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Introduction 
In the last meeting, RAN2 discussed the subgrouping determination based on the email discussion [1] and had the following decision:
· There is support to have UE ID based enhancement
· There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 

In our companion contribution [2], we discuss how network assigned subgrouping can enable the support of the any combinations of subgrouping method   
In this contribution, we provide the detailed solution for the network assigned subgrouping, i.e.:
a. How the subgroup is determined
b. How the network stores the subgroups
c. How the UE is informed of the subgroups
Discussion
This document assumes network assigned subgrouping mechanism is to be supported. This network assigned subgrouping provides the mechanism of configuring UE subgrouping by the network for a UE without the UE having to consider the subgrouping methods (e.g. paging probability etc.) used. The key advantage, as discussed in [2] is that the network assigned subgrouping is flexible, allowing the network to implement the optimal method rather than be tied to a specified algorithm that may not be the best for a UE or for the circumstances of the network (e.g. current network needs/preferences might be different than in the future). With RAN based grouping, the impact of getting UE’s required information to do its subgroup categorization could be confined to the RAN (e.g. paging probability can be based on Redcap vs other NR UE, power consumption level can be based on the existing UE assistance for power saving e.g. DRX preference, UE ID can based it on the inactive paging assistance info from CN) and the impact to UE/CN is not required, as explained in [2]. On other hand, CN based grouping could provide a more uniform handling over the network as the grouping decisions are based in the CN.
Observation #1: Network assigned subgrouping provides a forward compatible framework where other subgrouping methods can be introduced 
In the following sections, we look at the procedure details for specifying the RAN as well as CN assigned subgrouping.
Procedure for Network assigned subgrouping
How the subgroup is determined
If RAN is the node that assigned the subgrouping, it has the following information to support the different combinations of the subgrouping methods/options:
· For UE ID, the UE ID is also known to RAN as it is required for legacy paging operation (i.e. CN provides RAN with assistance info on the UE ID (UE Identity Index value in 38.413) as part of RRC Inactive paging).  The same information can be used by RAN when assigning the subgroup based on NAS UE ID. 
· In the case of paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs, RAN can already know this via some RedCap UE capability indication (as discussed in RedCap SI) and other signalling expected to be specified to verify RedCap UE. 
· If power consumption level is needed, there are already sufficient information in the existing Rel-16 UE assistance (e.g. DRX preference) that RAN can use without affecting other working groups. 
· For RAN paging differentiation, RAN node knows whether a UE will be released into RRC_INACTIVE or RRC_IDLE.
If CN is the node that assigned the subgrouping, it has the NAS UE ID and UE subscription info (for the paging probability and power consumption level) to support some combinations of the subgrouping methods/options. 
Based on the above information, the network (RAN or CN dependent on RAN2 agreement for this) assigns a subgroup number of the UE paging subgroup space e.g. the subgroup ID space (depending on the maximum number of bits reserved) in the DCI for paging PDCCH or PEI, or the sequence resource configuration index of  sequence for the PEI. 
Proposal#1: The RAN/CN assigned subgrouping indicates the assigned subgroup number of the UE paging subgroup space to the UE
Our assumption is that the subgrouping configuration will generally be consistent over a registration area. However, if different cells in the registration may have different paging configuration/strategy (e.g.  total number of UE paging subgroup space or different amount of sequence resource configuration), the RAN/CN can provide a set of assigned subgroups to handle the different subgrouping configuration over the different cells.  For example, in the case of sequence based PEI, some cells support 4 sequences and other support 8 sequences, the RAN provides the UE subgroup for cell with 4 sequences as well as for cell with 8 sequences.   
Proposal#2: In order to handle cells with different subgrouping configurations (e.g. total number of subgroups is different) within a paging area, a UE is provided with a set of assigned subgroup numbers or sequence resource configuration indices by RAN/CN for each of its possible subgroups (I.e., the UE is provided with n subgroup numbers, where n is the total number of possible subgroups).
How the network stores the assigned subgroups
In the case of RAN assignment, the assigned subgroup for a UE is stored in the CN for an UE in RRC_IDLE; this is done by gNB providing it to the CN for storage when the signalling connection is released (i.e. reusing UERadioPagingInformation related container with a new additional information).    During CN paging for UE in RRC_IDLE, the AMF includes the allocated subgroup stored previously in the UERadioPagingInformation related container when providing the CN paging message to the gNB.   In the case of CN assignment of the subgroups, the CN stores the allocated subgroup in the CN and provides it to the gNB the during CN paging. In case of RRC_INACTIVE, the gNB stores the assigned subgroup of a UE as part of the UE AS context e.g. as part of CN assistance information for RRC_INACTIVE IE. 
During RAN paging, the source gNB (where the UE AS context with the subgrouping ID is stored) is used to page a UE in RRC_INACTIVE within the configured RNA.   The gNB uses allocated subgrouping to determine the corresponding L1 resource/P-RNTI or indicate the allocated subgrouping in the DCI to signal the UE to receive paging. For RAN paging in cells of another gNB node (e.g. when the configured RNA is bigger than the source gNB), the source gNB can provide the allocated subgroup of the UE to be paged to the target gNB in the UERadioPagingInformation along with the RAN paging message.
Proposal#3a: For RAN-assigned subgroups: the gNB assigned subgrouping is stored in the AMF (e.g. as part of the UERadioPagingInformation container) when the UE goes into RRC_IDLE. During CN paging, the AMF provides to the gNB with the previously stored subgrouping (e.g. UERadioPagingInformation container) so that it can page the UE using the allocated subgroup. 
Proposal#3b: For CN-assigned subgroups: the AMF provides the allocated subgroup to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#4: For a UE in RRC_INACTIVE, the assigned subgrouping is stored in the source gNB as part of the UE context (for CN-assigned subgroups, it is in e.g. CN assistance information for RRC_INACTIVE IE). During RAN paging, the source gNB will provide the paging gNB (for the case RAN paging is in cells of another gNB) with the stored UE subgrouping.
How the UE is informed of the assigned subgroups
In the case of RAN assignment, the UE’s set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#3) are signalled to the UE via dedicated signalling, for example via RRC Reconfiguration message or RRC Release message. The UE stores the assigned subgrouping allocated by the gNB.  UE uses the assigned subgrouping to work out the subgroup that it should monitor for Paging for a given cell while the UE is in RRC_IDLE or RRC_INACTIVE state. 
In the case of CN assignment, the UE’s set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#3) are signalled to the UE during NAS procedure e.g. registration.
Proposal#5a: For RAN-assigned subgroups: the set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#2) are signalled to the UE via dedicated signalling by the RAN (e.g. RRC Release message). 
Proposal#5b: For CN-assigned subgroups: the UE’s set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#2) are signalled to the UE during NAS procedure e.g. registration.
If there is a need to change the anchor RAN node (e.g. handover occurs, resumption/re-establishment occurs, etc), the set of assigned subgroup of a UE can be transferred from the source to the target RAN node as part of the UE AS context transfer during HO and resumption/re-establishment.  An alternative way is to always provide a new set of assigned subgroup for the UE at every RRC connection. The latter seems to be simpler in our view.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation #1: Network assigned subgrouping provides a forward compatible framework where other subgrouping methods can be introduced.
Proposal#1: The RAN/CN assigned subgrouping indicates the assigned subgroup number of the UE paging subgroup space to the UE 
Proposal#2: In order to handle cells with different subgrouping configurations (e.g. total number of subgroups is different) within a paging area, a UE is provided with a set of assigned subgroup numbers or sequence resource configuration indices by RAN/CN for each of its possible subgroups (I.e., the UE is provided with n subgroup numbers, where n is the total number of possible subgroups).
Proposal#3a: For RAN-assigned subgroups: the gNB assigned subgrouping is stored in the AMF (e.g. as part of the UERadioPagingInformation container) when the UE goes into RRC_IDLE. During CN paging, the AMF provides to the gNB with the previously stored subgrouping (e.g. UERadioPagingInformation container) so that it can page the UE using the allocated subgroup. 
Proposal#3b: For CN-assigned subgroups: the AMF provides the allocated subgroup to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#4: For a UE in RRC_INACTIVE, the assigned subgrouping is stored in the source gNB as part of the UE context (for CN-assigned subgroups, it is in e.g. CN assistance information for RRC_INACTIVE IE). During RAN paging, the source gNB will provide the paging gNB (for the case RAN paging is in cells of another gNB) with the stored UE subgrouping.
Proposal#5a: For RAN-assigned subgroups: the set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#2) are signalled to the UE via dedicated signalling by the RAN (e.g. RRC Release message). 
Proposal#5b: For CN-assigned subgroups: the UE’s set of assigned subgroup(s) for the different subgrouping configuration possible (as in Proposal#2) are signalled to the UE during NAS procedure e.g. registration.
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