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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 made the following related agreements on UE subgrouping in RAN2#113bis-e [1]:
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)
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). 



And RAN2 made the following related agreements on UE subgrouping in RAN2#115-e [2]:
	…
· 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.
…
· RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.



During [Post115-e][089] e-mail discussion [3], a scenario of mixed AMFs was described as follows:
Because of “network slicing”, it is quite likely that a gNB is connected to AMFs with different capabilities (e.g., an AMF for high value eMBB consumers that supports PEI, and a Public-Safety AMF that a cash-strapped government cannot afford to upgrade to support PEI). 
And it was requested that the solution must work for such a scenario of mixed AMFs.
In this contribution, we discuss the issue resulted from such a scenario of mixed supporting and non-supporting AMFs and propose a signaling solution for it.   
Discussions 
Issue resulted from the scenario of mixed AMFs
Assuming all UEs supporting paging subgrouping are required to support both CN-assigned subgrouping and UEID-based subgrouping, in the scenario of mixed AMFs as described above, it is still possible that some UEs may be served by an AMF supporting CN-assigned subgrouping and hence may each have a CN-assigned subgroup ID assigned to it, while some other UEs may be served by an AMF not supporting CN-assigned subgrouping and hence may each have no CN-assigned subgroup ID assigned to it. In this situation, the gNB may be required to support both subgrouping methods in order for all supporting UEs in RRC_IDLE and RRC_INACTIVE in the cell to benefit from power saving gain brought by paging subgrouping, in one way or the other.
Observation 1. To support the scenario of mixed supporting and non-supporting AMFs, the gNB may be required to support both subgrouping methods in order for all supporting UEs in RRC_IDLE and RRC_INACTIVE in the cell to benefit from power saving gain brought by paging subgrouping, in one way or the other.
A need for supporting other possible scenarios
In another deployment scenario, it is possible that all AMFs connected to a gNB are capable of assigning a UE to a CN-assigned subgroup, including assigning a UE to a default subgroup without considering the UE’s characteristics, e.g., due to a lack of information about the UE’s characteristics. In this case, the gNB may support only CN-assigned subgrouping, i.e., the gNB doesn’t override a CN-assigned subgroup ID provided by the CN for a UE. 
In yet another deployment scenario, it is possible that a gNB may support only UEID-based subgrouping, which means that the gNB always overrides a CN-assigned subgroup ID, if provided by the CN for a UE, with another subgroup ID generated by hashing the UEID of the UE.
Therefore, to support all the above scenarios, a signaling solution is needed for indicating to UEs, which subgrouping method(s) between the CN-assigned subgrouping and UEID-based subgrouping methods is/are supported in a cell, and how the subgroups supported in the cell are allocated for the subgrouping method(s) supported (or more specifically, which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, if supported).
Observation 2. A signaling solution is needed for indicating to UEs, which subgrouping method(s) between the CN-assigned subgrouping and UEID-based subgrouping methods is/are supported in a cell, and which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, if supported.
A signaling solution for supporting the co-existence of both subgrouping methods in a same cell
The gNB includes an indication in SIB1, the indication indicating a subgroup ID offset value, which is also the first subgroup ID (i.e., corresponding to UEID hash output value of zero) among the UEID-based subgroups, if supported. The presence of the indication in SIB1 also implicitly indicates that paging subgrouping is supported in the cell, with the exact subgrouping method(s) supported in the cell being indicated as follows:
· If the total number of UEID-based subgroups in the cell isn’t indicated in SIB1 or is indicated in SIB1 as zero, the UEID-based subgrouping isn’t supported in the cell (hence also implying that only CN-assigned subgrouping is supported in the cell, because otherwise the gNB would not indicate that paging subgrouping is supported in the cell). In this case, UEs having a CN-assigned subgroup ID will be paged using the CN-assigned subgroup ID and UEs having no CN-assigned subgroup ID will be paged in the legacy way.
· If the total number of UEID-based subgroups in the cell is indicated in SIB1 as non-zero and the subgroup ID offset value is indicated in SIB1 is zero, the CN-assigned subgrouping isn’t supported in the cell. The support of CN-assigned subgrouping is implicitly excluded with such signalling because if both subgrouping methods are used in the cell and the UEID-based subgroups begin from subgroup ID 0, the two sets of subgroups completely overlap with one another, in which case no CN-assigned subgroup provides special protection to the vulnerable UEs from false paging alarms caused by paging UEs using UEID-based subgrouping, hence no advantage for using CN-assigned subgrouping in the first place. In this case, a UE capable of UEID-based subgrouping will be paged in the cell using the UEID-based subgrouping method, no matter whether the UE has a CN-assigned subgroup ID or not, with the subgroup ID used for paging the UE (or receiving the paging) equal to the sum of the subgroup ID offset value indicated in SIB1 and the hash output value of the UEID of the UE. A UE incapable of UEID-based subgrouping will be paged in the cell in the legacy way. 
· If the total number of UEID-based subgroups in the cell is indicated in SIB1 as non-zero and the subgroup ID offset value is indicated in SIB1 as non-zero, both subgrouping methods are supported in the cell. In this case, a UE assigned with a CN-assigned subgroup ID will be paged in the cell using the CN-assigned subgroup ID, a UE not assigned with a CN-assigned subgroup ID and supporting UEID-based subgrouping will be paged in the cell using UEID-based subgrouping method, with the subgroup ID used for paging the UE (or receiving the paging) equal to the sum of the subgroup ID offset value indicated in SIB1 and the hash output value of the UEID of the UE, and a UE not assigned with a CN-assigned subgroup ID and not supporting UEID-based subgrouping will be paged in the cell in the legacy way.
The CN may arrange CN-assigned subgroups by the order of a need for protection for each CN-assigned subgroup, identify the CN-assigned subgroups that need special protection (i.e., prohibited from being used for UEID-based subgrouping), and determine the subgroup ID offset value accordingly. For example, the CN may identify that subgroups 0 and 1 need special protection and therefore determine the subgroup ID offset value to be 2. The CN then indicates the determined subgroup ID offset value to the gNBs, instructing the gNBs not to use subgroups with a subgroup ID before (i.e., less than) the indicated value for UEID-based subgrouping, if the gNB supports CN-assigned subgrouping. On the other hand, if a gNB supports only UEID-based subgrouping, the gNB not only overrides the CN-assigned subgroup IDs provided by the CN, but also overrides the subgroup ID offset value provided by the CN and indicates the subgroup ID offset value in SIB1 as zero, as described before. If a gNB is connected with multiple AMFs, a common policy may be used by these AMFs for arranging the CN-assigned subgroups, identifying the CN-assigned subgroups that need special protection, and determining a common subgroup ID offset value.
The figure below illustrates an example, where subgroups with subgroup IDs of 0 to x, i.e., a total of (x+1) subgroups, are used by the CN as CN-assigned subgroups, and among the CN-assigned subgroups, subgroups with subgroup IDs of 0 to y, i.e., a total of (y+1) subgroups, are designated by the CN as subgroups for assigning vulnerable UEs (i.e., special subgroups requiring special protection). Therefore, the CN determines the value of subgroup ID offset indication indicated to gNBs as (y+1). As shown in the figure, the gNB supports a total of n subgroups for UEID-based subgrouping method. Therefore, subgroups with subgroup IDs of (y+1) to (y+n) are used by the gNB for UEID-based subgrouping, where subgroup ID of (y+1) corresponds to the UEID hash output value of 0, subgroup ID of (y+2) corresponds to the UEID hash output value of 1, and so on and so forth.
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The proposed signaling solution doesn’t require a separate flag bit to indicate the support of the CN-assigned subgrouping in the cell and yet provides the network with the flexibility to indicate RAN capability as one of supporting only the CN-assigned subgrouping method, supporting only the UEID-based subgrouping methods, and supporting both subgrouping methods. 
Proposal 1. RAN2 specify a RAN capability signaling solution capable of indicating RAN capability as one of supporting only the CN-assigned subgrouping method, supporting only the UEID-based subgrouping methods, and supporting both subgrouping methods.
And in the case where both subgrouping methods are supported in a cell, the proposed signaling solution further signals which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, provides the network with the flexibility to partition the subgroups supported in the cell between the two subgrouping methods in one of a mutually exclusive way and a partially overlapping way, and yet allows at least some CN-assigned subgroups, which are designated for UEs that are vulnerable to false paging alarms, to be specially protected (i.e., not to be used for UEID-based subgrouping). 
Proposal 2. RAN2 specify a subgroup configuration signaling solution capable of: 1) signaling which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, if supported; 2) providing the network with the flexibility to partition the subgroups supported in the cell between the two subgrouping methods, if both supported, in one of a mutually exclusive way and a partially overlapping way; and 3) allowing at least some CN-assigned subgroups, which are designated for UEs that are vulnerable to false paging alarms, to be specially protected (i.e., not to be used for UEID-based subgrouping), if CN-assigned subgrouping is also supported in the cell.
Proposal 3. RAN2 consider the signaling solution proposed in section 2.3 in this document for RAN capability indication and subgroup configuration indication.
[bookmark: _Ref129681832]Conclusions
Observation 1. To support the scenario of mixed supporting and non-supporting AMFs, the gNB may be required to support both subgrouping methods in order for all supporting UEs in RRC_IDLE and RRC_INACTIVE in the cell to benefit from power saving gain brought by paging subgrouping, in one way or the other.
Observation 2. A signaling solution is needed for indicating to UEs, which subgrouping method(s) between the CN-assigned subgrouping and UEID-based subgrouping methods is/are supported in a cell, and which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, if supported.
The following is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 specify a RAN capability signaling solution capable of indicating RAN capability as one of supporting only the CN-assigned subgrouping method, supporting only the UEID-based subgrouping methods, and supporting both subgrouping methods.
Proposal 2. RAN2 specify a subgroup configuration signaling solution capable of: 1) signaling which subgroups supported in the cell are used for the hashing for the UEID-based subgrouping method, if supported; 2) providing the network with the flexibility to partition the subgroups supported in the cell between the two subgrouping methods, if both supported, in one of a mutually exclusive way and a partially overlapping way; and 3) allowing at least some CN-assigned subgroups, which are designated for UEs that are vulnerable to false paging alarms, to be specially protected (i.e., not to be used for UEID-based subgrouping), if CN-assigned subgrouping is supported in the cell.
Proposal 3. RAN2 consider the signaling solution proposed in section 2.3 in this document for RAN capability indication and subgroup configuration indication.
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