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Introduction 
In the last meeting, RAN2 discussed the network assigned subgrouping and made the following agreement:
The following is supported:
· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
· Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE

An email discussion [1] further discussed in general the network based subgrouping and UE based UE-ID subgrouping.
In this contribution, we provide the details for the network assigned subgrouping, i.e.:
a. Need of Assistance information
b. How the subgroup is determined
c. How the network stores the subgroups
d. How the UE is informed of the subgroups
Discussion
Need of Assistance information
UE assistance information
In the last meeting, it is agreed that CN is responsible for allocating UEs to UE paging subgroups based on some UE characteristics.  In our view, which UE characteristics should be considered for allocating the subgroups can be left to network implementation. However, one question is whether CN has the required information needed for assigning the subgroup for a UE. In the email discussion [1], there was more support for the following UE characteristics for subgrouping: UE ID, paging probability and power consumption sensitivity level. In our understanding, these UE characteristics are already or can be made to be known to the CN:
· UE ID is known to CN as it is allocated by CN for mobility management and legacy paging operation.
· In the case of paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs. This can be known to the CN via UE subscription.  
· If static power consumption sensitivity level is needed (e.g. eMBB UEs, IoT UE), this can be again known to the CN via the UE subscription.
Observation#1: The combinations of UE characteristics to perform subgroup categorization is already available to CN: 
· UE ID is known to CN as it is allocated by CN for mobility management and legacy paging operation.
· In the case of paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs. This can be based on UE subscription.  
· If static power consumption sensitivity level is needed (e.g. eMBB UEs, IoT UE), this can be again known to the CN via the UE subscription
Even though UE subscription information may not provide more “dynamic” changing information (e.g. UE power consumption sensitive level may change depending on the battery life etc.), we think this aspect can be studied further in future release in view of the limited time left in Rel-17.
Proposal#1: New UE assistance is not provided by UE in this release to help in the allocation of the UEs in the different UE paging subgroups.
gNB assistance information
As different cells in the UE Registration Area (RA) may have different paging configuration/strategy (i.e. in the subgrouping configuration case, it is the  total number of UE paging subgroups may change from cell to cell), the CN can provide a set of assigned subgroups to handle the different subgrouping configuration over the different cells in the UE registration area.  For example, in the case of sequence based PEI, some cells within a RA may support 4 sequences and others support 8 sequences, the CN provides the gNBs and UE with UE paging subgroup ID for cell with 4 sequences as well as for cell with 8 sequences. Hence it would be good for the gNB(s) to provide the subgrouping configurations of a cell within a RA (e.g. number of paging subgroups) to the CN so that the CN can use it to allocate the set of subgroup IDs for the different paging subgroup configuration within the RA.  
 
This can also provide the CN information of whether a gNB (or cell within a gNB) supports network based subgrouping. 

Proposal#2: gNB provides the subgrouping configurations of its cells within a UE registration area to the CN, when subgrouping configuration is supported by the cell.
CN also needs to know whether the UE supports CN assigned subgrouping and/or UE based UEID subgrouping in order to know whether to allocate the subgrouping ID or configure UE based UEID subgrouping.  This can be done either by UE indicating this over NAS or explicitly via gNB based on the UE indicated subgrouping capability in the UE capability signalling.  Since CN assigned subgrouping requires UE supporting subgrouping over PEI in the access stratum (i.e. subgrouping is more a UE radio capability), it would be more logical for the gNB to provide the CN about the UE subgrouping capability, instead of sending it via NAS message.
Proposal#3: gNB indicates to CN the UE subgrouping capability explicitly based on the UE subgrouping capability in the UE radio capability (whether the UE supports CN assigned subgrouping and/or UE based UEID subgrouping)  while UE is in connected mode. 
How the subgroup is determined
Based on the above information (i.e. UE-ID and UE subscriptions) in Section 2.1.2, the CN assigns a subgroup ID 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#4: The CN indicates the assigned subgroup ID of the UE paging subgroup space to the UE
As mentioned in Section 2.1.2, 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). Therefore, the 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 CN provides the UE subgroup for cell with 4 sequences as well as for cell with 8 sequences.   Another option is that the assigned subgroup number is hashed by the RAN and UE (e.g. assigned subgroup number MOD maximum subgroups in a cell etc.).  However, the later option will increase the complexity in the RAN and UE implementation. Hence we prefer providing UE and RAN with a set of assigned subgroup IDs.
Proposal#5: If there is a need to support cells with different subgrouping configurations (e.g. total number of subgroups is different) within a paging area, a UE can be provided with a set of assigned subgroup IDs for each of its possible subgrouping configurations (i.e. for the different UE paging subgroup space) 

Procedure for Network assigned subgrouping
How the network stores the assigned subgroups
During CN paging, the CN stores the allocated subgroup in the CN and provides it to the gNB. 
For RAN paging, the allocated subgroup ID can be provided to the RAN in Core Network Assistance Information for RRC INACTIVE IE via NGAP INITIAL CONTEXT SETUP REQ and be stored as part of the UE context in the gNB.  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. That source 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#6: The AMF provides the allocated CN assigned subgroup ID to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#7: For RAN paging a a UE in RRC_INACTIVE, the CN assigned subgroup ID is provided to the gNB in Core Network Assistance Information for RRC INACTIVE IE via NGAP INITIAL CONTEXT SETUP REQ and stored in the source gNB as part of the UE context. 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 subgroup ID.
Proposal#8: Send a LS to SA2 and RAN3 to inform them of Proposal#6 and #7 if RAN2 agreed.

How the UE is informed of the assigned subgroups
The UE’s set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling, for example using NAS messages (e.g. NAS registration). The UE stores the assigned subgrouping and  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. 
Proposal#9: The set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling by the CN (e.g. during initial and mobility registration). When and which message can be included this information is decided by CT1.
If Proposal#4, #5 and #9 are agreeable, the LS should be sent to CT1 to inform them of the agreements.
Proposal#10: Send a LS to CT1 to inform them that the allocated CN assigned subgroup ID (or a set of assigned subgroup ID for the different subgrouping configuration) should be provided to UE over NAS message if Proposal#4,#5 and #9 are agreed. Which message to use can be decided by CT1.

Interaction with UE based UE-ID subgrouping and legacy paging.
In RAN2#113bis-e meeting, RAN2 agreed the following:
If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).  
As captured in the agreement, there will be configuration option to use the UE based UE-ID subgrouping.  This configuration could be in the SIB or the CN can configure whether the UE performs the network assigned subgrouping or whether it performs a UE based UEID subgrouping based on the UE subgrouping capability as proposed in Proposal#3.
Proposal#11: UE can be configured by the CN or SIB on whether the UE can use UE based UEID subgrouping if CN assigned subgrouping is not provided/configured.
If the CN configures the UE with network assigned subgroups (i.e. provide the UE with CN assigned subgroup IDs) while the serving cell of the UE indicates support of  subgrouping (i.e. providing the  subgrouping configuration), the UE supporting subgrouping shall perform CN assigned subgrouping.  If the CN does not configure the CN assigned subgroupingand UE based UEID subgrouping is configured, UE supporting subgrouping should perform UE based UE ID subgrouping. Otherwise, the UE performs legacy paging.
Proposal#12: UE performs CN assigned subgrouping if CN configures the UE with the CN assigned subgroups while the serving cell indicates support of  subgrouping ,
Proposal#13: UE performs UE based UEID subgrouping if CN does not configure CN assigned subgrouping and UE based UEID subgrouping (i.e. via a BOOLEAN indication) is configured.  ,
Proposal#14: UE performs legacy paging if the conditions in Proposal#12 and #13 are both not satisfied.
With the above proposals, it is possible for the CN to mix CN assigned subgrouping or UE based UE ID subgrouping in a cell. However we do not see why there is a motivation for the network to do so since the CN assigned subgrouping can also take into consideration of the UE ID while allocating the CN assigned subgrouping. At the same time, we do not see any additional effort to allow the mix of UEs in a cell and hence we do not see a need to explicitly prohibit it.

Observation#2: There is no motivation to support both UE based UE ID subgrouping and CN assigned subgrouping in a cell since CN assigned subgrouping can also take into consideration of UE-ID in allocating the CN assigned subgrouping. At the same time, if the cell supports both methods, we do not see any additional effort to allow the mix of UEs in the cell and hence we do not see a need to explicitly prohibit it.

Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: The combinations of UE characteristics to perform subgroup categorization is already available to CN: 
· UE ID is known to CN as it is allocated by CN for mobility management and legacy paging operation.
· In the case of paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs. This can be based on UE subscription.  
· If static power consumption sensitivity level is needed (e.g. eMBB UEs, IoT UE), this can be again known to the CN via the UE subscription
Proposal#1: New UE assistance is not provided by UE in this release to help in the allocation of the UEs in the different UE paging subgroups.
Proposal#2: gNB provides the subgrouping configurations of its cells within a UE registration area to the CN, when subgrouping configuration is supported by the cell.
Proposal#3: gNB indicates to CN the UE subgrouping capability explicitly based on the UE subgrouping capability in the UE radio capability (whether the UE supports CN assigned subgrouping and/or UE based UEID subgrouping)  while UE is in connected mode. 
Proposal#4: The CN indicates the assigned subgroup ID of the UE paging subgroup space to the UE
Proposal#5: If there is a need to support cells with different subgrouping configurations (e.g. total number of subgroups is different) within a paging area, a UE can be provided with a set of assigned subgroup IDs for each of its possible subgrouping configurations (i.e. for the different UE paging subgroup space) 
Proposal#6: The AMF provides the allocated CN assigned subgroup ID to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#7: For RAN paging a a UE in RRC_INACTIVE, the CN assigned subgroup ID is provided to the gNB in Core Network Assistance Information for RRC INACTIVE IE via NGAP INITIAL CONTEXT SETUP REQ and stored in the source gNB as part of the UE context. 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 subgroup ID.
Proposal#8: Send a LS to SA2 and RAN3 to inform them of Proposal#6 and #7 if RAN2 agreed.
Proposal#9: The set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling by the CN (e.g. during initial and mobility registration). When and which message can be included this information is decided by CT1.
Proposal#10: Send a LS to CT1 to inform them that the allocated CN assigned subgroup ID (or a set of assigned subgroup ID for the different subgrouping configuration) should be provided to UE over NAS message if Proposal#4,#5 and #9 are agreed. Which message to use can be decided by CT1.
Proposal#11: UE can be configured by the CN or SIB on whether the UE can use UE based UEID subgrouping if CN assigned subgrouping is not provided/configured.
Proposal#12: UE performs CN assigned subgrouping if CN configures the UE with the CN assigned subgroups while the serving cell indicates support of  subgrouping ,
Proposal#13: UE performs UE based UEID subgrouping if CN does not configure CN assigned subgrouping and UE based UEID subgrouping (i.e. via a BOOLEAN indication) is configured.  ,
Proposal#14: UE performs legacy paging if the conditions in Proposal#12 and #13 are both not satisfied.
Observation#2: There is no motivation to support both UE based UE ID subgrouping and CN assigned subgrouping in a cell since CN assigned subgrouping can also take into consideration of UE-ID in allocating the CN assigned subgrouping. At the same time, if the cell supports both methods, we do not see any additional effort to allow the mix of UEs in the cell and hence we do not see a need to explicitly prohibit it.
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