not monitored; however, in activation, the first set of search spaces can optionally still be monitored. Search space switching is analysed in [2] and simulations results are presented. According to these results, significant gains can be achieved.
[bookmark: _Hlk40451957]Proposal 1: Study dynamic PDCCH monitoring adaptation schemes.

In addition to search space switching/activation, dynamic reconfiguration of an active search space may also be considered to reduce the number of blind decodes. For example, the following may be considered:
· The number of PDCCH candidates to monitor per aggregation level can be reduced. As an example, if the blocking probability decreases due to a change in the cell load, then the UE may not need to try decoding a large number of candidates. The gNB can indicate to the UE to reduce the number of candidates and the gNB can transmit the PDCCH accordingly.
· The number aggregation levels to monitor may be dynamically changed. For example, if a UE moves into a region with better SINR, then it may not need to monitor the higher aggregation levels. The gNB can then indicate to the UE to only monitor the lower aggregation levels.
Proposal 2: Study dynamic reconfiguration of a search space as a candidate for reduced PDCCH monitoring schemes.

Reduced PDCCH monitoring capability
NR has been designed for moderate to high complexity UEs and therefore UE requirements are higher than those of RedCap UEs. Regarding PDCCH monitoring, the blind decoding and CCE limits adopted in NR are provided in Table 1. Reducing these capabilities may be considered for RedCap UEs.

[bookmark: _Ref47709345]Table 1 Blind decoding and CCE limits in NR
	SCS [kHz]
	15
	30
	60
	120

	Maximum number of monitored PDCCH candidates per slot
	44
	36
	22
	20

	Maximum number of non-overlapped CCEs per slot
	56
	56
	48
	32



In addition to the above, reducing the number and size of supported DCI formats should also be considered.
Proposal 3: Consider to reduce PDCCH monitoring capability for RedCap UEs.

Conclusion
This contribution has discussed reduced PDCCH monitoring for reduced capability devices. Based on the discussion, we propose the following:
Proposal 1: Study dynamic PDCCH monitoring adaptation schemes.
Proposal 2: Study dynamic reconfiguration of a search space as a candidate for reduced PDCCH monitoring schemes.
Proposal 3: Consider to reduce PDCCH monitoring capability for RedCap UEs.
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