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Introduction
[bookmark: _Hlk53780111]During RAN1 #102-e meeting, RAN1 made following agreements regarding potential paging enhancement for idle/inactive-mode UE power saving [1]:
Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded

Agreements:
For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain (relative to a given feature or overall)
·  Impact to UE paging detection probability 
·  FFS: Link level simulation assumptions
· System impact, including 
· Additional resource overhead and its implications
· Impact to Rel-15/Rel-16 idle/inactive-mode UEs and connected-mode UEs
· Impact to other legacy functionalities, including SI change and ETWS indication
· [Note: NW energy consumption evaluation is not precluded]

Agreements:
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered

Agreements:
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO
Agreements:
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification

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 can reduce UE power consumption from unnecessary measurement and PDCCH decoding efforts.
[bookmark: _Hlk47021851]For 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. 
[bookmark: _GoBack]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. Alternatively, the UE may be configured to have a PPS-PDCCH monitoring occasion(s) close to an SSB. Further, the UE may be configured with a TRS/CSI-RS occasion close to a paging DCI monitoring occasion(s) for time and frequency tracking. TRS/CSI-RS may actually be transmitted on the configured TRS/CSI-RS occasion, if a paging PDCCH is transmitted on the paging DCI monitoring occasion. 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. 
Observation 4: Paging power saving (PPS)-PDCCH monitoring can be configured in a power efficient manner based on implementation and/or based on TRS/CSI-RS provision.
Proposal 1: Support indication from gNB to skip monitoring of paging DCI.   
By sub-grouping UEs corresponding to a particular PO of a particular PF, gNB can indicate a certain sub-group of UEs not to monitor paging DCI, although the paging DCI is transmitted on a paging PDCCH monitoring occasion of the particular PO. On the other hand, a finer granularity of indication may increase an indication signaling overhead and accordingly, may degrade detection/decoding performance of an indication channel and/or require higher power consumption for detection/decoding of the indication channel. Thus, sub-grouping of UEs in the indication channel (e.g. PPS-PDCCH) may not be desired. 
Instead, sub-grouping of UEs in paging DCI may be beneficial for power saving, if a group paging rate (i.e. a paging rate for a group of UEs sharing a PO) is very high. For example, for a case that an individual paging rate is 1% and 32 UEs share a PO (note that the maximum possible number of page records in a paging message is 32), the group paging rate is 27.5%. If 6 reserved bits in DCI format 1_0 with CRC scrambled by P-RNTI are used for sub-group based indication of paging PDSCH decoding, each sub-group has the max. 6 UEs and a sub-group paging rate for 6 UEs is 5.85%. Thus, paging PDSCH decoding efforts can be significantly reduced. Further, this enhancement can be achieved without increasing a signaling overhead.
Observation 5: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel (e.g. PPS-PDCCH) may degrade detection/decoding performance of the indication channel and/or may require higher power consumption for detection/decoding of the indication channel due to an increased signaling overhead.
Proposal 2: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel is not supported.
Observation 6: Sub-group based indication from gNB in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
Proposal 3: Consider sub-group based indication in paging DCI to skip decoding of a paging PDSCH.
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 4: Consider switching from RRC_INACTIVE to RRC_IDLE based on PPS-PDCCH without decoding a paging PDSCH.  
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 can reduce UE power consumption from unnecessary measurement and PDCCH decoding efforts.
· 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. 
· Observation 4: Paging power saving (PPS)-PDCCH monitoring can be configured in a power efficient manner based on implementation and/or based on TRS/CSI-RS provision.
· Proposal 1: Support indication from gNB to skip monitoring of paging DCI.   
· Observation 5: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel (e.g. PPS-PDCCH) may degrade detection/decoding performance of the indication channel and/or may require higher power consumption for detection/decoding of the indication channel due to an increased signaling overhead.
· Proposal 2: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel is not supported.
· Observation 6: A sub-group based indication from gNB in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
· Proposal 3: Consider sub-group based indication in paging DCI to skip decoding of a paging PDSCH.
· Proposal 4: Consider switching from RRC_INACTIVE to RRC_IDLE based on PPS-PDCCH without decoding a paging PDSCH.  
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