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1	Introduction
The following agreements were made in the previous RAN2 meeting on paging enhancement [1]. 
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob 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). 



In this contribution, we discuss further details on subgrouping determination and indication, and potential impact on SA2 and RAN1.
2	Discussion
2.1	Subgrouping determination
Paging probability-based approach is supported for NB-IoT, which could make sense because of the assumption that the paging probabilities are deterministic for certain types of NB-IoT devices and it could vary largely for different types of devices. The CN and UE communicates the paging probability, then the RAN and UE derives the UE’s subgrouping based on the paging probability and the paging probability thresholds set by RAN and the UE ID [3]. However, the Rel-17 power saving WI targets to support all types of UEs, thus it might be difficult to assume deterministic paging probabilities as for NB-IoT devices. It was agreed not to limit the NW assignment-based approach to paging probability, i.e. it can take into account paging probability, power consumption profile, UE types (e.g. eMBB or RedCap, with or without eDRX), mobility states etc. when assigning the subgroups. 
However, it is not clear whether CN or RAN should assign the subgroup to a UE and based on what information or if any assistance information is needed for the node assigning the subgrouping to make such decision. 
For the NW assignment-based mechanism, we think the basic assumption should be that RAN should still be able to decide the number of subgroups to be supported taking its paging configuration and load situation into account, without requiring all the cells within the same tracking area to support the same number of subgroups. 
Proposal 1: for NW assignment-based subgrouping, we should not assume same number of subgroups for all the cells within the same TA.
In other words, CN might not know how many subgroups each cell supports in RAN, and it should be enough to assign the UEs to different subsets other than assigning the subgroup itself. The UEs within each subset could have the same paging probability or be of the same type, e.g. RedCap UEs or eMBB UEs, which is up to NW implementation, with potential UE assistance information if needed. Similar to paging probability-based subgrouping for NB-IoT, CN and UE interaction could be needed on which subset the UE should be placed in.
It could work on top of the UE_ID based approach with the UEs in same subset still uniformly distributed into different subgroups based on UE_ID if there are multiple subgroups for a subset if needed. It is also possible for the NW implementation to disable randomization within the subset by explicitly allocating the UEs to different subsets.
Proposal 2: for NW assignment-based subgrouping, it should be enough for the CN to assign the UEs of the same characteristics to the same subset and the UEs within the subset are then uniformly distributed into multiple subgroups based on UE_ID if needed.
Observation 1: CN and UE coordination might be needed on which subset the UE should be placed in and CN will indicate the subset of the UE to RAN when the UE is paged.
Regarding to the role of RAN, RAN should decide the total number of subgroups and the split of the subgroups for different subsets considering its own paging configuration and load situation, potentially with coordination between CN and RAN on how many subgroups RAN needs to support for each subset, e.g. depends on the number of different types of UEs in the tracking area and estimated paging probability of the UEs in different subset, etc. 
Proposal 3: RAN decides the total number of subgroups and number of subgroups for each subset, potentially based on assistance information from CN.
Proposal 4: when the UEs are not assigned to multiple subsets, only UE_ID based subgrouping applies if subgrouping is enabled by RAN.
LS should be sent to SA2 to explain how we expect it to work and check if it feasible from SA2 point of view within Rel-17 timeframe.
Proposal 5: send LS to SA2 to explain how we expect NW assignment based subgrouping to work and check if it is feasible from SA2 point of view within Rel-17 timeframe:
· CN assigns the UEs into different subsets and UEs within each subset are uniformly distributed into different subgroups based on UE_ID;
· RAN decides the total number of subgroups and number of subgroups for each subset;
· Coordination to be defined between CN and UE as well as CN and RAN for determination of subset of the UE and number of subgroups; 
· RAN and UE derives the subgrouping of the UE based on the subset of the UE, number of subgroups within the subset and UE_ID.
2.2	Subgrouping indication
The evaluation results in the previous RAN1 meetings had shown PEI based approach provides most gain and, thus, our discussion here considers only DCI based PEI, which seems to be more feasible when considering that the subgrouping information needs to be indicated. 
As PEI needs to be provided to the UEs in RRC Inactive/Idle mode in a beam sweeping manner and with a high aggregation level to ensure its successful reception at the cell edge, it is beneficial from the network point of view to indicate a single PEI for multiple POs to reduce the PEI overhead. E.g. a PEI for all the POs within the same PF or POs of consecutive PFs, instead of one PEI for each PO. On top of that, it should be possible to indicate for each PO if any UE in any subgroup is paged.
Proposal 6: One PEI should be able to indicate multiple POs, and for each PO if any UE in any subgroup is paged.
Without one-to-one mapping, the mapping of PEI and the multiple POs association would need to be defined. In principle it could be up to NW implementation to leave some POs for legacy UEs without PEI indication and the other POs for Rel-17 UEs that support PEI, if PEI to PO mapping can be explicitly configured.
Observation 2: the association of the PEI to multiple POs needs to be defined.
For signalling details, several options are possible to indicate the paged subgroups for each PO:
· Option 1: a fixed number of bits can indicate PO and subgrouping, e.g. hard split of the bits for PO indication and subgroup per PO indication based on configuration of number of POs associated to a PEI and number of subgroups per PO with separate bitmap indicating which POs are paged and bitmap indicating subgrouping for each PO;
· Option 2: a fixed number of bits can indicate the subgroupings for each PO based on the configuration of number of POs per PEI and number of subgroups per PO without explicit bits for POs, since if no subgroup for a PO is paged, the UE knows the PO is not paged.
· Option 3: fixed bits for PO based on the configuration of number of POs per PEI and the remaining bits for subgrouping can be dynamically assigned to different POs and only be present for the POs that are paged (thus more subgroups are possible if fewer POs are paged, which are associated to the same PEI).
Option 1 is obviously worst since the PO indication bits are wasted as whether a PO is paged can be implicitly known based on the subgrouping bits as in Option 2. While whether option 2 or option 3 would provide more gain might depend on the paging rate, how many POs are to be indicated with single PEI, and how many subgroups for each PO is to be supported. It depends on how many bits would be available to indicating the POs and subgroups. 
Proposal 7: send the requirement of the possibility of indicating multiple POs via single PEI to RAN1 and ask RAN1 how many bits would be available in PEI for indicating POs and subgrouping then RAN2 can decide which option to adopt.
3	Conclusion
Details on subgrouping determination are discussed in this contribution with the following proposals proposed: 
Proposal 1: for NW assignment-based subgrouping, we should not assume same number of subgroups for all the cells within the same TA.
Proposal 2: for NW assignment-based subgrouping, it should be enough for the CN to assign the UEs of the same characteristics to the same subset and the UEs within the subset are then uniformly distributed into multiple subgroups based on UE_ID if needed.
Proposal 3: RAN decides the total number of subgroups and number of subgroups for each subset, potentially based on assistant information from CN.
Proposal 4: when the UEs are not assigned to multiple subsets, only UE_ID based subgrouping applies if subgrouping is enabled by RAN.
Proposal 5: send LS to SA2 to explain how we expect NW assignment based subgrouping to work and check if it is feasible from SA2 point of view within Rel-17 timeframe:
· CN assigns the UEs into different subsets and UEs within each subset are uniformly distributed into different subgroups based on UE_ID;
· RAN decides the total number of subgroups and number of subgroups for each subset;
· Coordination to be defined between CN and UE as well as CN and RAN for determination of subset of the UE and number of subgroups; 
· RAN and UE derives the subgrouping of the UE based on the subset of the UE, number of subgroups within the subset and UE_ID.
Proposal 6: One PEI should be able to indicate multiple POs, and for each PO if any UE in any subgroup is paged.
Proposal 7: send the requirement of the possibility of indicating multiple POs via single PEI to RAN1 and ask RAN1 how many bits would be available in PEI for indicating POs and subgrouping then RAN2 can decide which option to adopt.
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