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1. Introduction
Last RAN3#113-e meeting discussed the paging subgrouping for UE power saving, with the following agreement and open issues. 
	Agree that some subgroup information should be sent over NG and F1
Open issues:
Whether to use a one-step or two-steps mapping approach 
Whether synchronization is needed between DU and AMF
Whether some subgroup information should be sent over Xn (e.g. RAN Paging message)
Whether there is RAN3 impact due to using randomization by UE IDs
Whether to restrict to last serving cell (e.g. like was for CIOT GWUS)
Whether we need assistance information from RAN to CN (e.g. RRC Inactive statistics to be combined with idle statistics in AMF)..



And the power saving WID is updated to add RAN3 objectives as follows [RP-212630]
	a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1, RAN3]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting



In this document, we provide the analysis of the RAN3 impact of the paging subgroup. 
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The new LS from RAN2 is provided in [3], containing the new RAN2 progress. 
	CN-assigned subgrouping
CN assigns subgroup ID.
When AMF has assigned a UE with a Paging subgroup, some NAS signalling should be supported between AMF and UE to convey the related information to the UE. Exact information is FFS. The design and procedure are up to SA2/CT1.
When AMF has assigned a UE with a Paging subgroup, some signalling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. Exact information is FFS. The message(s) and associated design are up to RAN3. 
It is FFS when a UE in RRC_INACTIVE has been assigned by CN a Paging subgroup, whether some signalling should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.
If RAN2 agrees to support UE assistance information to CN in support of paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes.
UEID-based subgrouping
UEID-based subgroup method requires, in addition to the already available information for legacy UEID-based grouping in PO, the total number of supported UEID-based subgroups by the network.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups by the network is decided by RAN and broadcasted in System Information.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.
Coexistence of CN-assigned and UEID-based subgrouping
R2 assumes that all the cells within the registration area supports the same number of CN assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID (will revisit only if serious issues are found). 
For the purpose of continued discussions, R2 assumes that UE has separate UE capabilities for CN assigned and UEID based subgrouping, the actual decision to be taken later. 
RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.




The following provides the RAN3 impact analysis for the paging subgroup. 

2.1 Support of CN-assigned subgrouping
· The signalling procedure
Based on the RAN2 agreement above, the possible signalling procedure is illustrated in Fig.1. 
· The AMF decides UE paging subgroups based on UE characteristics (and possibly the grouping assistance information for the UE, which is being discussed in other groups), and provides the subgroup information to the UE via NAS messages.  The subgroup information could be subgroup ID. The detailed analysis can be found below. 
· In case of CN paging, the AMF include the subgroup information in the Paging messages.  The UE can directly know the subgroup it belongs to without any further derivation at the UE side.
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Fig.1 CN-assigned subgrouping
· The exact subgroup information
As observed in the RAN2 agreement provided in [3] and RAN2 endorsed 38.300 running CR [4], the exact subgroup information is subgroup ID. Meanwhile RAN2 made assumption that no remapping of CN assigned group ID to RAN subgroup ID, which will be revisited only if serious issues are found. It seems safe for RAN3 to first have a working assumption that the subgroup ID is the subgroup information at this meeting. 
Proposal 1: RAN3 makes working assumption that the CN provides subgroup ID as the exact subgroup information 

· The determination of subgroup ID range
As observed in [3], RAN2 also assumes that the all the cells within the registration area supports the same number of CN assigned subgroups. Indeed, this allows that the network’s grouping strategy could be consistent in the UE’s registration area. Besides, the CN may have better knowledge about the UE’s characteristics than RAN and thus can make better decisions to optimize the performance of the subgrouping mechanism.
On the exact subgroup ID range, this can be decided by the CN and signalled to the NG-RAN node in the stage 3 specifications. But there may be need to discuss whether the assistance from the NG-RAN node is needed. But this can be left to RAN2/SA2/CT1 decision. 

Proposal 2: RAN3 can hold on the discussion on the RAN assistance information pending other groups. 

· Potential RAN3 impacts
Meanwhile for inactive UE, as specified above, it is agreed the same UE subgroups as RRC idle is used. Then the potential impacts on RAN3 include the following aspects.
· For CN paging, 
· Include the UE grouping information in the NGAP Paging message. 
· Include the UE grouping information in the F1AP Paging message.
· For RAN paging,
· Include the UE grouping information in the NGAP Core Network Assistance Information for RRC INACTIVE IE. 
· Include the UE grouping information in the XnAP Paging message (if subgrouping is not restricted to last used cell)
· Include the UE grouping information in the F1AP Paging message.
In addition, it is worthy discussing the assistance information between the NG-RAN and the AMF. For example, RAN may provide information to help subgrouping by CN (e.g. last used cell), which is similar to the WUS applicable to NB-IoT, BL UEs. But the details can be left to other groups. 

Proposal 3: The potential RAN3 impacts include the following 
· For CN paging, 
-	Include the UE grouping information in the NGAP Paging message. 
-	Include the UE grouping information in the F1AP Paging message.
· For RAN paging,  
-	Include the UE grouping information in the NGAP Core Network Assistance Information for RRC INACTIVE IE. 
-	Include the UE grouping information in the XnAP Paging message (if subgrouping is not restricted to last used cell)
-	Include the UE grouping information in the F1AP Paging message.
Proposal 4: The assistance information from the NG-RAN to the CN (e.g., last used cell) can be pending for now and will depend on RAN2 progress. 

2.2 Support of UE-ID based subgrouping
RAN2 also agreed the UE-ID based subgrouping, where the RAN can decide and broadcast the total number of Nsg subgroups for UE-ID based subgrouping. For the disaggregated node, the DU can decide the total number of subgroups for UE-ID based subgrouping. 

Proposal 5: The gNB-DU determines the Nsg, of supported subgroups for UE-ID based subgrouping. The impact on F1 is pending on the further progress of other groups. 

Beside, RAN needs to know the UE capability for UE-ID based subgrouping. For example, if the UE supports UE-ID based subgrouping, the RAN can use UE-ID based subgrouping to page UE; otherwise, the RAN uses legacy method to page UE. The UE capability for UE-ID based subgrouping can be sent from the CN to the RAN. For the disaggregated node, the DU needs to know the UE capability for UE-ID based subgrouping.

Proposal 6: The RAN/gNB-DU needs to know the UE capability for UE-ID based subgrouping. The impact on F1 is pending on the further progress of other groups. 
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Based on the discussion in this paper, we propose the following:
Proposal 1: RAN3 makes working assumption that the CN provides subgroup ID as the exact subgroup information 
Proposal 2: RAN3 can hold on the discussion on the RAN assistance information pending other groups. 
Proposal 3: The potential RAN3 impacts include the following 
· For CN paging, 
-	Include the UE grouping information in the NGAP Paging message. 
-	Include the UE grouping information in the F1AP Paging message.
· For RAN paging,  
-	Include the UE grouping information in the NGAP Core Network Assistance Information for RRC INACTIVE IE. 
-	Include the UE grouping information in the XnAP Paging message (if subgrouping is not restricted to last used cell)
-	Include the UE grouping information in the F1AP Paging message.
Proposal 4: The assistance information from the NG-RAN to the CN (e.g., last used cell) can be pending for now and will depend on RAN2 progress. 

Proposal 5: The gNB-DU determines the Nsg, of supported subgroups for UE-ID based subgrouping. The impact on F1 is pending on the further progress of other groups. 
Proposal 6: The RAN/gNB-DU needs to know the UE capability for UE-ID based subgrouping. The impact on F1 is pending on the further progress of other groups. 
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