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1. Introduction
[bookmark: _GoBack]At the RAN#88e meeting, the revised WID on UE power saving enhancements was approved with following objectives [1]. 
	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
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



In this contribution, we discuss paging enhancement(s) to reduced unnecessary UE paging receptions.

2. Discussion
2.1. Enhancements on UE power saving for idle/inactive-mode UE 
In Rel-16 UE power saving WI, some power saving schemes for connected-mode UE were introduced. In general, for Rel-17, power saving schemes especially for SA and FR2 are important for spreading use cases and improving the experience of 5G, and for that matter, it is important that the new schemes are used widely. For that, drawback by introducing new power saving schemes should be carefully considered, including system impact and implementation cost.
Observation 1: Strive to introduce the power saving schemes used widely considering the trade-off between power saving gain and system impact/implementation cost. 

2.2. Paging enhancement
In NR paging, UE determines paging occasion for the UE based on the calculation by e.g., UE ID, and the paging occasion includes PDCCH monitoring occasion(s) which corresponds to each SSB. When the UE receives paging PDCCH in the PDCCH monitoring occasion, the UE has to receive corresponding PDSCH including paging message. However the paging message does not have the information for the UE, and then power consumption increases by unnecessary paging reception.
One approach to reduce the unnecessary paging reception is WUS-like scheme. In that case, as the signal design for the scheme, sequence-based WUS, e.g., eMTC/NB-IoT, and PDCCH-based WUS, e.g., like DCI format 2_6. The trade-off between power saving gain and system impact/implementation cost should be considered for the signal design if WUS-like scheme is introduced.
Observation 2: The trade-off between power saving gain and system impact/implementation cost should be considered for the signal design if WUS-like scheme is introduced.

Another approach is to reduce the number of UEs per a paging occasion. According to current paging design, although PDCCH monitoring occasion is per a paging occasion and per SSB, paging message would be sent per a paging occasion since gNB does not know which SSB the UE belongs to. However, based on this approach, there seems impact on legacy UEs, and the solution to avoid the impact on legacy UEs needs to be considered.
Proposal 1: For reduction of unnecessary paging reception, following options can be considered.
· Option1: WUS-like scheme
· FFS: sequence-based WUS or PDCCH-based WUS
· Option2: Reduce the number of UEs per a paging occasion
· FFS: how to avoid impact on legacy UEs

Regarding the target of the scheme, the description of the WID is “considering both eMBB UEs and Reduced Capability NR Devices”. For some schemes, the relative power saving gain might be different between eMBB UEs and RedCap UEs. For example, the power saving gain for RedCap UEs by WUS-like scheme might be high compared with eMBB UEs, depending on the repetition of paging. For the evaluation, at least general power saving gain should be considered. Basic power saving schemes should be able to be applied for the general use cases, and additional enhancements would be possible for the specific use cases.
Proposal 2: 
· For the evaluation, at least general power saving gain for eMBB UEs and RedCap UEs should be considered.
· Basic power saving schemes should be able to be applied for the general use cases, and additional enhancements would be possible for the specific use cases.

3. Conclusion
In this contribution, paging enhancement(s) to reduced unnecessary UE paging receptions was discussed. Based on the discussion, the following observations and proposals were made:
Observation 1: Strive to introduce the power saving schemes used widely considering the trade-off between power saving gain and system impact/implementation cost. 
Observation 2: The trade-off between power saving gain and system impact/implementation cost should be considered for the signal design if WUS-like scheme is introduced.
Proposal 1: For reduction of unnecessary paging reception, following options can be considered.
· Option1: WUS-like scheme
· FFS: sequence-based WUS or PDCCH-based WUS
· Option2: Reduce the number of UEs per a paging occasion
· FFS: how to avoid impact on legacy UEs
Proposal 2: 
· For the evaluation, at least general power saving gain for eMBB UEs and RedCap UEs should be considered.
· Basic power saving schemes should be able to be applied for the general use cases, and additional enhancements would be possible for the specific use cases.
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