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Introduction
Study on support of reduced capability NR devices has been approved in RAN#86. Generic objectives are listed in the SID [1] as following:
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 

In this contribution, we provide our initial view on reduced PDCCH monitoring for NR devices.
Discussion
NR URLLC is further enhanced in Release 16 within the eURLLC and Industrial IoT work items. Rel-16 also introduced support for Time-Sensitive Networking and 5G integration. Use cases for reduced capability NR devices include industrial wireless sensors, video surveillance and wearables. For different use cases, there are different requirements of connection density, bitrate, latency and reliability (TR 22.804). 
Compared to high-end eMBB and URLLC requirements of Rel-15/Rel-16, reduced PDCCH monitoring capability is necessary in order to reduce cost, size, power consumptions etc. This feature can be applied to not only the delay tolerant eMBB use cases, but also a number of time-sensitive scenarios, e.g. safety related sensors with lower latency requirement of 5-10 ms.
[bookmark: _Hlk40363048]Another example is the shopping mall scenario for retail, which is characterized by high user density with high user data rate and low mobility. The use cases such as tracking on high-value merchandise and smart shelving systems etc. are both time sensitive and with higher reliability requirements. However, it is not desirable to the network if these devices can freely report different sets of UE capabilities in a very flexible manner. UE types in terms of parameters or UE categories can be defined to map each type of NR devices to a set of requirements.    
Firstly, reduced PDCCH monitoring can be achieved by fewer CORESET and search spaces configurations, smaller numbers of blind decodes and CCE limits, e.g. the maximum number of non-overlapping CCEs per slot for a DL BWP for a single serving cell, the maximum number of non-overlapping CCEs per PDCCH monitoring span, maximum number of monitored PDCCH candidates per slot and per serving cell can all be scaled down based on the different monitoring requirements.
To support various types of terminal and service, multiple reduced PDCCH monitoring capabilities could be used. UE reports its reduced PDCCH monitoring capability to gNB. Network may configure the PDCCH monitoring parameter to UE based on the capability of UE, e.g. number of aggregation level, number of PDCCH candidates per aggregation level, periodicity of the search space, etc.
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.
Due to higher number of connections and higher UE density, it may be beneficial to investigate PDCCH blocking probability in conjunction with reduced PDCCH monitoring capability. Enhanced multiplexing and collision avoidance of PDCCH search space may be considered. For cross-carrier scheduling and multiple carriers use case, support of aligned spans only, would also be a good candidate for reducing the complexity of PDCCH monitoring.
Support of FR2 would significantly reduce the symbol duration for PDCCH monitoring, however, the latency requirements are not necessarily reduced, it is therefore useful to study multi-slots PDCCH monitoring occasions for reduced PDCCH monitoring capability. 

Summary
In this contribution, we discussed some candidates for the reduction of PDCCH monitoring capability.
We propose to study on
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits
· Multiple reduced PDCCH monitoring capabilities
· Dropping rule enhancement when configured monitoring candidates larger than capability
· Investigate PDCCH blocking with reduced PDCCH monitoring
· Relaxation of PDCCH monitoring, such as multi-slot for FR2
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