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Introduction
This contributions provides Comcast’s views and proposals as input for furthering the discussions on Network Sharing Enhancements in SA2#158 in an attempt to progress the work and reach consensus at this meeting as requested by the moderator in [1]. 
This discussion paper
1. Summarizes the basic problem statement and identifies the gap in the current architecture from an operator perspective
2. Identifies the assumptions that can be made to limit the scope of the study
3. Assesses the WTs identified and proposes a consolidated set of WTs
4. Presents views on why it is premature to categorize this as TEI19 work
5. Summarizes conclusions and proposals
Gap Assessment and Justification
Presently, only MOCN based 5G RAN sharing architecture has been specified (Clause 5.18, TS 23.501) [2] to enable sharing 5G-RAN resources between mobile operators and SNPNs. This architecture ensures that each participating operator is responsible for ensuring service parity across Shared and its own 5G-RAN infrastructure via its 5G core network.
MOCN architecture requires that each gNB broadcasts PLMN Id and a associated list of CAG Ids for each participating operator, and sets up an N2/N3 interface (associated with the participating operator’s PLMN Id) with each of the participating operators’ 5G core network elements. This direct interface from individual gNB has been a challenge for operators to operationally manage, thereby limiting its deployment. The challenge becomes even more acute when shared RAN operator (e.g., neutral host (NH) or SNPN provider) has deployed a number of shared access nodes across 100s of locations that are geographically distributed across the country as shown in Figure 1.
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Figure 1: Interconnetion complexity using Rel-18 MOCN specification

This complexity was enumerated well by GSMA and its member operators in SWS-230004 [3]:
“When developing network sharing (i.e. MOCN), one of the challenges for the partners’ network operators is related with the maintenance generated by the interconnection (e.g. number of network interfaces) between the shared RAN and two or more core networks, especially for a very large number of shared base stations,”
A similar view was expressed by Comcast, Charter and CableLabs in SWS-230057 [4]:
“One of the challenges for the operators is the maintenance of the interconnections (e.g., number of network interfaces) between the shared NG-RAN and participating operators’ core network”
The complexity of maintaining the N2/N3 interconnection was also the justification for the FS_NetShare study approved in SP-220087 [5]. 
Observation 1: It is an operational challenge to maintain multiple N2/N3 interfaces between gNBs of Shared RAN operator and core network functions of participating operators as envisioned in the MOCN architecture specified in Clause 5.18 [2], especially when the number of RAN nodes are large. 
Observation 2: Architectural enhancements that minimize the number of interfaces between the Shared 5G-RAN operator and participating operators can reduce the operational complexity of MOCN architecture and broader adoption by neutral host and SNPN providers.
Assumptions for enhancements to Network Sharing Architecture
It is clear from [5] that the enhancements envisioned were not to impact legacy (pre-R19) UEs or enable new services.
Observation 3: A key assumption is that the enhancements to networking sharing architecture to minimize operational complexity should be transparent to pre-R19 UEs, i.e., broadcast system information and PLMN & SNPN list handling (clauses 5.18.2, 5.18.2a [2]) and Network slection by the UE (clause 5.18.3 [2]) must remain unchanged for backwards compatibility.
Reviewing the objectives listed in [5], it can be inferred that the enhancements to network sharing architecture is not expected to introduced new services over and above those offered by MOCN network sharing. At the same time, the enhancements are expected to allow the participating operators to continue to transparently offer all the services that it offers to its customers (e.g., end-users, regulators, application providers, etc.) 
Observation 4: Network sharing enhancements must not preclude participating operators from continuing to offer the same services via Shared 5G-RAN that it offers over its own 5G-RAN via its 5G core network. 
Reviewing the requirements in clause 6.21 of TS 22.261 [6], it is clear that the connection is routed to the participating operators core network via Shared 5G-RAN operators’ core network, implicitly assuming that the non-RAN control and services continued to be offer by the participating operators core networks.
Observation 5: Network sharing enhancements must not create service level dependencies on the shared RAN operator to deliver services that are typically offered by the participating operator – otherwise you will be moving the complexity of managing the interconnection to the complexity of managing the business inter-dependency for services.
Finally, all submissions to the Rel-19 workshop [3, 4] and SP-220087 [5] indicate that the focus of enhancements for network sharing should be for 5G-RAN and 5G System.
Observation 6: There seems to be consensus that study be focused for 5G-RAN and 5G System. 
Based on these observations, following is proposed:
Proposal 1: It is proposed that the following can be captured as assumptions (as notes or bullets) in the objective or justification of the SID for network sharing enhancements
Note 1: Study should assume no impact/changes to UEs. 
Note 2: One or more EHPLMN Ids and optionally a list of CAG Ids will be broadcast in SIB1 for each participating operator.
Note 3: Study should assume that the participating operator is responsible for providing all the services to its subscribers.
Note 4: Scope of architectural enhancement for network sharing should span only 5G-RAN and 5G-Core.
WT Assessment [1]
WT-1 (reworded proposal): Establish baseline understanding of network sharing for 5G, including a gap analysis on whether the current architecture can adapt to different options of sharing arrangement, and identify any potential enhancement aspects.
Based on the above discussion, the gap seems to be clear in that the architecture enhancements are required to manage complexity of interconnections on the network side envisioned in the MOCN architecture specified in clause 5.18 of [2]. Additionally, the network side enhancements should be transparent to UEs for backwards compatibility; it should also not trade complexity of interconnection management with creation of dependency on shared RAN operator for certain services. 
Several solutions have been presented during the moderated discussion that show that the current architecture can be adapted to minimize the interconnection and make them more manageable for both Shared 5G-RAN and participating operators. To that end, the WT-1 can be reworded as follows:
Proposal 2 – Consider the following consolidated/re-worded list of  main WT for further discussion to reach consensus in the meeting:
WT-1 (consolidation of WT-1(reworded) and WT-Comcast-2.5): Investigate potential adaptations and enhancements to current MOCN architecture to reduce the interconnection complexity between Shared 5G-RAN and participating operators. 
WT-2.1: Investigate high level principle  to select appropriate operator when Indirect Network Sharing is enabled, and necessary implications for the overall system and procedures.
WT-2.2: Investigate potential for additional authorization of the users/UEs by the enabling operators, roles of these enabling operators to be determined during the course of the study.
It can be assumed that the network enhancements should be transparent to the UE and support legacy (pre-R19) UEs. Also, assuming that at least one PLMN Id is broadcast in SIB1 of the Shared 5G-RAN node, network selection procedure should remain unchanged from the current architecture and WT-2.1 is not required. Similarly, authorization of the users/UEs can be done through the existing mechanisms through use of EHPLMN/EPLMN, CAG Id, etc., which are implementation specific. Moreover, reduction of interconnections to manage operational complexity should not impact network authorization.
Proposal 3 – WT-2.1 and WT-2.2 are not required as the enhancements are expected to be transparent to the UEs, i.e., clauses 5.18.2, 5.18.2a and 5.18.3 in [2] continue to apply to any adaptations/enhancements to the MOCN architecture for 5G-RAN sharing.
WT-2.3: Investigate potential impacts on Mobility and Handover procedures.
WT-2.4: Investigate potential impacts on NF selection, in case of Inter-PLMN operations arising from the scenarios identified.
WT-3: Investigate potential enhancements and scenarios for supporting roaming UEs to access the subscribed network using 5G Indirect Network Sharing, in cases where certain roaming agreements/interconnections may or may not exist.
WT-Comcast-2.6: Investigate potential impact functional and procedural aspects to support PWS service
WT-Comcast-2.7: Investigate potential impact on functional and procedural aspects to support emergency services (voice, SMS) and associated location update procedures
WT-Comcast-2.8: Investigate potential impact on functional and procedural aspects to support WPS and MPS services
WT-Comcast-2.9: Investigate potential impact on functional and procedural aspects to support location services
WT-Comcast-2.10 (TBD based on scope of mobility): Investigate impact on mobility between shared NG-RAN and LTE of participating operator
WT-Nokia-2.N1: Investigate potential charging information that may be collected to enable the charging system to be able to monetize various actors in the 5GC indirect Network Sharing ecosystem.
WT-Nokia-2.N2: Investigate potential mechanisms that enable the Hosting Operator to extend indirect sharing to the Participating Operator dynamically. The mechanisms could be pertaining to a time period during which the Hosting Operator would extend indirect sharing to a particular Participating Operator, load factors that influence the indirect sharing, etc.
WT-Nokia-2.N3: Investigate potential impacts with respect to functional and procedural aspects to enable Emergency services and corresponding regulatory aspects while implementing Indirect Network Sharing.
WT-Nokia-2.N4: Investigate potential impacts on the functional and procedural aspects with respect to PWS services while implementing Indirect Network Sharing.
WT-Nokia-2.N2 seems more of an implementation feature on Shared 5G-RAN to modify the PLMN Id/CAG Id list based on time of day and load condition based on business agreement and do not believe an architecture (protocol/interface) impact is envisioned. The rest of additional WTs could be consolidated as shown below.
Proposal 4: Consider the following consolidated/re-worded list of sub-WTs for further discussion to reach consensus in the meeting:
WT-1.1(consolidation/rewording of WT-2.1, WT-Comcast-2.10): Investigate potential impacts on Mobility and Handover procedures when moving i) from a non-shared 4G/5G RAN network to a shared 5G RAN network and vice-versa, ii) from 5G-RAN network of one Shared 5G-RAN Operator to 5G-RAN network of another Shared 5G-RAN Operator, with focus on core network aspects.
WT-1.2 (same as WT-2.4): Investigate potential impacts on NF selection, in case of Inter-PLMN operations arising from above and other mobility scenarios.
WT-1.3 (same as WT-3): Investigate potential enhancements and scenarios for supporting roaming UEs to access the subscribed network using Shared 5G-RAN, in cases where certain roaming agreements/interconnections may or may not exist.
WT-1.4 (consolidation of various new WTs from CATT, Comcast, Nokia): Investigate potential impact and if necessary functional and procedures enhancements for other participating operator services like PWS, emergency services (voice, SMS), location services, WPS/MPS, enhanced PDU services (e.g., MA-PDU, multi-homing/branching, VN Group, etc.). 
WT-1.5 (based on comments from Cisco, Comcast): Investigate potential impact and if necessary architecture adaptation/enhancements on CALEA and LI procedures.
Note 4: SA3-LI WG will lead this work task 
WT-1.6 (based on WT-Nokia-2.N1): Investiate impact on charging architecture and procedures
Note 5: SA5 WG will lead this work task
WT-6 and WT-7 to be led by other WGs and can be captured accordingly in Clause 7 of the SID.
Views on TEI19 vs a formal SID
During the online moderated discussion in July, 2023, several different architectural solutions were presented and discussed for network sharing enhancements to seamlessly deliver all of the services over Shared 5G-RAN that the participating operator provides over its own 5G-RAN. The identified solutions can be categorized into 3 broad categories:
Solution Category #1: Leveraging and/or enhancing 5G roaming architecture
Solution Category #2: Specify an architecture with a new functional element - N2/N3 Aggregation function (similar to NNSF in 3G and HeNB GW in 4G).
Solution Category #3: Specify GWCN where some core network functions are shared between Shared 5G-RAN and participating operators. There could be several flavors of GWCN architecture:
· GWCN with a common AMF but direct N3 between shared RAN and UPF of the participating operators
· GWCN with a common AMF but with an ability of the Shared 5G-RAN operator to insert an I-UPF to reduce both N2 and N3 interconnections
· GWCN with I-AMF, I-UPF to reduce the N2/N3 interconnection but with the control for services residing in the AMF/UPF of the participating operator
Each has its advantages and disadvantages, and no consensus could be reached. Given that there are multiple solutions that could meet the goal of reducing the interconnection and need to be further evaluated, it is unclear how this work can be initiated under the umbrella of TEI19, which generally requires having a consensus on a reasonably finalized solution requiring some minor enhancement to existing specifications. 
Proposal 5: It is proposed that the initial investigation of solutions be undertaken formally as a study item instead of as a TEI item.
Given that companies already have put some thoughts in terms of potential solutions, as some have indicated, large number of TUs may not be required to evaluate the presented solutions; we can then determine the scope of the follow on normative work based on the evaluation. Initiating a study during Q4, 2023 will allow SA2 i) to make significant progress in downselection of the solutions and in determining the number of TUs required for the normative work, and ii) determine whether normative work can be undertaken under TEI19 or under the umbrella of another WID (e.g., 5G Femto) or whether a separate/stand-alone study/work item is required. That is, allocating TUs for October and November, 2023 SA2 meetings to evaluate the solutions could allow for more efficient allocation of total TUs across other topics in December, 2023. It would also assist in identifying dependency other WGs.
Proposal 6: Allocate a small number of TUs (e.g., ~3 TUs) to perform an initial study of identified solutions and their impact on areas identified in WT-1.1 to WT-1.6 (or an agreed upon subset of them) during Q4, 2023 for network sharing enhancements.
Conclusions and Proposals
The observations and proposals from the above evaluation are provided as input to further the discussion on network sharing enhancements and reach consensus in the meeting:
Observation 1: It is an operational challenge to maintain multiple N2/N3 interfaces between gNBs of Shared RAN operator and core network functions of participating operators as envisioned in the MOCN architecture specified in Clause 5.18 [2], especially when the number of RAN nodes are large. 
Observation 2: Architectural enhancements that minimize the number of interfaces between the Shared 5G-RAN operator and participating operators can reduce the operational complexity of MOCN architecture and broader adoption by neutral host and SNPN providers.
Observation 3: A key assumption is that the enhancements to networking sharing architecture to minimize operational complexity should be transparent to pre-R19 UEs, i.e., broadcast system information and PLMN & SNPN list handling (clauses 5.18.2, 5.18.2a [2]) and Network slection by the UE (clause 5.18.3 [2]) must remain unchanged for backwards compatibility.
Observation 4: Network sharing enhancements must not preclude participating operators from continuing to offer the same services via Shared 5G-RAN that it offers over its own 5G-RAN via its 5G core network. 
Observation 5: Network sharing enhancements must not create service level dependencies on the shared RAN operator to deliver services that are typically offered by the participating operator – otherwise you will be moving the complexity of managing the interconnection to the complexity of managing the business inter-dependency for services.
Observation 6: There seems to be consensus that study be focused for 5G-RAN and 5G System. 
Proposal 1: It is proposed that the following can be captured as assumptions (as notes or bullets) in the objective or justification of the SID for network sharing enhancements
Note 1: Study should assume no impact/changes to UEs. 
Note 2: One or more EHPLMN Ids and optionally a list of CAG Ids will be broadcast in SIB1 for each participating operator.
Note 3: Study should assume that the participating operator is responsible for providing all the services to its subscribers.
Note 4: Scope of architectural enhancement for network sharing should span only 5G-RAN and 5G-Core.
Proposal 2 – Consider the following consolidated/re-worded list of  main WT for further discussion to reach consensus in the meeting:
WT-1 (consolidation of WT-1(reworded) and WT-Comcast-2.5): Investigate potential adaptations and enhancements to current MOCN architecture to reduce the interconnection complexity between Shared 5G-RAN and participating operators. 
Proposal 3 – WT-2.1 and WT-2.2 are not required as the enhancements are expected to be transparent to the UEs, i.e., clauses 5.18.2, 5.18.2a and 5.18.3 in [2] continue to apply to any adaptations/enhancements to the MOCN architecture for 5G-RAN sharing.
Proposal 4: Consider the following consolidated/re-worded list of sub-WTs for further discussion to reach consensus in the meeting:
WT-1.1(consolidation/rewording of WT-2.1, WT-Comcast-2.10): Investigate potential impacts on Mobility and Handover procedures when moving i) from a non-shared 4G/5G RAN network to a shared 5G RAN network and vice-versa, ii) from 5G-RAN network of one Shared 5G-RAN Operator to 5G-RAN network of another Shared 5G-RAN Operator, with focus on core network aspects.
WT-1.2 (same as WT-2.4): Investigate potential impacts on NF selection, in case of Inter-PLMN operations arising from above and other mobility scenarios.
WT-1.3 (same as WT-3): Investigate potential enhancements and scenarios for supporting roaming UEs to access the subscribed network using Shared 5G-RAN, in cases where certain roaming agreements/interconnections may or may not exist.
WT-1.4 (consolidation of various new WTs from CATT, Comcast, Nokia): Investigate potential impact and if necessary functional and procedures enhancements for other participating operator services like PWS, emergency services (voice, SMS), location services, WPS/MPS, enhanced PDU services (e.g., MA-PDU, multi-homing/branching, VN Group, etc.). 
WT-1.5 (based on comments from Cisco, Comcast): Investigate potential impact and if necessary architecture adaptation/enhancements on CALEA and LI procedures.
Note 4: SA3-LI WG will lead this work task 
WT-1.6 (based on WT-Nokia-2.N1): Investiate impact on charging architecture and procedures
Note 5: SA5 WG will lead this work task
Proposal 5: It is proposed that the initial investigation of solutions be undertaken formally as a study item instead of as a TEI item.
Proposal 6: Allocate a small number of TUs (e.g., ~3 TUs) to perform an initial study of identified solutions and their impact on areas identified in WT-1.1 to WT-1.6 (or an agreed upon subset of them) during Q4, 2023 for network sharing enhancements.
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