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1
Introduction
This paper discusses remaining issues regarding network sharing scenarios in which the transport is shared. Further, CR covering the changes needed for F1 and E1 interfaces are given in [1]
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2
Discussion

3GPP allows support for network sharing among operators. However, with existing specifications, and particularly for the disaggregated architecture at gNB, multiple scenarios may result in conflicting and inconsistent behaviour. This is due that there are no proper means to correctly identify the operators’ PLMN ID consistently in all the three logical entities of the gNB (CU-CP, CU-UP and DU) for the shared resource. One such example are the issues to properly identify the operators’ PLMN ID in all logical entities when transport resource is shared in Dual Connectivity. This may incur interoperability problems in inter-vendor scenarios due to lack of alignment on behaviour, as well as incorrect statistics and charging incurred to the wrong PLMN.
Consider the deployment scenario depicted in Figure 1 with the following characteristics:
· Two operators (PLMN1 and PLMN2)

· PLMN2 is configured as an Equivalent PLMN to PLMN1  
· Both operators share the 4G eNB and 5G gNB RRM resources

· Both operators share the transport network for the X2 interface between the 4G eNB and the 5G gNB
· Each operator has own core network to which the eNB/gNB needs to connect
· The 5G gNB has disaggregated architecture implementing both F1 and E1 interfaces
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Figure 1. A scenario with two operators (PLMN1 and PLMN2) sharing RAN and transport resources 

A problem that will arise in the above deployment during Non-Stand Alone (NSA) scenarios for EN-DC is regarding informing and configuring the IP termination points to be used towards the core network. In this scenario the Master Node (MeNB) needs to indicate the IP termination points to the secondary node for the PLMN to which the traffic needs to traverse from the SN, and which matches the core network in use in the MeNB. That is, signal S1-U termination points toward the core network in use and selected in the MeNB. Hence, e.g., if the PLMN selected and used at MeNB is PLMN1, the IP termination point needs to point toward PLMN1 core network respectively.

The main issue in this regard with the current specifications is that, it is only possible to signal and utilize a single PLMN ID when a UE/Bearer context is established at the Secondary Node over F1 and E1 interfaces. Thus, when the transport network is shared, the SN is in practice restricted to follow the PLMN ID selected by the MN, even though the SN should be allowed to select the PLMN ID on its own. Further, if the SN follows the PLMN ID selected by the MN, it incurs additional issues, as in many cases, the PLMN indicated by the MN should not be used for counting and charging for traffic at the SN, but rather only used for indicating the IP termination points to which the SN needs to target and direct the traffic. Hence, it results in wrong statistics and user charging as it is marked as belonging to an incorrect PLMN ID. Likewise, given the CU-CP at the SN is unable to select the correct PLMN ID freely, it also forces the gNB-DU and gNB-CU-UP to treat all user traffic as belonging to the PLMN initially selected by the MN.

Scenarios in which the correct PLMN at the SN does not match the one selected by the MN can be rather common. For example, if there is equivalence of PLMNs (e.g., PLMN2 being an Equivalent PLMN of PLMN1), the DU may select the best cell from either PLMN during handovers. This also creates inconsistencies regarding the network resources being shared, given that the PLMNs of cell selection and transport network resource selection are not aligned or tightly coupled. 
Consider the following flow of events that would lead to this situation taking the deployment example given earlier.
· PLMN2 is Equivalent PLMN of PLMN1
· Note: An operator defines (for example for roaming purpose), a list of equivalent PLMNs for each user. Based on these equivalencies, it is possible to handle a user even if the eNB (MN) handled it in a different PLMN. This could be e.g., a case where a UE is handled by particular operator in one area, but then the UE moves to a different area handled by a different operator. Thus, the PLMN defined for this UE would be equal to the current operator but target operator would handle it in own cell (different PLMN) based on Handover Restriction List.
· MeNB is handling UE1 in PLMN1
· 4G Core handling the PLMN1 contains the UE context 
· SN addition request is triggered by the MeNB towards the SN to add the 5G leg, PLMN1 is signalled over X2
· SN checks the available cells in the gNB, and notices it has no suitable cells assigned to PLMN1 (e.g., cells are out of coverage or overloaded). However, it finds suitable cells assigned to PLMN2 (which is an Equivalent PLMN of PLMN1). That is, cell belonging to PLMN2 is selected.
· At this point a conflict occurs at the gNB-CU-CP at SN
· Case 1. If the correct PLMN (i.e. PLMN2) which matches the appropriate operator is selected when establishing the UE/Bearer context over F1 and E1, all traffic will be directed to the wrong IP termination points. Thus, the connectivity will fail as the traffic is directed to the wrong core network. This will not work unless the backhaul transport network is also shared by the operators owning the two PLMNs.
· Case 2. If the incorrect PLMN (i.e. PLMN1) which does not match the appropriate operator is selected when establishing the UE/Bearer contexts over F1 and E1, the user traffic is correctly directed to the IP termination points selected at the MN. However, the UE/Bearer contexts are mapped to the incorrect PLMN at gNB-DU and gNB-CU-UP, and all traffic (as well as charging and resource usage) is also counted as belonging to the wrong operator. That is, all traffic is marked as belonging to PLMN1 even though the correct operator and PLMN should be PLMN2.
It is also worth noting that although the scenario depicted is for EN-DC, it is applicable to any Dual Connectivity scenario (e.g., NR-DC, MR-DC) in which the transport network between the MN and the SN is shared.
Observation 1: In network sharing scenarios with common transport for Dual Connectivity (e.g., EN-DC, NR-DC), the existing specifications do not always allow selection of the PLMN ID matching the operator for which resources are utilized at the Secondary Node.
In order to deal with the issues described above, a possible alternative is to signal multiple PLMN IDs over E1 and F1 during UE/bearer context establishment. Likewise, the PLMN IDs signalled must be possible to be distinguished in regard to whether the PLMN ID corresponds to a MN selection, or to a SN selection. By doing so, it will allow the SN to direct the traffic to the correct IP termination points and appropriate core network, while at the same time keep the autonomy at the SN to also select the PLMN that correctly matches the operator and setup UE/Bearer contexts accordingly using the selected PLMN corresponding to the appropriate operator. This alternative solves both the conflict with IP termination points, wrong statistics, and measurement of user resource quotas per network sharing operator. 

Proposal 1: Introduce optional capability to signal multiple PLMN IDs over F1 and E1 during UE/bearer context setup procedures.
Additionally, it is also beneficial to optionally include signalling of PLMN ID(s) in the bearer context modification procedure over E1, to ensure that the CU-UP can check the compatibility when a UE undergoes a handover to an Equivalent PLMN cell or, reject the establishment otherwise.
Proposal 2: Introduce optional capability to signal PLMN IDs over E1 during bearer context modification procedures.
Finally, signalling of PLMN ID(s) in the UE context modification procedure over F1 is also beneficial, given that in case the PLMN ID changes during intra-DU cell HO procedure (e.g., due to handover), there is otherwise no mean to update this information at the gNB-DU.
Proposal 3: Introduce optional capability to signal PLMN IDs over F1 during UE context modification procedures.
4
Conclusions
Observation 1: In network sharing scenarios with common transport for Dual Connectivity (e.g., EN-DC, NR-DC), the existing specifications do not always allow selection of the PLMN ID matching the operator for which resources are utilized at the Secondary Node.

Proposal 1: Introduce optional capability to signal multiple PLMN IDs over F1 and E1 during UE/bearer context setup procedures.
Proposal 2: Introduce optional capability to signal PLMN IDs over E1 during bearer context modification procedures.

Proposal 3: Introduce optional capability to signal PLMN IDs over F1 during UE context modification procedures.
Proposal 4: Agree on introducing the change proposed in the corresponding CRs in [1]
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