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Abstract of the contribution: We propose a number of principles to progress the outstanding questions on Key Issue #2 on UE to UE traffic and propose conclusions. 
Introduction
The paper discusses the main outstanding issues for Key Issue #2 on UE to UE communication. A separate paper S2-200xxx discusses Ethernet bridging principles. In that paper, among other things we have clarified that all Ethernet hosts can always communicate with each other on the same Ethernet network; no pre-configuration is needed for connectivity. Therefore, UE-UE communication is always possible between UEs connected to the same Ethernet network.
We build on these general Ethernet bridging principles and propose to take a number of principles and a way forward for Key Issue 2. 
Setup of bridge forwarding rules
The setup of bridge forwarding is not a TSN specific question; both non-TSN and TSN traffic requires the setup of bridge forwarding rules. Note that in common deployments the communicating endhosts may first exchange non-TSN traffic before engaging in TSN communication. As mentioned above, in an Ethernet network all hosts can always communicate, so there is no pre-configuration needed for UE to UE communication. 
The bridge forwarding may use a number of mechanisms or a combination of them. The basic Ethernet flooding in combination with MAC learning may be used; or the CNC may also explicitly set static filtering entries. The central CNC control may be necessary for the CNC to be able to control the forwarding path considering the TSN stream characteristics and their relationship to bridge delay. CNC static filtering entries may be also needed to consider the VLANs and/or multicast destination addresses that are in common use for TSN streams. 
Note that in common deployments it is assumed that no flooding would be used for streams that require QoS such as TSN streams. This can be achieved e.g., by using static filtering entries for such streams, or making sure that MAC learning is already applied for best effort traffic before TSN streams are started. 
We therefore conclude on the following principles. 
Principle 1: There is no pre-configuration needed to enable UE to UE communication; this is always possible by default when the UEs are in the same Ethernet network. 
Principle 2: The setup of bridge forwarding is logically independent from the setup of TSN streams, since both non-TSN and TSN traffic needs to be forwarded. 
Principle 3: Static filtering entries provided by the CNC also need to be supported besides other already specified means of bridge forwarding. In some solutions the PCC rules which are derived from TSN stream information are used to setup forwarding rules. This can be problematic, since the PCC rules may not include the necessary information for a forwarding rule (destination MAC address and VLAN mapped to the outgoing port), as the flow filtering may be based on another header field. But the main problem is that the forwarding needs to be independent from the PCC rules that are meant for QoS only. The forwarding rules are necessary for both non-TSN and TSN traffic, hence they cannot be tied to PCC rules that are specific to a TSN stream. 
Principle 4: PCC rules derived from TSN stream information are not used to derive forwarding rules.
3GPP system awareness of UE to UE traffic?
The TSN AF needs to be aware that a given stream is UE to UE, since it needs to identify the involved DS-TTs and associated PDU Sessions and provide the stream specific QoS parameters separately to the PCF(s) for the PDU session carrying the uplink traffic, and for the PDU session(s) carrying the downlink traffic. Besides that, the question can be asked whether other control entities (the PCF and the SMF) really need to be aware of UE to UE traffic?
As we have seen above, the bridge forwarding is set up independently from the TSN stream QoS information, so there is no need for the awareness of UE to UE traffic in the PCF or SMF from the point of view of packet forwarding. 
For QoS setup, the PCF and the SMF ensure that the QoS requirements on a given PDU Session are met, as already specified. For UE to UE traffic, the 5GS bridge delay is calculated by summing the delay on the uplink PDU session and on the downlink PDU session (plus the residence times in the devices and the UPF). Therefore, it is sufficient for the PCF and SMF to only consider the single PDU session that they are responsible for, and they don’t need to consider that the traffic is UE to UE. Once the QoS requirements in the individual PDU sessions are met, it is guaranteed that the overall system QoS requirements are also met. So for fulfilling the QoS requirements, there is no need for the PCF and the SMF to be aware that the PDU session is carrying a UE to UE traffic flow. 
As UE to UE traffic awareness in the SMF and PCF is not necessary for traffic forwarding setup or for QoS, we conclude that the SMF and PCF do not need to be aware that the PDU session carries a UE to UE traffic stream. This is also in line with the current 3GPP system architecture where a PDU session only deals with carrying traffic between the UE and the UPF with the appropriate QoS, which is not dependent on whether that traffic flow will be forwarded to another UE or not. 
Principle 5: The PCF and the SMF are not aware of whether the PDU session carries a UE to UE traffic flow or not. 

Opportunistic QoS optimizations after the establishment of TSC
We assume that time sensitive communication is established using the following two phases in general.
1. Verify whether the application requirements in terms of guaranteed delay can be satisfied by the system based on the 5GS bridge delay that is reported in advance.
2. If yes, the time sensitive communication is established, and the system needs to observe the delay guarantees that it has reported. 
This means that time sensitive communication is started only if the delay requirements could be satisfied already from the very beginning. It may be possible for the 3GPP system to try to further optimize the QoS, but for the application point of view the important thing is to satisfy the requirement that was communicated before the communication was started. 
Therefore, opportunistic QoS optimizations, e.g., to further lower the delay of an ongoing flow beyond the guarantees that were given in advance, are of little importance. It is proposed not to standardize mechanisms for such opportunistic QoS optimizations. This does not prevent operators or vendors to optimize the QoS, but for time sensitive communications there is no need to standardize such opportunistic QoS optimizations. 
Principle 6: For TSC the guaranteed QoS is based on the 5GS bridge delay that is reported by the 5GS bridge in advance. Opportunistic QoS optimizations after the time sensitive communication has been started are left to implementation and are not to be standardized. 

Proposal
Based on the principles described above, we evaluate the solutions for the key issue. We propose to add the principles to 23.700-20 as part of the conclusions for Key Issue #2. We also propose concluding statements as a way forward.
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Solution #2: Handling of UE to UE communication
· The solution refers to traffic forwarding information provided by the CNC to the TSN AF. However, the release 16 specification only specifies uplink static filtering entries that are provided, while the solution assumes all filtering rules. Hence, the solution needs to be extended with a solution for providing static filtering entries from the CNC in all directions. Note that the static filtering entries are provided separately from TSN QoS information. 
· The solution’s bridge delay calculation is not correct for UE to UE traffic, because that traffic does not pass via the NW-TT port. 
· Besides the PDU Session Modification procedure, also the PDU Session Establishment procedure can be used for transferring DS-TT configuration information. 
· The solution is otherwise aligned with the release 16 procedures and with UE to UE traffic. 

Solution #3: UE-UE TSC communication with VN group
· Solution relies on 5G VN, which is an optional solution with limitations regarding Ethernet forwarding. 
· Solution only allows communication between UEs when it is explicitly allowed by the 3GPP system based on configuration. That is not aligned with Ethernet principles which dictate that all UEs can communicate with each other once the UE is allowed into a given Ethernet network. 
· Solution only reports bridge delay for some port pairs, but IEEE specs allow the CNC to request the bridge delay for any port pair anytime, and the 5GS bridge is expected to respond to CNC requests. 
· The solution seems to assume that UEs may belong to different 5G VN groups. However, the 5G VN concept was meant to separate the different 5G VN groups, so we should not have UEs in different 5G VN groups within the same logical network. 
· The solution refers to traffic forwarding information provided by the CNC to the TSN AF. However, the release 16 specification only specifies uplink static filtering entries that are provided, while the solution assumes all filtering rules. Hence, the solution needs to be extended with a solution for providing static filtering entries from the CNC in all directions. Note that the static filtering entries are provided separately from TSN QoS information. 
· Solution proposes indication for UE to UE communication to establish traffic forwarding, but that indication is not suitable for traffic forwarding. Traffic forwarding information needs to be established in advance before the TSN Stream QoS is established, since traffic forwarding applies to both TSN streams and non-TSN streams. Hence, there is no point in using TSN Stream QoS information to establish forwarding, and the QoS related information is anyway not suitable for forwarding. The PCC rules for QoS are flow specific, but the traffic forwarding is per destination address, i.e., it is not flow specific, so the forwarding rules cannot be derived from PCC rules. 
· The solution claims support for multicast, but 5G VN mechanism does not properly handle multicast forwarding. This can be a problem as multicast addresses are often used for TSN streams. 

Solution #4: Deterministic QoS for UE-UE TSC communication
· The solution optimizes the QoS when the user plane traffic is already started. However, TSC communication requires the a priori negotiation of the required QoS and the associated QoS setup. When the QoS is already established in advance, there is no point in opportunistic QoS optimization when the user plane traffic is started. 
· Unclear why the optimizations, if deemed necessary by the authors, only apply to UE to UE traffic and not to other traffic.
· The solution is very complex, there are lots of unresolved questions, and the need for the solution is not clarified. 

Solution #10: UE-UE communication based on generalized Ethernet model
· The solution introduces the possibility of CNC provided static forwarding entries in any direction, which is necessary to allow the CNC to control the traffic forwarding centrally. In many deployments some TSN streams use specific VLANs or multicast destination addresses, for which static filtering entries are needed. All directions must be supported to handle also UE to UE traffic. 
· The solution leaves the realization of bridge forwarding, including static filtering entries, implementation specific. In this way the vendors are not restricted. 
· The bridging functionality can determine the DS-TT port and the corresponding PDU Session for DL traffic. In the same way as for the general Ethernet forwarding case, the SMF can provide the “Ethernet PDU Session Information” indication to the UPF so that the downlink PDU Session is determined based on the implementation specific bridging function. 

Solution #11: UPF triggered UE-UE TSC communication
· The solution requires the UE to provide the source and destination address at PDU Session Establishment. But these addresses are typically not known in advance, hence the solution is not aligned with common Ethernet deployments. 

Solution #12: The bridge U-Plane model for UE-UE communication
· The solution splits up the IEEE bridge forwarding into two parts, one using SMF controlled PDR/FAR rules, and another one that is UPF internal. But it is not clear how such a split of the unified IEEE bridge forwarding is possible. Specifically, it is unclear how unknown addresses, frame replication including flooding, and downlink static filtering entries are possible. 
· The splitting of the unified IEEE bridge forwarding would result in complex implementations. Such a specific and complex implementation architecture should not be standardized. 

Solution #19: Delay model for UE-UE communication
· The release 16 delay model is not suitable for UE to UE communication, because in the release 16 model it is assumed that traffic passes via the NW-TT port, which is not the case for UE to UE traffic. 
· The solution gives an extension of the release 16 model taking the UPF residence time into consideration, where the UPF residence time may be different for UE to UE traffic or for traffic between UE and N6. 
· Without this enhancement of the release 16 delay model, the bridge delay reporting would be based on an incorrect model. 
· The solution can be integrated well with all other solutions for the same key issue. 

Solution #20: CNC controlled VLAN configuration
· The solution re-uses the existing bridge configuration mechanism to also allow the CNC to provide VLAN configuration. 
· CNC provided VLAN configuration is necessary in common deployments which include both 3GPP and fixed components. In such cases the CNC can use the very same mechanism to provide consistent VLAN configuration throughout the whole network. Without this solution, the operators would need to use special configuration methods that are different for the 3GPP and for the fixed bridges, which can significantly increase the operational costs and would make the 3GPP solution not competitive. 
· The existing SMF provided VLAN handling mechanisms can still be used in deployments where these are needed; SMF provided and CNC provided rules could even co-exist, even though in typical deployments probably only a single mechanism would be used. 



* * * * Next change * * * *

8.2	Key Issue #2: UE-UE TSC communication
Editor's note:	This clause will capture conclusions for Key Issue #2.
The following is taken as the basis for the way forward:
· There is no pre-configuration needed to enable UE to UE communication; this is always possible by default when the UEs are in the same Ethernet network. 
· The setup of bridge forwarding is logically independent from the setup of TSN streams, since both non-TSN and TSN traffic needs to be forwarded. 
· Static filtering entries provided by the CNC also need to be supported besides other already specified means of bridge forwarding. 
· PCC rules derived from TSN stream information are not used to derive forwarding rules.
· The PCF and the SMF are not aware of whether the PDU session carries a UE to UE traffic flow or not. 
-	For TSC the guaranteed QoS is based on the 5GS bridge delay that is reported by the 5GS bridge in advance. Opportunistic QoS optimizations after the time sensitive communication has been started are left to implementation and are not to be standardized. 
-	TSN AF or any AF provides information (e.g. QoS requirements such as delay, burst size, periodicity, burst arrival time) about a UE-UE TSC stream. 
-	TSN AF or any AF sends the request separately for talker (uplink traffic) and listeners (downlink traffic).
-	The delay model shall be specified according to Solutions #19 which can be applied also to UE to UE traffic. 
-	UPF shall implement the static forwarding rules received from the CNC in all directions (i.e. DS-TT to NW-TT, NW-TT to DS-TT, DS-TT to DS-TT and NW-Tt to NW-TT) as described in Solution #10. 
-	5GS shall be able to perform VLAN configuration received from CNC as defined in IEEE 802.1Q and as described in Solution #20. 
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