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1. Introduction
In 3GPP TSG RAN2#112-e meeting, the following LS is sent from RAN2 [1].
	1. Overall Description:
In RAN2#112-e, RAN2 discussed UE grouping for paging enhancement in Rel-17 UE power saving WI. RAN2 confirmed that UE grouping is considered as a candidate of paging enhancements for UE power saving. Regarding paging for UE subgroups, RAN2 has discussed and considered the following methods: 
· Paging indication for UE subgroups using paging DCI, with either same-slot or cross-slot scheduling;
· Paging early indication (PEI) / wake-up signal (WUS) for UE subgroups;
· UE subgroup indication by using multiple P-RNTIs;
· Paging for UE subgroups using different time/frequency resources.
From RAN2 perspective, the last two methods are de-prioritized. Notice that these methods are not mutually exclusive.
2. Actions:
To RAN1:
RAN2 respectfully asks RAN1 to take the above information into consideration and provide information on the feasibility and limitations of carrying subgroup information with their recommended solution.


As the last two solutions, i.e., distinguish multiple UE subgroups by multiple P-RNTI and different time /frequency resources, were de-prioritized from RAN2 perspective, the feasibility and limitations of carrying subgroup information by paging DCI and PEI are analysed in this contribution.
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Feasibility and limitation of paging subgrouping
In 3GPP TSG RAN1#103-e meeting, paging enhancements by UE sub-grouping indicated by paging DCI and PEI were discussed [2]. The power saving gain provided by companies were summarized in Table 1. It can be observed that the power saving gain from UE sub-grouping conveyed by paging DCI and PEI is 0.3%~7.6% and 8.0% ~46%, respectively. The power saving gain from UE sub-grouping by paging DCI is insignificant compared to the gain from UE sub-grouping by PEI. Hence, it is suggested to consider to carry UE sub-grouping by PEI. 
Observation 1: The power saving gain from UE sub-grouping conveyed by paging DCI and PEI is 0.3%~7.6% and 8.0% ~46%, respectively. The power saving gain from UE sub-grouping by paging DCI is negligible compared to the gain from UE sub-grouping by PEI.
Proposal 1: It is recommended to carry UE sub-grouping by PEI. 
Table 1 Power saving gain from UE sub-grouping indicated by paging DCI and PEI
	
	Paging rate  =10%
	Paging rate  =20%~80%

	
	sub-grouping by paging DCI
	sub-grouping by and PEI
	sub-grouping by paging DCI
	sub-grouping by and PEI

	1 SSB before PO
	0.3% - 1.1%
	10.6% –19.1%
	0.7% - 7.6%
	8.0% –19.1%

	2 SSB before PO
	0.4% - 0.8%
	16.0% –36.0%
	0.8% - 3.0%
	18.1% –34.0%

	3 SSB before PO
	0.3% - 1.0%
	14.3% –46.0%
	0.5% - 4.7%
	20.6% –42.0%



Taking the case that UE needs to process two SSB for synchronization and serving cell measurement before PO as an example, the power saving gain from different number of UE sub-groups carried by PEI is shown in Figure 1. It can be seen that the power saving gain increase with the number of UE sub-groups. However, the additional power saving gain is marginal if the number of UE sub-groups per PO is larger than 8. 
Observation 2: The power saving gain increase with the number of UE sub-groups. The additional power saving gain is marginal if the number of UE sub-groups per PO is larger than 8.
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Figure 1 Power saving gain from different number of sub-groups carried by PEI
In our companion contribution [2], the link level performance of paging PDCCH, paging PDCCH, and DCI-based PEI is simulated. According to the simulation results, it can be seen that DCI-based PEI with payload size equals to 12 and aggregation level of 4 has better performance than paging PDSCH. It implies that the DCI-based PEI can carry at least 12 sub-groups if a bitmap is used to indicate whether the corresponding sub-group is paged or not. Considering that DCI with a higher aggregation level, such as AL=8, provides better performance, the DCI-based PEI with larger payload size can accommodate more UE sub-grouping information for same or different PO.
Observation 3：DCI-based PEI with aggregation level of 4 can provide at least 12 bits to indicate UE subgrouping information. Larger number of sub-groups is also feasible for DCI-based PEI with higher aggregation level.
1. Conclusion
In this contribution, we analyse the feasibility and limitations of carrying subgroup information by paging DCI and PEI. We have the following observations and proposals.
Observation 1: The power saving gain from UE sub-grouping conveyed by paging DCI and PEI is 0.3%~7.6% and 8.0% ~46%, respectively. The power saving gain from UE sub-grouping by paging DCI is negligible compared to the gain from UE sub-grouping by PEI.
Observation 2: The power saving gain increase with the number of UE sub-groups. The additional power saving gain is marginal if the number of UE sub-groups per PO is larger than 8.
Observation 3：DCI-based PEI with aggregation level of 4 can provide at least 12 bits to subgrouping information. Larger number of sub-groups is also feasible for DCI-based PEI with higher aggregation level.
Proposal 1: It is recommended to carry UE sub-grouping by PEI. 
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