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Introduction
The study item for reduced capability NR devices was approved in RAN#86 and revised in RAN#88e [1], and the following objectives were identified in relation to PDCCH monitoring:
	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 and analyses issues and potential enhancements for reduced PDCCH monitoring,

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]Reduced PDCCH Monitoring
In Rel. 15 multiple minimum requirements for PDCCH monitoring that have to be fulfilled by a UE have been specified. These minimum numbers are summarized in Table 1 and Table 2.
[bookmark: _Ref46826503]Table 1: Rel. 15 maximum number of BDs per slot and per serving cell for different SCSs.
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell

	0
	44

	1
	36

	2
	22

	3
	20


[bookmark: _Ref46826511]
Table 2: Rel. 15 maximum number of non-overlapping CCEs per slot and per serving cell for different SCSs.
	
	Maximum number of non-overlapped CCEs per slot and per serving cell

	0
	56

	1
	56

	2
	48

	3
	32



These requirements have been defined mainly with targeting eMBB UEs that do not have such stringent power saving and complexity targets as RedCap UEs. However, regardless of these numbers the network can configure the UE also with a smaller number of BDs to save power. This way the power saving aspect would be mainly under network control. Nevertheless, a RedCap UE would still have to support the BD and CCE requirements which affects the complexity of the modem. Hence, one way to also reduce the complexity is to lower the BD and CCE requirements for RedCap UEs. This in turn increases the PDCCH blocking probability due to the decreased scheduling flexibility of the gNB. Another alternative is to also consider other relaxations, e.g. BD span larger than a slot, instead of reducing the number of BDs. So that more time is granted to the UE to perform the same number of PDCCH BDs. DCI piggyback over PDSCH may also be considered to reduce control monitoring or to diminish the blocking probability by increasing the scheduling flexibility. 
Observation 1: Power saving aspects for PDCCH monitoring are mainly under network control.
Proposal 1: Study mechanisms to lower the BD effort of RedCap UEs considering power saving, complexity and blocking probability. 
 
Furthermore, larger PDCCH monitoring periodicities can be considered since latency requirements are more relaxed for RedCap use cases, e.g. 100 ms for industrial wireless networks. The minimum monitoring periodicity for a search space is one slot. Even the most stringent latency requirement, such as safety related industrial wireless sensors is between 5 and 10 ms. Hence, such a small PDCCH monitoring periodicity is not required and RedCap UEs do not need to support such small monitoring periodicities at all. 
Proposal 2: Do not support PDCCH monitoring periodicities as small as 1 or 2 slots for RedCap UEs.

Rel.15/16 UEs can be configured with up to 3 CORESETs and up to 10 search spaces per BWP. To meet the requirements for the RedCap use cases less CORESETs and less search spaces are sufficient. So, it is worthwhile considering the reduction of the number of supported CORESETs and search spaces. This could reduce the complexity of the UE.
Proposal 3: Consider reducing the number of supported CORESETs and search spaces per BWP for RedCap UEs.

Dynamic PDCCH Monitoring Adaption
In Rel. 16, dynamic search space switching was introduced for access to unlicensed bands. This mechanism allows for dynamic switching of search space monitoring periodicities within a BWP. Although being introduced for a different purpose this mechanism can be adapted and reused for power saving purposes. 
In the current procedure, search spaces are grouped into two search space groups, 0 and 1. The UE monitors search spaces associated with group 0 upon detecting a DCI and then changes to search space group 1 responsively. Adapting to RedCap, search space group 0 can be used to configure the UE with a sparse set of monitoring occasions which can be switched to more dense monitoring periodicities on demand based on the traffic. 
One aspect of future studies is how to trigger the search space group switching. Since the procedure was defined to handle out-of-COT and in-COT switching any DCI format detected in group 0 can trigger a switch. However, in RedCap it depends on different requirements, such as whether more follow-up traffic is expected. An unrequired search space switching by a single incoming packet should be avoided.
Proposal 4: Study reusing the dynamic search space switching for power saving purposes. Evaluate switching triggers to minimize unnecessary switching.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Observation 1: Power saving aspects for PDCCH monitoring are mainly under network control.
Proposal 1: Study mechanisms to lower the BD effort of RedCap UEs considering power saving, complexity and blocking probability. 
Proposal 2: Do not support PDCCH monitoring periodicities as small as 1 or 2 slots for RedCap UEs.
Proposal 3: Consider reducing the number of supported CORESETs and search spaces per BWP for RedCap UEs.
Proposal 4: Study reusing the dynamic search space switching for power saving purposes. Evaluate switching triggers such that unrequired switchings are avoided.

References
1. RP-201386, “Revised SID on Study on support of reduced capability NR devices”, Ericsson, 3GPP RAN#88e, June - July 2020.



3/3
