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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 in R17, given there are more categories of UEs that may save more powers if their paging is handled differently by network. In the following, we give two use cases that motivates further enhancements.
Use case 1: Power sensitive UEs
When in idle mode, there are two main procedures performed by UE:
· RRM measurements on SSBs transmitted by its serving cell, at least once per DRX cycle.
· Monitor its POs for potential page, 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. Each wakeup costs UE extra power, because UE consumes a lot more energy in transitioning between sleep and active states than PDCCH monitoring or PDSCH reception in a single slot (e.g. for example, see power numbers modeled in the RAN1 evaluation study). 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 which can map them to a PO close to a SSB occasion, instead of any POs randomly selected solely based on their UE-IDs.  
Observation 2.  Currently there is no good method to map power-sensitive UEs to POs close to SSBs, unless network can assign them to specific set of POs.
Use case 2. Cross-slot scheduling (CSS) for paging PDSCH
CSS for paging PDSCH has been a mandatory feature since R15 (see TS38.213 and [2]). If a gap (i.e. k0) of sufficient width is configured between paging DCI and paging PDSCH, UEs can implement two-stage wakeup, i.e. UE first wakes up to decode paging DCI. This decoding requires only part of UE’s transceiver. Only if UE has a page, it brings up the rest of the transceiver. In this way, UE consumes only a fraction of the power compared to legacy reception of paging DCI and paging PDSCH in the same slot. This is the same technique how DCP saves UE power. 
PEI may achieve similar benefits. However, it may not be available to use soon, like some other R16/17 power saving features. It usually takes infra vendors and network operators a while after spec completion to fully test a new feature in labs and fields before it is made available to all users. Before that happens, CSS for paging can be used as a good alternative to PEI that helps UE save power in paging reception.   
Observation 3.	Cross-slot scheduling for paging PDSCH, which is a mandatory feature since R15, can be a good alternative to PEI that helps UE save power in paging reception.
Although CSS for paging PDSCH is a mandatory feature since R15, UEs may indicate in capability signaling whether they have been interoperability tested (IOT) or not [2]. A R17 UE incapable of supporting PEI may also indicate it is not IOT for CSS. As a result, if network configures CSS, there can be potential coexistence problem if these two types of UEs share the same PO and have pages at the same time. That is because network can’t schedule different PDSCH (k0=0 vs k0>0) with a single paging DCI. 
Observation 4. 	There can be UEs have not been IOT’d for cross-slot scheduling. They cannot share the same PO with UEs configured for cross-slot scheduling. 
There can be different options to handle this issue. For example, when network enables cross-slot scheduling, it can configure a separate set of POs for UEs capable of cross-slot scheduling from rest of UEs. Then network always knows what value of k0 to use when a UE is paged.
From the above two examples, we can see that it is beneficial for UE power saving if network can configure separate POs for special classes of UEs.
Solution
In this section, we discuss necessary enhancements to enable the use and configuration of separate POs for different classes of UEs.
Definition of PO subgroups
To start off, we think there can be at least three PO subgroups as follows:
· One PO subgroup for power-sensitive UEs (e.g. RedCap)
· Another PO subgroup for UEs capable of CSS;
· A default PO subgroup for the rest of UEs.
For simplicity, all PO subgroups can be predefined in specs. Each PO subgroup can have its own designated set of POs. For example,
· The POs for the default subgroup can be configured/allocated by the legacy method based on UE-ID;
· The POs for power-sensitive subgroup can be either a subset of the default POs or a disjoint set of POs separate from the default POs;
· The POs for CSS subgroup is always a disjoint set of POs separate from the default POs, for the reasons explained in Section 2.1.
Proposal 1. 	Introduce a new power-saving PO subgroup, which is used by power-sensitive UEs and uses only POs close to SSBs.
Proposal 2.	Introduce a new PO subgroup for UEs capable of cross-slot scheduling for paging PDSCH, which uses a disjoint set of POs from the default POs. 
UE Indication of its preference for PO subgroup
· UEs which prefer to use the power-sensitive PO subgroup needs to get approval from core network (CN). We think this approval is necessary because otherwise all UEs may want to use the power sensitive PO subgroup. As one may see, this request shares many similarities with the signaling procedures for paging subgrouping. Hence many of the designs that RAN2 have agreed for paging subgrouping can be reused to support power-sensitive PO subgroup. For instance, this request can be sent by NAS signaling.
· UEs which prefer to use the CSS PO subgroup can indicate so as a UE radio capability in the UERadioPagingInformation IE.
· If a UE does not indicate preference for the above two subgroups, it is assumed to use the default PO subgroup. As a baseline, any UE can choose to use only one of the PO subgroups.
Proposal 3. 	UE indicates its preference to use the power-sensitive PO subgroup to CN via NAS signaling.
Proposal 4. 	UE indicates its support for cross-slot scheduling for paging PDSCH via legacy UE capability signaling (in UERadioPagingInformation IE).
CN behaviors
When CN receives UE’s request for a power-sensitive PO subgroup, whether CN accepts UE’s request is up to CN. How CN decides whether to grant a UE’s request can be up to network implementation, based on factors such as UE type, UE’s subscription, estimated paging probability of the UE, etc. If CN does accept it, CN confirms it in the response back to UE.
[bookmark: _Hlk85731582]When CN has a page for a UE which has been granted to use power-sensitive PO subgroup, CN includes an indication in the paging notification message that the UE belongs to power-sensitive PO subgroup. This extra indication allows RAN to derive the UE’s PO accordingly.  
Proposal 5.	It is up to network implementation whether CN grants a UE’s request to use power-sensitive PO subgroup. 
Proposal 6.	When CN has page for a UE which has been granted to use power-sensitive PO subgroup, CN includes an indication in the paging notification message to RAN.
RAN behaviors
RAN has the option in whether to support a non-default PO 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 PO subgroup in its system information (PCCH-Config). But the default PO subgroup is always configured and advertised in the same way as in legacy.
When RAN receives a paging notification message from CN, it determines which PO subgroup the UE belongs to:
· It can determine from the notification message whether the UE belongs to the power-sensitive PO subgroup;
· It can determine from the UERadioPagingInformation whether UE uses CSS;
· If neither of the above is true, then it assumes the UE uses the default PO subgroup.
Proposal 7.	RAN advertises a separate set of PO configuration parameters (N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) for each PO subgroup it supports in its SI.
PO selection by UE
If a UE is allowed to use a non-default PO subgroup and that subgroup is supported by its serving cell, then it uses the PO configuration parameters specific to that PO subgroup to derive its POs. Legacy UEs and UEs that use the default PO subgroup still use the legacy PO configuration parameters in determining their POs. 
Note that in this method the same PO hashing method is still 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.
Proposal 8.	If a UE is granted to use power-sensitive PO subgroup or is capable of using CSS PO subgroup and its serving cell supports that, the UE uses the PO configuration parameters specific to that PO subgroup to determine its POs. Otherwise, UE uses the legacy PO configuration parameters to determine its POs.
Proposal 9.	All types of UE use the legacy hashing formula to determine its POs, using the PO configuration parameters determined in Proposal 8.
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:
1. Extend the agreed signaling messages for paging subgrouping to include PS subgroup indication;
2. Add new set of PO configuration parameters in PCCH-Config.
We therefore recommend RAN2 to consider this new power saving method for paging reception.
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.	Currently there is no good method to map power-sensitive UEs to POs close to SSBs, unless network can assign them to specific set of POs.
Observation 3.	Cross-slot scheduling for paging PDSCH, which is a mandatory feature since R15, can be a good alternative to PEI that helps UE save power in paging reception.
Observation 4. 	There can be UEs have not been IOT’d for cross-slot scheduling. They cannot share the same PO with UEs configured for cross-slot scheduling. 
Proposal 1. 	Introduce a new power-saving PO subgroup, which is used by power-sensitive UEs and uses only POs close to SSBs.
Proposal 2.	Introduce a new PO subgroup for UEs capable of cross-slot scheduling for paging PDSCH, which uses a disjoint set of POs from the default POs. 
Proposal 3. 	UE indicates its preference to use the power-sensitive PO subgroup to CN via NAS signaling.
Proposal 4. 	UE indicates its support for cross-slot scheduling for paging PDSCH via legacy UE capability signaling (in UERadioPagingInformation IE).
Proposal 5.	It is up to network implementation whether CN grants a UE’s request to use power-sensitive PO subgroup. 
Proposal 6.	When CN has page for a UE which has been granted to use power-sensitive PO subgroup, CN includes an indication in the paging notification message to RAN.
Proposal 7.	RAN advertises a separate set of PO configuration parameters (N, PF offset, Ns, and firstPDCCH-MonitoringOccasionOfPO) for each PO subgroup it supports in its SI.
Proposal 8.	If a UE is granted to use power-sensitive PO subgroup or is capable of using CSS PO subgroup and its serving cell supports that, the UE uses the PO configuration parameters specific to that PO subgroup to determine its POs. Otherwise, UE uses the legacy PO configuration parameters to determine its POs.
Proposal 9.	All types of UE use the legacy hashing formula to determine its POs, using the PO configuration parameters determined in Proposal 8.
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