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[bookmark: _Ref528762725]Introduction
RAN2 has replied the LS to RAN1 on the paging subgroup for paging enhancement in [1] to inform RAN1 on RAN2’s decision of network controlled subgrouping based on individual UE characteristics.   RAN2 also suggested to support the maximum number of paging subgroups at least 8 subgroups but up to RAN1 to decide the final values based on the UE power saving gain.   
Discussion
[bookmark: _Hlk57542364]
RAN2’s LS reply on UE sub-grouping for paging enhancements [1] include the following RAN2 agreements,
· We adopt network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization).
· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).
· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, 
· RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.

Regarding RAN2’s decision on the network control subgrouping, it is quite different to RAN1’s evaluation assumption of random subgrouping.   RAN2 agreements of partitioning UE with similar characteristics to a subgroup intends to improve the efficiency of paging indication and thus further power saving gain.   The theory of higher power saving gain for network control subgrouping than that of random subgrouping is that UE with same characteristic would have low probability to be waken up due to paging to other UEs in the subgroup since UEs have similar paging behavior in the paging subgroup, such as paging probability or the same UE types (e.g., machine type devices).   

It had been shown in RAN1 evaluation that paging subgrouping alone with random subgroup would provide less than 5% of the power saving gain whether the indication of paging subgroup is from PEI or paging DCI.   If the network control paging subgrouping would have the benefits of UE power saving comparing to that of random subgrouping, the procedures of network control paging subgrouping should be detailed in order to determine the L1 signaling for indication of paging subgrouping, which would be one of the matrices as the reference for the PEI candidate selection.   The aspects of network control paging subgrouping to be addressed and detailed are as follows,
· Paging subgroup generation – The network control paging subgrouping is generated based on different UE characteristics.   How the network knows the characteristics of IDLE/Inactive UEs after UE authentication should be clarified.   UE in a paging group derives the paging occasion based on the UE_ID, PF_offset from RRC signaling and T from NAS signaling in [2].  Without paging subgrouping, the location of PEI could be simply the offset from the PO and the indication in the PEI is whether there is paging or not at PO without any additional signaling.      When the paging group is divided to multiple subgroups, the PEI design needs to incorporate the signaling of UE paging subgrouping and mapping to the paging DCI or PEI resource (if paging subgrouping is supported to be indicated by PEI).     Thus, the details of paging subgroups derivation for each UE is important in the PEI design in order to determine whether paging subgroup indication is best configured at PEI or/and paging DCI.    

· The UE mobility should be considered in the general procedure of the paging subgrouping derivation in order to help to determining the paging subgrouping indication carried by PEI or/and paging DCI for each PEI candidate.   Since network does not know exact the camping cell of IDLE/Inactive UE within the registration area, whether the paging subgrouping for a given UE is partitioned the same way or different way between cells should be determined.  Since network would send the paging indication messages to IDLE/Inactive UEs to one or more cells, it would be extremely important for UE to receive the paging subgrouping indication precisely from either PEI and/or paging DCI at same or different resource between cells.   The details of paging subgrouping derivation procedure with UE mobility would be the critical reference for the design of PEI and the resource mapping of UE subgroup to the PEI at each cell.   

· The power saving gain from different subgroups based on the UE characteristics in order to determine the number of paging subgroups to be supported.  Different UE characteristics and associated paging behavior, such as paging rate, would provide different power saving gain.   When UE is partitioned to different subgroups within a paging group at a PO, the power saving gain expects to increase whether the paging subgroup indication is carried by PEI and/or paging DCI.   For example, UEs are partitioned into two subgroups with one subgroup of UEs with periodic paging (e.g., machine type device with periodic query by network)  and the other subgroup of UEs with random paging.   The UE with periodic paging would not be waken up most of time alone with other UEs with random paging when it was in different subgroup.   The UE in the periodic paging subgroup would have higher power saving gain comparing to those with random paging subgroups if the paging subgroup indication is indicated by PEI and/or paging DCI.   Thus, the details of paging subgroup derivation is critical in the design of PEI.   

[bookmark: _Hlk71195472]The support of paging subgrouping by L1 signaling and the PEI design are highly correlated.  In order to achieve UE power saving gain with paging subgrouping, the PEI design needs to take into account the network obtaining the UE characteristics for IDLE/Inactive UE, the derivation of UE paging subgroups, the resource allocation and mapping to the PEI and /or paging DCI with UE mobility, and the expected power saving gain for different UE characteristic.  

[bookmark: _Hlk71195567]Proposal 1:  In order to achieve UE power saving gain with paging subgrouping, the PEI design needs to take into account the network obtaining the UE characteristics for IDLE/Inactive UE, the derivation of UE paging subgroups, the resource allocation and mapping to the PEI and /or paging DCI with UE mobility, and the expected power saving gain for different UE characteristic.  

[bookmark: _Hlk71195698]Proposal 2:  RAN1 should reply to RAN2 for the detail procedure in determining network control paging subgrouping based on UE characteristics

Conclusion
In this contribution, we discussed RAN2 agreements on network control paging subgrouping associated with the PEI design and the UE power saving.   We have the following proposal,
· Proposal 1:  In order to achieve UE power saving gain with paging subgrouping, the PEI design needs to take into account the network obtaining the UE characteristics for IDLE/Inactive UE, the derivation of UE paging subgroups, the resource allocation and mapping to the PEI and /or paging DCI with UE mobility, and the expected power saving gain for different UE characteristic.  
· Proposal 2:  RAN1 should reply to RAN2 for the detail procedure in determining network control paging subgrouping based on UE characteristics
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