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Introduction
Based on the offline discussion in the Aug SA2 meeting, some potential solutions and wayforward options were provided and recorded. This contribution provides observations and gap analysis as input for furthering the discussions on R19 Network Sharing Enhancements to progress the work and reach consensus. 
The content of DP includes the following aspects:
1. Clarify the basic requirements of Network Sharing in R19 considering the factual deployment.
2. Gap analysis between the potential solutions and the requirements to get a specific solution for work further.
3. Gap analysis between this provided solution and the existing specification for workload evaluation.
4. Summarizes observations and conclusions.
NOTE:     Some clarifications and corrections were provided using highlight mark based on the offline discussion CC (Sept21).
Basic requirements
[bookmark: _Hlk145836017]The clarifications of the basic requirements when we evaluated the different network sharing mechanism to deploy are as follow:
1. [bookmark: _Hlk145836113]Currently, only 5G MOCN network sharing mechanism has been supported in the existing 5G specification. However the challenge for the network operators is the maintenance generated by the “direct” interfaces (e.g., large number of N2 and N3 interfaces) between the shared RAN and two or more participating operators’ core networks, if using 5G MOCN, especially for a large number of shared 5G base stations. For this reason, it is valuable to introduce a newly supported network sharing mechanism based on the operators' agreement.
2. [bookmark: _Hlk145836149][bookmark: _Hlk145836161]From operator’s perspective, the charging and accounting crossing PLMNs need to be supported flexibly using the new network sharing mechanism, for example we hope to charge between hosting operator and participating operator using the duration of using the new network sharing method and/or the amount of data per UE, this charging mode is more flexible than 5G MOCN, because the charging and accounting of 5G MOCN is always based on sharing agreements.
3. [bookmark: _Hlk145836182]Currently, GWCN is specified for 3G/4G in TS 23.251. For GWCN in EPS, the shared MME may be co-constructed by each participating operators based on the architecture figure. No clear which operator the shared MME belongs to. However considering the deployment case, we hope the shared NFs belong to one operator definitely considering the charging, management and division of responsibility. And the security aspect between hosting operator and participating operator also needs to be considered.
4. [bookmark: _Hlk145836205]And the scenario to be addressed is that some UEs of participating operator can be authorized to access the shared NR and the other UEs cannot, e.g., based on UE subscription. The potential requirement is that the charging using the new network sharing mechanism may be different based on the network sharing agreement. Because the 4G network of participating operator has large coverage in the country, the UE can continue to use the 4G network even though the UE moves to the shared NR area. Therefore the shared 5G may be seemed as value-added business per UE. This is an optional functionality for extended commercial mode.
Above requirements have also been specified in TS 22.261, and the new network sharing mechanism was named as Indirect Network Sharing:
1. Indirect Network Sharing: a type of NG-RAN Sharing in which the communication between the Shared NG-RAN and the Participating Operator’s core network is routed through the Hosting NG-RAN Operator’s core network. 
2. In case of Indirect Network Sharing, the communication between the Shared NR and the Participating Operator’s core network happens via a number of inter-operator interfaces that are independent of the actual number of base stations at the Hosting Operator.
3. The network sharing partners can set a specific sharing allocation model for the network sharing method they are using. The collection of charging information associated with the sharing method that the UE accesses with can be possible. It is also necessary to understand the charging information between the networks of both parties, e.g., the number of the users, and how long users using a certain shared network method will take. This information is also needed when users use the participating operator's hosted services they have subscribed to and their flexible charging via Shared NR.
4. Based on operator policy, the 5G system shall support a mechanism to enable an authorized UE with a subscription to a Participating Operator to select and access a Shared NR. 
5. During NG-RAN sharing, the security and privacy of shared networks, non-shared networks, and subscribers need to be maintained without negative effects. Especially in the case of Indirect Network Sharing, where the involvement of the core network of the hosting operator e.g. for signalling exchange between the users and the core network of the participating operator could cause exposure of the subscriber’s information to the hosting network, an extra scrutiny of the security mechanism is expected to avoid sharing the information that is not needed for the Indirect Network Sharing operation (e.g. network topology) and protect the information that is needed for the Indirect Network Sharing operation between the hosting operator and the participating operator.
The figure of Indirect Network Sharing defined in Annex I of TS 22.261 can be as the reference, the OP1 is hosting operator, OP2 and OP3 are participating operators:
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Figure 1: Indirect Network Sharing scenario 
Observation 1: The new network sharing mechanism in 5G should be specified to satisfy the above requirements and SA1 definition of Indirect Network Sharing. 
Gap analysis between the potential solutions and the requirements
Based on the offline discussion in the last SA2 meeting, some use cases and potential solutions were provided and recorded. And the clarifications are given from China Unicom’s perspective as below:
1) In the factual deployment, the GWCN network sharing mechanism specified in TS 23.251 is not used from our side. However the scenario of the co-existence between 5G MOCN and the new Indirect Network Sharing may happen in the certain deployment case. This use case was also specified in Figure I-1 of TS 22.261. The Hosting Operator 1, as illustrated below, can share its NR with the different participating operators using different network sharing mechanism (5G MOCN or Indirect Network Sharing). And the hosting NR also provides the access for its own UE.
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Figure 2: The scenario of the co-existence between 5G MOCN and the Indirect Network Sharing
2) The requirements include avoiding to maintain a large number of interfaces between hosting operator’s shared NR and participating operator’s core network (e.g., N2 and N3 interfaces). This issue can be solved by the new network sharing mechanism.
3) [bookmark: _Hlk145836623]The potential solution provided in the last meeting to address the N2/N3 issue is designed as the GWCN approach for 5GS for N2 aggregation and ETSUN approach for N3 aggregation. The potential architecture is shown as below:


Figure 3: Architecture of the potential solution of network sharing
The gap analysis between the potential solutions and the requirements:
1) Architecture aspect: considering the requirements as above, the network sharing scenario involves the core networks of hosting operator and participating operator, the original design of architecture is:


Figure 4: Original architecture of Indirect Network Sharing
Based on the offline discussion (Sept21), the comment about the difference between this Indirect Network Sharing and HR roaming was provided, the clarification is below:
We consider the different operators' networks overlap in lots of area in the country, therefore considering the delay of network selection in case that UE switches on, we will configure the other operators’ PLMN IDs into forbidden PLMNs in UE so that the UE can select the subscribed network quickly. Accordingly, we cannot use the roaming mechanism to achieve this network sharing requirement because the UE cannot select the VPLMN ID.
During PDU session establishment in the Indirect Network Sharing scenario, the impact of user experience (delay, data rate) needs to be minimized, therefore the traffic related to Indirect Network Sharing should be routed to the subscribed DN nearby the shared area in the country. Therefore the UE location information needs to be considered when the AMF of hosting operator selects the SMF of participating operator. But in HR roaming, only limited parameters are considered for the NF selection in inter PLMN case.
Proposal: The Indirect Network Sharing is different from HR roaming in the above aspects.
[bookmark: _Hlk145425319]As shown in the Figure 4 and comparing with the potential solution as shown in Figure 3, the NFs of core network of hosting operator 1 connects with the NFs of core network of participating operator 2/3 through SEPP and UPF supporting IPUPS considering the security of inter PLMN case. And the NSSF and NRF of hosting operator also need to be introduced to implement the network slice mapping function and NF selection function crossing PLMNs in this network sharing scenario for 5G. Considering the concern about sharing full core network of hosting operator, the suitable architecture of the new network sharing mechanism is provided as below:


Figure 5: Suitable architecture of Indirect Network Sharing considering the different requirements
For this architecture, the hosting operator involves the shared RAN, AMF, SMF, UPF, NSSF and NRF, and the main interfaces crossing PLMNs which need to be maintained are N9, N16 and N14 (if considering UE mobility).

Based on the offline discussion (Sept21), the comment of considering the roaming users of participating operator has been provided, the clarifications from my side are as below:
[bookmark: _Hlk146444877]In fact, the 4G of participating operator has large coverage in the country, whereas the 5G coverage is incomplete, this is why we are desirous to study this Indirect Network Sharing in 5G. In this case, there are two options to solve this problem based on different broadcasting solutions. 
If the shared NR broadcasts the HPLMN ID of participating operator, the roaming users of this participating operator move to the shared NR area, they may attempt to access the shared network and the AMF in hosting operator will reject this registration request based on UE SUPI/SUCI, and then these UEs will select the 4G network of participating operator. 
If the shared NR broadcasts the EPLMN ID of participating operator in the shared area, the roaming user will select the 4G of participating operator based on the HPLMN ID directly.
[bookmark: _Hlk146444907]In summary, the roaming case can be solved because these roaming users can access the 4G network of participating operator as usual.
Proposal: We don’t consider this roaming case based on the above analysis because these roaming users can access the 4G network of participating operator as usual, however there is no limitation if some solutions can solve this case completely.
2) Network access control: 
Based on the offline discussion (Sept21), the comments about the broadcasting solution include:
1. No clear what requirement of flexible network name display is and if it is actually meant to provide both name (hosting operator and participating operator) to UE to display, whether new UE requirements may be added? Misalignment with SA1?
2. In the overlapping area case (between shared NR and participating NR), the priority of network sharing can be satisfied by reusing the cell reselection priority. No understanding how this issue can be solved by using EPLMN broadcasting solution?
The clarifications and proposals are given based on the provided solution as below:
1. In our deployment, the flexible network name display (e.g. display participating operator and hosting operator) is considered in the network sharing agreement. After evaluation and analysis, the flexible display of network names on terminals can be achieved in the shared area as long as the UE chooses a PLMN ID (this PLMN ID also belong to this participating operator) that is different from the HPLMN ID, this requirement has no UE functional impact as clarified by Huawei and Qualcomm. This requirement has not been captured in SA1.
Proposal: The requirement of network name display is deleted because this requirement has not been captured in SA1, however there is no limitation of flexible network name display because there is no UE impact.
[image: ]
Figure 6: The overlapping scenario of Indirect Network Sharing
2. We hope the priority of network selection is that NR of participating operator > shared NR of hosting operator > E-UTRAN of participating operator with an acceptable range of signalling strength considering the charging aspect (whether to use hosting operator network), the UP/CP path and network sharing agreement. We consider that the UE switches on at the first time in the overlapping area ③, in this case, the UE does not have any cell reselection priority. If EPLMN broadcasting solution is performed, the UE has not received EPLMN list (this EPLMN is equivalent PLMN of participating operator) from core network yet, so this UE will select the HPLMN ID broadcasted by NR of participating operator as usual. This solution is also applicable to legacy UE. And this solution does not cause the functional enhancement in the standard.
We also consider the solution provided by Vodafone in the deployment, e.g., in the case that the shared RAN broadcasts the HPLMN ID in the shared area, UE may attach on the shared network firstly and the shared network triggers the UE to relocate to participating NR in this overlapping area, this solution is also applicable and can be an optional solution. This solution is based on the inter-operator configuration.
Proposal: This requirement can be satisfied by these two solutions, and both do not have standard impact. Therefore this description of overlapping area case can be removed. However this priority of network selection needs to be clarified using NOTE as below.
NOTE:	The priority of network selection is that NR of participating operator > shared NR of hosting operator > E-UTRAN of participating operator with an acceptable range of signalling strength considering the charging aspect (whether to use hosting operator network), the UP/CP path and network sharing agreement. 
During the registration procedure, the AMF in hosting operator can route the registration message to the participating operator based on UE SUPI/SUCI specified in clause 4.2.2.2 of TS 23.502. However the AMF in hosting operator needs to justify whether the UE is Indirect Network Sharing UE or not based on the selected PLMN ID.
3) SMF selection: The impact of user experience (delay, data rate) needs to be minimized in the Indirect Network Sharing case, therefore the traffic related to Indirect Network Sharing should be routed to the subscribed DN nearby the shared area. After the AMF justified that the UE is Indirect Network Sharing UE, the AMF selects the SMF of participating operator (H-SMF) considering the UE location information via V-NRF. And the H-SMF registers to the H-NRF including the corresponding location information of shared area and selected PLMN ID. There is no impact to V-SMF selection.
4) [bookmark: _Hlk145838425]Charging aspect: Based on the flexible charging requirement of inter PLMN case, the SMF of hosting operator and SMF of participating operator need to collect the charging information related to the Indirect Network Sharing traffic. And the charging and accounting between the two PLMNs is different from ETSUN.
Observation 2: Considering architecture of Indirect Network Sharing provided in Figure 5, the NFs of core network of hosting operator connects with the NFs of core network of participating operator through SEPP and UPF supporting IPUPS considering the security of inter PLMN case. The hosting operator involves the shared RAN, AMF, SMF, UPF, NSSF and NRF. 
Observation 3: The AMF in hosting operator can justify whether the UE is Indirect Network Sharing UE or not based on the selected PLMN ID. The SMF selection and charging aspect are different from ETSUN.
Gap analysis between the provided solution and the existing specification
Based on the analysis as above, this clause gives the enhanced parts between the provided solution and the existing specification considering registration procedure, PDU session establishment procedure and mobility procedure. 
1) Registration procedure: 
When the UE registers to the hosting operator, the AMF of hosting operator needs to justify whether the UE is Indirect Network Sharing UE or not based on the selected PLMN ID.
2) PDU session establishment procedure:
[bookmark: OLE_LINK1]When the UE triggers the PDU session establishment procedure in the shared network, the AMF of hosting operator needs to consider the UE location information (e.g., geographical area) to select SMF of participating operator and supports the conversion from TAI to geographical area, because the AMF receives the TAI from shared based station but the participating operator may not identify this TAI. In clause 4.3.2.2.3.3 of TS 23.502, the H-SMF selection mechanism in HR roaming case only considers the limited parameter including PLMN ID of the SUPI, DNN, HPLMN S-NSSAI, the hNRF and possibly an HPLMN NSI ID, it does not consider the UE location information. Therefore this procedure needs to be enhanced to be applicable for Indirect Network Sharing scenario.
The SMF of participating operator registers to the H-NRF with the location information of shared area(e.g., geographical area) reusing the existing field, e.g., servingScope or locality specified in clause 6.1.6.2.2 of TS 29.510.
3) Mobility procedure: 
The mobility registration update procedure specified in clause 4.23.3 of TS 23.502 considers the serving area of SMF to trigger the I-SMF insertion/change/removal. However the SMF of participating operator registers to the NRF with the location information of shared area in the Indirect Network Sharing case (the serving area of SMF may include the shared area), the AMF should consider the selected PLMN ID instead of the serving area of SMF to trigger the SMF insertion in hosting operator when the UE moves to shared area reusing this mobility registration update procedure.
[bookmark: _Hlk145840622]Observation 4: Based on the provided architecture in Figure 5 and the gap analysis in this clause, the work item or TEI19 of Indirect Network Sharing can start to define the architecture and solve the gap described as above.
Observations and conclusions 
The observations and conclusions based on the above evaluation are provided as input to reach some consensuses:
Observation 1: The new network sharing mechanism in 5G should be specified to satisfy the above requirements and SA1 definition of Indirect Network Sharing. 
Observation 2: Considering architecture of Indirect Network Sharing provided in Figure 5, the NFs of core network of hosting operator connects with the NFs of core network of participating operator through SEPP and UPF supporting IPUPS considering the security of inter PLMN case. The hosting operator involves the shared RAN, AMF, SMF, UPF, NSSF and NRF. 
Observation 3: The AMF in hosting operator can justify whether the UE is Indirect Network Sharing UE or not based on the selected PLMN ID. The SMF selection and charging aspect are different from ETSUN.
Observation 4: Based on the provided architecture in Figure 5 and the gap analysis in clause 4, the work item or TEI19 of Indirect Network Sharing can start to define the architecture and solve the gap described as above.
[bookmark: _Hlk145840630]Conclusion: The work item or TEI19 of Network Sharing in SA2 R19 should start to complete the normative work to define the architecture and solve the gaps provided in this paper, the related enhancements are provided for further discussion (These enhancements are based on the provided solution. Other enhancements can also be identified, e.g., international roaming case.):
1) The definition and architecture of Indirect Network Sharing need to be specified in clause 5.18 of TS 23.501 below the 5G MOCN clause.
2) The AMF should support the conversion from TAI to geographical area of UE location information and justify whether the UE is Indirect Network Sharing UE or not based on the selected PLMN ID in clause 6.2.1 of TS 23.501. 
3) In clause 4.3.2.2.3.3 of TS 23.502, the H-SMF selection mechanism considers the UE location information during HR PDU session establishment in the Indirect Network Sharing case.;
4) The mobility registration update procedure specified in clause 4.23.3 of TS 23.502 adds the trigger condition based on the selected PLMN ID in the Indirect Network Sharing case.
NOTE 1: 	The scope limits to NR with 5GC in this network sharing mechanism.
NOTE 2:	There is no UE functional impact. Based on the agreement to limit scope to NR with 5GC, the UE needs to support the functionality of VoNR to guarantee the basic voice service.
Suggested objectives:
1) The definition and architecture of Indirect Network Sharing need to be specified.
2) The SMF selection (i.e., the AMF of hosting operator selects the SMF of participating operator) during the PDU session establishment procedure needs to be enhanced to consider the UE location information.
3) The mobility registration update procedure specified in clause 4.23.3 of TS 23.502 needs to add the trigger condition to be applicable for Indirect Network Sharing.
Editor's note:    Other enhancements can also be identified, e.g., international roaming case. And the evaluation of the workload needs to be done.
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