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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88e, the study item description on support of reduced capability NR devices [1] has been updated, and the following objective is related to this agenda item:

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 this contribution, we discuss the following issues on reduced PDCCH monitoring for reduced capability NR devices:
· CORESET/search space sets configuration
· UE Assistance Information for reduced PDCCH monitoring
· Discontinuous PDCCH monitoring
· PDCCH candidates dropping
Configuration of CORESET/search space sets 
The number of configured CORESET and search space sets has an impact on UE power consumption. Smaller number of CORESET can potentially provide power saving gain given the number of BD/CCEs is reduced accordingly. In Rel-16, a UE is expected to actively monitor up to 3 CORESETs and 10 search space sets. However, it is not necessary for REDCAP devices to support such flexible configuration, which also causes unnecessary signalling overhead in case of massive REDCAP device connections. For REDCAP UEs, it may be beneficial to support only a maximum of one configurable CORESET per DL BWP in addition to CORESET 0. It is also beneficial to reduce the maximum number of configurable search space sets, which subsequently results in reduced total number of blind decoding.   
Although the dynamic adaptation of PDCCH monitoring techniques may also be discussed in Rel-17 power saving work item, there is still a need to study the dynamic reconfiguration of CORESET/search space sets from REDCAP UE’s perspective, since it is directly related to BD/CCE limit reduction and reduced PDCCH monitoring, which is within the scope of this SID. The PDCCH blocking probability for REDCAP UEs may increase due to reduced bandwidth, increased aggregation levels and reduced number of CCEs. The number of search space sets to be monitored simultaneously may also need to be reduced given the reduced UE processing capability. 
Proposal 1: Consider reduced maximum number of configurable CORESET/search space sets and reduced number of search space sets monitored by REDCAP UEs.
Proposal 2: Study dynamic reconfiguration of CORESET/search space sets for REDCAP UEs.

[bookmark: _Hlk47366299]UE Assistance Information for reduced PDCCH monitoring
[bookmark: _Ref129681832]In RAN1#102e, it is proposed that the baseline for REDCAP power saving techniques should include support for DRX with DCI format 2_6 and cross-slot scheduling, although this does not mean DCI format 2_6 and cross-slot scheduling is mandatory for REDCAP UEs.     
To support various types of terminal and service, multiple reduced PDCCH monitoring capabilities may be configured. UE can report its reduced PDCCH monitoring capability to gNB. However, it is not desirable for the network, if these devices can freely report different sets of UE capabilities in a very flexible manner. 
It is therefore beneficial to define a table of UE power saving preference in terms of parameters in UE assistance information, in order to map different type of NR devices to a set of requirements.    
Firstly, UE power saving assistance information may include configurable PDCCH monitoring parameters and search space configuration (for each SCS), such as maximum number of blind decoding capability, number of PDCCH candidates and aggregations level. 
A USS at CCE aggregation level [image: ] is defined by a set of PDCCH candidates for CCE aggregation level [image: ]. In order to reduce the number of blind decoding, some devices may not want to support the usage of small aggregation levels, such as L=1 or L=2, for better coverage and reliability; while other devices may not be able to support high aggregation levels, e.g. L=16 due to bandwidth limitation. These information may be reported to gNB via UE assistance information. 
Maximum number of configured search space sets may need to be reduced for REDCAP UEs. Furthermore, not all the configured search space sets need to be monitored simultaneously for REDCAP UEs. For example, if a REDCAP UE supports only 5 configured search space sets, but can only monitor 3 search space sets at any one time, the UE may report that the maximum number of configurable search space sets is 5 and the maximum number of simultaneously monitored search space set is 3 as UE power saving assistance information.
UE power saving assistance information may also provide use case scenario related information for REDCAP UEs, such as the expected UE battery life, reference bit rate, peak bit rate, latency. Based on this information, the gNB may determine a set of suitable PDCCH monitoring parameters, such as the configuration of periodicity and multiplexing options.
[bookmark: _Hlk47339681]Proposal 3: Introduce a UE preference table for UE power saving configuration in UE assistance information. 
Discontinuous PDCCH monitoring
It is specified in [2] that:
A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set [image: ], the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number [image: ] [4, TS 38.211] in a frame with number [image: ] if [image: ]. The UE monitors PDCCH candidates for search space set [image: ] for [image: ] consecutive slots, starting from slot [image: ], and does not monitor PDCCH candidates for search space set [image: ] for the next [image: ] consecutive slots. 
Support of FR2 will reduce the symbol duration for PDCCH monitoring, it may not be necessary for a REDCAP UE to monitor every consecutive slot for a transmission burst, but only every alternative slot, or in multiple-slot steps consecutively during Ts following a monitoring occasion. 
Proposal 4: Support consecutive PDCCH monitoring in multi-slot steps during Ts for REDCAP UEs. 

PDCCH candidates dropping 
The network configuration should satisfy the capability of UE. However, when CSS and USS or different USS are collided at the same time, dropping rule is needed. In current NR, the dropping rule is per search space, i.e. if the number of PDCCH candidates in one USS is larger than the remaining PDCCH candidates based on the UE capability, the whole USS will be dropped. If the maximum number of PDCCH candidates reduces, the USS dropping may become more often. It may be beneficial to study the mechanism to drop partial PDCCH candidates within one USS instead of the whole USS.
Proposal 5: Study the mechanism to drop partial PDCCH candidates within a USS instead of the whole USS. 

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed some candidate solutions for the support of reduced PDCCH monitoring capability NR devices, and have the following proposals:
Proposal 1: Consider the reduction of maximum number of supported CORESET/search space sets and number of simultaneously monitored search space sets for REDCAP UEs.
Proposal 2: Study dynamic reconfiguration of CORESET/search space sets for REDCAP UEs.
Proposal 3: Introduce a UE preference table for UE power saving configuration in UE assistance information. 
Proposal 4: Support consecutive PDCCH monitoring in multi-slot steps during Ts for REDCAP UEs. 
Proposal 5: Study the mechanism to drop partial PDCCH candidates within a USS instead of the whole USS. 
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