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[bookmark: foreword][bookmark: _Toc23244605][bookmark: _Toc25940839]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
[bookmark: introduction]z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc22192639][bookmark: _Toc23402377][bookmark: _Toc23402407][bookmark: _Toc25940840]
1	Scope
[bookmark: references][bookmark: _Toc22192640][bookmark: _Toc23402378][bookmark: _Toc23402408]Study enhancements to 5G System that would enable enhanced support of IEEE TSN Time Sensitive Communication to support deterministic applications.
[bookmark: _Toc25940841]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
[5]	3GPP TS 22.263: "Service requirements for Video, Imaging and Audio for Professional Applications (VIAPA)".




[bookmark: definitions][bookmark: _Toc22192641][bookmark: _Toc23402379][bookmark: _Toc23402409][bookmark: _Toc25940842]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc22192642][bookmark: _Toc23402380][bookmark: _Toc23402410][bookmark: _Toc25940843]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

[bookmark: _Toc22192643][bookmark: _Toc23402381][bookmark: _Toc23402411][bookmark: _Toc25940844]3.2	Symbols
Void
[bookmark: _Toc22192644][bookmark: _Toc23402382][bookmark: _Toc23402412][bookmark: _Toc25940845]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].


[bookmark: clause4][bookmark: _Toc22192645][bookmark: _Toc23402383][bookmark: _Toc23402413][bookmark: _Toc25940846]4	Architectural Assumptions and Requirements
[bookmark: _Toc25940847]4.1	Architectural Requirements
The following architectural requirements apply:
-	Solutions shall build on the 5G System architectural principles as in TS 23.501[2], including flexibility and modularity for newly introduced functionalities.
-	The 3GPP system shall support co-existence of TSN GM clock residing in the network attached to DS-TT for some TSN domains and TSN GM clock residing in network side for some other TSN domains.
[bookmark: _Toc22192646][bookmark: _Toc23402384][bookmark: _Toc23402414][bookmark: _Toc25940848]5	Key Issues
[bookmark: _Toc25940849]5.1	Key Issue #1: Uplink Time Synchronization
[bookmark: _Toc25940850][bookmark: _Hlk500943653]5.1.1	Description
[bookmark: _Toc16839381][bookmark: _Toc22192649]The objective of this Key Issue is to introduce support for Time Synchronization with TSN GM in the TSN network attached to the device. The TSN GM is assumed to be located in the network attached to the device.
For this Key Issue the following areas should be studied:
1.	Support for Time Synchronization with one or more TSN GM(s) in the TSN network attached to the device:
a)	Synchronizing TSN end stations behind 5G System (NW-TT) with the TSN GM in the network attached to the device.
b)	Synchronizing TSN end stations behind other UE(s) with the TSN GM in the network attached to the device side via 5G System.
[bookmark: _Toc25940851]5.2	Key Issue #2: UE-UE TSC communication
[bookmark: _Toc25940852]5.2.1	Description
This Key issue 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.


Figure 5.1.1: UE-UE TSC communication
NOTE:	In the above figure, the two UEs can be served by a single NG-AN node or two different NG-AN nodes.
For this Key Issue the following areas should be studied:
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.
[bookmark: _Toc16839376][bookmark: _Toc19722242][bookmark: _Toc25940853]5.3	Key Issue #3: Exposure of TSC services 
[bookmark: _Toc500949092][bookmark: _Toc16839377][bookmark: _Toc19722243][bookmark: _Toc25940854]5.3.1	Description
The objective of this Key Issue is to allow wider and more flexible use of 5GS TSC and URLLC through the 5GS Network Exposure Function framework. 
The exposure framework can be used to expose network capabilities (i.e. enabling operator to offer certain capabilities as services) and also allow application to influence services offered by the network. This key issue is about enhancing the NEF (exposure) framework towards AF so that NEF can expose network capabilities to support Time Sensitive Communication.
[bookmark: _Toc25940855]5.3.2	Key Issue #3A: Exposure of deterministic QoS 
Any AF that has knowledge of deterministic application requirements should be able to request TSC services from the 5GS and as authorized, be notified of pertinent network events. This key issue is intended to support in the 5GS, requirements from TS 22.104[4] where a TSN bridged network may not be needed and requirements from TS 22.263[5] for Video, Imaging and Audio for Professional Applications (VIAPA). Applications provide those requirements to 5GS for any type of PDU Session. 
This KI focuses on enhancing NEF framework.
For this Key Issue, the following areas should be studied:
a) Ability for AF to request absolute delay and jitter requirements, and mechanisms to enable the PCF to determine the 5GS QoS parameters based on the requirements received from AF.
b) Ability for AF to indicate periodicity, burst size and burst arrival time (as defined in Rel-16 for TSC Assistance information), optionally burst spread (variation of burst arrival time for DL traffic resulting from jitter on N6, if applicable) along with Timing Domain (reference for these parameters) associated with these parameters to the NEF
c) How to enable an application and 5GS to agree on a TSC configuration that addresses the applications needs and can be supported by 5GS.
[bookmark: _Toc25940856]5.3.3	Key Issue #3B: Exposure of Time Synchronization 
Two different time sources and methods for synchronization are foreseen: 
1)	assuming use of a gPTP client (IEEE 802.1 Time Aware System) and gPtP protocol which conveys the timing information, e.g. located in the DN, and mapping to 5GS time in 5GC (time sync methods as defined in Rel-16)
2)	assuming use of the 5GS time source by 5GS and AF (e.g. it could also be GPS time source used by both 5GS and AF); where UPF/NW-TT creates the gPtP message for conveying the timing information (time sync methods as defined in Rel-16)

For these two models, this key issue aims to support exposure for Time Synchronization service offered by 5GS:
a) Exposure of the 5GS capability to activate Time Synchronization from the AF for a TSN Domain GM or 5G GM (i.e. for VIAPA applications).
a. Ability for network to expose the support for synchronization and the supported time synchronization method from NEF towards AF.
b. Ability for AF to request activation/deactivation of Time Synchronization service targeting a UE or a group of UEs and indicate the clock domain (i.e. IEEE TSN Domain GM or 5G GM) and clock accuracy (with an accuracy of e.g. 1 microsecond).
[bookmark: _Toc516555668][bookmark: _Toc25940857]5.4	Key Issue #4: supporting the fully distributed configuration model for TSN
[bookmark: _Toc25940858]5.4.1	Description
Fully distributed TSN model is defined in IEEE 802.1Qcc[x]. Unlike the fully centralized model supported in Rel-16, there is neither a Centralized Network Configuration (CNC) entity nor an entity that has the knowledge of the entire TSN network in fully distributed TSN model. The configuration information for stream resource registration is propagated along the paths from the Talker to Listeners. The 5G CP (i.e. PCF) cannot get the TSN stream requirements and configuration information from a TSN entity in control plane.
In order to support integration of 5GS with the TSN network deployed in fully distributed model, the 5GS should be able to read the configuration information carried in the TSN stream resource registration messages (e.g. MSRP messages) and modify the messages as a TSN bridge based on the 5GS capability. The 5G CN CP should also be able to retrieve the TSN stream requirements from the messages transmitted in user plane. Therefore, the enhancements needs to be studied for 5GS to support fully distributed TSN model:
· Which IEEE protocols need to be supported?
· How the 5GS retrieves the TSN stream requirements?
· How to enforce the TSN stream requirements using 3GPP QoS parameters?
· Which entity, (e.g. the UE/DS-TT, UPF/NW-TT, SMF or PCF), is responsible for read/modify the TSN stream resource registration messages, and how the 5GS modifies the TSN stream resource registration message based on 5GS Bridge capability and the configuration information carried in the message?

[bookmark: _Toc23402387][bookmark: _Toc23402417][bookmark: _Toc25940859]6	Solutions
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc25940860][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	Key Issues

	
	#1 Uplink Time Synchronization
	#2 UE-UE TSC communication
	#3A Exposure of TSC services: 
Exposure of deterministic QoS
	#3B Exposure of TSC services
Exposure of Time Synchronization
	#4 supporting the fully distributed configuration model for TSN

	#1
	X
	
	
	
	

	#2
	
	X
	
	
	

	#3
	
	X
	
	
	



[bookmark: _Toc22192651][bookmark: _Toc23402389][bookmark: _Toc23402419]6.X	Solution #<X>: <Solution Title>
[bookmark: _Toc16839383][bookmark: _Toc22192652][bookmark: _Toc23402390][bookmark: _Toc23402420]6.X.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution, and briefly the main principles of the solution.
[bookmark: _Toc16839384][bookmark: _Toc22192653]
[bookmark: _Toc23402391][bookmark: _Toc23402421]6.X.2	Functional Description
Editor's note:	This clause further details the solution principles and any assumptions made.
[bookmark: _Toc16839385][bookmark: _Toc22192654]
[bookmark: _Toc23402392][bookmark: _Toc23402422]6.X.3	Procedures
Editor's note:	This clause describes procedures and information flows for the solution.
[bookmark: _Toc16839386][bookmark: _Toc22192655]
[bookmark: _Toc23402393][bookmark: _Toc23402423]6.X.4	Impacts on existing entities and interfaces
Editor's note:	This clause lists impacts to existing entities and interfaces.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: _Toc25940861][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: _Toc510607499][bookmark: _Toc518306733][bookmark: _Toc16839388][bookmark: _Toc22192656]6.1 Solution #1: Uplink Time Synchronization for TSN
[bookmark: _Toc23244807][bookmark: _Toc25940862]6.1.1	Introduction
The solution is proposed to solve Key Issue #1: the UL Time Synchronization. In this key issue, one or more TSN GM(s) are attached to the device side and are used to synchronize the TSN end stations behind the 5GS (i.e. NW-TTs) and behind the other UEs (i.e. DS-TTs). Based on clause 5.27.1 of TS 23.501 [1], the following principles are also applied to or UL TSN Time Synchronization:
-	5GS as a TSN bridge plays as a time-aware system.
-	Only TSN TTs at the edge of 5GS need to support the desired operations in the IEEE 802.1AS [xx].
-	Two separate distribution time mechanisms are used for 5GS internal clock and TSN system clocks as defined in clause 5.27.1.2 of TS 23.501 [2].
-	All gPTP messages generated from TSN GM(s) are transmitted using the user-plane resources in 5GS.
Therefore, this solution proposes that similar operations defined for DL TSN Time Synchronization can be re-used for the UL TSN Time Synchronization i.e. for the TSN GM(s) attached to the device side.
Since UL TSN Time Synchronization will be distributed to the TSN end stations attached to 5GS (i.e. NW-TTs) and attached to the other UEs (i.e. DS-TTs), TSN GM(s) attached to the device will generate the UL gPTP messages and then DS-TT can perform  exactly the same operations as NW-TT performs for the DL gPTP messages defined in clause 5.27.1.2.2 of TS 23.501 [xx]. Then, the modified UL gPTP messages will be further forwarded via the user-plane established between the devices (i.e. UE) which has TSN GM(s) attach to and the target UPFs.
After the NW-TT receives the modified gPTP messages for the case where delivery to end stations behind the 5G system (NW-TT) is required, the NW-TT can perform  exactly the same operations as DS-TT performs for the received DL gPTP messages defined in clause 5.27.1.2.2 of TS 23.501 [2]. Finally, NW-TT can forward to the UL gPTP messages to the TSN end stations.
The main difference between the UL and DL Time Synchronization is that the UL gPTP messages are also required by the TSN end stations behind the other UEs (i.e. DS-TTs). For delivery of gPTP messages to TSN end stations behind other UEs, the UPF will forward the UL gPTP messages transparently to other devices. The DS-TT in the other UE can perform exactly the same operations as defined in clause 5.27.1.2.2 of TS 23.501 [xx]. Finally, DS-TT can forward to the gPTP messages to the TSN end stations.
[bookmark: _Toc23244808][bookmark: _Toc25940863]6.1.2	Functional Description
Editor's Note: This clause further details the solution principles and any assumptions made.
Distributing the UL gPTP messages from TSN GM attached to the device to all TSN end stations behind the UPFs (NW-TTs) and behind the other UEs (DS-TTs) can be achieved by using the following steps (referred to Figure 6.X.2‑1)
-	DS-TT which is attached by one or more TSN GMs will perform exactly same operations for UL gPTP messages as NW-TT perform the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [xx].
-	In case of synchronizing TSN end stations behind 5G System (NW-TT), NW-TT will perform  exactly the same operations for UL gPTP messages as DS-TT perform the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [xx]. After NW-TT on the UPF side receives the UL gPTP messages, the NW-TT will forward to the TSN end stations.
-	In case of synchronizing TSN end stations behind other UE(s), the UPF will forward the received UL gPTP message transparently to the other UEs to distribute the gPTP messages further to the TSN end stations behind other UEs (other DS-TTs) by applying the same principles as described in clause 5.27.1 of 23.501 [xx].
In case of synchronizing TSN end stations behind 5G System (NW-TT), all gPTP messages are transmitted using the user-plane resources in 5GS and follows the principle that one PDU session is established per DS-TT port for a UPF. To support the multiple TSN working domains attached to the device, the mechanism defined in clause 5.27.1.3 of TS 23.501 [xx] can be re-used.
In case of synchronizing TSN end stations behind other UE(s), all gPTP messages are transmitted using the user-plane resources in 5GS and follow the principle that two PDU sessions are used.
To support the multiple TSN working domains attached to the device, the mechanism defined in clause 5.27.1.3 of TS 23.501 [2] can be re-used.



Figure 6.1.2-1: The distribution of UL Time Synchronization Information
[bookmark: _Toc23244809][bookmark: _Toc25940864]6.1.3	Procedures
Editor's Note: This clause describes procedures and information flows for the solution.
[bookmark: _Toc23244810][bookmark: _Toc25940865]6.1.4	Impacts on existing entities and interfaces
Editor's Note: This clause lists impacts to existing entities and interfaces.
[bookmark: _Toc25940866]6.2	Solution #2: Handling of UE to UE communication 
[bookmark: _Toc510607500][bookmark: _Toc518306734][bookmark: _Toc25940867]6.2.1	Introduction
This solution addresses Key Issue #2: UE-UE TSC communication.


Figure 6.2.1-1 Two DS-TT connecting to different UE


Figure 6.2.1-2 Two DS-TT connecting to the same UE
NOTE:	In Figure 6.2.1-1 and Figure 6.2.1-2, SMF1 and SMF2 can be same or not; PCF1 and PCF2 can be same or not.
After that the PDU session for a DS-TT port is established to the UPF used for the 5GS Bridge, the DS-TT port becomes one of the ports of the 5GS Bridge. As shown in Figure 6.X.1-1 and Figure 6.X.1-2, 5GS Bridge include three ports: Port_1 at DS-TT_1, Port_2 at DS-TT_2 and Port_3 at NW-TT. The possible port pair could be [Port_1, Port_2], [Port_2, Port_3], and [Port_1, Port_3].
For centralized architecture, in case End Station_1 generates a TSN service request with the destination as End Station_2, it will negotiate with CUC and CUC will negotiate with CNC. Based on the collected LLDP information from each port and bridge capabilities (e.g. bridge delay for each port pair), CNC is aware of End Station_1, End Station_2 can communicate with each other via [Port_1, Port_2] of 5GS Bridge. The CNC will provide the following TSN information to 5GS Bridge
· TSN QoS and traffic forwarding information for egress port (i.e. Port_2).
· PFSP information for ingress Port (i.e. Port_1).
5GS Bridge configures the QoS mapping and TSCAI for PDU Session_1 and PDU Session _2 respectively, based on the received information.
[bookmark: _Toc510607501][bookmark: _Toc518306735][bookmark: _Toc25940868]6.2.2	Functional Description
Bride Delay and QoS mapping for two DS-TT ports are different from the port pair of a DS-TT port and a NW-TT port.
· For bridge delay, since two PDU Sessions’ SMF and PCF may be different, it requires AF to derive the Bridge delay of port pair which is comprised of Port_1 of DS-TT_1 and Port_2 of DS-TT_2.
· In order to support AF to derive the Bridge delay of port pair [Port_1, Port_2], the UE provide the DS-TT information of the DS-TT port together with the port management information in the Port Management Container.
· The Bridge Delay for the port pair [Port_1, Port_2] = UE-DS-TT Residence Time for Port_1 + PDB for PDU Sesion_1 + UE-DS-TT Residence Time for Port_2 + PDB for PDU Session_2.
· For QoS mapping, so far, the AF has the TSN information associated with the egress port and PFSP information associated with ingress port. Thanks for these information, the AF can associate PDU session1 and PDU session2. The AF derives the TSC QoS parameters for PDU session1 and PDU session2 and transmit them to PCF_1 and PCF-2 respectively. The QoS flow in PDU Session_1 is uplink and the QoS flow in PDU Session_2 is downlink.
· In order to minimize impacts on 5GS, it is also proposed AF to derive the uplink TSCAI and downlink TSCAI PDU Session_1 and PDU Session_2 respectively. 
[bookmark: _Toc510607502][bookmark: _Toc518306736][bookmark: _Toc25940869]6.2.3	Procedures
[bookmark: _Toc25940870]6.2.3.1	procedure for DS-TT information report
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Figure 6.2.3.1-1: DS-TT information report procedure
The procedure is based on the UE requested PDU Session Modification procedure and SMF initiated SM Policy Association Modification procedure in TS 23.502 [3].
Step1. DS-TT indicates the port’s DS-TT information in the Port Management Container and UE forwards the received Port Management Container in the PDU Session Modification Request. The Port Management Container is sent to AF via AMF, SMF and PCF.
Step2. AF based on the collected the detected port’s DS-TT information, UE-DS-TT residence time, PDB, AF calculate bridge delay for all port pairs as follows:
· Deduce the 1st kind of port pair, comprised of a DS-TT port and a NW-TT port.
· Deduce the 2nd kind of port pair, comprised of a DS-TT port (Port_1) and another DS-TT port (Port_2)
For 1st kind of port pair, AF calculates the Bridge Delay as: UE-DS-TT Residence Time + PDB 
For 2nd kind of port pair, AF calculates the Bridge Delay as: UE-DS-TT Residence Time for Port_1+ PDB for UE_1+ UE-DS-TT Residence Time for Port_2 + PDB for UE_2.
[bookmark: _Toc25940871]6.2.3.2	procedure for TSCAI and QoS


Figure 6.2.3.2-1: as defined in Figure 4.16.5.2-1: PCF initiated SM Policy Association Modification in TS 23.502[3]
The procedure is based on PCF initiated SM Policy Association Modification procedure in TS 23.502 [3], with following difference in the step 1a (AF sends Application/Service Infor to the PCF):
(1) AF can associate the egress port with ingress port based on common information of the received Traffic forwarding information for egress port (Port_2) and PSFP for ingress port (Port_1), e.g. Destination MAC address 
-	Static filtering entry for egress port: Destination MAC address (End Station2), egress port (Port_2), 
-	PFSP for ingress port: Destination MAC address (End Station2) in stream identifier, ingress port (Port_1), priority.
(2) AF can derive the TSN QoS requirement for egress port and ingress port, based on the received TSN information (i.e. 802.1Qbv and PFSP)
-	802.1Qbv for egress port (Port_2): e.g. Traffic class, priorities of the traffic class 
-	PFSP for ingress port (Port_1): e.g. Stream Priority 
(3) AF can derive the TSCAI for UL and DL TSN flow based on PFSP for ingress port (Port_1)
(4) AF provide PCF the TSN QoS information as follows:
-	AF provide to PCF_1 which is associated with PDU Session_1 the following information
	(a) TSN QoS parameters for Port_1 (e.g. Maximum delay= UE-DS-TT Residence Time for Port_1 + PDB for PDU Session_1) 
	(b) TSN parameters used for UL TSCAI for the TSN flow
-	AF provide to PCF_2 which is associated with PDU Session_2 the following information
	(a) TSN QoS parameters for Port_2 (e.g. Maximum delay= UE-DS-TT Residence Time for Port_2 + PDB for PDU Session_2) 
	(b) TSN parameters used for DL TSCAI for the TSN flow
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AF
-	Based on the DS-TT information of the DS-TT port, deduce all the possible port pairs. For port pair of the two DS-TT, comprised of Port_1 of DS-TT_1 and Port_2 of DS-TT_2, and calculate the bridge delay, e.g. 
The Bridge Delay for the port pair [Port_1, Port_2] = UE-DS-TT Residence Time for Port_1 + PDB for PDU Sesion_1 + UE-DS-TT Residence Time for Port_2 + PDB for PDU Session_2.
-	Based on the association between the traffic forwarding information and TSN QoS for egress port (Port_2) and FPSP information for ingress port (Port_1);
(a) Derive TSN QoS parameters for PDU session1 related to Port_2 and TSN QoS parameters for PDU session2 related to Port_1 respectively. 
(b) Derive TSN parameters used for downlink TSCAI and TSN parameters used for uplink TSCAI respectively, based on the PFSP info for Port_1.
UE
-	UE indicates the port’s DS-TT identifier in the Port Management Container and send to AF.
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This solution address Key Issue #2 "UE-UE TSC communication".
VN group mechanism as defined in R16 clause 5.29 is reused to achieve the UE-UE TSC communication.
The UE-UE TSC communication with VN group is applied for that both PDU Sessions of UEs that served by the same SMF and UPF and within the same 5G VN group.
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This solution is based on the following principles:
-  The 5GS knows the UE/DS-TT pairs which can perform the UE-UE TSC communication under condition that UEs/DS-TT pairs belonging to the same 5G VN. 
	- Both SMF and AF can know the VN group information as defined in TS 23.501[2]
- 	When the SMF knows the two UEs/DS-TTs are belonging to the same VN group and served by the same (anchor) UPF, SMF will pair them and report the port pair numbers to the TSN AF. Bridge delay of this UE-UE port pair is the sum of the two PDU Sessions associated to this port pair and is calculated by the TSN AF.
- 	When the TSN AF receives the traffic forwarding information from the CNC, it determines the flow for the UE-UE communication and divides the flow into two PDU Sessions, one for UL and one for DL. Then UL and DL streams are respectively triggered by the TSN AF to be established.
- 	When the SMF receives PCC rules for the UL or DL stream, it determines that the flow is for UE-UE communication and create the forwarding rule on the UPF to be local switch as defined in Clause 5.29 in TS23.501.
- 	TSCAI for UL and DL streams are respectively calculated by the SMF during UL and DL streams establishment as defined in TS 23.501[2].

[bookmark: _Toc25940876]6.3.3	Procedures
For the scenario generating TSC stream from UE1 to UE2, procedures for bridge delay reporting and traffic forwarding rule establishment is as figure 5.x.2.1 illustrated.


Figure 6.3.3-1 Procedure for bridge delay reporting and traffic forwarding rule establishment
Step 1. PDU Session Establishment for UE1 as specified in clause 4.3.2.2.1 of TS 23.502[3]. 
Step 2. Bridge Delay reporting for UE1 as specified in clause 4.16.5.1 of TS 23.502[3].
Step 3. PDU Session Establishment for UE2 as specified in clause 4.3.2.2.1 of TS 23.502[3]. Optionally the SMF indicates the port number of UE1 PDU Session as part of port pair to the AF if the SMF determines the PDU Sessions of UE1 and UE2 are in the same 5G VN Group.
Step 4. Bridge Delay reporting for UE2 as specified in clause 4.16.5.1 of TS 23.502[3].
Step 5. The AF determines the port numbers associates to PDU Sessions of UE1 and UE2 are port pairs based on 5G VN Group information, or optionally according to the port pair indication in step 3. Then the AF calculates and reports the bridge delay between UE1 and UE2 to the TSN CP.
Step 6. When the TSN CP creates a TSN stream, the TSN CP informs the AF the Traffic Forwarding information as specified in clause 5.28.2 of TS 23.501[2].
Step 7-8. The AF determines that it is UE-UE TSC according to the ingress port number and egress port number provided in Traffic Forwarding information as they all associated to PDU sessions. Then the AF triggers the 5GC to generate a UL stream for PDU Session of UE1 and a DL stream for PDU Session of UE2 according to the PDU Session Modification Procedure as specified in clause 4.3.3.2 of TS 23.502[3]. 
During step 8 of PDU Session Modification procedure, the SMF determines the communication is UE-UE based on egress port number of UL stream and ingress port number of DL stream provided by the PCF and stored association between UE/DS-TT port number and PDU Session. As the egress port number of UL stream or the ingress port number of DL stream are associating to a PDU Session, the communication is determined to be UE-UE. Then the SMF configures the UPF to handle the UL and DL stream via local switch. 
If Port Management Container with scheduling information is provided to the SMF in step 7 or step 8, the SMF will respectively calculate the TSCAI for the UL and DL stream.
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Editor's Note: This clause lists impacts to existing entities and interfaces.
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Editor's note:	This clause will provide a general evaluation and comparison of the solutions per Key Issue #<X>.
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Editor's note:	This clause will capture conclusions for Key Issue #<X>.
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