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Introduction 
This paper discusses a new scheme, which allows UEs to indicate its preference for a particular subset of paging occasions (PO), for the purpose of power saving.
Discussion
Motivation
In the current framework for paging reception, network configures N paging frames (PF) per DRX cycle and then Ns number of POs per PF. Each UE is mapped to one of the POs by hashing its UE-ID. This hashing operation is indifferent from any UE, regardless of its power saving status, paging probability, etc. 
This is fine in R15/16, in which most UEs belong to the same category, i.e. smartphones. However, as more UE types are being introduced (e.g. RedCap), we think this principle is worth a second look, from the perspective of UE power savings. In the following, we give one example of use case behind this motivation.
When in idle mode, UE performs two major procedures:
· RRM measurements on its serving cell, at least once per DRX cycle. This measurement is taken from the SSBs transmitted by UE’s serving cell.
· Monitor its POs for potential page, at least once per DRX cycle. To monitor a PO, UE has to acquire DL timing (if necessary) and perform time/freq tracking and AGC tuning based on the SSB or TRS/CSI-RS (if available for UE to use) transmitted by its serving cell. 
Therefore, we can see that SSB measurement is important to UE’s paging reception. If UE’s designated PO is not close to any SSB, then UE either have to wake up twice (if SSB periodicity happens to be long) or stay active or apply shallow sleep between its PO and the closest SSB transmission occasion. This observation implies that the closer UE’s PO is to a SSB transmission occasion, the more power UE can save.
Observation 1.  The closer UE’s PO is to a SSB transmission occasion, the more power UE can save.
For UEs that are sensitive to power consumption (e.g. RedCap UEs), then it is desirable to have a mechanism to map them to a PO close to a SSB occasion, instead of any random POs solely based on their UE-IDs.  
Observation 2.  Need a new method to map power-sensitive UEs to POs close to SSBs. 
Solution
For the new method of PO assignment to work, we think there are three key components to design:
· Pre-define two PO subgroups, each of which contains a subset of available POs. For power sensitive UEs, its PO subgroup is the subset of POs that are closest to SSBs. For convenience of discussion, we denote this PO subgroup as PS subgroup. For the rest of UEs, their PO subgroup can be either all the available POs or the rest of POs excluding those taken by the PS subgroup. We denote this PO subgroup as default subgroup.
· UE signals network if it prefers to use PS subgroup.
· Network advertises in system information whether it supports PS subgroup. If it does, it also advertises relevant configuration parameters needed by UE to determine the location of POs in the PS subgroup.
From the above, it is not difficult to see that this method shares many similarities with the same framework for paging subgrouping. So many of the designs that RAN2 have agreed for paging subgrouping can be reused for PO subgroups. We illustrate that such a reuse is feasible in the following.
UE Indication of its preference
Like for paging subgroups, UE needs to indicate to CN that supports paging subgroup via NAS signaling. In the case of PO subgrouping, UE which prefers the PS subgroup indicate its preference to CN. This indication can be via NAS signaling when UE performs registration request/update with CN. 
CN behaviors
When CN receives UE’s preference for a PS subgroup, whether CN accepts UE’s request is up to CN to decide. If CN does accept it, CN confirms it in the response back to UE.
[bookmark: _Hlk85731582]When CN has a page for UE which has been granted to use PS subgroup, CN includes an indication in the N2 paging notification message that the UE belongs to PS subgroup. This extra indication allows RAN to derive the UE’s PO accordingly.  
RAN behaviors
RAN has the option in whether to support PS subgroup or not. If it does, it advertises a separate set of PO configuration parameters (i.e. N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) for the PS subgroup in its system information (PCCH-Config).
We understand that there can be different options to place POs in PS subgroup close to SSBs. For example, one possible alternative is to introduce a mask on top of the legacy PO configurations. But among those options, we think a separate/dedicated set of PO configuration parameters offers the maximum flexibility for network in all possible configuration scenarios of SSB and PF/POs.
PO selection by UE
If a UE has been granted to use PS subgroup and its serving cell supports PS subgroup, it uses the PO configuration parameters specific to the PS subgroup to derive its PO. 
Legacy UEs and UEs that do not use PS subgroup still use the legacy PO configuration parameters in determining their POs. 
Note that in this method the same PO hashing method is used by all UEs. What is new is that different types of UE use different set of parameters (N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) provided by gNB.
As we can see from the above description, this method can reuse many of the signaling procedures RAN2 have adopted for paging subgrouping. The only new work expected are the following:
· Extend the agreed signaling messages for paging subgrouping to include PS subgroup indication;
· Add a new set of PO configuration parameters in PCCH-Config.
We therefore recommend RAN2 to consider this new power saving method for paging reception and discuss the following set of proposals:
Proposal 1.	Introduce a new power-saving PO subgroup, which is used by power-sensitive UEs and contains only POs close to SSBs.
Proposal 2. 	UE indicates its preference to use the power-saving PO subgroup to CN via NAS signaling.
Proposal 3.	When CN has a page for UE which has been granted to use power-saving PO subgroup, CN includes an indication in the paging notification message that the UE uses the power-saving PO subgroup.
Proposal 4.	RAN advertises a separate set of PO configuration parameters (N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) for the power-saving PO subgroup in its SI.
Proposal 5.	If a UE has been granted to use power-saving PO subgroup and its serving cell supports that, the UE uses the PO configuration parameters specific to the power-saving PO subgroup to determine its PO. Otherwise, UE uses legacy PO configuration parameters to determine its PO.
Proposal 6.	The legacy hashing formula for PO determination is used by all types of UEs.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1.  The closer UE’s PO is to a SSB transmission occasion, the more power UE can save.
Observation 2.  Need a new method to map power-sensitive UEs to POs close to SSBs. 
Proposal 1.	Introduce a new power-saving PO subgroup, which is used by power-sensitive UEs and contains only POs close to SSBs.
Proposal 2. 	UE indicates its preference to use the power-saving PO subgroup to CN via NAS signaling.
Proposal 3.	When CN has a page for UE which has been granted to use power-saving PO subgroup, CN includes an indication in the paging notification message that the UE uses the power-saving PO subgroup.
Proposal 4.	RAN advertises a separate set of PO configuration parameters (N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) for the power-saving PO subgroup in its SI.
Proposal 5.	If a UE has been granted to use power-saving PO subgroup and its serving cell supports that, the UE uses the PO configuration parameters specific to the power-saving PO subgroup to determine its PO. Otherwise, UE uses legacy PO configuration parameters to determine its PO.
Proposal 6.	The legacy hashing formula for PO determination is used by all types of UEs.
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