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-	The 5G CUC will map the QoS Flow related parameters into Talker/Listener Group as defined in IEEE Std 802.1Qcc-2018 and IEEE P802.1Qdj.
-	The 5G CUC adapts received end station communication-configuration from the TN CNC and transfers it to the Talker/Listener accordingly.
-	Optionally, (R)AN provides AN-TL and UPF provides CN-TL to support the functionality of Listener/Talker for the following:
-	hold and buffer functionality in a case when the TSCAI/TSCAC contains a BAT in UL and/or DL direction. In this case the TimeAwareOffset is provided to the Talker in (R)AN/UPF in a Transparent Container, and the Talker in (R)AN/UPF must buffer the data burst until the time indicated in the TimeAwareOffset is reached.
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-	(R)AN and UPF may support u-plane LLDP functionality. When LLDP is supported, the u-plane is performing the LLDP functionality at AN-TL/CN-TL without the need for c-plane interaction and without the need to exchange of LLDP related information with TN CNC.

There are two potential options introduced how packets of a TSC stream can be identified.
Option 1	identifies the packets of a TSC stream based on the QoS Flow Identifier (QFI). This option assumes that each TSC stream is using an individual QoS flow and the individual QoS flow contains a single Service Data Flow representing the TSC stream.
Option 2	identifies the packets of a TSC stream based on information contained in the Service Data Flow filters. This option assumes that a TSC stream is represented as individual Service Data Flow and the individual Service Data Flow can be assigned to an individual or an existing QoS Flows.
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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.
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[37]	3GPP TS 22.280: "Mission Critical Services Common Requirements (MCCoRe); Stage 1".
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[bookmark: _Toc20149686][bookmark: _Toc27846477][bookmark: _Toc36187601][bookmark: _Toc45183505][bookmark: _Toc47342347][bookmark: _Toc51769045][bookmark: _Toc106187735]4.4.8	Architecture to enable Time Sensitive Communication and Time Synchronization
[bookmark: _Toc20149687][bookmark: _Toc27846478][bookmark: _Toc36187602][bookmark: _Toc45183506][bookmark: _Toc47342348][bookmark: _Toc51769046][bookmark: _Toc106187736]4.4.8.1	General
The 5G System can be extended to support the following:
a)	Integration as a bridge in an IEEE 802.1 Time Sensitive Networking (TSN). The 5GS bridge supports the Time sensitive communication as defined in IEEE 802.1 Time Sensitive Networking (TSN) standards. The architecture is described in clause 4.4.8.2.
	This Release supports of the specification, integration of the 5G System with IEEE 802.1 TSN networks that apply the fully centralized configuration model as defined in IEEE Std 802.1Qcc [95]. IEEE TSN is a set of standards to define mechanisms for the time-sensitive (i.e. deterministic) transmission of data over Ethernet networks.
[bookmark: _Toc20149688][bookmark: _Toc27846479][bookmark: _Toc36187603][bookmark: _Toc45183507][bookmark: _Toc47342349][bookmark: _Toc51769047]b)	Enablers for AF requested support of Time Synchronization and/or some aspects of Time Sensitive Communication. The architecture is described in clause 4.4.8.3.
[bookmark: _Toc106187737]4.4.8.2	Architecture to support IEEE Time Sensitive Networking as TSN bridge
The 5G System is integrated with the external network as a TSN bridge. This "logical" TSN bridge (see Figure 4.4.8.2-1) includes TSN Translator functionality for interoperation between TSN Systems and 5G System both for user plane and control plane. 5GS TSN translator functionality consists of Device-side TSN translator (DS-TT) and Network-side TSN translator (NW-TT). The TSN AF is part of 5GC and provides the control plane translator functionality for the integration of the 5GS with a TSN network, e.g. the interactions with the CNC. 5G System specific procedures in 5GC and RAN, wireless communication links, etc. remain hidden from the TSN network. To achieve such transparency to the TSN network and the 5GS to appear as any other TSN Bridge, the 5GS provides TSN ingress and egress ports via DS-TT and NW-TT. DS-TT and NW-TT optionally support:
-	hold and forward functionality for the purpose of de-jittering;
-	per-stream filtering and policing as defined in clause 8.6.5.1 of IEEE Std 802.1Q [98].
DS-TT optionally supports link layer connectivity discovery and reporting as defined in IEEE Std 802.1AB [97] for discovery of Ethernet devices attached to DS-TT. NW-TT supports link layer connectivity discovery and reporting as defined in IEEE Std 802.1AB [97] for discovery of Ethernet devices attached to NW-TT. If a DS-TT does not support link layer connectivity discovery and reporting, then NW-TT performs link layer connectivity discovery and reporting as defined in IEEE Std 802.1AB [97] for discovery of Ethernet devices attached to DS-TT on behalf of DS-TT.
NOTE 1:	If NW-TT performs link layer connectivity discovery and reporting on behalf of DS-TT, it is assumed that LLDP frames are transmitted between NW-TT and UE on the QoS Flow with the default QoS rule as defined in the clause 5.7.1.1. Alternatively, SMF can establish a dedicated QoS Flow matching on the Ethertype defined for LLDP (IEEE Std 802.1AB [97]).
There are three TSN configuration models defined in IEEE Std 802.1Qcc [95]. Amongst the three models:
-	fully centralized model is supported in this Release of the specification;
-	fully distributed model is not supported in this Release of the specification;
-	centralized network/distributed user model is not supported in this Release of the specification.
NOTE 2:	This Release supports interworking with TSN using clause 8.6.8.4 of IEEE Std 802.1Q [98] scheduled traffic and clause 8.6.5.1 of IEEE Std 802.1Q [98] per-stream filtering and policy.


Figure 4.4.8.2-1: System architecture view with 5GS appearing as TSN bridge
NOTE 3:	Whether DS-TT and UE are combined or are separate is up to implementation.
NOTE 4:	TSN AF does not need to support N33 in this release of the specification.
NEXT CHANGE (3)
5.28	Support of integration with TSN
5.28.0	General
5GS supports interoperation with Time Sensitive Networking (TSN). Two basic deployment scenarios for integration of TSN are supported:
Integration of 5GS into a TSN data network (DN): In this scenario, 5GS is deployed in a TSN DN to provide wireless connectivity. From the perspective of the TSN DN, the 5GS is modelled as a Layer 2 Ethernet Bridge of the TSN DN.
Integration of 5GS with TSN enabled transport network (TN): In this scenario, a TSN TN is deployed to realize the N3 interface between (R)AN and UPF. From the perspective of the TSN TN, (R)AN and UPF act as End Stations of the TSN TN.
Clauses 5.28.1 to 5.28.4 define the 5GS integration in TSN DN as a 5GS bridge and clause 5.28.5 defines the 5GS integration with a TSN TN.
5.28.1	5GS bridge management
5GS acts as a Layer 2 Ethernet Bridge. When integrated with IEEE TSN network, 5GS functions acts as one or more TSN Bridges of the TSN network. The 5GS Bridge is composed of the ports on a single UPF (i.e. PSA) side, the user plane tunnel between the UE and UPF, and the ports on the DS-TT side. For each 5GS Bridge of a TSN network, the port on NW-TT support the connectivity to the TSN network, the ports on DS-TT side are associated to the PDU Session providing connectivity to the TSN network.
The granularity of the 5GS TSN bridge is per UPF for each network instance or DNN/S-NSSAI. The bridge ID of the 5GS TSN bridge is bound to the UPF ID of the UPF as identified in TS 23.502 [3]. The TSN AF stores the binding relationship between a port on UE/DS-TT side and a PDU Session during reporting of 5GS TSN bridge information. The TSN AF also stores the information about ports on the UPF/NW-TT side. The UPF/NW-TT forwards traffic to the appropriate egress port based on the traffic forwarding information. From the TSN AF point of view, a 5GS TSN bridge has a single NW-TT entity within UPF and the NW-TT may have multiple ports that are used for traffic forwarding.
NOTE 1:	How to realize single NW-TT entity within UPF is up to implementation.
NOTE 2:	Ethernet PDU Session type in this release of the specification may be subject to the constraint that it supports a single N6 interface in a UPF associated with the N6 Network Instance.
There is only one PDU Session per DS-TT port for a given UPF. All PDU Sessions which connect to the same TSN network via a specific UPF are grouped into a single 5GS bridge. The capabilities of each port on UE/DS-TT side and UPF/NW-TT side are integrated as part of the configuration of the 5GS Bridge and are notified to TSN AF and delivered to CNC for TSN bridge registration and modification.
NOTE 3:	It is assumed that all PDU Sessions which connect to the same TSN network via a specific UPF are handled by the same TSN AF.


Figure 5.28.1-1: Per UPF based 5GS bridge
NOTE 4:	If a UE establishes multiple PDU Sessions terminating in different UPFs, then the UE is represented by multiple 5GS TSN bridges.
In order to support IEEE 802.1Q features related to TSN, including TSN scheduled traffic (clause 8.6.8.4 in IEEE Std 802.1Q-2018 [98]) over 5GS Bridge, the 5GS supports the following functions:
-	Configure the bridge information in 5GS.
-	Report the bridge information of 5GS Bridge to TSN network after PDU Session establishment.
-	Receiving the configuration from TSN network as defined in clause 5.28.2.
-	Map the configuration information obtained from TSN network into 5GS QoS information (e.g. 5QI, TSC Assistance Information) of a QoS Flow in corresponding PDU Session for efficient time-aware scheduling, as defined at clause 5.28.2.
The bridge information of 5GS Bridge is used by the TSN network to make appropriate management configuration for the 5GS Bridge. The bridge information of 5GS Bridge includes at least the following:
-	Information for 5GS Bridge:
-	Bridge ID
	Bridge ID is to distinguish between bridge instances within 5GS. The Bridge ID can be derived from the unique bridge MAC address as described in IEEE Std 802.1Q [98], or set by implementation specific means ensuring that unique values are used within 5GS;
-	Number of Ports;
-	list of port numbers.
-	Capabilities of 5GS Bridge as defined in IEEE Std 802.1Qcc [95]:
-	5GS Bridge delay per port pair per traffic class, including 5GS Bridge delay (dependent and independent of frame size, and their maximum and minimum values: independentDelayMax, independentDelayMin, dependentDelayMax, dependentDelayMin), ingress port number, egress port number and traffic class.
-	Propagation delay per port (txPropagationDelay), including transmission propagation delay, egress port number.
-	VLAN Configuration Information.
NOTE 5:	This Release of the specification does not support the modification of VLAN Configuration Information at the TSN AF.
-	Topology of 5GS Bridge as defined in IEEE Std 802.1AB [97]:
-	LLDP Configuration Information.
-	Chassis ID subtype and Chassis ID of the 5GS Bridge.
-	LLDP Discovery Information for each discovered neighbor of each NW-TT port and DS-TT port.
-	Traffic classes and their priorities per port as defined in IEEE Std 802.1Q [98].
-	Stream Parameters as defined in clause 12.31.1 in IEEE Std 802.1Q [98], in order to support PSFP:
-	MaxStreamFilterInstances: The maximum number of Stream Filter instances supported by the bridge;
-	MaxStreamGateInstances: The maximum number of Stream Gate instances supported by the bridge;
-	MaxFlowMeterInstances: The maximum number of Flow Meter instances supported by the bridge (optional);
-	SupportedListMax: The maximum value supported by the bridge of the AdminControlListLength and OperControlListLength parameters.
The following parameters: independentDelayMax and independentDelayMin, how to calculate them is left to implementation and not defined in this specification.
DS-TT and NW-TT report txPropagationDelay to the TSN AF relative to the time base of the TSN GM clock (identified by the TSN time domain number received in PMIC). If the TSN AF has subscribed for notifications on txPropagationDelay and if the difference to the previously reported txPropagationDelay is larger than the txPropagationDelayDeltaThreshold received in PMIC, the corresponding DS-TT or NW-TT informs the TSN AF about the updated txPropagationDelay using PMIC signalling.
NOTE 6:	Configuration of TSN time domain number and txPropagationDelayDeltaThreshold via PMIC is optional for NW-TT. NW-TT can instead be pre-configured with the threshold and the single time domain that is used by the CNC for bridge configuration and reporting.
Bridge ID of the 5GS Bridge, port number(s) of the Ethernet port(s) in NW-TT could be preconfigured on the UPF. The UPF is selected for a PDU Session serving TSC as described in clause 6.3.3.3.
This release of the specification requires that each DS-TT port is assigned with a globally unique MAC address.
NOTE 7:	The MAC address of the DS-TT port must not be used in user data traffic; it is used for identification of the PDU Session and the associated bridge port within the 3GPP system.
When there are multiple network instances within a UPF, each network instance is considered logically separate. The network instance for the N6 interface (clause 5.6.12) may be indicated by the SMF to the UPF for a given PDU Session during PDU Session establishment. UPF allocates resources based on the Network Instance and S-NSSAI and it is supported according to TS 29.244 [65]. DNN/S-NSSAI may be indicated by the SMF together with the network instance to the UPF for a given PDU Session during PDU Session establishment procedure.
The TSN AF is responsible to receive the bridge information of 5GS Bridge from 5GS, as well as register or update this information to the CNC.


NEXT CHANGE (4)
[bookmark: _Toc45183911][bookmark: _Toc47342753][bookmark: _Toc51769454][bookmark: _Toc106188195]5.28.4	QoS mapping tables
The mapping tables between the traffic class and 5GS QoS Profile is provisioned and further used to find suitable 5GS QoS profile to transfer TSN traffic over the PDU Session. QoS mapping procedures are performed in two phases: (1) QoS capability report phase as described in clause 5.28.1, and (2) QoS configuration phase as in clause 5.28.2
(1)	The TSN AF shall be pre-configured (e.g. via OAM) with a mapping table. The mapping table contains TSN traffic classes, pre-configured bridge delays (i.e. the preconfigured delay between UE and UPF/NW-TT) and priority levels. Once the PDU session has been setup and after retrieving the information related to UE-DS-TT residence time, the TSN AF deduces the port pair(s) in the 5GS bridge and determines the bridge delay per port pair per traffic class based on the pre-configured bridge delay and the UE-DS-TT residence time as described in clause 5.27.5. The TSN AF updates bridge delays per port pair and traffic class and reports the bridge delays and other relevant TSN information such as the Traffic Class Table (clause 12.6.3 in IEEE Std 802.1Q [98]) for every port, according to the IEEE Std 802.1Q [98] and IEEE Std 802.1Qcc [95] to the CNC.
(2)	CNC may distribute PSFP information and transmission gate scheduling parameters to 5GS Bridge via TSN AF, which can be mapped to TSN QoS requirements by the TSN AF.
The PCF mapping table provides a mapping from TSN QoS information (see clauses 6.2.1.2 and 6.1.3.23 of TS 23.503 [45]) to 5GS QoS profile. Based on trigger from TSN AF, the PCF may trigger PDU session modification procedure to establish a new 5G QoS Flow or use the pre-configured 5QI for 5G QoS Flow for the requested traffic class according to the selected QoS policies and the TSN AF traffic requirements.
Figure 5.28.4-1 illustrates the functional distribution of the mapping tables.


Figure 5.28.4-1: QoS Mapping Function distribution between PCF and TSN AF
The minimum set of TSN QoS-related parameters that are relevant for mapping the TSN QoS requirements are used by the TSN AF: traffic classes and their priorities per port, TSC Burst Size of TSN streams, 5GS bridge delays per port pair and traffic class (independentDelayMax, independentDelayMin, dependentDelayMax, dependentDelayMin), propagation delay per port (txPropagationDelay) and UE-DS-TT residence time.
Once the CNC retrieves the necessary information, it proceeds to calculate scheduling and paths. The configuration information is then set in the bridge as described in clauses 5.28.2 and 5.28.3. The most relevant information received is the PSFP information and the schedule of transmission gates for every traffic class and port of the bridge. At this point, it is possible to retrieve the TSN QoS requirements by identifying the traffic class of the TSN stream. The traffic class to TSN QoS and delay requirement (excluding the UE-DS-TT residence time) mapping can be performed using the QoS mapping table in the TSN AF as specified in TS 23.503 [45]. Subsequently in the PCF, the 5G QoS Flow can be configured by selecting a 5QI as specified in TS 23.503 [45]. This feedback approach uses the reported information to the CNC and the feedback of the configuration information coming from the CNC to perform the mapping and configuration in the 5GS.
[bookmark: _Toc20150077]If the Maximum Burst Size of the aggregated TSC streams in the traffic class is provided by CNC via TSN AF to PCF, PCF can derive the required MDBV taking the Maximum Burst Size as input. If the default MDBV associated with a standardized 5QI or a pre-configured 5QI in the QoS mapping table cannot satisfy the aggregated TSC Burst Size, the PCF provides the derived MDBV in the PCC rule and then the SMF performs QoS Flow binding as specified in clause 6.1.3.2.4 of TS 23.503 [45].
Maximum Flow Bit Rate is calculated over PSFPAdminCycleTime as described in Annex I and provided by the TSN AF to the PCF. The PCF sets the GBR and MBR values to the Maximum Flow Bitrate value.
The Maximum Flow Bit Rate is adjusted according to Averaging Window associated with a pre-configured 5QI in the QoS mapping table or another selected 5QI (as specified in TS 23.503 [45]) to obtain GBR of the 5GS QoS profile. GBR is then used by SMF to calculate the GFBR per QoS Flow. QoS mapping table in the PCF between TSN parameters and 5GS parameters should match the delay, aggregated TSC burst size and priority, while preserving the priorities in the 5GS. An operator enabling TSN services via 5GS can choose up to eight traffic classes to be mapped to 5GS QoS profiles.
Once the 5QIs to be used for TSN streams are identified by the PCF as specified in TS 23.503 [45], then it is possible to enumerate as many bridge port traffic classes as the number of selected 5QIs.
[bookmark: _Toc27846876][bookmark: _Toc36188007][bookmark: _Toc45183912][bookmark: _Toc47342754]When PSFP information is not available to the TSN AF for a given TSN stream (e.g. because of lack of PSFP support in the DS-TTs or the NW-TTs, or exceeding the number of supported table entries for PSFP functions, or because CNC does not provide PSFP information), the 5GS can support the TSN streams using pre-configured mapping from stream priority (i.e. PCP as defined in IEEE Std 802.1Q [98]) to QoS Flows.
[bookmark: _Toc51769455][bookmark: _Toc106188196]5.28.5	TSN Transport Network
[bookmark: _Toc20150074][bookmark: _Toc27846873][bookmark: _Toc36188004][bookmark: _Toc45183908][bookmark: _Toc47342750][bookmark: _Toc51769451][bookmark: _Toc106188192]5.28.5.1	General
5GS may support an IEEE 802.1 TSN enabled transport network (TN) for N3 tunnels. This Release supports the integration of the 5GS with a TSN TN that applies the fully centralized configuration model to exchange the TSN user/network configuration as defined in IEEE Std 802.1Qcc [95]. It is assumed that base stations in (R)AN, UPF in 5GC, and TSN bridges in TSN TN are time synchronized with the 5G internal system clock.
[image: ]
Figure 5.28.5-1: Interworking with TSN transport network
When interworking with TSN transport network is supported, base stations in (R)AN and UPFs in CN act as Talker/Listener End Stations in the TSN enabled TN to realize the network termination point for the N3 interface. A base station may implement an Access Network TSN Talker/Listener (AN-TL) and an UPF may implement a Core Network N3 TSN Talker/Listener (CN-TL) to support extended End Station functionalities, for example:
-	hold and buffer functionality in a case when the TSCAI contains a BAT in UL and/or DL direction.
-	stream transformation functionality with respective information exchange with SMF/CUC.
-	provisioning of InterfaceCapabilities and/or EndStationInterfaces to the SMF/CUC via transparent container.
-	topology information exchange functionality via LLDP in the TN.
NOTE 1:	How to realize AN-TL in the base station and CN-TL in UPF is up to implementation.
The SMF will act as CUC, or the CUC functionality is collocated with SMF. Main tasks of the SMF/CUC are:
· SMF/CUC derives for the TSC stream the Talker group and Listener group information and provides them as user/network configuration information via the User/Network-Interface (UNI) to the TN CNC as specified in IEEE P802.1Qdj [x].
 	TN CNC uses the Talker group and Listener group information as input to compute respective path(s) and schedules in the TN. Based on the computation results, the TN CNC provides Status group information back to the SMF/CUC.
· SMF/CUC checks the received Status group information. When the stream request was successful, SMF/CUC extracts the InterfaceConfiguration information and may provide it to AN-TL and CN-TL.
NOTE 2:	The TN CNC in transport network (TN) is independent from the CNC in the DN.
NOTE 3:	DS-TT and NW-TT are required when 5GS is integrated with external IEEE TSN networks.
5.28.5.2	Topology Information for TSN TN
Base stations in (R)AN and UPF may support u-plane LLDP functionality to provide topology information to the TN. When LLDP is supported, AN-TL and CN-TL are performing the LLDP functionality at the u-plane without the need to interact with the c-plane. Further there is no need for 5GS interaction with TN CNC directly. This is achieved with following measures:
· AN-TL and CN-TL implement the Transmit Only operation mode as defined in clause 9.1 of IEEE Std 802.1AB [97].
· The TSN End Station is pre-configured with parameter set for Transmit Only operating mode as defined in clause 9.2 of IEEE Std 802.1AB [97].
· The System Capabilities TLV may also be set to Station Only as defined in clause 8.5.8 of IEEE Std 802.1AB [97].
5.28.5.3	UNI information exchange between SMF/CUC and TN CNC to transfer TSC streams via a TSN enabled TN
SMF/CUC composes the user/network configuration information containing Talker group and Listener group information to define the stream requirements for the TN as follows:
For the Talker group:
‐	Stream ID can be generated by the SMF/CUC based on the End Station MAC address acting as Talker. The MAC address is either pre-configured at the SMF/CUC or provided by the AN-TL or CN-TL to the SMF/CUC (e.g., as part of the EndStationInterfaces information).
· Rank can be set by the SMF/CUC either to zero for emergency streams or to one for non-emergency streams. Rank allows the CNC to decide which streams may be cancelled in case that TSN resources reach their limits.
‐	EndStationInterfaces and Interface Capabilities are either pre-configured in the SMF/CUC or the SMF/CUC can collect them during PDU Session Establishment from AN-TL and CN-TL acting as Talker. When Topology information exchange via LLDP is supported the interfaceID group information must be aligned with the LLDP information configuration defined in clause 5.28.5.2.
-	DataFrameSpecification is optional. When it is present it specifies how the TN can identify packets of the TN stream in order to apply the required TSN configuration. Its absence indicates that Stream transformation is performed in the AN-TL and CN-TL.
‐	TrafficSpecification specifies how the Talker transmits frames for the TN stream. It contains the TrafficSpecification elements and the optional TSpecTimeAware elements. Basically, TSpecTimeAware elements can help to optimize the transfer of TSC streams. SMF/CUC shall provide the TrafficSpecification parameters as follows:
‐	TrafficSpecification elements:
· Interval is derived using the periodicity parameter received in the TSCAI for the TSC stream.
· MaxFrameSize for a TN stream is calculated by the SMF/CUC. SMF/CUC uses the Maximum Burst Size of the TSC stream, which is provided by the AF. While the Maximum Burst Size contains the size of the TSC stream including the protocol header information, SMF/CUC needs to correct the Maximum Burst Size value considering the number of framing bits which are not used for transferring in 5GS (e.g., CRC) and the size of the GTP-U tunnel overhead.
· MaxFramesPerInterval is set to 1.
· TransmissionSelection specifies the algorithm that the Talker uses to transmit the Stream’s traffic class. If no algorithm is known, the value zero (strict priority) is used.
‐	TSpecTimeAware elements (optional):
· EarliestTransmitOffset defines the earliest transmission time offset within the Interval. The parameter value depends on the flow direction and SMF/CUC derives it as follows:
· For uplink, EarliestTransmitOffset is calculated by SMF/CUC using the BAT provided in TSCAI, 5G-AN PDB, and Interval information (see TrafficSpecification elements). The sum of (UL BAT + 5G-AN PDB) (presented in TAI time incl. correction for clock drift as specified in TS 23.501) - M x Interval, whereby M is the largest integer for which the inequality UL BAT + 5G-AN PDB > M x Interval duration remains true. 
· For downlink, EarliestTransmitOffset is calculated by SMF/CUC using the BAT provided in TSCAC, UPF Residence Time, and Interval information (see TrafficSpecification elements). The sum of (DL BAT + UPF Residence Time) (presented in TAI time incl. correction of clock drift as specified in TS 23.501) - CN PDB - M x Interval, whereby M is the largest integer for which the equation: DL BAT + UPF Residence Time > M x Interval duration remains true.
· LatestTransmitOffset defines the latest time within an interval to transfer a packet of the TN stream.
Editor’s Note:	The calculation of the LatestTransmitOffset by SMF/CUC is FFS.
· Jitter defines inaccuracies in the Talker’s implementation.
Editor’s Note:	The jitter derived by SMF/CUC is FFS.
‐	UserToNetworkRequirements:	Comment by Nokia: NOTE: In IEEE P802.1Qdj group a discussion is started where to place the UserToNetworkRequirements (Listener, Talker group, or both). Main reason is to cover multiple Listener scenarios where each Listener may have different requirements on Latency and/or Redundancy.
‐	NumSeamlessTrees defines the number of paths that TN CNC will configure in TN to deliver seamless redundancy for the TN stream. SMF/CUC sets this parameter value to 0 to inform TN CNC that no TN redundancy is required.
· MaxLatency defines the Latency between a base station in (R)AN and an UPF in CN. SMF/CUC calculates MaxLatency by subtracting the UPF Residence Time from CN PDB.

For the Listener group:
‐	Stream ID and Stream Rank that were generated for the Talker of the TN stream are also used by the SMF/CUC for the Listener group.
‐	EndStationInterfaces and Interface Capabilities (optional) are either pre-configured in the SMF/CUC or the SMF/CUC can collect them during PDU Session Establishment from AN-TL and CN-TL acting as Listener. When Topology information exchange via LLDP is supported the interfaceID group information must be aligned with the LLDP information configuration defined in clause 5.28.5.2.
· UserToNetworkRequirements:
‐	NumSeamlessTrees defines the number of paths that TN CNC will configure in TN to deliver seamless redundancy for the TN stream. SMF/CUC sets this parameter value to 0 to inform TN CNC that no TN redundancy is required.
· MaxLatency defines the Latency between a base station in (R)AN and an UPF in CN. SMF/CUC calculates MaxLatency by subtracting the UPF Residence Time from CN PDB.
f
The SMF/CUC receives the end station communication-configuration information from TN CNC as Status group information for involved End Stations acting as Talker and Listener. The Status group information contains following elements:
‐	Stream ID identifies the TN Stream for which Status group is provided.
‐	StatusInfo provides information to Listener and Talker regarding the status of a TN stream’s configuration in the TSN TN.
‐	AccumulatedLatency provides the worst-case latency that a packet of a TN stream can encounter along its configured path.
‐	InterfaceConfiguration is provided to Talker and Listener and contains configuration information for the AN-TL/CN-TL ports. This configuration considers the InterfaceCapabilities information provided by AN-TL and CN-TL and assists the TN in meeting the TN stream’s requirements.
‐	IEEE802-MacAddresses define the source and destination MAC addresses that apply to the TSC stream if the transformation to the TN stream is performed at AN-TL/CN-TL.
‐	IEEE802-VlanTag defines the Customer VLAN Tag that applies to the TSC stream if transformation to the TN stream is performed at AN-TL/CN-TL. This value is only present if SMF/CUC has provided VlanTagCapable equals true as InterfaceCababilities for the AN-TL/CN-TL port.
‐	TimeAwareOffset specifies the time offset related to the interval provided in the TrafficSpecification, which the Talker shall consider when transmitting a TSC stream via the TN. Only when SMF/CUC provides TSpecTimeAware information in  the TrafficSpecification group, the TN CNC will provide the TimeAwareOffset information. This parameter is only relevant for the AN-TL or CN-TL which act as Talker towards the TSN TN.
‐	FailedInterfaces provides a list of one or more physical ports of failed end stations or bridges to locate the interfaces in the physical topology that caused the failure.
Editor’s Note:	The handling of received FailureCode, Failed TalkerStatus, (Partial) Failed Listener Status, and FailedInterfaces information is FFS.
5.28.5.4	Basic and enhanced End Station support in (R)AN and UPF
When (R)AN and UPF support basic End Station function, the stream transformation is performed in the TN. In this case the TN stream identification is based on IPv4/v6-tuples, i.e., the SMF/CUC needs to establish for each TSC stream a separate GTP-U tunnel between BS and UPF and selects the information specified in Table 5.28.5.4-1 for the stream requirements of the TN stream.
	Stream Requirements
	Element Name
	SMF/CUC information
	Reference

	InterfaceCababilities
	CB-StreamIdenTypeList
	Empty
	IEEE Std 802.1Qcc [95], clause 46.2.3.7

	DataFrameSpecification
	IPv4/v6 tuples
	IPv4/v6 Addresses of the GTP-U tunnel
	IEEE Std 802.1Qcc [95], clause 46.2.3.4.3 and 46.2.3.4.4


Table 5.28.5.4-1: Selection of Stream Requirements Information for basic End Station function

Alternatively, (R)AN and UPF may support enhanced End Station functionality with AN-TL and CN-TL. In this case, the stream transformation is performed at AN-TL and CN-TL and all TN streams can use the same GTP-U tunnel as for nonstream traffic. The respective selection of the information for the stream requirements of the TN stream is specified in Table 5.28.5.4-2.
	Stream Requirements Group
	Element Name
	SMF/CUC information
	Reference

	InterfaceCababilities
	CB-StreamIdenTypeList
	Null Stream identification and Active Destination MAC and VLAN Stream identification (see Note 1)
	IEEE Std 802.1Qcc [95], clause 46.2.3.7.2 and clause 46.2.5.3.1

	DataFrameSpecification
	n/a
	DataFrameSpecification is not provided (see Note 2)
	IEEE Std 802.1Qcc [95], clause 46.2.3.4

	Note 1:	According to IEEE Std 802.1Qcc [95], clause 46.2.3.7.2 Null Stream identification needs to be supported as basis when CB-StreamIdenTypeList is provided. Additionally, Active Destination MAC and VLAN Stream identification shall be signalled when stream transformation is performed at AN-TL and CN-TL (IEEE Std 802.1Qcc [95], clause 46.2.5.3.1).
Note 2:	The absence of the DataFrameSpecification indicates that stream transformation is performed in AN-TL and CN-TL.


Table 5.28.5.4-2: Selection of Stream Requirements Information for enhanced End Station functionality
In TN streams are differentiated via the DMAC, SMAC, and VLAN. The PCP is not used to identify the stream, but it can be provided to 5GS which traffic class should be used to transport a TSC stream via N3. This may be important when multiple traffic classes are available for TN streams.
In case of a successful Status reply, the SMF/CUC extracts the relevant AN-TL/CN-TL parameters for the TN stream from the received Status group and provides them together with the service data flow filter to identify the packets of the TSC stream in a transparent container to the AN-TL/CN-TL acting as Talker. 
The Talker is identified based on the flow direction of the TSC stream. For TSC stream in DL direction AN-TL acts as Listener and CN-TL acts as Talker and for TSC streams in UL, CN-TL acts as Listener and AN-TL acts as Talker.
SMF/CUC extracts the IEEE802-MacAddresses, optional IEEE802-VlanTag, and optional PCP value and provides it together with the Talker port identification, and the service data flow filter to the AN-TL or CN-TL acting as Talker.
Editor’s note: whether the granularity should be at QFI level of SDF filter based is FFS.
Additionally, if the TimeAwareOffset is provided by TN CNC, the SMF/CUC should derive input information based on the TimeAwareOffset, which allows to configure Gate Control information as defined in 802.1Q [98] at the AN-TL or CN-TL Talker port (i.e., AdminBaseTime, AdminCycleTime, AdminControlListLength, and AdminControlList).
Editor’s Note:	How SMF/CUC derives the input information based on the TimeAwareOffset and how this input information is mapped to Gate Control configuration information is FFS.
When the Talker receives a packet that belongs to the TSC stream, AN-TL and CN-TL acting as Talker perform the stream transformation by adding the GTP-U tunnel information, IEEE802-MacAddress, and optional IEEE802-VlanTag information to the TSC stream packet and provide the modified packet to the hold and forward buffer of the Talker port. The AN-TL and CN-TL acting as Talker may use the Gate Control configuration information to transmit the packets of the TN stream as defined in 802.1Q [98]).
CN-TL and AN-TL acting as Talker can check if a received packet belongs to the TSC stream as follows:
· In case the packet is transferred via a PDU session of type IP, the IP v4/v6-tuples of the packet shall match the service data flow filter to identify the TSC stream, or
· In case the packet is transferred via a PDU session of type Ethernet, the Destination/Source Mac Addresses and optional VlanID of the packet shall match the service data flow filter to identify the TSC stream.


END OF CHANGES
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