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1. Introduction
[bookmark: Proposal_Beacon]Based on R17 UE power saving WI RP-200938 as in [1], the following objective is included,
1) [bookmark: _GoBack]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 #102e meeting
In this contribution, it mainly focuses on the PDCCH based paging enhancement to reduce unnecessary UE paging receptions, it discusses the PDCCH based grouping method and the grouping rule for UE.
2. Discussion
As in [2], more than one UE may monitor the same Paging Occasion (PO), the UE will finally determine to trigger the RA procedure based on the UE-ID list in the paging record, which can cause false paging alarms for the UE without its UE ID in the paging record. False paging alarms also occurs when the UE has moved away from the cell where it it has the last CN conneciton, i.e. due to mobility, the network has to extend the paging area to more cells to page the UE. 
In order to avoid the wrong paging alarm, the UE could be divided into serveral groups, the UE will monitor its UE paging group ID information indicated by PDCCH decoding procedure. If its group ID is indicated by the PDCCH procedure, it will decode the PDSCH, otherwise it will skip the PDSCH decoding procedure to save power. As in [3] and [4], the PDCCH based grouping method include the following options.
· Option1: DCI base grouping, 
· Option2: P-RNTI based grouping
· Option3: Different CORESETs/search spaces of paging DCIs for different group
For above options, the option1 could only indicate maximum 6 groups since the maximum reserved DCI bits in paging message is 6. The option.2 could lead the UE monitor more than one P-RNTI as shown in [4], but it is still power saving compared with the potential UE behavior to decode the PDSCH directly without the paging grouping mechanism. The option.3 seems complex and the UE group size for this method should be further evaluated if it will be discussed in RAN1 scope. In NB-IOT, the maximum number of UE groups based on WUS(wake up signal) is 32 for eMTC UE and 16 for NB-IOT UE. In order to utilize more groups to reduce the wrong paging alarm, the network at least could configure the option1 and option2 together to group the UE. 
Proposal1: From the view of reduce the wrong paging alarm, the network could configure one or more options on PDCCH based paging group ID indication work together to increase the number of UE paging groups.
For UE, how to group the UE into a dedicated group is associated to the UE grouping rule. In UE power saving SI, UE-ID based grouping rule has been mentioned, where UE group ID could be equal to the value of mod(UE-ID, the number of UE groups), this method could make UE grouped randomly. However, based on this method, it is possible that the UEs with low paging probability and UEs with high paging probability will be is the same group, then the UE with low paging probability has to further decode PDSCH and get the wrong paging alarm, since the PDCCH will indicate the UE group caused by the UE with high paging probability. Thus, the paging probability based grouping as in NB-IOT WUS could also be applied here, the difference is the UE group ID is indicated by PDCCH other than the wake up sequence.
Proposal2: the paging probability-based grouping could be used to group UE for power saving.  
Considering the UE will move from one cell to another cell, it is beneficial to give one or more dedicated groups for UE not in the last used cell or not in the dedicated cells. By this way, the wrong paging alarm by paging extension could be limited to UEs in some dedicated groups. 
Proposal3: The UE that is not in the last used cell or not in the dedicated cells could be allocated to one or more dedicated paging group to avoid the wrong paging alarm by paging extension.
3. Conclusion
In this contribution, the issues on PDCCH based group method and the grouping rule are discussed, we have the following proposals:
Proposal1: From the view of reduce the wrong paging alarm, the network could configure one or more options on PDCCH based paging group ID indication work together to increase the number of UE paging groups.
Proposal2: the paging probability-based grouping could be used to group UE for power saving.  
Proposal3: The UE that is not in the last used cell or not in the dedicated cells could be allocated to one or more dedicated paging group to avoid the wrong paging alarm by paging extension.
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