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Introduction
In RAN #86, a new Work Item (WI) on UE power saving enhancements [1] was approved with the following objectives:
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]
In this document, we discuss potential paging enhancement in order to reduce unnecessary UE reception of paging DCI and/or paging messages for UE power saving.
Discussion
In Rel-15/16 NR, a UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption and monitors one paging occasion (PO) per DRX cycle [2]. For SI acquisition [3], UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging.
Before a RRC_IDLE or RRC_INACTIVE UE monitors paging DCI on its paging occasion, the UE may have to perform measurements on at least one SS/PBCH block (SSB) of a camped cell in order to select a suitable SSB and determine a paging DCI monitoring occasion corresponding to the selected SSB, which may cause additional UE power consumption for paging reception. Thus, it may be beneficial for UE power saving that gNB can indicate a UE to skip monitoring of paging DCI and/or reception of a paging message not intended to the UE.
Observation 1: For an idle or inactive UE, before monitoring paging DCI, the UE may have to perform measurements on at least one SSB of a camped cell in order to select a suitable SSB and determine a paging DCI monitoring occasion corresponding to the selected SSB.
Observation 2: An indication from gNB to skip monitoring of paging DCI and/or decoding of a paging message not intended to a UE may be beneficial for UE power saving.
[bookmark: _Hlk47021851]In an example, similar to Rel-16 power saving PDCCH (i.e. DCI format 2_6), an idle or inactive UE may receive a PDCCH monitoring configuration of a DCI format  of Paging Power Saving (PPS)-PDCCH indicating whether the UE should monitor paging DCI in a given paging cycle (i.e. a DRX cycle used for determining a paging fame (PF) and a paging occasion (PO)), where the paging DCI includes scheduling information for a paging message and/or a short message. The UE monitors PPS-PDCCH according to the received PDCCH monitoring configuration, and in response to detecting the DCI format of PPS-PDCCH, the UE determines whether to monitor the paging DCI in the given paging/DRX cycle based on the detected DCI format. 
PPS-PDCCH may indicate a UE to skip monitoring the paging DCI over a number of DRX cycles for power saving. For example, if potential applications for the UE is delay-tolerant or UE is of a particular type or access class, a network can delay paging the UE. 
Observation 3: For a UE with delay-tolerant application, a network can delay paging the UE and accordingly, the UE can skip monitoring paging DCI over a certain number of DRX cycles based on gNB’s indication for power saving. 
Regarding power consumption related to PPS-PDCCH monitoring, a UE may be configured to have a PPS-PDCCH monitoring occasion(s) close to a paging DCI monitoring occasion(s) so that beam measurements performed by the UE are applicable to both PPS-PDCCH monitoring and paging DCI monitoring. In addition, the UE may skip monitoring PPS-PDCCH on a configured PPS-PDCCH monitoring occasion(s) associated with UE’s paging occasion in a paging/DRX cycle, if the UE has already determined whether to monitor or not monitor paging DCI in the paging occasion of the paging/DRX cycle. If the UE is configured or dynamically indicated (i.e. via previous PPS-PDCCH) to monitor PPS-PDCCH not in every paging/DRX cycle but once over multiple paging/DRX cycles, reduced power consumption regarding the overall paging related procedure is expected.    
[bookmark: _GoBack]Further, PPS-PDCCH may indicate a UE in an RRC_INACTIVE mode to go to an RRC_IDLE mode implicitly and/or explicitly. For example, the UE may go to the RRC IDLE mode upon receiving an indication to skip monitoring the paging DCI over a number of DRX cycles in PPS-PDCCH. In this way, the RRC_INACTIVE UE can go to RRC_IDLE without having to decode a paging message, saving power that would otherwise be needed for decoding of PDCCH (i.e. paging DCI) and PDSCH (i.e. paging message).  
Proposal 1: RAN1 further study Paging Power Saving (PPS)-PDCCH indicating whether UE should monitor paging DCI in a given paging cycle.
Conclusion
In summary, we observe and propose the followings for Rel-17 NR paging enhancement for UE power saving:
· Observation 1: For an idle or inactive UE, before monitoring paging DCI, the UE may have to perform measurements on at least one SSB of a camped cell in order to select a suitable SSB and determine a paging DCI monitoring occasion corresponding to the selected SSB.
· Observation 2: An indication from gNB to skip monitoring of paging DCI and/or decoding of a paging message not intended to a UE may be beneficial for UE power saving.
· Observation 3: For a UE with delay-tolerant application, a network can delay paging the UE and accordingly, the UE can skip monitoring paging DCI over a certain number of DRX cycles based on gNB’s indication for power saving. 
· Proposal 1: RAN1 further study Paging Power Saving (PPS)-PDCCH indicating whether UE should monitor paging DCI in a given paging cycle.
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