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Abstract of the contribution: This contribution discusses an architecture supporting Ethernet efficiently including the support of Rapid Spanning Tree Protocol
1.
Background
In the use case described in TR22.821, 5G is used to replace some of wired Ethernet connections. For example, devices are mobile, cables need to go through hazardous areas, or moving parts in a machine need connectivity. Further, providing wireless connectivity can enable rapid reconfiguration of a factory, which can yield improvements in productivity. Fig 1 is excerpted from TR22.821.
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Fig 1: Factory Automation (The same Figure 5.17-1 of TR22.821)
3GPP TR 22.821 V16.0.0 (Feasibility Study on LAN Support in 5G) listed up the potential requirements on Factory Automation as follows:

[PR.5.17.6-1] The 3GPP system shall be able to support an Ethernet transport service.
[PR.5.17.6-2] The Ethernet transport service shall support routing based on information extracted from Ethernet frame headers by the 3GPP system. 
[PR.5.17.6-3] The Ethernet transport service shall support routing based on information extracted from Virtual LAN (VLAN) ID by the 3GPP system. 
[PR.5.17.6-4] The Ethernet transport service shall support routing based on information extracted by the 3GPP system from the Bridge Protocol Data Units created in the Ethernet network based on a Spanning Tree Protocol (e.g. RSTP). 
[PR.5.17.6-5] The Ethernet transport service shall support the transport of Ethernet frames between UEs that an Ethernet device connected to it. 
NOTE: If more than one Ethernet devices need to be connected to a UE, they can be connected using an Ethernet switch between the devices and the UE. 
[PR.5.17.6-6] The Ethernet transport service shall support the transport of Ethernet broadcast frames.
2.
Problems
As depicted in Fig 1, UE is required to run a spanning tree algorithm, The switch behind the UE and the switch behind the UPF, perform a spanning tree algorithm and exchange Bridge Protocol Data Unit (BDPU) messages.

BDPU messages are exchanged regularly (every 2 seconds by default) to keep track of network changes and update the port’s forwarding state.
In the case that the RAN inactivity timer is greater than the periodic timer for BDPU message, UE stays in CM-CONNECTED state, it spends lots of power and battery. If the UE is mobile device such as mobile robot in the factory, this periodic message exchanges become significant.
In the case that RAN inactivity timer is smaller than the periodic timer for BDPU messages and the timer value is relatively short, the UE changes its state between the CM-CONNECTED and the CM-IDLE repeatedly and this repetition of status transition results in a signaling storm in the network.

For the topology where the 5G air interface participates in multiple Ethernet networks as depicted in Fig 2, unnecessary broadcast messages are transmitted over the air. For example, the problem is described in Fig 3 case a). Due to a dynamic re-configuration of Ethernet network topology changes, the port 1 of the Switch 1 in uplink direction results in “DISCARDING” state. However, the broadcast messages toward to the port 3 of Switch 0 are transmitted toward to the UPF. The UPF has to send the broadcast message to all the UEs in the same Ethernet network. This causes unnecessary broadcast message forwarding (i.e. wasting over-the-air resources) because the port 3 of Switch 1 will drop the messages.
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Fig 2. A problem of wasting air resource due to the broadcast message in relay mode of Ethernet network architecture
3.
Proposal
It is proposed to be add the following texts in TR 23.734.

*** New text ***
6.X
Solution #X: 5G LAN service network (switch mode) architecture
6.X.1
Description

The solution addresses key issue #5 (“Support of 5GLAN communication”). 

An example configuration of 5G LAN Ethernet service network architecture for switch mode is described in the figure 6.X.1-1. 
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Fig 6.X.1-1. 5G LAN Ethernet service network architecture (switch mode)
The UE in Ethernet switch mode supports the Ethernet configuration as follows:
· The UE in Ethernet switch mode is able to connect an UPF through a UE’s uplink port (i.e. an Ethernet PDU session). The UE can support multiple uplink ports with establishing multiple PDU Session.

· The UE in Ethernet switch mode is able to connect a backend Ethernet switch or device through one UE’s backend port. The UE can have multiple backend ports.
· The UE in Ethernet switch mode is able to embed an Ethernet device with itself through one UE’s internal port. The UE can have multiple internal embedded Ethernet device(s).
The UPF in Ethernet switch mode supports the Ethernet configuration as follows:

· The UPF in Ethernet switch mode is able to connect an UE through a UPF’s downlink port (i.e. an Ethernet PDU Session). The UPF can support multiple downlink ports with each UE. The UPF can support multiple UEs.

· The UPF in Ethernet switch mode is able to connect a backend Ethernet switch or device through one UPF’s backend port. The UPF can have multiple backend ports.
In the architecture described in Fig 6.X.1-1, the SMF is able to configure the UE with the switch mode with configuration parameters during the PDU Session establishment. 
The configuration parameters provided by the SMF are as follows:

· An indicator whether the UE in the switch mode turn on or off the Spanning Tree Algorithm

· A periodic timer of sending BDPU messages

· A bridge identifier of the UE in the switch mode

· An indicator whether the UE in the switch mode notifies the change of port’s status

· An indicator whether the UE in the switch mode reports the list of MAC address(es) of the backend devices connected in the backend networks
The further enhancement to optimize Ethernet networks over 5G link including the followings:

· The UE in switch mode may report its port states that results from the execution of the Spanning Tree Algorithm so that the SMF may control the UPF’s port states based on the report to prevent the waste of air-resource.
6.X.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.
6.X.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
*** End ***
3GPP

SA WG2 TD


UE/
Device E
Switch 1
UE/Switch
1
Device A
Device B
1
2
3
gNB
UPF
(Switch)
Switch 0
(Root)
Device J
1
2
SMF
UE/Switch
2
Device C
Device D
2
3
UE/Switch 3
(Device I)
Device H
Switch 1
Device F
Device G
1
2
3



