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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#112-e, the following agreements were achieved:
	Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 
RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 
Will send an LS to R1 (action to be discussed offline).
The solution of PRNTI based group discrimination is deprioritized from RAN2 perspective
The solution of “paging for UE subgroups using different time/frequency resources” is de-prioritized from RAN2 perspective.


In addition, RAN1 sent an LS on their agreements on paging enhancement [1]. Based on the LS, we would like to give our considerations on the above first two agreements, i.e. on UE grouping mechanism with paging enhancements.
Discussion
Based on the RAN1 LS [1], paging early indication before paging occasion is supported in R17. The detailed physical layer design is FFS:
	Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS


Based on RAN1 agreement we would like to clarify the above first RAN2 agreement that UE grouping mechanism is supported as paging enhancement. First we recall that in legacy, the network already distributes UEs to POs within a DRX cycle based on their UE ID. Then, in [Post112-e][064] email discussion, some clarification was made that the enhancements discussed in this WI are for R17 UEs and should therefore be backward compatible. As a result, and considering the last RAN2 agreement in the above list, we understand that the R17 enhancements do not add more POs on top of the legacy POs, but rather divide the UEs in a PO in further sub-groups. We think this is worth clarifying.
Proposal 1: The R17 enhancements do not add more POs on top of legacy POs but divide the UEs in a PO in further sub-groups.
Then after above RAN1 agreement, it is now clear that which sub-group needs to wake-up in a PO is indicated by the paging early indication (PEI).
Proposal 2: Which sub-group needs to wake-up in a PO is indicated by the paging early indication (PEI).
We now address the UE sub-grouping method.
Based on the RAN1 LS as follows, we can observe that, compared with paging early indication without UE sub-grouping, the additional power saving gain with UE sub-grouping indication carried within paging early indication is not much.
	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
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%] –[2.7%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.6%] –[4.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.6%] –[4.7%] 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:  
· [1.3%] –[8.0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [2.1%] –[13.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [3.3%] –[16.1%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping


Observation 1: Compared with paging early indication without UE sub-grouping, the additional power saving gain with UE sub-grouping indication carried within paging early indication is limited.
In [Post112-e][064] email discussion, different grouping methods were discussed [1]. And all the companies agree to introduce sub-grouping based on UE-ID. Considering the limited additional power saving gain introduced by UE sub-grouping mechanism w.r.t paging early indication without UE sub-grouping, we prefer to adopt a simple UE sub-grouping mechanism. Hence, we prefer to consider sub-grouping based on UE-ID only in R17.
Proposal 3: Only UE-ID based sub-grouping is considered in R17.
Getting to the next level of details, the UE sub-grouping mechanism could be:
· The UE sub-group ID is determined by:
UE sub-group ID=floor (UE_ID/(N*Ns)) mod X;
UE_ID: 5G-S-TMSI mod 1024;
N: number of total paging frames in T, T is DRX cycle of the UE;
Ns: number of paging occasions for a PF;
X: The total number of UE sub-grouping.
· UE monitors paging early indication based on RAN1’s agreements.
· If a paging early indication is detected, the UE further checks whether its UE sub-group ID is carried in the paging early indication. If it is included, the UE will receive the subsequent paging message. Otherwise, the UE will assume it is not paged and doesn’t need to receive the subsequent paging message. And Power saving gain is achieved as unnecessary monitoring paging message is skipped.
Proposal 4: The sub-grouping paging mechanism based on UE-ID is:
· The UE sub-group ID is determined by:
UE sub-group ID=floor (UE_ID/(N*Ns)) mod X;
UE_ID: 5G-S-TMSI mod 1024;
N: number of total paging frames in T, T is DRX cycle of the UE;
Ns: number of paging occasions for a PF;
X: The total number of UE sub-grouping.
· UE monitors paging early indication based on RAN1’s agreements, and checks whether the UE sub-group ID is included in the paging early indication.
Conclusion
In this contribution, we give our considerations on UE grouping mechanism with paging enhancements based on RAN1’s LS and RAN2’s agreements. We observe and propose:
Proposal 1: The R17 enhancements do not add more POs on top of legacy POs but divide the UEs in a PO in further sub-groups.
Proposal 2: Which sub-group needs to wake-up in a PO is indicated by the paging early indication (PEI).
Observation 1: Compared with paging early indication without UE sub-grouping, the additional power saving gain with UE sub-grouping indication carried within paging early indication is limited.
Proposal 3: Only UE-ID based sub-grouping is considered in R17.
Proposal 4: The sub-grouping paging mechanism based on UE-ID is:
· The UE sub-group ID is determined by:
UE sub-group ID=floor (UE_ID/(N*Ns)) mod X;
UE_ID: 5G-S-TMSI mod 1024;
N: number of total paging frames in T, T is DRX cycle of the UE;
Ns: number of paging occasions for a PF;
X: The total number of UE sub-grouping.
· UE monitors paging early indication based on RAN1’s agreements, and checks whether the UE sub-group ID is included in the paging early indication.
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