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1 Introduction

In RAN#86 meeting, a new WID RP-193173 for UE power saving enhancement was approved. In the WID, one objective is paging enhancement for idle/inactive-mode UE to reduce unnecessary UE paging receptions. 
For this objective, so far, RAN2 has agreed to support UE subgrouping based paging, and RAN1 has agreed to introduce PEI for paging. RAN1 also discussed on how to provide UE subgroup indications over PEI. In this contribution, we will discuss the signaling aspects for PEI monitoring from RAN2’s perspective.
2 Discussion

In RAN1#105 e-meeting, RAN1 discussed on paging enhancement for idle/inactive-mode UE and reached the following agreements. 
	Agreement:

For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.
Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:

· PDCCH-based PEI

· SSS-based PEI

· TRS/CSI-RS-based PEI

Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection

Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences


For paging subgrouping indication over PEI, the following candidate solutions were discussed in RAN1.
	Agreement:
For paging indication to the subgroups in a PO,

· For PDCCH-based PEI, subgroups in a PO are indicated by one PEI

· One bit in the DCI payload indicating one UE subgroup is supported 

· FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO

· For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations

· FFS: Sequence mapping design for supporting up to 8 subgroups per PO

· Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs

· For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives

· Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups

· FFS: Design details for the orthogonal cover

· Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 

· FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 

· Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup

· Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO

· Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span


In general, there are two kinds of candidate physical layer channel/signals for PEI, i.e., PDCCH based PEI and sequence based PEI (including SSS based PEI and TRS/CSI-RS based PEI).
Observation 1 Physical layer channel/signal for PEI (i.e. PDCCH or sequence) depends on RAN1 design.
For PDCCH based PEI, RAN1 has agreed to use one PEI for subgroup indication in a PO. Since UE needs to perform SSB based synchronization for PEI reception, the PEI monitoring occasion should be located adjacent to SSB. If the SSB periodicity configured by network is not larger than default paging cycle, each PO would be associated with a separate PEI occasion. If the SSB periodicity is larger than default paging cycle, multiple POs would be associated with the same PEI occasion. In other words, the mapping between PEI occasions to POs may depend on the comparison of SSB periodicity and paging cycle supported by the cell. In the case that multiple POs are associated with the same PEI occasion, if the available bits for subgrouping indication in PEI DCI cannot support all grouping numbers for all the associated POs, separate resources (e.g. PDCCH search space, CORESET) for PEI should be considered.
For sequence based PEI, the sequence mapping design for supporting up to 8 subgroups per PO is up to RAN1. If the sequence number cannot support the grouping number in a PO, or in the case that multiple POs are associated with the same PEI occasion and the sequence number cannot support the grouping number for all the associated POs, separate time/frequency resources for PEIs can also be considered.

Observation 2 Whether to require separate resources depends on RAN1 agreed number of sequences or available bits in DCI for subgrouping indication.
Proposal 1 If RAN1 designed sequence number or available bits in DCI for PEI cannot support all grouping numbers, RAN2 consider introducing separate resources for PEI in RRC configuration.
Proposal 2 Send LS to RAN1 to ask the need of separate radio resources for PEI.
3 Conclusion

Based on the discussion we make the following observation:

Observation 1 Physical layer channel/signal for PEI (i.e. PDCCH or sequence) depends on RAN1 design.
Observation 2 Whether to require separate resources depends on RAN1 agreed number of sequences or available bits in DCI for subgrouping indication.

And we give the following proposals:

Proposal 3 If RAN1 designed sequence number or available bits in DCI for PEI cannot support all grouping numbers, RAN2 consider introducing separate resources for PEI in RRC configuration.
Proposal 4 Send LS to RAN1 to ask the need of separate radio resources for PEI.
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