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1. Background

5G LAN is one of the most key and valuable features in 3GPP Rel-16 that can be used in vertical industries. With the in-depth promotion of 5G LAN solutions in vertical industries, customers show great interest, and operators received various of 5G LAN service requirements. Three typically 5G LAN requirements are summarized accordingly to these existing requirements:
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Type1: LAN communication among industrial terminals and DN. Such LAN requirements are common on the factory floors. E.g., LAN communication requirement between MES server and MES terminals where the MES terminals serving multiple machine tools are connected via 5G network for flexibility. Also, LAN communication requirement between PLCs, I/Os, servos which can be connected via 5G network.

· Type2: LAN communication among industrial terminals only. Such LAN requirements are quite a lot and are spreading across variety of vertical industry fields. Normally, not too much group members required for one VN group (2~20 terminals). E.g., in power grid field, LAN communication between differential protection terminals in power distribution network. In industrial field, LAN communication between Charging base and the moving robots.

· Type3: Protocol adaptation. This is a common requirement that can be added to either type 1 or type 2 requirements. A variety of mainstream industry protocol rely on layer 2 communication. E.g., EtherNetIP, Profinet, GOOSE/SV. Among them, GOOSE/SV protocol in Power Grid field even does not have a standard TCP/IP stack.

However, several limitations have been identified which could affect the adoption of 5G LAN technology:

Limitation-1: 1:1 mapping between (DNN, S-NSSAI) combination and 5G VN group required

A huge number of VN groups will be created according to the vertical requirements. Here list the most typical one:
· In power grid field, the Distributed FA (feeder automation) is the most promising business scenario for 5G applications which requires type-2 and type-3 LAN communication. Normally, 5~20 DTU/FTUs (Terminal name in distributed FA scenario) form a group and communicate with each other with unicast/multicast/broadcast messages. Each DTU/FTU terminal only belong to one group and no over lapping exist. These DTU/FTUs are distributed in various sites within a city and fiber connection cost a lot and difficult to deploy. So, 5G LAN is the best solution for large-scale application of such requirement. However, at a rough estimate, there will be almost 10 thousand DTU/FTUs within one city for large-scale application which means 500 ~ 2000 5G VN groups needed. Meanwhile, 500~2000 dedicated S-NSSAI+DNN should be created within one city (663 cities exist in China).
[bookmark: OLE_LINK1]In 3GPP Rel-16/17/18, the 5G LAN is limited to only a 1:1 mapping between (DNN, S-NSSAI) combination and 5G VN group. (See clause 5.29.2 of 3GPP TS23.501)
In this Release of the specification, only a 1:1 mapping between (DNN, S-NSSAI) combination and 5G VN group is supported.

· [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Issue-1: Slicing and DNN resource consumption. Each VN group shall occupy a dedicated S-NSSAI and DNN combination resource. With the constantly growth of VN group requirement in vertical industrial, it is hard to afford the large amount of resource consumption of NSSAI and DNN from operator point of view.

· Issue-2: Impact on the S-NSSAI/DNN allocation rules. It may break the operator’s existing S-NSSAI/DNN allocation rules. With such restriction and service requirement, it is hard for operator to reserve immense volume of S-NSSAI/DNN resources for VN group requirements.

· [bookmark: OLE_LINK8]Issue-3: Complicating the operations and maintenance. Operators need to configure/maintain a dedicated (DNN, S-NSSAI) for each VN group, even though it may contain only a few terminals and the 5G LAN communication is quite simple (e.g., two UE/CPE interconnect requirement).
[bookmark: OLE_LINK2]
Limitation-2: DN will always been involved in 5G LAN communication

To support the 5G LAN communication between terminals and DN network, all the UE traffic in a certain S-NSSAI and DNN will be routed to 5G VN internal interface and handled by a “two-step package detection and forwarding” mechanism. But as illustrated in type-2 LAN communication requirement, the DN is not quite necessary to be always involved. In some cases, the communication model is as below:


 
The existing 5G LAN mechanism may partially meet the requirement above, but on the contrary, it may cause some extra problems:

· [bookmark: OLE_LINK5]Issue-1: The broadcast domain of LAN communication is expanded where unnecessary LAN traffic may send to the DN network. Since all the traffic from UE and DN will be handled by 5G VN internal as a LAN switch, the broadcast traffic will be wrongly distributed to DN which is not aligned with LAN communication requirement from customer.

· Issue-2: N19 interface cannot be deployed due to the potential risk of loop over DN. As illustrated below, If Layer-2 5G LAN deployed and more than one UPF involved, Loop might be formatted since the DN will been included in the broadcast domain. Thus, it is impossible to open the N19 interface in such case since the network stability is the most important thing to operators. (Note: There is no UPF redundancy from customer point of view if only one UPF is allowed to connect the DN to avoid loop. It is not realistic in actual deployment.)
·          

Limitation-3: Only a certain SMF is responsible for all the PDU sessions for communication

In 3GPP Rel-16/17, a dedicated SMF is responsible for all the PDU sessions for communication for a certain 5G VN group in Rel-16. (See clause 5.29.3 of 3GPP TS23.501)

-	A dedicated SMF is responsible for all the PDU Sessions for communication of a certain 5G VN group. SMF selection is described in clause 6.3.2.
NOTE 1:	The network is configured so that the same SMF is always selected for a certain 5G VN group, e.g. only one SMF registers on the NRF with the DNN/S-NSSAI used for a given 5G VN group.
NOTE 2:	Having a dedicated SMF serving a 5G VN does not contradict that redundancy solutions can be used to achieve high availability.

· Observation-1: from stage-2 perspective, there should not be contradiction between “a dedicated SMF serving a 5G VN” and “redundancy solution”.
· However, current 5G LAN mechanism is not workable if SMF load balance redundancy is deployed. As illustrated below, SMF1 and SMF2 deployed with load balanced redundancy mechanism for a dedicated S-NSSAI + DNN. Different SMF will handle different PDU sessions for a 5G VN group. Then, in case CPE1 and CPE2 is served by SMF1 and SMF2 respectively, the N19 tunnel cannot been established on time.


2. Discussion

2.1 As illustrated above, it is obviously that the existing 5G LAN mechanism cannot fulfill the LAN communication requirement and the SA2 content. So, here list three proposed study items and corresponding scope:

To limitation 1: it is necessary to study on whether the 1:1 restriction entirely applied to all the 5G LAN service requirement? Whether and how to optimize it and reduce the Slicing and DNN resource consumption?

To minimize the impact of SA2 solutions and workflow in 3GPP, here list the study scope within this study:
· No UE behaviors impact within this study item.
· Match with the LAN communication requirements as illustrated in this DP.
· In case more than one VN group can be defined within a dedicated SNSSAI + DNN combination. The VN group provisioning might be impacted between the AF and NEF. In current mechanism, it is not possible to provision all the VN group information at one time. So, CT3 might be impacted.

To limitation 2: it is necessary to study on whether and how to optimize the currently 5G LAN mechanism to support the type-2 5G LAN service requirement?
To minimize the impact of SA2 solutions and workflow in 3GPP, here list the study scope within this study:
· Match with the LAN communication requirements as illustrated in this DP.

To limitation 3: it is necessary to study on whether and how to optimize the currently 5G LAN mechanism to support the SMF load balance redundancy?
To minimize the impact of SA2 solutions and workflow in 3GPP, here list the study scope within this study:
· The UPF is considered as full-mesh connection with all the load balanced SMFs.

2. Proposal

This paper would like to propose a study on the above study items respectively and specify the standardized solution.
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