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1 Introduction

In RAN Plenary #88 e-meeting, one objective of the WID for R17 power saving is,

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 focus on aspect a) and discuss some potential enhancements for paging mechanism for R17 power saving.  
2 Discussion
In idle/inactive state, UE has to periodically monitor paging DCI in Paging Occasion (PO) based on paging DRX cycle. Paging DCI may or may not schedule a PDSCH containing a list of UE ID which are being paged. Unless separate paging channel resources is designed for R17 UE, which involves too much spec workload and is infeasible from our point of view,  it is still very possible that both legacy UEs and R17 UEs be paged in the same PO. So the enhancements of paging should not impact the legacy UEs.
Proposal 1: Any enhancements for paging should not impact legacy UEs

Base on the general principle above, We analyse power saving methods in the following from aspects of false alarming rate and paging DCI blind decoding.
2.1 Reducing false alarm rate
More than one UE may monitor the same PO, which can cause false paging alarms in the UE. That is, even if there is only one UE that needs to be paged in the PO, all the UEs corresponding to the same PO have to receive and decoding the paging DCI/ PDSCH, thus cause unnecessary power consumption for false alarmed UEs. 

A straightforward way to reduce false alarming rate is to reduce the number of UEs that belong to the same PO. Currently, the number of paging frame (PF) can be at most the same as the number of frames contained in a paging DRX cycle, which means the PF number can hardly be increased any further. While the maximum number of POs in a PF is 4, which seems can be increased by some level in cases especially when beam sweeping overhead is not that big. By increasing PO numbers in a PF, smaller UE groups can be achieved so that false alarm rate will be reduced.
Proposal 2: Maximum numbers of PO can be increased to reduce false alarm rate for paging.
Another way to reduce false alarming rate is to do UE grouping within a PO. Previously, UE grouping by UE ID/paging probability and different groups correspond to different WUS signals has been discussed in NB-IoT, which can be a starting point for R17 power saving, and the WUS related content can be found in our companioned contribution R1-2005739. Besides grouping by WUS, other grouping methods can also by studied, for example reusing the reserved bits in paging DCI to do grouping.
Proposal 3: UE grouping methods within a PO should be studied further.
2.2 Reducing paging DCI blind decoding
A direct solution to save power in paging is to reduce blind decoding of paging DCI, which can be achieved by implementing longer paging DRX cycle, or reducing PDCCH search space for paging DCI in a PO.
Using longer paging DRX cycle seems won’t have spec impact, gNB can configure a relatively longer paging DRX cycle in SIB1. But currently, the maximum number of UE ID being paged in a paging PDSCH is 32, a longer DRX cycle would probably lead to too many UEs, which may exceeds 32, need to be paged in one paging PDSCH. Methods to solve paging capacity problem should be further studied if longer paging DRX cycles will be implemented. 
Proposal 4: Methods to solve paging capacity problem should be further studied if longer paging DRX cycles will be implemented.
For idle/inactive mode UE, the default search space for paging DCI is the same as RMSI, in which case, the PDCCH candidates are explicitly specified in TS 38.213 Clause 13. So some new rules should be studied for search space reducing when default search space for paging DCI is used.

A non-zero search space can also be reconfigured by SIB1 for paging DCI in a PO, in which case the number of PDCCH candidates for the non-zero search space are configured by SIB1 too. PDCCH candidates reducing can thus be realized by RRC configuration and cause no spec impact.
Proposal 5: Search space reducing should be studied to reduce power consumption for paging.
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Proposal 1: Any enhancements for paging should not impact legacy UEs

Proposal 2: Maximum numbers of PO can be increased to reduce false alarm rate for paging.
Proposal 3: UE grouping methods within a PO should be studied further.
Proposal 4: Methods to solve paging capacity problem should be further studied if longer paging DRX cycles will be implemented.

Proposal 5: Search space reducing should be studied to reduce power consumption for paging.
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