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[bookmark: _Ref165266342]1 Introduction
In RAN2#114 meeting, we have agreements as follow:
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 this contribution, we will further discuss what each node can do for the paging subgroup.
2 Discussion
2.1 The responsibility of each node 
The basic procedure for subgroup
Since CN is responsible for allocating UEs to UE paging subgroups, AMF will calculate a subgroup ID for UE by implementation. Here are some steps that AMF should consider: If UE assistance information is introduced, UE can report its attribution through NAS signalling (i.e. registration request) for AMF to calculate the subgroup ID. Then AMF can provide the subgroup ID through NAS signalling (i.e. registration accept) to UE during the registration procedure.
Proposal 1: AMF can provide the subgroup ID through NAS signalling (i.e. registration accept) to UE during the registration procedure.
Considering UE in RRC_INACTIVE is paged from gNB, the subgroup ID should be stored in gNB as UE context. Currently the IE Core Network Assistance Information for RRC INACTIVE is used by AMF to provide assistance information to the gNB, assisting gNB’s decision whether the UE can be sent to RRC inactive state. Therefore we think the subgroup ID can be carried in this IE when establishing the necessary overall initial UE context at the NG-RAN node (i.e. initial context setup request) or partly modifying the established UE context (UE context modification request). 
Furthermore when handover in RRC_CONNECTED happens, AMF is also required to provide the target gNB with this subgroup ID. For handover resource allocation, the AMF initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node, if the Core Network Assistance Information for RRC INACTIVE IE (containing subgroup ID) is included in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context. For Path Switch Request, the NG-RAN node initiates the procedure by sending the PATH SWITCH REQUEST message to the AMF and receive the PATH SWITCH REQUEST ACKNOWLEDGE from AMF. If the Core Network Assistance Information for RRC INACTIVE IE (containing subgroup ID) is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, store this information in the UE context. Therefore, the NW-assigned subgroup ID can be used in mobility scenarios.
Proposal 2: AMF can provide the subgroup ID through N2 message (e.g. initial context setup request, UE context modification request, handover request, path switch request acknowledge) to gNB for RAN paging.
Although gNB has “RRC Inactive Assistance Information” which can include subgroup ID, we should consider different gNB can have different subgroup resources. That means a mapping mechanism should be further considered to match the “subgroup ID” sent by AMF with the subgroup resources in gNB.
Proposal 3: A mapping mechanism should be further considered to match the “subgroup ID” sent by AMF with the subgroup resources in gNB.
According to the description above, we can conclude the paging procedure:
For CN paging, AMF will send PAGING message (which including subgroup ID, UE-ID, the specific DRX) to gNB(s) belonging to the registration area, then gNB(s) page UE using these information.
For RAN paging, gNB receive “data” from AMF, then the gNB will page UE based on the UE context (which including subgroup ID) stored previously. Also gNB will sent RAN PAGING message including UE context about paging to other gNB(s) belonging to the RAN notification area.
And UE always have such a subgroup ID no matter in any RRC states since the registration procedure is finished and use this subgroup ID to monitor paging. But how UE use this subgroup ID correctly is determined by the mapping mechanism between network nodes.
The update for subgroup ID
In last RAN2#114 meeting, we had concluded that using same UE subgroups when in RRC_IDLE and RRC_INACTIVE. However UE may have different paging probability in RRC_IDLE and RRC_INACTIVE. A fixed subgroup ID assigned by AMF during registration procedure may not be efficient for different RRC states. Therefore it seems reasonable that gNB may update the subgroup ID when releasing UE into RRC_INACTIVE. And we want to clarify that the subgroup ID is only be updated, it means UE still use a same subgroup ID for CN and RAN paging.
However it requires gNB to get a new subgroup ID by negotiating with AMF before releasing UE into RRC_INACTIVE as CN is responsible for assigning subgroup ID. For this issue, some signalling interactions between gNB and AMF need to be considered as shown in Fig 2. For example, the current RRC INACTIVE TRANSITION REPORT message can be used by gNB to provide assistance information to AMF for negotiating a new subgroup ID. Then gNB can notify UE such new subgroup ID via RRC release message and UE use this new subgroup ID to monitor both CN and RAN paging.
Proposal 4: RAN2 is suggested to further study how to update subgroup ID for RRC_INACTIVE.


Fig.2 gNB assisting AMF to update subgroup ID for RRC_INACTIVE
2.2 Specific cases for non-supporting NW-assigned subgroup
In this section, we will discuss the specific cases that some nodes are not able to support NW-assigned subgroup. And it is noted that in RAN2#113b meeting, we had concluded that if the NW-assigned subgroup is not supported, there will be configuration option where subgrouping can be supported by randomization (UE-ID based method). 
For AMF not supporting NW-assigned subgroup
If AMF does not support NW-assigned subgroup, it will not provide subgroup ID to both UE and gNB, then NW-assigned subgroup will not be used for any nodes. However in this situation, if UE-ID based subgroup is introduced, network still can consider UE-ID based subgroup which only requires UE and gNB to involve it. But we want to clarify that there are two methods for using UE-ID based subgroup, one is reusing LTE mechanism (i.e. UE-ID is used to calculate a group from a group set), and another is an independent methods (i.e. gNB is only required to broadcast the number of total subgroups Nsubgroup). And how to use UE-ID can be further discussed. 
Proposal 5: If NW-assigned subgroup is not provided by AMF, network can consider UE-ID based subgroup which only requires UE and gNB to involve it. 
For gNB not supporting NW-assigned subgroup
We assume that some gNBs in a registration area may not support the NW-assigned subgroup even if UE has own subgroup ID assigned by AMF. For this situation, we think gNB should notify UE its capability for NW-assigned subgroup. For example gNB use broadcast information or RRC release message to notify UE not to use subgroup ID assigned by AMF for monitoring paging in this cell. Taking the below picture as an example:


Fig.1 gNB notify UE its capability for NW-assigned subgroup through broadcast
Proposal 6: gNB should notify UE its capability for NW-assigned subgroup if some gNB(s) in a registration area may not support the NW-assigned subgroup.
However, if independent UE-ID based subgroup is considered, UE and gNB still can negotiate to use UE-ID based subgroup, and this can be further discussed.
For UE not supporting NW-assigned subgroup
In this situation AMF would not provide a subgroup ID to UE, and UE can not monitoring paging using such a subgroup ID. But if LTE mechanism is considered, UE still can use UE-ID to calculate a subgroup ID. Another way is that if gNB could provide an independent UE-ID based subgroup via broadcast, UE may use such system information to calculate a random subgroup ID to monitoring paging subgroup. Even so, current AMF may provide subgroup ID to other supporting NW-assigned UE, how to coexist between subgroup ID from AMF and subgroup ID from broadcast information should be specified while both methods are used simultaneously in one cell. 
Proposal 7: If NW-assigned subgroup is not provided to UE, UE still can consider UE-ID based subgroup which only requires UE and gNB to involve it. 
Proposal 8: If UE-ID based subgroup is introduced, how to coexist between subgroup ID from AMF and subgroup ID from broadcast information should be specified while both methods are used simultaneously in one cell.
Furthermore, if UE doesn’t support any methods of subgroup, there should be a common resource for paging. For example, if PEI is used for subgroup, PEI design should assign a common resource for not-supporting subgroup UE. If PO is used for subgroup, UE will not handle those bits for subgroup.
Proposal 9: There should be a common resource or design for non-supporting subgroup UE.
3 Conclusions
Proposal 1: AMF can provide the subgroup ID through NAS signalling (i.e. registration accept) to UE during the registration procedure.
Proposal 2: AMF can provide the subgroup ID through N2 message (e.g. initial context setup request, UE context modification request, handover request, path switch request acknowledge) to gNB for RAN paging.
Proposal 3: A mapping mechanism should be further considered to match the “subgroup ID” sent by AMF with the subgroup resources in gNB.
Proposal 4: RAN2 is suggested to further study how to update subgroup ID for RRC_INACTIVE.
Proposal 5: If NW-assigned subgroup is not provided by AMF, network can consider UE-ID based subgroup which only requires UE and gNB to involve it. 
Proposal 6: gNB should notify UE its capability for NW-assigned subgroup if some gNB(s) in a registration area may not support the NW-assigned subgroup.
Proposal 7: If NW-assigned subgroup is not provided to UE, UE still can consider UE-ID based subgroup which only requires UE and gNB to involve it. 
Proposal 8: If UE-ID based subgroup is introduced, how to coexist between subgroup ID from AMF and subgroup ID from broadcast information should be specified while both methods are used simultaneously in one cell.
[bookmark: _GoBack]Proposal 9: There should be a common resource or design for non-supporting subgroup UE.
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