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Introduction
During the last RAN2 meeting, companies provided views on the mechanism design of both the CN controlled subgrouping and the UE ID based subgrouping. Beside this, the UE and network capability of subgrouping was also discussed. Following this we also had a [Post115-e][089][ePowSav] Paging Subgrouping email discussion.
In this contribution, we further discuss general scenario issues for the paging subgrouping mechanism.
Discussion
Co-existence of two subgrouping mechanisms
Considering that we assumed separate UE capabilities for the two subgrouping mechanism, there can be UEs with different supports on subgrouping mechanisms in one cell [1]. 
	RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration. 



Allowing two subgrouping mechanisms to be used simultaneously in one cell may be more beneficial from the UE’s perspective. Since if both subgrouping mechanisms are supported in a cell, the UE supporting only one of the subgrouping mechanism can still have the chance to use subgrouping to reduce the false alarm rate.
Proposal 1: Support the mixture of CN controlled subgrouping and UE ID based subgrouping in one cell if separate UE capabilities for these two subgrouping methods is supported.
If mixture of the two subgrouping mechanisms in one cell is allowed, one issue has been discussed in the previous email discussion is that whether to support CN controlled subgrouping and UE ID based subgrouping split in one cell. The following options are given in [Post115-e][089][ePowSav]:
· Option 1: The subgrouping configuration used by CN assigned subgrouping is also used for UE ID based subgrouping; (overlap case);
· Option 2: The subgrouping configuration used by CN assigned subgrouping cannot be used for UE ID based subgrouping; (non-overlap case);
· Option 3: Left to gNB implementation whether to allow overlapping or not.
In our understanding, non-overlapping subgroups should be supported to ensure the performance of CN-assigned subgrouping is not degraded. Otherwise, it is meaningless to use CN-assigned subgrouping, as the “false alarm” will increases due to the randomization of UE ID based subgrouping, and it is meaningless to use two subgrouping mechanisms simultaneously.
Hence, CN controlled subgrouping and UE ID based subgrouping should be differentiated for subgroup indication. For example, the subgroup IDs for CN controlled subgrouping and UE ID based subgrouping are not overlapped, e.g. the subgroup IDs scope are divided and indicated by the network, or enhance the formula for calculating UE ID based subgroup ID by adding an offset, in this way, the CN controlled subgrouping and UE ID based subgrouping can be differentiated naturally. Or explicit indication can be added to indicate whether the subgroup(s) to be waken up corresponds to CN controlled subgrouping or UE ID based subgrouping.
Proposal 2: Support non-overlapping subgroups in the case of mixture of two subgrouping mechanisms.
RAN sharing scenario
The scenario
Currently, a cell can be shared by multiple PLMNs in the RAN sharing scenario. The shared cell broadcasts SIB1 which contains the information of all associated PLMNs.
For the RAN sharing scenarios, multiple CNs having different PLMN IDs are connected to the gNB through NG interface and the shared cell of such a gNB serves the UEs belonging to of multiple CNs with different PLMNs.
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Fig.1 RAN sharing scenario
The potential issue with RAN Sharing Scenario
Thus for the RAN sharing scenario the question is how do we support the CN controlled subgrouping for multiple CNs.
Considering that different CNs may have different subgrouping strategies, if the CN assigned subgroups from different CNs are mixed in cell/RAN, UEs connected to different CNs would impact each other, which will degrade the overall CN subgrouping performance in the system. For instance, CN1 assigns UEs with low paging probability into subgroup 1 while CN2 assigns UEs with high paging probability into subgroup 1. Then in the shared cell, the subgroup 1 would contain both high-probability and low-probability UEs if we do not introduce any scheme for separation.
Observation 1: In the RAN sharing scenario, subgroups assigned by different CNs may be mixed in the shared cell, which degrades the performance of CN subgrouping.
Considering that the RAN sharing scenario is common in the current network deployment, we think the design of CN controlled subgrouping mechanism should take this scenario into account.
Considerations on detailed solutions can be found in our contribution [2].
Proposal 3: Define solutions for supporting the CN controlled subgrouping mechanism in the RAN sharing scenario.
RAN capability indication
In [Post115-e][089][ePowSav] Paging Subgrouping email discussion, almost all companies agree that RAN can support either CN assigned subgrouping or UE-ID based subgrouping. Thus, even the CN controlled subgrouping is supported and used by CN within the CN registration area, RAN can further determine whether the CN controlled subgrouping is supported and used in a cell. Moreover, even if the RAN has the capability to support CN controlled subgrouping, the RAN can determine whether to use it in a cell. Similarly, for UE ID based subgrouping, even if the RAN has the capability to support UE ID based subgrouping, the RAN can determine whether to use it in a cell. This give the flexibility for NW deployment and implementation.
If the gNB determines to use CN controlled subgrouping or UE ID based subgrouping (FFS if both subgrouping method can be supported in a cell), the gNB indicates the support of CN controlled subgrouping or UE ID based subgrouping in a cell, which means CN controlled subgrouping or UE ID based subgrouping can be used in this cell.
Proposal 4: gNB is allowed to not support, or not use (even if it supports) the CN controlled subgrouping or the UE ID based subgrouping.
UE capability reporting
For UE capability, separate UE capabilities for CN controlled subgrouping and UE ID based subgrouping provides flexibility for UE implementation, also the procedure for UE capability reporting is clearer.
For UE capability of CN controlled subgrouping, it is mainly used by CN to decide whether to assign the CN controlled subgrouping based subgroup ID to the UE. If the UE supports CN controlled subgrouping, the CN assigns CN controlled subgrouping based subgroup ID to the UE, and transmit the assigned subgroup ID to the RAN e.g. in paging message. RAN does not need to know explicitly the UE capability of CN controlled subgrouping, if the assigned subgroup ID is included in paging message from the CN, RAN can use this assigned subgroup ID (i.e. using CN controlled subgrouping). Thus, a NAS UE capability of CN controlled subgrouping needs to be introduced.
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Fig.2 Procedure for UE capability of CN controlled subgrouping reporting
For UE capability of UE ID based subgrouping, it is mainly used by RAN to decide whether subgrouping can be used for paging for the paged UE. Even if the RAN supports UE ID based subgrouping and broadcast it in system information, the RAN needs to know whether the UE supports UE ID based subgrouping. UE ID based subgrouping can only be used when both the RAN and the UE support it. Thus, for CN paging, the CN needs to inform UE capability of UE ID based subgrouping to the RAN, e.g. in paging message. Considering that this capability is only used in RAN and transparent to CN, the UE reports UE capability of UE ID based subgrouping in UE radio capability information, and the RAN derives it and sends it to the CN, e.g. by similar message as UERadioPagingInformation in LTE. The CN stores this information and includes it in paging message to RAN, but does not need to comprehend it. Besides, for RAN paging, the RAN also needs to know whether the UE supports UE ID based subgrouping, the CN can it to RAN, e.g. via Core Network Assistance Information for RRC INACTIVE message.
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Fig.3 Procedure for UE capability of UE ID based subgrouping reporting
Proposal 5: Separate UE capabilities for CN controlled subgrouping and UE ID based subgrouping is supported.
Conclusion
[bookmark: OLE_LINK3]In this paper we further discuss the general scenario for paging subgrouping mechanism. Proposals are summarized as below.
Proposal 1: Support the mixture of CN controlled subgrouping and UE ID based subgrouping in one cell if separate UE capabilities for these two subgrouping methods is supported.
Proposal 2: Support non-overlapping subgroups in the case of mixture of two subgrouping mechanisms.
Observation 1: In the RAN sharing scenario, subgroups assigned by different CNs may be mixed in the shared cell, which degrades the performance of CN subgrouping.
Proposal 3: Define solutions for supporting the CN controlled subgrouping mechanism in the RAN sharing scenario.
Proposal 4: gNB is allowed to not support, or not use (even if it supports) the CN controlled subgrouping or the UE ID based subgrouping.
Proposal 5: Separate UE capabilities for CN controlled subgrouping and UE ID based subgrouping is supported.
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