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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In the previous RAN2 #115e online discussion, the following conclusion were made[1]
	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 provide our views on CN to implement subgrouping.
Discussion 
1.1  Co-exist of CN-assigned subgrouping and UE-ID subgrouping
For option of CN-assigned subgroup ID, which has the following characteristics[2]:
· CN assigns subgroup ID to UE and indicates to gNB when the UE is paged.
· gNB and the UE apply the assigned subgroup ID.
· gNB broadcast subgroup configuration (e.g. number of total subgroups).
· If specific subgrouping information is not provided from CN, UE-ID based subgrouping may be used.
One possible scenario is that under network slicing, a gNB is connected to AMFs with different capabilities, one supporting subgrouping and the other one not supporting subgrouping. Correspondingly, the UEs served by this gNB also has two types, one is to support receiving PEI, the other one is not support, and the UEs which support receiving PEI may be divided into two classes: one does not receive CN assigned subgrouping ID (AMF does not support subgrouping), the other one that has received CN assigned subgrouping ID (AMF supports grouping). According to the fourth characteristic, if specific subgrouping information is not provided from CN, UE-ID based subgrouping may be used, so the UEs that support receiving PEI but does not receive the CN assigned grouping ID should be provided UE-ID based subgrouping by the RAN. In other works, there will be both CN assigned subgroup and UE-ID subgrouping at the same time in a gNB. For such use case, to avoid performance degradation caused by mixing the two different subgrouping, reasonable option for subgroups splitting in RAN for UEs in the cell with CN assignment and UE-ID based is that the subgrouping configuration used by CN assigned subgrouping cannot be used for UE-ID based subgrouping. 
Observation 1 It’s better to adapt hard splitting for subgrouping (non-overlap) .
Based on RAN2 assumptions that all the cells within the registration area support the same number of CN assigned subgroups, RAN can broadcast the maximum number of UE-ID based subgroups in system messages, the sum of number of UE-ID based subgroups and the maximum number of CN assigned subgroups should not exceed 8, which is the number of that for UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported. Thereby, there should be two separate sets of subgroups at the same time, e.g., Y (>=0) number of CN based subgroups and X (>=0) number of UE-ID based subgroups. Assume that NPEI is the maximum number of subgroups that the size of PEI can support, X+Y should not exceed NPEI  as below figure which is referenced from [2].

Figure 1: example of non-overlapped case
Proposal 1 gNB should broadcast the total number of UE_ID based subgroup X;
Proposal 2 The subgroup ID of UEs those support PEI but does not receive the CN assigned grouping ID should calculate based UE_ID by:
UE subgroup ID=NPEI - floor (UE_ID/(N*Ns)) mod X - 1;
UE_ID: 5G-S-TMSI mod 1024;
N: number of total paging frames in T, T is DRX cycle of the UE;
Ns: number of paging occasions for a PF;
X: The total number of UE subgrouping based on UE_ID.
NPEI:The maximum of 8 subgroups per PO is supported

1.2  UE’s paging subgrouping related information forward
eMBB is an important application scenario of NR, and for eMBB devices (e.g smart phone) , mobility and power saving enhancements are very general and important attributes. The subgrouping-based paging should not only applied in the last used cell, otherwise the UEs cannot use it after moving out, which will greatly reduce the scope of application of the paging subgrouping. 
Observation 2  RAN2 to consider the signaling of UE’s paging subgrouping related information.
[bookmark: _GoBack]There are three mobility situations UEs, namely, UEs that support PEI but have not received CN-assigned subgroup ID, UEs that support PEI and receive CN-assigned subgroup ID, and UEs that do not support PEI. For a UE does not support receive PEI is under mobility, its behavior is act like as legacy behavior, no longer described. When the other two types of UEs are moving from one cell to another, regardless UE or gNB the subgrouping capability should only be related to whether it supports PEI, because if UE/RAN supports UE-ID based subgroup, it can receive/send UE group PEI, and it should support CN assigned subgroup also.
That is, if the UE performs paging monitoring according to the CN-assigned subgroup ID in the original cell, then after moving to another cell, if the new cell supports PEI, then the UE should also perform paging monitoring PEI according to the CN-assigned subgroup ID in the new cell, otherwise the UE should directly fall back to the legacy behavior to monitor the paging. Correspondingly, if the UE performs paging monitoring PEI according to UE-ID based subgroup in the original cell, then after moving to another cell, if the new cell supports PEI, the UE should also performs paging monitoring PEI according to UE-ID based subgroup in the new cell, otherwise the UE should directly fall back to the legacy behavior also.
If it is a UE-ID based subgroup, UE could calculate the subgroup number according to the total number of UE_ID based subgroups in each cell’s system information, if it is a CN-assigned subgroup, then when network releases a UE into RRC INACTIVE, UE’s paging subgrouping related information should be forwarded from anchor gNB to non-anchor gNB.
[bookmark: _Ref67319404][image: ]      
Figure 2. Signaling of subgroup between source gNB and target gNB 
The CN-assigned subgroup ID should be stored in the anchor gNB as part of the UE context, further while UE is moving out of the configured RNA, the source gNB should provide the UE subgroup information, i.e. via RETRIVE UE CONTEXT RESPONSE, to the target gNB during the RNA update procedure. Then target gNB could page the UE using the same CN-assigned subgroup information.
Proposal 3 CN-assigned subgroup information should be signaled between gNBs.
Conclusion 
Observation 1  It’s better to adapt hard splitting for subgrouping (non-overlap) .
Proposal 1 gNB should broadcast the total number of UE_ID based subgroup X;
Proposal 2 The subgroup ID of UEs those support PEI but does not receive the CN assigned grouping ID should calculate based UE_ID by:
UE subgroup ID=NPEI - floor (UE_ID/(N*Ns)) mod X - 1;
UE_ID: 5G-S-TMSI mod 1024;
N: number of total paging frames in T, T is DRX cycle of the UE;
Ns: number of paging occasions for a PF;
X: The total number of UE subgrouping based on UE-ID.
NPEI:The maximum number of subgroups that the size of PEI can support
Observation 2  RAN2 to consider the signaling of UE’s paging subgrouping related information.
Proposal 3 Grouping information should be signaled between gNBs.
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