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In May 2021 meetings, RAN2 made the following agreements about UE subgrouping.
	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


In RAN2#115-e meeting, we made some further progress:
	When AMF has assigned a UE with a Paging subgroup, some NAS signaling 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 signaling 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 signaling 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 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.

We go with Option 1 (CN assigns subgroup ID)
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 caps 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.



In this contribution, we discuss further details about UE paging subgroup assignment. More specifically, we discuss the responsibility of CN and RAN on UE subgroup assignment
Discussion
Co-existence of CN-assigned and UEID-based Subgrouping
1.1.1 Support of UE subgrouping
When discussing CN assignment of UE paging subgroups, we implicitly assume that CN, gNB and UE all support the subgrouping. But this is not always true. It is possible that the CN, gNB, or UE does not support subgrouping for paging. Moreover, in addition to CN-assigned subgroups, there is another option of subgrouping by randomization, according to RAN2#113bis-e agreement:
	· 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).


RAN Capability
As agreed in RAN2#115-e, RAN capability is known based on broadcast information. For gNB, supporting subgrouping means that it can send paging indications for subgroups of UEs monitoring a PO, and this should be applicable for both CN-assigned and randomization-based subgroups. 
Proposal 1:	A gNB supporting paging subgrouping should support both CN-assigned and UE-based subgrouping.
It was left FFS if the RAN capability is broadcasted with explicit indication or implicit configuration. One simple way is to bind paging indication for UE subgroup with PEI, and then the broadcast of UE-group PEI configurations in SIB also implies the RAN support, and we do not need additional explicit configurations. The UE-group PEI configurations can be similar to UE-group WUS configurations (GWUS-Config). The UE-group PEI configurations may include number of subgroups, PEI resources, and time offset between PO and PEI, etc. RAN2 can discuss detailed configurations after further RAN1 conclusions.  
UE Capability
Similarly, a UE supporting paging subgrouping should be able to receive paging indication for its subgroup, regardless of whether the subgroup is assigned by CN or based on randomization. From implementation point of view, it would be strange to design a UE supporting only one method. Thus, we do not see the need of separate capabilities. 
Proposal 2:	A UE supporting paging subgrouping should support both CN-assigned and randomization-based subgrouping. There is only a single UE capability for paging subgrouping support.
1.1.2 CN-assigned and UEID-based Subgrouping in RAN
According to RAN#115-e discussions, RAN2 assumes that all the cells within the registration area supports the same number of CN-assigned subgroups. Moreover, we agreed that for UEID-based subgroup method, the total number of supported subgroups by the network is decided by RAN. This means that a gNB may handle both CN-assigned and UEID-based subgroups. We see the following options for the co-existence of:
Option 1: No co-existence of two method in RAN
· The network either assigns subgroup ID to all UEs, or does not assign subgroup ID to any UE
· If CN assigns subgroup IDs, all cells in the registration area supports the same number of CN-assigned subgroups according to CN assignment, and do not support UEID-based subgroups, even if a cell is able to support more subgroups than CN assignment/
· If CN does not assign subgroup IDs (either CN does not support UE subgrouping, or it chooses not to), gNB supporting UE subgrouping may send PEI with UEID-based subgrouping.
As an example, Figure 1 illustrates this option, where all 8 subgroups are either assigned to UE by CN, or selected based on UEID.
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Figure 1.	No co-existence of CN assignment and UEID based subgrouping in RAN
Option 2: Coexistence with overlapped subgroups
· The total number of subgroups in a cell (Nsg) is determined by gNB, and broadcasted in SIB together with other configurations. 
· Nsg should be no less than the number of subgroups assigned by CN. In a gNB, the subgroup ID assigned by CN for one UE may be the same as the subgroup ID determined by another UE using randomization. 
· An example is shown in Figure 2:
· The CN assigns some UEs into 4 groups (0~3); these UEs will use the subgroup ID with the registration area.
· A gNB decides to have Nsg=8 groups. UEs that do not have CN-assigned subgroup ID will choose from Group 0 to 7 according to their UE ID. 
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Figure 2:	Co-existence of CN-assigned and UEID-based subgrouping, overlapped
Option 3: Coexistence with overlapped subgroups
· The total number of subgroups in a cell (Nsg) is the sum of the number of CN-assigned subgroups (Nsg,c) and the number of UEID-based subgroups (Nsg,u, determined by gNB) 
· An example is shown in Figure 3:
· The CN assigns some UEs into 4 groups (0~3); these UEs will use the subgroup ID with the registration area.
· A gNB decides to have Nsg,u= 4 groups. UEs that do not have CN-assigned subgroup ID will choose from Group 4 to 7 according to their UE ID. 
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Figure 3:	Co-existence of CN-assigned and UEID-based subgrouping, no overlap
If we allow co-exist of CN assigned and UE-ID based subgrouping, having non-overlapping subgroups is a more reasonable way. This is because, for rarely-paged and power-sensitive UEs, CN can “protects” them by assigning specific subgroup IDs. If other UEs are allowed to select these subgroups (Option 2), the paging “false alarm” rate will increase significantly, and the CN subgroup assignment becomes meaningless.     
Based on the above discussions, we have the following proposals:
Proposal 3:	CN can assign subgroup ID to some of the UEs, but not necessarily to all UEs
· If CN assigns subgroup ID to a UE, the UE uses the CN-assigned subgroup ID.
· If CN does not assign subgroup to a UE, UE may determine its subgroup by randomization (based on UE ID), following gNB configurations.
Proposal 4:	A gNB may handle both CN-assigned and UEID-based. In this case, separate sets of the subgroup IDs are allocated for the two methods.
Assistance information
For CN-assigned UE subgrouping, it is a reasonable assumption that CN have most necessary information for subgroup ID assignment. However, in some cases, assistance information from UE (e.g. power consumption/battery life, mobility, etc.) may help more proper subgrouping. 
If UE is allowed to send assistance information to network, the assistance information sent to CN via NAS signalling, since UE subgrouping is done by CN.
Proposal 5:	RAN2 to discuss UE assistance information for paging subgrouping. If UE is allowed to send assistance information to network, the assistance information sent to CN via NAS signalling. Send LS to CT1 about RAN2 conclusions.

Conclusion
This contribution discussed the UE paging subgroup assignment. It is proposed to discuss and decide on the following proposals:
Proposal 1:	A gNB supporting paging subgrouping should support both CN-assigned and UE-based subgrouping.
Proposal 2:	A UE supporting paging subgrouping should support both CN-assigned and randomization-based subgrouping. There is only a single UE capability for paging subgrouping support.
Proposal 3:	CN can assign subgroup ID to some of the UEs, but not necessarily to all UEs
· If CN assigns subgroup ID to a UE, the UE uses the CN-assigned subgroup ID.
· If CN does not assign subgroup to a UE, UE may determine its subgroup by randomization (based on UE ID), following gNB configurations.
Proposal 4:	A gNB may handle both CN-assigned and UEID-based. In this case, separate sets of the subgroup IDs are allocated for the two methods.
Proposal 5:	RAN2 to discuss UE assistance information for paging subgrouping. If UE is allowed to send assistance information to network, the assistance information sent to CN via NAS signalling. Send LS to CT1 about RAN2 conclusions.
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