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Introduction
The UE Power Saving Enhancements WID [1] includes the following objectives related to idle/inactive-mode UE power savings:
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 #102-e 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
In this contribution, we discuss our views related to paging enhancements for UE power savings and make some observations and proposals.
Discussion
A UE in RRC_IDLE/RRC_INACTIVE is required to monitor for paging during one PO per DRX cycle.  The same PO may be monitored by multiple UEs during a given Paging Frame.  When any of the UEs monitoring a given PO are paged, all UEs monitoring the PO need to receive the Paging Message to determine if it includes a Paging Record matching the identity of the UE.  In most cases, the paging indication is a false alarm; i.e. the Paging Message does not include the UE’s identity, which results in unnecessary power consumption.
Observation 1:  Paging false alarms, where a UE decodes a Paging Message that does not include a Paging Record matching the identity of the UE, results in unnecessary UE power consumption.
[bookmark: _Hlk54096228]To reduce the paging false alarm rate, group-based paging may be used.  When performing group-based paging, the UEs monitoring a given PO are assigned to different paging groups and the network provides an indication of the paging group(s) being paged when transmitting the paging.  A UE only needs to receive the Paging Message if its paging group is being paged.
Observation 2:  To reduce the paging false alarm rate, group-based paging may be used.
Grouping based on UE_ID is a simple but effective way to form paging groups.  A simple rule can be defined to determine a UE’s paging group based on its UE_ID, thereby allowing the paging group to be determined without any dedicated signaling between the UE and the network.  For example, a UE’s Paging Group can be determined as UE_ID mod Ng, where UE_ID is 5G-S-TMSI mod 1024 and Ng is the number of paging groups.
Proposal 1:  Grouping based on the UE_ID is used to form paging groups.
Grouping based on UE_ID, distributes UEs randomly to different paging groups.  In some cases, it may be advantageous to further group the UEs based on the UE's release, paging probability, RRC state, device type, etc.  For example, grouping UEs with similar paging probabilities can further reduce the paging false alarm rate.  And grouping UEs based on release can allow for different paging enhancements to be used when paging Rel-17 UEs versus legacy UEs. 
Proposal 2:  RAN2 to decide whether to support UE_ID-based grouping with other UE grouping methods; e.g. UE's release, paging probability, RRC state, device type.
When performing group-based paging, the network provides an indication of the paging group(s) being paged when transmitting the paging.  A simple but effective way to provide this indication is using the reserved bits in the Paging DCI.  This approach will have minimal spec impact and is also backward compatible with legacy UEs.
Proposal 3:  Reserved bits in the Paging DCI are used for group-based paging.
It’s possible the network will have to page UEs from multiple paging groups during a given PO.  To avoid paging delays, the group-based paging mechanism should allow the network to page UEs from multiple paging groups during a PO.  This can be accomplished by defining the Paging Group field in the Paging DCI as a bit-field, where each bit of the Paging Group field is used to indicate whether or not the corresponding paging group is being paged.  Alternatively, the Paging Group field could be defined as an integer value, where each integer value corresponds to a different paging group, and a reserved value (e.g. the maximum value) could be used to indicate all paging groups are being paged.
Observation 3:  The network may have to page UEs from multiple paging groups during a PO.
Proposal 4:  To avoid paging delays, the group-based paging mechanism should allow the network to page UEs from multiple paging groups during a PO.
[bookmark: _Hlk54105838][bookmark: _Hlk54105788]When monitoring for paging, a UE only needs to receive the Paging Message if its paging group is being paged.  However, since the Paging DCI and Paging Message can be scheduled in the same slot, typical UE implementations power on the PDSCH hardware and begin receiving/buffering the PDSCH before the PDCCH processing completes.  To further reduce power consumption, cross-slot scheduling can be used to introduce a time gap between the Paging DCI and its scheduled PDSCH.  This time gap allows the UE to complete its PDCCH processing and determine if it’s paging group is being paged before powering on its PDSCH HW and receiving/buffering the PDSCH.
Proposal 5:  To further reduce power consumption, cross-slot scheduling is used when performing group-based paging.
Conclusion
In this contribution, we discuss our views related to paging enhancements for UE power savings and make the following observations and proposals:
Observation 1:  Paging false alarms, where a UE decodes a Paging Message that does not include a Paging Record matching the identity of the UE, results in unnecessary UE power consumption.
Observation 2:  To reduce the paging false alarm rate, group-based paging may be used.
Observation 3:  The network may have to page UEs from multiple paging groups during a PO.
Proposal 1:  Grouping based on the UE_ID is used to form paging groups.
Proposal 2:  RAN2 to decide whether to support UE_ID-based grouping with other UE grouping methods; e.g. UE's release, paging probability, RRC state, device type.
Proposal 3:  Reserved bits in the Paging DCI are used for group-based paging.
Proposal 4:  To avoid paging delays, the group-based paging mechanism should allow the network to page UEs from multiple paging groups during a PO.
Proposal 5:  To further reduce power consumption, cross-slot scheduling is used when performing group-based paging.
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