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Introduction
In the last RAN2 meeting, we discussed the detailed design of the CN controlled subgrouping and the UE ID based subgrouping [1]. The coexistence scenario of two subgrouping mechanisms was agreed with considerations on mixed AMF capability and UE capability. Besides, UE assistance information (UE power profile and UE paging probability) for CN subgrouping was also discussed but no consensus was reached.
In this contribution, we further discuss the remaining issues related to the above two aspects for CN controlled subgrouping.
Discussion
CN subgrouping in the RAN sharing scenario
RAN sharing scenario
Currently, a cell can be shared by multiple operators in the RAN sharing scenario. The shared cell broadcasts SIB1 which contains the information of all associated PLMNs.
For the RAN sharing scenario, the RAN is shared, but the corresponding core network can be independently deployed and controlled by multiple operators. Hence, it is possible that multiple CNs having different PLMN IDs are connected to the shared gNB through the NG interface and the shared cell of such a gNB serves UEs belonging to multiple CNs with different PLMNs. Figure 1 depicts this RAN sharing scenario where the CNs belong to different operators.
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Fig.1 RAN sharing scenario
The potential issue with RAN sharing scenario
For the network slicing scenario, where AMFs with different software/software versions are deployed for supporting various functions for different slices, a gNB can be connected to multiple AMFs. SA2 discussed this scenario and reached a consensus that all AMFs connected to a gNB shall use a consistent policy in assigning CN subgroups.
For the RAN sharing scenario, a gNB can also be connected to multiple AMFs. However, there is an essential difference between this scenario and the above-mentioned network slicing scenario. The multiple AMFs connected to the shared gNB are not deployed by the same operator, which makes it rather difficult to ensure a consistent policy across AMFs/operators.
Thus for the RAN sharing scenario, the question is how the shared cell can support the CN controlled subgrouping for multiple CNs of different operators.
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 CNs of different operators may be mixed in the shared cell, which degrades the performance of CN subgrouping.
Considering that the RAN sharing scenario is popular in the current network deployment, we think the design of CN controlled subgrouping mechanism should take this scenario into account and solutions are needed within the RAN.
Possible solutions
Generally, there can be two possible ways to handle this issue:
· Option 1: avoid such a situation, i.e. the CN subgrouping is not supported/allowed for more than one (set of) CN(s) in the shared cell.
· Option 2: separate/distinguish the subgroups assigned by different CNs in shared cells.
Option 1
For option 1, this way is simple and straightforward. The RAN can support the CN subgrouping for only one PLMN, one set of PLMNs associated with the same CN, or one set of CNs deployed by the same operator such that the CN assigned subgroups would not contain mixed UEs of different operators.
For instance, the shared cell broadcasts for which (set of) PLMN(s) the CN subgrouping is supported.
As for how to decide which (set of) PLMN(s)/CN(s) can use CN subgrouping, there may be several ways:
1. The decision is up to RAN, i.e., the gNB chooses one (set of) PLMN(s)/CN(s) among all the PLMNs and may inform CNs about the chosen (set of) PLMN(s)/CN(s). The gNB also informs the UE about the CN subgrouping currently in use.
2. OAM configures the (set of) PLMN(s)/CN(s) for CN subgrouping in both RAN and CN(s) and the gNB accordingly chooses the (set of) PLMN(s)/CN(s) for CN subgrouping. The gNB also informs the UE about the CN subgrouping.
3. We specify the rule of CN subgrouping, e.g., the CN subgrouping can only be supported for the first listed (set of) PLMN(s) in the PLMN-IdentityInfoList IE in the shared cell.
[bookmark: _GoBack]Based on the which option is adopted the details on how the gNB informs the CNs about the chosen (set of) PLMN(s)/CN(s) and how UE obtains the CN subgrouping related information can be discussed further, e.g., by gNB broadcasting the relevant PLMN(s) identity, by gNB broadcasting the CN subgrouping related information per PLMN/CN, or by specifying rule in the spec, etc.
Option 2
For option 2, there can be three solutions to split the subgroups of different CNs.
· Solution 1:
The gNB indicates which PLMN(CN) the paging is originated from when paging UEs.
The indication could be carried in e.g. PEI and contains the PLMN identity of the paged UE or the PLMN(CN) index of the paged UE which is assigned by RAN.
· Pros: simple and the paging from different PLMNs(CNs) is separated, hence the number of subgroups used for each PLMN(CN) can be up to the max number 8.
· Cons: it is not possible to page UEs in different PLMNs (CNs) simultaneously, which may increase paging delay. Besides, the payload of the PLMN(CN) indication may be large.
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Fig.2 PLMN(CN) indication
· Solution 2:
The CN assigned subgroups from different CNs are separated in the RAN. For instance:
1 The CN assigned subgroups of different CNs are mapped to different RAN subgroup IDs in gNB. For example, subgroups assigned by CN1 are mapped to subgroup ID (n1~n2) in RAN while subgroups assigned by CN2 are mapped to subgroup ID (n3~n4) in RAN.
2 Different subgroup indication bits in PEI are used for indicating the CN assigned subgroups from different CNs. For example. Subgroups assigned by CN1 correspond to the first M1 bits of the subgroup indication while subgroups assigned by CN2 correspond to the next M2 bits of the subgroup indication.
· Pros: it is possible to page UEs in different PLMNs(CNs) simultaneously.
· Cons: according to RAN1, the total number of subgroups for one PO is up to 8, thus the subgroups used for each PLMN(CN) are reduced. The available subgroup indication bits in PEI may be very limited depending on how many POs are associated with one PEI and whether UE ID based subgrouping is supported together with the CN subgrouping.
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Fig.3 Separate subgroups in RAN for different PLMNs(CNs)
· Solution 3:
Different PEI resources (e.g. monitoring occasions) are used for transmitting the group indication for different PLMNs(CNs).
UEs in one PLMN(CN) only need to monitor the PEI associated with their own PLMN(CN).
· Pros: it is possible to paging UEs in different PLMNs(CNs) simultaneously. The number of subgroups used in each PLMN(CN) can be up to the max number agreed by RAN1.
· Cons: more PEI monitoring resources are needed.
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Fig.4 Separate PEI resources for different PLMNs(CNs)
For the above two options. We think option 1 is simple and is preferred considering that option 2 requires a lot of RAN1 work and the time budget for this WID is limited.
Observation 2: Option 1(i.e. CN subgrouping is supported for no more than one (set of) PLMN(s)/CN(s) in the shared cell) is simple where no further enhancement is needed while option 2(i.e. subgroups assigned by different CNs are separated in the shared cell) would be much more complex and will have RAN1 impacts.
Proposal 1: For the RAN sharing scenario, the CN controlled subgrouping is supported/allowed by the gNB for only one (set of) PLMN(s)/CN(s) in the shared cell.
Proposal 2: Further discuss how the UE obtains information on for which (set of) PLMN(s)/CN(s) the CN controlled subgrouping is supported in the shared cell. 
Subgrouping with Paging probability calculated by UE 
During the offline discussion in the last meeting [2], we discussed some general signalling procedure required for UE assistance information reporting and how to overcome the trust issue of UE reported power profile and paging probability. Specifically, companies discussed whether the UE reported paging probability can be tested/verified or how to define the paging probability.
In our view, accurate and reliable UE assistance information can be helpful for CN’s decision. Otherwise, if the effectiveness of such information cannot be guaranteed and the network may be misled. From UE’s perspective, UE will usually try to ensure that the reported information is correct to avoid performance degradation. However, if the network and UE do not have a consistent understanding of the reported information, or different UEs have different understandings of their attributes, subgrouping performance may also be impacted. For instance, UE 1 and UE 2 may both report a paging probability of 0.5, but the actual frequency that they are paged may be different depending on how they evaluate the probability.
Therefore, for the paging probability, we think a unified evaluation principle for paging probability derivation should be defined.
There can be two options on how the probability can be calculated:
· Option 1: UE calculates the probability based on the fixed duration when targeted paging is received in that duration.
· For example, within a time period N, the UE records the time period M when targeted paging is received. The units of the time period N and M can be hours, minutes, etc. Then the UE’s paging probability is calculated as .
· Option 2: UE calculates the probability based on the fixed number of POs when targeted paging is received during   that fixed number of POs.
· For example, for a total number N of POs, the UE records the number M of POs where targeted paging is received. Then the UE’s paging probability is calculated as .
Further, the time period or number of POs (M and N) used for paging probability derivation can be specified, or can be up to UE and provided to the CN as a reference when the UE reports paging probability so that the CN can normalize these paging probabilities.
Proposal 3: Specify the evaluation principle for paging probability calculation.
Conclusion
[bookmark: OLE_LINK3]In this paper we further discuss the RAN sharing scenario and the paging probability UE assistance information for CN subgrouping. Observations and proposals are summarized as below.
Observation 1: In the RAN sharing scenario, subgroups assigned by CNs of different operators may be mixed in the shared cell, which degrades the performance of CN subgrouping.
Observation 2: Option 1(i.e. CN subgrouping is supported for no more than one (set of) PLMN(s)/CN(s) in the shared cell) is simple where no further enhancement is needed while option 2(i.e. subgroups assigned by different CNs are separated in the shared cell) would be much more complex and will have RAN1 impacts.
Proposal 1: For the RAN sharing scenario, the CN controlled subgrouping is supported/allowed by the gNB for only one (set of) PLMN(s)/CN(s) in the shared cell.
Proposal 2: Further discuss how the UE obtains information on for which (set of) PLMN(s)/CN(s) the CN controlled subgrouping is supported in the shared cell. 
Proposal 3: Specify the evaluation principle for paging probability calculation.
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