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1. Introduction
In RAN2#115-e meeting, the following agreements were made[1] regarding UE sub-grouping for paging enhancement:
	CN-assigned subgrouping

· CN assigns subgroup ID.

· When AMF has assigned a UE with a Paging subgroup, some NAS signalling 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 signalling 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 signalling 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 subgrouping

· 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.

Coexistence of CN-assigned and UEID-based subgrouping

· 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 capabilities 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 RAN plenary #93e [2], the following agreement is made for paging enhancements:
	Agreement

· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support

•      New DCI format

•      Higher layer configuration, including SS

•      Details of the procedures of PEI monitoring, and identification of MOs before PO

•      Only Behv-A (per RAN1#104e agreement) is supported 

•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats

•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 


In this contribution, we will further discuss sub-grouping architecture for paging enhancement.
2. Discussion
2.1 Background 
RAN2 have discussed and concluded two subgrouping methods, including CN-Controlled and UE-ID based subgrouping. The pre-condition for correct and efficient paging reception is the consistent understanding of paging subgrouping configuration on both UE and NW sides. That’s to say, we need to clarify how to perform the paging reception based on different paging subgrouping methods, taking into account UE and NW capabilities.  
CN-Controlled subgrouping: in this approach, the UE’s subgroup ID is assigned directly by CN based on UE characteristics (and other potential information). If the UE supports paging subgrouping, the CN may assign subgrouping information to the UE. Impact on NAS is expected to support CN-Controlled subgrouping, which can be discussed further in RAN2 or SA2/CT1.
UE-ID based subgrouping: the UE’s subgroup is calculated based on UE-ID. UE-ID based subgrouping method at least requires UE to obtain the total number (Nsg) of subgroups in serving cell, which can be provided by gNB, e.g. broadcasted in System Information. If the total number (Nsg) is provided, gNB needs to know a target UE capability regarding UE-ID based subgrouping to decide whether to paging the target UE according to UE-ID based subgrouping method. The UE capability transfer procedure (UECapabilityEnquiry/ UECapabilityInformation message) can be used to transfer UE paging subgrouping capabilities.
Based on the aforementioned subgrouping methods, we need to discuss how to handle the use cases based on different UE/NW capabilities or scenarios.
2.2 Use cases for NW capability
In case CN does not support CN-Controlled subgrouping, CN will not assign any paging subgroup for UE. Similarly, CN will not inform gNBs about the CN configured subgroup ID while paging a UE. 
Considering the RAN2#113bis-e agreement that “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)”, the case that CN does not support subgrouping should be same as the case that CN doesn’t provide subgrouping information. 

Proposal 1: If CN does not support paging subgrouping, UE could apply UE-ID based subgrouping, if any, or apply legacy paging without subgrouping if UE-ID based subgrouping is not configured. 
From gNB point of view, paging subgrouping capability needs to consider CN-Controlled and UE-ID based methods. Assuming CN supports and applies CN-Controlled subgrouping, we need to discuss the scenarios based on gNB capability. 
Case 1: gNB supports CN-Controlled subgrouping. 
· Case 1.1: gNB does not support UE-ID based subgrouping or does not provide information/configuration for UE-ID based subgrouping. 

In this case, at the UE and gNB side, CN-Controlled subgrouping will be applied. 
· Case 1.2: gNB supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
In this case, we shall consider the co-existence of CN-assigned subgrouping and UE-ID subgrouping. In our understanding, the UEs having no CN assigned subgroup ID should not impact the paging for UEs with CN assigned subgroup ID. In this way, CN assigned and UE_ID based subgrouping cannot be used simultaneously. 

If we have to support the simultaneous CN assigned and UE_ID based subgrouping in practice, then we have to carefully design the subgrouping for both methods. If using separated subgroups splitting, the number of subgroups may be reduced because CN can't use all available subgroups, the power saving gains of the PEI are decreased. Furthermore, separate configurations for PEI radio resource are also required, in which the resource usage efficiency is low. 
R2 assumes that all the cells within the registration area support 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). Therefore, even if supporting simultaneous CN assigned and UE_ID based subgrouping, the subgrouping should be overlapped, i.e. both methods are using the same subgrouping configuration, such as  PEI resources and subgrouping indicators etc.
Proposal 2: If simultaneous CN assigned and UE_ID based subgrouping are supported, the subgrouping configuration used by CN assigned subgrouping is also used for UE ID based subgrouping 
Case 2: gNB does not support CN-Controlled subgrouping. 
· Case 2.1: gNB does not support UE-ID based subgrouping or does not provide information/configuration for UE-ID based subgrouping. 
For Case 2.1, gNB will not provide any resource configuration for subgrouping for either CN-Controlled subgrouping or UE-ID based subgrouping. At the UE side, subgrouping based paging will not be applied, i.e. legacy paging without subgrouping will be performed. There will be no problem at the UE side. 

· Case 2.2: gNB supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
In last meeting, we have agreed that: “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.” Network capability to support UEID-based subgrouping can be implicitly indicated by presence of the total number of supported UEID-based subgroups by the network. As per the agreement, we think the RAN will decide the subgroups for UE-ID based subgroups, not for CN assigned subgroups.
For Case 2.2, gNB does not know whether CN-Controlled subgrouping is applied. gNB will send the paging to UEs according to UE-ID based subgrouping. However, CN and UE will apply the CN-control subgrouping for paging transmission and reception, i.e., UE will monitor paging based on CN assigned subgroup. In this way, inconsistent paging transmission and reception may happen between network and UE sides. Therefore, we think network deployment/configuration should avoid such situation. For example, if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping. 

Observation 1: In case CN supports and applies CN-Controlled subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-Controlled subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
Proposal 3: Network should avoid the scenario: in case CN applies CN-Controlled subgrouping, but gNB does not support CN-Controlled subgrouping, e.g. if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping.
In this way, the behavior for UE will be simple, that is UE only needs to follow the network configuration. From UE point of view, if the UE receives paging subgroup ID assigned from CN, CN-Controlled subgrouping will be applied. 
Proposal 4: UE will apply CN-Controlled subgrouping when the UE receives subgroup assigned from CN. 
Proposal 5: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN. 

2.3 UE capability
Some UEs may be not capable of supporting paging indication (PEI), such as legacy UEs.RAN2 needs to discuss the case that when gNB pages legacy UEs not supporting PEI, Rel-17 UE supporting PEI may be waked up by mistake. In order to avoid such false alarm issue for Rel-17 UEs, UE needs to report optional capability for supporting PEI to Network.
Proposal 6: UE needs to report optional capability for supporting paging indication to Network
Assuming UE has separate capabilities of CN-Controlled or UE_ID based subgrouping, it may cause a mix of UEs in a cell using NW-assigned subgroup and UE_ID based subgroup. Once the mix of UE_ID based and CN-Controlled subgroups in the same cell exists, as discussed in the aforementioned “co-existence of UE_ID based and CN-Controlled subgrouping”, the subgroup IDs from CN assigned and the subgroup IDs based on UE-ID should be overlapped. In our understanding, the possible drawback is that the UEs having CN assigned subgroup ID may impact the paging for UEs with CN assigned subgroup ID in the same cell.

Furthermore, from UE perspective there is no too much difference between the capabilities of CN-Controlled and UE_ID based subgrouping. Therefore, a common UE capability of supporting subgrouping should be defined covering both CN-Controlled and UE-ID based subgrouping, e.g. only one UE capability reported to CN by NAS, which is simple, 
Proposal 7: Introduce a common UE capability of supporting subgrouping covering both CN-Controlled and UE-ID based subgrouping.
2.4 Non-using cases

In LTE the UE monitors (G)WUS only in the last used cell when (G)WUS is used in RRC_IDLE, as specified in TS 36.304:
	Paging with Wake Up Signal is only used in the cell in which the UE most recently entered RRC_IDLE triggered by:
-
reception of RRCEarlyDataComplete; or
-
reception of RRCConnectionRelease not including noLastCellUpdate; or

-
reception of RRCConnectionRelease including noLastCellUpdate and the UE was using (G)WUS in this cell prior to this RRC connection attempt.


The area scope of using paging subgrouping is not concluded yet for CN-Controlled subgrouping in NR. It should be CN to determine paging subgrouping procedure. If LTE mechanism above is reused, the subgrouping based paging could be only applied in the last used cell, then, the UE cannot use it after moving out of the last use cell, which will limit the power saving gain from paging subgrouping. But if the paging subgrouping applies in a large scope, it may lead to a higher false alarm for the un-paged UEs. It will be worse when there are more UEs with high mobility or low latency. Therefore, a suitable area of using paging subgrouping should be defined.
In our understanding, the CN can determine the area of using paging subgrouping, e.g. with taking account of UE characteristics, such as a list of cells according to UE movement area, or RNA in the registration area, etc. 

Proposal 8: RAN2 to discuss the area scope of using paging subgrouping.
Furthermore, it’s open that “FFS when a UE in RRC_INACTIVE has been assigned by CN a Paging subgroup, whether some signalling should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.” In our understanding, UE’s paging subgrouping related information should be in a forwarded RAN paging message. It makes sense to apply paging subgrouping in RNA area, especially in case of many UEs with high mobility.
Proposal 9: UE’s paging subgrouping related information should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.
3. Conclusion

In this contribution, we discuss UE subgrouping for paging enhancement. Based on the discussion, we have the following observations and proposals:

Observation 1: In case CN supports and applies CN-Controlled subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-Controlled subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping.
Proposal 1: If CN does not support paging subgrouping, UE could apply UE-ID based subgrouping, if any, or apply legacy paging without subgrouping if UE-ID based subgrouping is not configured. 
Proposal 2: if simultaneous CN assigned and UE_ID based subgrouping are supported, the subgrouping configuration used by CN assigned subgrouping is also used for UE ID based subgrouping 
Proposal 3: Network should avoid the scenario: in case CN applies CN-Controlled subgrouping, but gNB does not support CN-Controlled subgrouping, e.g. if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping.
Proposal 4: UE will apply CN-Controlled subgrouping when the UE receives subgroup assigned from CN. 

Proposal 5: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN.
Proposal 6: UE needs to report optional capability for supporting paging indication to Network
Proposal 7: Introduce a common UE capability of supporting subgrouping covering both CN-Controlled and UE-ID based subgrouping.
Proposal 8: RAN2 to discuss the area scope of using paging subgrouping.
Proposal 9: UE’s paging subgrouping related information should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.
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