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Introduction
The following LS about UE sub-grouping was sent by RAN2 [1].In addition to the UE sub-grouping mechanism adopted in RAN2, RAN2 also indicated that the maximum number of UE subgroups per PO should be at least 8. However, the final decision was left to RAN1. 
Hence, in this contribution, the necessity of supporting at least 8 sub-groups per PO and how to carry subgrouping information are analyzed. And the draft reply to the RAN2 LS is also provided.
	1. Overall Description: 
RAN2 would like to thank RAN1 for their LS on UE sub-grouping for paging enhancements. RAN2 discussed this topic and agreed to the following: 
· 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. 

2. Actions: 
To RAN1: 
RAN2 respectfully asks RAN1 to take the above information into account for RAN1’s future work. 



UE sub-grouping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For RRC idle/inactive mode, UE needs to monitor paging occasions (PO) to check whether there is paging DCI or not in each paging cycle. If the PDCCH is successfully decoded, UE receives the PDSCH to check whether it is paged or not. When the UE is not paged, the unnecessary reception of paging DCI and the SSB processing for synchronization causes a lot of power consumption. 
In previous meetings, some potential paging enhancement schemes such as PEI (paging early indication), sub-grouping for paging were discussed. The PEI can be used to inform UE whether the UE need to monitor the paging DCI or not in the subsequent PO. If the PEI indicates “no paging message”, UE can skip the unnecessary operations including PDCCH/PDSCH reception and SSB processing. Meanwhile, the sub-grouping information carried by PEI or paging DCI can be used to further reduce the paging PDCCH/PDSCH reception. 
In the following section, the power saving gain from sub-grouping combined with PEI and sub-grouping combined with paging DCI are discussed. 
Note the power saving gain is relevant to multiple factors such as paging rate per PO, UE processing timeline in RRC idle/inactive mode, etc.
The paging rate per PO is highly dependent on the network deployment. For example, in the case of a large number of low-cost/Redcap UEs and/or network configurations with few POs, the paging rate per PO would be increased. According to the agreements in 3GPP TSG RAN1#103-e meeting (shown as below), group paging rate per PO of 20%-60% should be considered[2].
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception



[bookmark: _Toc71571241]Group paging rate per PO of 20%-60% should be considered in addition to group paging rate of 10%.
The UE processing timeline is determined by the UE types (such as Redcap UE or eMBB UE), channel condition, number of receiving antenna, etc. In this contribution, we analyse the power saving gain of sub-grouping in the cases that two SSBs and three SSBs are processed before PO. 
[image: ]
Figure 1 UE processing timeline with two SSBs before PO
[image: ]
Figure 2 UE processing timeline with three SSBs before PO

The UE processing timeline with two SSBs and three SSBs before PO can be found in Figure 1 and Figure 2, respectively. Assume that the offset value between PO and the nearest SSB is 10 ms. The power saving gain from different number of UE sub-groups indicated by PEI per PO is calculated and shown in Figure 3 and Figure 4. The numbers of sub-groups to be considered are 1, 4, 8 and 16. When the sub-group number is 1, it means sub-grouping is not used. It can be seen that the PEI with sub-group indication provides higher power saving gain, especially for the large group paging rate. When the number of UE sub-groups increases, the power saving gain increases. 8 sub-groups can achieve the best tradeoff between the signaling overhead of PEI and power saving gain.
[image: 8]
Figure 3 Power saving gain provided by PEI with sub-grouping (Two SSBs before PO)
[image: ]
Figure 4 Power saving gain provided by PEI with sub-grouping (Three SSBs before PO)


[bookmark: _Toc71571242]PEI with sub-grouping can provide higher power saving gain. When the number of sub-groups exceeds a certain range, the additional power saving gain obtained by increasing the number of sub-groups becomes smaller. 8 sub-groups can achieve the best tradeoff between the signaling overhead of PEI and power saving gain.
[bookmark: _Toc71619146]Supporting the indication in RAN2 LS, at least 8 sub-groups per PO should be considered.
[bookmark: _Toc7030]Another solution is to carry the sub-grouping information on the paging PDCCH. However, according to the agreements in 3GPP TSG RAN1#103-e meeting (shown as below), the power saving gain is negligible.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception



[bookmark: _Toc19406][bookmark: _Toc23241][bookmark: _Toc71571243]If the sub-grouping information carried on the paging PDCCH, the power saving gain is negligible.
[bookmark: _Toc19102][bookmark: _Toc1217][bookmark: _Toc68621488][bookmark: _Toc2582][bookmark: _Toc4425][bookmark: _Toc2488][bookmark: _Toc71619147]The combination of PEI and sub-grouping indication should be supported.
Reply LS
Based on the above discussion, the following reply LS is suggested.
[bookmark: _Toc71619148]The following reply LS is suggested.
	1. Overall Description: 
RAN1 would like to thank RAN2 for the LS on UE sub-grouping mechanism for paging enhancements and the number of sub-groups per PO. RAN1 discussed this topic and agreed to the following: 
· RAN1 supports RAN2’s indication that the maximum number of UE subgroups per PO should be at least 8.
· RAN1 agreed that the sub-grouping information per PO is carried by PEI.

2. Actions: 
To RAN2: 
RAN1 respectfully asks RAN2 to take the above information into account for RAN2’s future work. 




Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1:	Group paging rate per PO of 20%-60% should be considered in addition to group paging rate of 10%.
Observation 2:	PEI with sub-grouping can provide higher power saving gain. When the number of sub-groups exceeds a certain range, the additional power saving gain obtained by increasing the number of sub-groups becomes smaller. 8 sub-groups can achieve the best tradeoff between the signaling overhead of PEI and power saving gain.
Observation 3:	If the sub-grouping information carried on the paging PDCCH, the power saving gain is negligible.

Proposal 1:	Supporting the indication in RAN2 LS, at least 8 sub-groups per PO should be considered.
Proposal 2:	The combination of PEI and sub-grouping indication should be supported.
Proposal 3:	The following reply LS is suggested.

	1. Overall Description: 
RAN1 would like to thank RAN2 for the LS on UE sub-grouping mechanism for paging enhancements and the number of sub-groups per PO. RAN1 discussed this topic and agreed to the following: 
· [bookmark: _GoBack]RAN1 supports RAN2’s indication that the maximum number of UE subgroups per PO should be at least 8.
· RAN1 agreed that the sub-grouping information per PO is carried by PEI.

2. Actions: 
To RAN2: 
RAN1 respectfully asks RAN2 to take the above information into account for RAN2’s future work. 
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