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Abstract: This contribution proposes the evaluations on KI #2 UE-UE TSC communication. 
1. Introduction/Discussion
This provides discussion about KI#2, in particular, sub-clause 1.1 makes clear the objectives of Key Issue #2: UE-UE TSC communication, sub-clause 1.2 provides the 3GPP defined prior art on support of traffic handling, sub-clause 1.3 provides the gap analysis to achieve the objectives of KI#2, sub-clause 1.4 provides the comparison of the solutions of KI#2.
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As stated in clause 5.2 of TR 23.700-20, Key Issue #2 is about UE-UE TSC communication, it aims to address UE-UE TSC communication if the network determines that the two UE(s) (including two DS-TT(s) within the same UE) are served by the same UPF.
As defined in TS 23.501, TSC (Time Sensitive Communication) is a communication service that supports deterministic communication and/or isochronous communication with high reliability and availability. It is about providing packet transport with QoS characteristics such as bounds on latency, loss, and reliability, where end systems and relay/transmit nodes can be strictly synchronized.
Objective: address UE-UE Time Sensitive Communication that needs packet transport with strict bounds on latency, loss, and reliability.

In order to achieve this objective, the following issues that need further study are captured by clause 5.2 of TR 23.700-20:
1.	How the 5GS know the UE/DS-TT pairs which can perform UE-UE communication?
2.	5G System bridge delay determination considering UE-UE communication via same UPF.
a.	How does the 5GS know whether to report the Bridge delay information for the port pair of two DS-TTs.
b.	How does the 5GS calculate and report the Bridge delay information for the port pair of two DS-TTs.
3.	Configuration of Deterministic QoS for the QoS Flows of the two UEs served by the same UPF.
a.	The impact on the derivation and provision of QoS parameters and TSCAI in this scenario, if any.
Based on progress in SA2#141E, it is agreed that “UE-UE TSC communication (using local switching) is supported for all the UE(s) connected to the same DNN/S-NSSAI, terminating on the same UPF network instance”.
Conclusion 1: 5GS knows that UE pairs that can perform UE-UE TSC using DNN/S-NSSAI of UE’s PDU session. This addresses the issue 1 of KI#2.
Based on progress in SA2#140E, it is agreed that “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)”.
Conclusion 2: TSN AF or any AF knows that Deterministic QoS about a UE-UE TSC stream, determines the Deterministic QoS of the QoS Flow for each UE (one QoS flow for uplink traffic, one QoS flow for downlink traffic), and then requests separately for each UE. This addresses the issue 3 of KI#2.
Observation 1: Issue 2 of KI#2 needs further study.

1.2	3GPP defined prior art on support of traffic handling
Since 3GPP R15 and R16, the traffic forwarding is already supported in the following manner, this is illustrated in the following figure.


To support handling of normal traffic over the user plane, the SMF, based on local SMF configuration or dynamic PCC rules from PCF, can:
-	Provide UE with the QoS Rule in order to enable UE perform the classification and marking of UL User plane traffic, this is defined in clause 5.7 of TS 23.501.
-	Provide RAN with the QFI and corresponding QoS Profile in order to enable RAN enforce the QoS requirements of UL/DL User plane traffic, this is defined in clause 5.7 of TS 23.501.
-	Provide UPF with the N4 rules (PDR, FAR, QER, and URR) in order to enable UPF to perform traffic classification, traffic forwarding, traffic reporting, QoS enforcement for UL/DL User plane traffic, this is defined in clause 5.7 and 5.8 of TS 23.501.
In addition, 3GPP already supports three types of traffic forwarding methods using N4 rules: N6-based traffic forwarding, N19-based traffic forwarding and local switching. Moreover, local switching addresses the case where traffic is locally forwarded by a single UPF if this UPF is the common PSA UPF of different PDU Sessions. Details are defined in clause 5.8.2.5.3 and 5.8.2.13 of TS 23.501.
Observation 2: For handling (traffic classification, traffic forwarding, traffic reporting, and QoS enforcement) of normal traffic over the user plane, it is already supported in a SMF controlled manner, this includes the support of forwarding for UE-UE normal traffic, i.e. local switching.

To support handling of TSC traffic (i.e., periodic deterministic communication where the traffic characteristics are known a-priori) over the user plane, the SMF needs TSC Assistance Information from the PCF to support a schedule for transmission of TSC traffic over the user plane. Therefore, the SMF needs TSCAI (Flow Direction, Periodicity, Burst Arrival time) for TSC QoS Flow in addition to QoS profile of the QoS Flow that transports normal traffic. In addition, the DS-TT and NW-TT is introduced to support Hold and Forward Buffering mechanism. This is defined in clause 5.27 and 5.28 of TS 23.501, clause 6.1.3.23 of TS 23.503.
Observation 3: For handling (traffic classification, traffic forwarding, traffic reporting, and QoS enforcement) of TSC traffic over the user plane, it is already supported in a SMF controlled manner. There is no requirement to go through the NW-TT for transmission of UE-UE TSC traffic.

To enable the CNC schedule a TSC stream over the 5GS Bridge, the 5GS Bridge is required to provide Bridge Delays for each port pair and traffic class of the 5GS Bridge to CNC. The TSN AF calculates the 5GS Bridge delay using UE-DS-TT Residence Time: the time taken within the UE and DS-TT to forward a packet between the UE and DS-TT port, and the Per traffic class minimum and maximum delays between the UE and the UPF/NW-TT that terminates the N6 interface (including UPF and NW-TT residence times). For a newly established PDU Session, the TSN AF will deduce the related port pair (DS-TT port, NW-TT port) of the same 5GS Bridge and calculates the Bridge Delays per port pair. This is defined in clause 5.27.5 of TS 23.501.
Observation 4: 3GPP already supports the N6-based traffic forwarding for TSC traffic, i.e., the UL/DL TSC traffic is forwarded to/from the DN.

There is only one PDU Session per DS-TT port for a given UPF. A 5GS TSN bridge has a single NW-TT entity within the UPF. However, the NW-TT may have multiple ports that are used for traffic forwarding. Therefore, the NW-TT needs the static filtering entry to determine the correct egress NW-TT port for UL TSC traffic. This is defined in clause 5.28.3.1 of TS 23.501.
In addition, as clarified in the NOTE 3 of Table 5.28.3.1-2 in clause 5.28.3.1 of TS 23.501, the Static Filtering Entry is optional. If the Static Filtering Entry is not present, then the forwarding information as in clause 5.8.2.5.3 applies, that means that the SMF instructs the NW-TT to route the traffic based on the detected MAC address.
Observation 5: The static filtering entry is optional within 5GS. If it is present, the NW-TT can use it to determine the egress port for UL TSC traffic. If it is not present, then SMF can instruct the NW-TT to determine the egress port for UL TSC traffic based on the detected MAC address.

From CNC point of view, the 5GS acts as one or more TSN Bridges, the CNC can only know information of the DS-TT port and NW-TT port of a 5GS Bridge, therefore the static filtering entry provided to TSN AF from CNC can only contain the traffic forwarding information related to DS-TT port or NW-TT port a 5GS Bridge. The TSN AF knows if a port is NW-TT port or not (as defined in clause 5.28.2 of TS 23.501), so the TSN AF can only provide the static filtering entry related to NW-TT port to NW-TT via PMIC (as defined in clause 5.28.3.1 of TS 23.501).
Observation 6: If TSN AF receives from CNC the static filtering entry related to DS-TT port or NW-TT port of a 5GS Bridge, it could determine to provide NW-TT with the static filtering entry only related to NW-TT port.

1.3	Gap analysis for support of objective of Key Issue #2
Objective of KI#2: address UE-UE Time Sensitive Communication that needs packet transport with strict bounds on latency, loss, and reliability.
Conclusion 1: 5GS knows that UE pairs that can perform UE-UE TSC using DNN/S-NSSAI of UE’s PDU session. This addresses the issue 1 of KI#2.
Conclusion 2: TSN AF or any AF knows that Deterministic QoS about a UE-UE TSC stream, determines the Deterministic QoS of the QoS Flow for each UE (one QoS flow for uplink traffic, one QoS flow for downlink traffic), and then requests separately for each UE. This addresses the issue 3 of KI#2.

Observation 1: Issue 2 of KI#2, i.e. 5G System bridge delay determination considering UE-UE communication via same UPF, needs further study.
Gap 1: How does the 5GS know whether to report the Bridge delay information for the port pair of two DS-TTs.
Gap 2: How does the 5GS calculate and report the Bridge delay information for the port pair of two DS-TTs

Based on Conclusion 1, it can conclude that when the 5GS knows that the PDU sessions of two DS-TTs use the same DNN/S-NSSAI and access to the same 5GS Bridge, then the 5GS can report the Bridge Delay for the port pair of two DS-TTs.
Proposal 1: When the 5GS knows that the PDU sessions of two DS-TTs use the same DNN/S-NSSAI and access to the same 5GS Bridge, then the 5GS can report the Bridge Delay for the port pair of two DS-TTs. 

Observation 2: For handling (traffic classification, traffic forwarding, traffic reporting, and QoS enforcement) of normal traffic over the user plane, it is already supported in a SMF controlled manner, this includes the support of forwarding for UE-UE normal traffic, i.e. local switching.
Current local switching method supports UE-UE normal traffic forwarding. For UE-UE TSC traffic, both the ingress port and egress port are DS-TT port, the DS-TT can perform the Hold and Forward Buffering mechanism for the UE-UE TSC traffic, there is no need to go through the NW-TT for transmission of UE-UE TSC traffic. So current local switching method can support UE-UE TSC traffic forwarding.
Observation 3: For handling (traffic classification, traffic forwarding, traffic reporting, and QoS enforcement) of TSC traffic over the user plane, it is already supported in a SMF controlled manner. There is no requirement to go through the NW-TT for transmission of UE-UE TSC traffic.
For UE-UE TSC traffic over the PDU session, current SMF controlled method can be reused to handle the TSC traffic.
Proposal 2: Current local switching method can support UE-UE TSC traffic forwarding without going through NW-TT and the SMF can instruct the UPF handle the UE-UE TSC traffic over a PDU session.

Observation 4: 3GPP already supports the N6-based traffic forwarding for TSC traffic, i.e., the UL/DL TSC traffic is forwarded to/from the DN.
Observation 5: The static filtering entry is optional within 5GS. If it is present, the NW-TT can use it to determine the egress port for UL TSC traffic. If it is not present, then SMF can instruct the NW-TT to determine the egress port for UL TSC traffic based on the detected MAC address.
Observation 6: If TSN AF receives from CNC the static filtering entry related to DS-TT port or NW-TT port of a 5GS Bridge, it could determine to provide NW-TT with the static filtering entry only related to NW-TT port.
Since NW-TT is not involved for transmission of UE-UE TSC traffic via local switching, there is no need to use static filtering entry. Therefore, the TSN AF does not need to provide the static filtering entry related to DS-TT port to NW-TT.
Proposal 3: The static filtering entry is not needed for transmission of UE-UE TSC traffic via current local switching method.

1.4	Evaluations for solutions of Key Issue #2
Solution #2 mainly provides procedures for DS-TT information reporting and TSC stream establishment. The AF deduce all possible port pairs based on reported DS-TT information and calculates their bridge delay. And the AF determines egress port based traffic forwarding information, and determines ingress port based on PSFP information. Then the UE-UE TSC stream is split into UL and DL streams by the AF. The AF calculates TSC for UL and DL streams and provides TSN QoS information to PCF(s). This solution proposes the UE-UE TSC via DS-TTs connect to the same UE should forward the stream through the UPF, and it proposes PDU Sessions for UL and DL streams of UE-UE TSC could be served by different PCFs. 
Solution #3 provides 5GLAN forwarding mechanism based solution. UE-UE TSC stream is split into UL and DL streams by the AF, which is the same as solution #2, and the UPF forwards the stream from the UL PDU Session to DL PDU Session via internal interface as R16 defined. The control plane optionally manage port pairs based on 5G VN group information. This solution applies to the scenario that PDU Sessions served by different SMFs. 
Solution #4 proposes the PCF determines impacts to PDU Sessions based on AF requested UE-UE TSC parameters. Then the PCF triggers user plane traffic monitoring to detect UE-UE pair. The UPF applying local switch detects UE-UE pair if received traffic from a UE with destination address of a target UE, and reports the UE pair to CP to trigger the PCF determine the configuration of deterministic QoS for the UE-UE TSC communication under the same UPF. 
Solution #10 introduces a new forwarding model on the UPF for UE-UE TSC forwarding. Bridge forwarding function is defined inside NW-TT and realizes Ethernet bridging functionality for Ethernet traffic forwarding. PDU Sessions associated to DS-TT ports are bound to the bridge forwarding function as logical ports, which act in the same way as physical ports like NW-TT ports from the point of view of forwarding. The bridge forwarding function forwards UE-UE and UE-DN traffic based on static forwarding rules provided by the CNC. Mechanism for binding the PDU Sessions to bridge ports is implementation option, e.g. to assign an interface identifier to the PDU Sessions as well as the bridge ports and tag the packets with the identifier to realize the binding. The mechanism makes the UPF and the bridge forwarding function to know the PDU Session associates to a received packet. N4 interface may need enhancement for the mechanism binding the PDU Sessions to bridge ports, or the UPF should define some special operation on N4 rules for UE-UE TSC communication like how to identify the receiving interface and to filter DL packets received from the bridge forwarding function. This introduces a new PDU session binding mechanism for UPF, this needs to be evaluated and confirmed by CT4 WG. This has conflicts with sol#19.
Solution #11 defines a UPF triggered UE-UE TSC communication for UE-UE port pair determination. The UPF is configured with source and destination addresses of each PDU session. During PDU Session establishment procedure of a UE, if the UPF determines that the destination could be served by the same 5GS Bridge and informs SMF about the port pair details. Then the SMF forwards the port pair and bridge information to the AF via PCF/NEF after PDU Session establishment. This solutions only supports TSC stream with unicast destination address, and the application starts communication before QoS rules are generated. It has some restricts on applications. 
Solution #12 introduces a new user plane forwarding architecture. FP (forwarding process) function is defined inside in the NW-TT. All the DL and UP traffic are sent to the FP first, and then the FP decides to forward the packet according to port map in the forwarding rule (i.e. static filter entry). If the packet matches the port of NW-TT, the FP forwards the packet to the port of NW-TT. Otherwise, the FP forwards the packet to the UPF which handle the packet as N4 rules required. This model works like the local switching, but it’s required to locate in NW-TT. As the local switching and NW-TT are up to implementation, the FP could be replaced by the local switching and do not restrict its deployment.
Solution #19 defines Delay model for UE-UE communication. Since the delays in UPF may different for forwarding UE-UE packet and UE-DN packet, this solution defines device-device UPF residence time for UE-UE port pairs and device-network UPF residence time for UE-DN port pairs. Accordingly, the bridge delay and TSC calculation are redefined. This has conflicts with sol#10 and requires further evaluation on the benefits it brings.
Solution #20 add support for CNC controlled VLAN configuration. VLAN processing takes place within the UPF for NW-TT ports and DS-TT ports. The TSN AF provides VLAN configuration to the UPF via BMIC, and the UPF sets up the VLAN processing. The VLAN processing may co-exist with N4 rules in the case of device side ports. The N4 rules are executed before the VLAN processing for uplink traffic and the N4 rules are executed after the VLAN processing for downlink traffic. This solution doesn’t address how to co-exist with N4 rules with VLAN configuration before TSC stream setup and how to avoid the conflicts with existing VLAN configuration mechanism.
Following table illustrated issues in solutions and their related solutions, except for dividing UE-UE stream into UL and DL stream as it was concluded on the last meeting:
	Issues 
	Solutions
	Description

	User plane forwarding mechanism
	#3, #4
	Local switching. Reuse local switching mechanism as 5GLAN defined in R16.

	
	#10
	New bridge forwarding in NW-TT. All NW-TT ports and DS-TT ports are bound to the bridge forwarding function, which works like an Ethernet switch.

	
	#12
	Forwarding Process in NW-TT. It determines whether forward UL packets to N6 or UPF based on static filter entry. 

	Port pair determination
	#2
	The AF deduces all possible port pairs based on reported DS-TT information

	
	#3
	The AF/SMF determines UE-UE port pairs based on the local configuration.

	
	#4
	The UPF detects UE-UE port pairs according to destination addresses of packets received from UE.

	
	#11
	The UPF detects UE-UE port pairs according to control plane configured destination addresses and address used by PDU Session.

	Bridge delay model
	#19
	Redefine the Bridge delay model in R16. It introduces UPF residence time which has different value for UE-UE and UE-DN communication.

	VLAN configuration model
	#20
	Introduce CNC controlled VLAN configuration for UPF to process VLAN within UPF.



Proposal 4: Capture the evaluations for solutions of KI#2.

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-20 V1.2.0.
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 7.5	Key Issue #2: UE-UE TSC communication
Solution #2 supports the AF deduces all possible port pairs based on reported DS-TT information and calculates their bridge delay. The UE-UE TSC via DS-TTs connect to the same UE should forward the stream through the UPF, and PDU Sessions for UL and DL streams of UE-UE TSC could be served by different PCFs. This solution does not define user plane forwarding mechanism.
Solution #3 supports the AF split UE-UE TSC stream into UL and DL streams, which is the same as solution #2, and the UPF forwards the stream from the UL PDU Session to DL PDU Session via internal interface as R16 defined. The control plane optionally manage port pairs based on 5G VN group information. This solution applies to the scenario that PDU Sessions served by different SMFs.
Solution #4 supports the PCF determines impacts to PDU Sessions based on AF requested UE-UE TSC parameters. The PCF triggers user plane traffic monitoring to detect UE-UE pair. The UPF applies local switch detects UE-UE pair if received traffic from a UE with destination address of a target UE, and reports the UE pair to CP to trigger the PCF determine the configuration of deterministic QoS for the UE-UE TSC communication under the same UPF.
Solution #10 supports new forwarding model (bridge forwarding function inside NW-TT) on the UPF for UE-UE TSC forwarding. Bridge forwarding function realizes Ethernet bridging functionality for Ethernet traffic forwarding. PDU Sessions associated to DS-TT ports are bound to the bridge forwarding function as logical ports, which act in the same way as physical ports like NW-TT ports from the point of view of forwarding. N4 interface may need enhancement for the mechanism binding the PDU Sessions to bridge ports, or the UPF should define some special operation on N4 rules for UE-UE TSC communication like how to identify the receiving interface and to filter DL packets received from the bridge forwarding function. For exposure of TSC service, there isn’t traffic forwarding information to be provided to user plane and this solution may not work for UE-UE TSC communication or IP PDU session. This introduces a new PDU session binding mechanism for UPF, this needs to be evaluated and confirmed by CT4 WG. This has conflicts with solution #19.
Solution #11 supports the UPF triggered UE-UE TSC communication for UE-UE port pair determination. The UPF is configured with source and destination addresses of each PDU session. During PDU Session establishment procedure of a UE, if the UPF determines that the destination could be served by the same 5GS Bridge and informs SMF about the port pair details. Then the SMF forwards the port pair and bridge information to the AF via PCF/NEF after PDU Session establishment. This solutions only supports TSC stream with unicast destination address, and the application starts communication before QoS rules are generated. It has some restricts on applications.
Solution #12 supports anew user plane forwarding architecture. FP (forwarding process) function is defined inside in the NW-TT. All the DL and UP traffic are sent to the FP first, and then the FP decides to forward the packet according to port map in the forwarding rule (i.e. static filter entry). This model works like the local switching. As the local switching and NW-TT are up to implementation, the FP could be replaced by the local switching and do not restrict its deployment.
Solution #19 supports new Delay model for UE-UE communication. It defines device-device UPF residence time for UE-UE port pairs and device-network UPF residence time for UE-DN port pairs. Accordingly, the bridge delay and TSC calculation are redefined. This has conflicts with solution #10 and requires further evaluation on the benefits it brings.
Solution #20 supports CNC controlled VLAN configuration. VLAN processing takes place within the UPF for NW-TT ports and DS-TT ports. The TSN AF provides VLAN configuration to the UPF via BMIC, and the UPF sets up the VLAN processing. This has impacts on existing VLAN processing mechanism and doesn’t support for general Ethernet frames.

* * * * End of changes * * * *
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