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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

In RAN#88e, Study on support of reduced capability NR devices [1] has been updated. The use case specific requirements are listed as following:
•	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 TR 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 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, 10-150 Mbps for downlink and 5-50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
In this contribution, we discuss the following issues on reduced PDCCH monitoring for reduced capability NR devices:
· Dynamic CORESET/search space ON/OFF
· Support of UE Assistance Information for PDCCH monitoring
· Discontinuous PDCCH monitoring
· PDCCH candidates dropping

Dynamic CORESET/search space ON/OFF
Adaptation of CORESET/search space configuration according to data traffic can reduce the number of blind decoding and blocking probability while maintaining scheduling flexibility. The PDCCH blocking probability may increase as a result of reduced bandwidth, large aggregation levels and reduced number of CCEs. The number of search space sets to be monitored simultaneously needs to be reduced also due to the reduced UE processing capability. The search space sets to be monitored at any one time may be notified to the UE by dynamically indicating the index of CORESET/PDCCH search space set.
Rel-16 PDCCH-based WUS power saving scheme should be the baseline for Rel-17 power saving. It is likely that the REDCAP UE may need to update the search space sets monitored following a period of sleep as some of the originally configured CCEs may be occupied by other active devices. It is beneficial to reconfigure the active search space sets at the same time as the UE wakes up. Therefore, search space ‘ON/OFF’ monitoring by REDCAP UEs can be supported outside Active Time, for example, DCI format 2_6 can be used for triggering dynamic search space ‘ON/OFF’ and applied in conjunction with the DRX operation mode.
Proposal 1: DCI Format 2_6 WUS can be used for triggering dynamic CORESET/search space ON/OFF.
During Active state, if some of the configured search space sets are being blocked by other (higher priority) UEs, it may also be required that the REDCAP UE is able to update the search space sets monitored. DCI format 1_1 and 0_1 can be used to reconfigure the search space sets monitored by REDCAP UEs during Active Time. Some fields such as CBGTI may be reused, so that there is no change to the DCI size, and no increase to PDCCH monitoring.
[bookmark: _Hlk47286565]Proposal 2: DCI Format 1_1 and 0_1 can be used for the search space set indication during Active Time in addition to by DCI format 2_6 outside Active Time.
Search Space Set Indication
To reduce the number of blind decoding, the number of simultaneously monitored search space sets can be reduced. The maximum number of simultaneously monitored search space sets can be restricted by configuration, e.g. at 3 to 8. The index of CORSET/PDCCH search space sets (group) can be semi-statically configured and dynamically indicated. 
For example, if a REDCAP UE can support 3 search space sets, 3 bits may be introduced in DCI for dynamic indication of 3 active search space sets, where ‘1’ indicates ‘ON’; ‘0’ indicates ‘OFF’. 
[bookmark: _Hlk47286610]Proposal 3: For REDCAP UEs, maximum number of simultaneously monitored search space sets may be configurable. 
Proposal 4: Introduce a bitmap in DCI for dynamic indication of search space sets or search space sets groups. 

[bookmark: _Hlk47366299]UE Assistance Information for reduced PDCCH monitoring
[bookmark: _Ref129681832]To support various types of terminal and service, multiple reduced PDCCH monitoring capabilities could be configured. UE reports 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 should include configurable PDCCH monitoring parameters and search space configuration (for each SCS), such as maximum number of blind decoding capability, maximum number of PDCCH candidates per aggregations level. 
A USS at CCE aggregation level [image: ] is defined by a set of PDCCH candidates for CCE aggregation level [image: ]. Some devices may not support the usage of small aggregation levels, such as L=1 or L=2, while others are not able to support high aggregation levels, e.g. L=16 due to bandwidth limitation. This information may also be reported to the gNB in the supported aggregation levels of UE assistance information. 
In Rel-16, there can be up to 10 configured search space sets. Maximum number of configured search space sets may be reduced for REDCAP UEs. Furthermore, not all the configured search space sets need to be monitored simultaneously for reduced capability 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 for UE power saving assistance information.
UE power saving assistance information may also provide use case scenario related information, such as expected UE battery life, reference bit rate, peak bit rate, latency. Based on this information, the gNB can determine the suitable PDCCH monitoring parameters, such as the configuration of periodicity and multiplexing options.
[bookmark: _Hlk47339681]Proposal 5: 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 every multiple slots consecutively during Ts following a monitoring occasion. 
Proposal 6: Support consecutive PDCCH monitoring in multi-slot steps during Ts for a transmission burst. 

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 7: 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: DCI Format 2_6 WUS can be used for triggering dynamic CORESET/search space ON/OFF.
Proposal 2: DCI Format 1_1 and 0_1 can be used for the search space set indication during Active Time in addition to by DCI format 2_6 outside Active Time.
Proposal 3: For REDCAP UEs, maximum number of simultaneously monitored search space sets may be configurable. 
[bookmark: _Hlk47287879]Proposal 4: Introduce a bitmap in DCI for dynamic indication of search space sets or search space sets groups. 
Proposal 5: Introduce a UE preference table for UE power saving configuration in UE assistance information. 
Proposal 6: Support consecutive PDCCH monitoring in multi-slot steps during Ts for a transmission burst. 
Proposal 7: Study the mechanism to drop partial PDCCH candidates within a USS instead of the whole USS. 
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