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1. Introduction
[bookmark: Proposal_Pattern_Length]User experience is key to 5G/NR success, not only in terms of data rates and latency but also UE power consumption. Several enhancements and power saving schemes were considered by RAN WGs in 3GPP Rel-16. In Rel-17, 3GPP RAN has created a new work item “UE Power Saving Enhancements”, with WID (RP-200938), to define further power saving enhancements. Some of the enhancements being considered are idle/inactive-mode power consumption in NR SA deployments considering both eMBB UEs and Reduced Capability NR Devices and optimizing network utilization of UE assistance information.
RAN2 has sent an LS to CT1 (C1-215518 / R2-2108917) on UE power saving wherein RAN2 is considering UE paging sub-grouping to reduce power consumption in the UE due to false paging alarms (i.e., when the UE receives a paging message on PDSCH on its paging occasion, which is not intended for that UE). RAN2 is asking CT1 to provide more information on NAS signaling between AMF and UE to convey the paging subgrouping information to the UE.
This document attempts to provide the above requested information. 
Discussion
Issues with legacy paging operation 
In 5G NR, the UE is configured with a specific UE_ID (5G-STMSI / I-RNTI) based on whether the UE is in RRC IDLE or RRC INACTIVE state, to help the UE to derive at a Paging Frame (PF) and a Paging Occasion (PO) where it is expected to receive a page from the Network. Since the number of Paging Frames and Paging Occasion are limited, it is possible that multiple UEs would end up monitoring the same Paging Occasion in expectation of a network-initiated page. Due to the many to one mapping nature of the UE-D based Paging Frame and Paging Occasion computation, and the limited number of actual Paging Frames and Paging Occasions, many UEs would end up monitoring the same Page Occasion.
When the network initiates a page to the UE, in the absence of clear cell level information of where the UE is located, in legacy paging mechanisms,  network would have to start with a given Tracking area / RAN Notification area, with an intent to reach the UE, and progressively increase the scope of paging by repeating it across a bigger geography, if it did not receive any response from the intended UE for its previous paging attempt. Network would try to increase the paging area scope to include additional areas if the previous paging attempt was unsuccessful. This will lead to lot of potential false alarms for the other non-intended IDLE/INACTIVE UEs. 

Paging subgrouping
In their LS to CT1, RAN2 has mentioned that paging sub-grouping is done by dividing UEs monitoring a Paging Occasion (PO) into multiple subgroups. A UE will decode the paging message in its paging occasion only if the UE receives an indication that its subgroup is being paged. RAN2 has agreed on two subgrouping approaches:
A] CN-assigned subgrouping
The AMF assigns a paging subgroup ID to the UE based on some optional UE assistance information. Currently it is agreed in RAN2 that the assistance information can include paging probability and UE power profiles. The AMF indicates the paging subgroup ID to the UE using NAS signalling. The AMF also conveys the paging subgroup information to the gNB for paging the UE in 5GMM-DLE and 5GMM-CONNECTED mode with RRC inactive indication. The gNB may inform other gNBs about UE’s paging subgroup ID for RAN paging.
B] UEID-based subgrouping
This has no CN impact. The total number of supported UEID-based subgroups (Nsg) is decided by the RAN and is broadcast in system information. Nsg is controlled on cell basis and can be different in different cells.
· Co-existence of CN-assigned and UEID-based subgrouping approaches
All cells in a registration area support the same number of CN assigned subgroups and UEID based subgroups, so no re-mapping between the two approaches is required. There are separate UE capabilities for CN-assigned subgrouping and UEID-based subgrouping. The RAN capability indicates support for CN-based subgrouping or UEID-based subgrouping or both along with total number of subgroups supported (Nsg) and is known through broadcast information. The UE in 5GMM-IDLE mode or 5GMM-CONNECTED mode with Inactive indication uses the same subgroup.
2.3 NAS signaling
The UE indicates its capability including support for:

- CN-assigned subgrouping and
- Paging subgrouping assistance information

and includes Paging subgrouping assistance information in the REGISTRATION REQUEST message during 
initial registration. The AMF evaluates the UE capability including support for CN-assigned subgrouping and Paging subgrouping assistance information and assigns a subgroup ID based on network support, preference and potentially Paging subgrouping assistance information. The AMF sends the assigned subgroup ID in the REGISTRATION ACCEPT message to the UE. The UE responds with REGISTRATION COMPLETE message to acknowledge the received subgroup ID and complete the registration procedure. The UE thereafter monitors paging based on assigned paging subgroup ID.

The UE may carry out the above signaling also during mobility and periodic registration update (MRU) procedure during EPS to 5GS inter-system change, when entering new TAs, during changes in UE Paging subgroup assistance information, changes in network configuration for paging subgrouping, changes in total number of subgroups available (Nsg), etc.

After sending the REGISTRATION ACCEPT message to the UE, the AMF sends UE CONTEXT MODIFICATION REQUEST message to gNB (TS 38.413 clause 9.2.2.7) and includes the Paging Subgroup ID information to gNB. The gNB sends a UE CONTEXT MODIFICATION RESPONSE message to AMF (TS 38.413, clause 9.2.2.8). 

The AMF may need to reconfigure Paging subgrouping in certain cases. In such cases the AMF can send CONFIGURATION UPDATE COMMAND message to UE to reconfigure IDLE/INACTIVE paging subgrouping and UE responds with CONFIGURATION UPDATE COMPLETE message. 

Please see figure 1.
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Figure 1. UE capability exchange and Paging subgroup ID assignment

Observation 1: The 5GMM Registration procedure can be used to indicate the UE paging subgrouping capabilities along with the UE paging subgrouping assistance information to the network and the AMF can evaluate these capabilities and assistance information and indicate the Paging subgroup ID assigned to the UE. The configuration update procedure may be used to reconfigure paging subgrouping.
1. Conclusion
The following observations are noted for NAS signaling in support of UE Paging subgrouping.

Observation 1: The 5GMM Registration procedure can be used to indicate the UE paging subgrouping capabilities along with the UE paging subgrouping assistance information to the network and the AMF can evaluate these capabilities and assistance information and indicate the Paging subgroup ID assigned to the UE. The configuration update procedure may be used to reconfigure paging subgrouping.
The corresponding work in stage-3 can be initiated once SA2 has done the needful in stage-2. 
A draft LS is provided in C1-215730.
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