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In RAN#86 meeting, a new WID RP-193173 for UE power saving enhancement was approved. In the WID, the object of UE power saving includes the following.1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



One of the objectives is PDCCH monitoring reduction for connected mode UE. In this paper, we discuss on this aspect.
Discussion
In NR, a UE in connected mode can be configured with a DRX functionality for the purpose of UE power saving. If DRX is configured, the UE monitors PDCCH during Active Time. Otherwise, the UE monitors PDCCH continuously. In Rel-16 NR, PDCCH based WUS has been introduced to reduce the PDCCH monitoring in connected mode. The WUS should be configured jointly with DRX. WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer and is used to indicate whether the UE starts drx-onDurationTimer to monitor PDCCH during the next occurrence of drx-onDurationTimer or not.   
In Rel-17 UE power saving WI, one of the objects is to extend Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured. 
In RAN1#104e meetings, the following agreements were made regarding power saving adaptation during DRX Active Time.
	Agreements:
· Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
· Details FFS



Based on the agreement, RAN1 has agreed to introduce PDCCH skipping. The motivation of PDCCH skipping is that if the network does not expect to schedule a UE for a time duration, the UE is allowed to stop PDCCH monitoring for this time duration, no matter the UE is in Active Time or not, which is beneficial for UE power saving.
In addition, RAN1 discussed more details for PDCCH skipping and made the following the agreements.
	Agreements:
· For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI
· Format 1_1
· Format 0_1
· Format 0_2/1_2
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS details
· DCI dynamically indicates a duration/periodic interval for skipping
· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX
· PDCCH skipping for a duration indicated by minimum scheduling offset
· Others are not precluded



It can be observed that RAN1 considers DCI based PDCCH skipping, given that usually it should be network to decide whether to schedule the UE or not. If the network does not expect to schedule the UE for a period based on UE’s DL/UL data amount and the scheduling scheme, the network could send an explicit indication for PDCCH skipping to the UE. In most situations, the UE should follow the PDCCH skipping indication and stop monitoring PDCCH during the PDCCH skipping duration, however, some special cases should be considered.
· Case1: A SR is sent during PDCCH skipping duration
· Case2: A MAC PDU is transmitted on configured grant during PDCCH skipping duration
· Case3: CFRA for BFR is triggered during PDCCH skipping duration
In case 1, the UE will expect UL grant for BSR or UL transmission, so once the SR is sent and is pending, the UE should resume PDCCH monitoring.
In case 2, for a UE configured with CG, the UE may send a MAC PDU or not on each CG occasion, which is unknown to the network prior to PUSCH reception. If the UE sends a MAC PDU on CG during PDCCH skipping duration, the UE should start to monitor PDCCH indicating a retransmission for the MAC PDU when UE starts drx-RetransmissionTimerUL for the corresponding HARQ process.
In case 3, if the UE has received PDCCH skipping indication before triggering CFRA for BFR, after sending preamble for beam failure recovery request, the UE would start to monitor PDCCH identified by C-RNTI, if the UE still continues PDCCH skipping, the UE may miss the PDCCH, which will increase BFR delay.
Based on above, we propose the following:
[bookmark: _Toc47130366][bookmark: _Toc47131585][bookmark: _Toc47650364]UE resumes PDCCH monitoring in the following cases:
· A SR is sent during PDCCH skipping duration
· A MAC PDU is transmitted on configured grant during PDCCH skipping duration
· CFRA for BFR is triggered during PDCCH skipping duration
Conclusion
Based on the discussion we give the following proposals:
1. UE resumes PDCCH monitoring in the following cases.
· A SR is sent during PDCCH skipping duration
· A MAC PDU is transmitted on configured grant during PDCCH skipping duration
· CFRA for BFR is triggered during PDCCH skipping duration
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