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FIRST CHANGE
5.27.1.3
Support for multiple TSN working domains

Each TSN working clock domain sends its own gPTP messages. The related Ethernet frames carry the gPTP multicast Ethernet destination MAC address and the gPTP message carries a specific PTP "domainNumber" that indicates the time domain they are referring to. The NW-TT makes ingress timestamping (TSi) for the gPTP event messages of all domains.

A UE receives gPTP messages and forwards them all to the DS-TT. The DS-TT receives the original TSN clock timing information and the corresponding TSi via gPTP messages for one or more working domains. The DS-TT then makes egress timestamping (TSe) for the gPTP event messages for every external TSN working domain. Ingress and egress time stamping is based on the 5G system clock at NW-TT and DS-TT.

NOTE 1:
An end-station can select TSN timing information of interest based on the "domainNumber" in the gPTP message.

The process described in "Distribution of TSN clock and time-stamping" is thus repeated for each TSN working domain between a DS-TT and theNW-TT it is connected to. When a UE is connected to multiple TSN working domains via the same UPF, then all gPTP messages from these domains are forwarded to the UE via the same PDU session.

NOTE 2:
If all TSN working domains can be made synchronous and the synchronization can be provided by the 5G clock, the TT output ports at the UPF side (NW-TT) towards the connected TSN networks propagate the 5G clock using the 802.1AS profile (i.e. the 5G system as an IEEE 802.1AS [104] compliant time-aware system).
Second CHANGE
5.27.2
TSC Assistance Information (TSCAI)

TSC assistance information describes TSC traffic characteristics for use in the 5G System. The knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule periodic, deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. TSC assistance information, as defined in Table 5.27.2-1, is provided from SMF to 5G-AN, e.g. upon QoS Flow establishment. The TSCAI parameters are set according to corresponding parameters obtained from the AF. The AF gets per TSN stream traffic characteristics according to IEEE 802.1Q [98] clause 8.6.5.1 for 5GS logical bridge to identify the PDU session for the UL traffic.

The determination of the TSCAI by the 5GC is based on information received from the TSN AF via PCF. The TSN AF is responsible for obtaining PSFP (IEEE 802.1Q [98]) parameters and use them to calculate traffic pattern parameters (such as burst arrival time with reference to the ingress port, periodicity, and flow direction) and responsible of forwarding these parameters to the SMF (via PCF). 
 Annex I describe how the traffic pattern information is determined.

NOTE 1:
Further details of aggregation of TSN streams are left for implementation.

TSN AF may aggregate TSN streams if the TSN streams belong to the same traffic class, terminate in the same egress port and have the same periodicity.In this case, TSN AF creates one TSN QoS container for the aggregated TSN streams. 5GC derives TSCAI on a per QoS Flow basis and send it to 5G-AN. The Burst Arrival Time and Periodicity component of the TSCAI that the SMF signals to the 5G-AN are specified with respect to the 5G clock. The 5GC is responsible for mapping the Burst Arrival Time and Periodicity from a TSN clock (that the TSN stream is based on) to the 5G clock based on the time offset and cumulative rateRatio between TSN time and 5GS time as measured and reported by the UPF. 5GC sets the DL TSCAI Burst Arrival Time as the sum of TSN QoS Burst Arrival Time and CN PDB. 5GC sets the UL TSCAI Burst Arrival Time as the sum of TSN QoS Burst Arrival Time and UE-DS-TT Residence Time. 5GC sets the Periodicity as the TSN QoS Periodicity.

NOTE 2:
In order to get Burst Arrival Time, Periodicity on a per TSN stream basis, support for IEEE 802.1Q [98] (as stated in clause 4.4.8.2) Per-Stream Filtering and Policing (PSFP) with stream gate operation is a prerequisite.

In the case of drift between TSN time and 5G time, the UPF updates the offset to SMF. In the case of change of cumulative rateRatio between TSN time and 5G time, the UPF updates the cumulative rateRatio to SMF. The SMF may then trigger a PDU Session Modification as defined in TS 23.502 [3] clause 4.3.3 in order to update the TSCAI parameter to the NG-RAN without requiring AN or N1 specific signalling exchange with the UE.

NOTE 3:
In order to prevent frequent updates from the UPF, the UPF sends the offset or the cumulative rateRatio only when the difference between the current measurement and the previously reported measurement is larger than a threshold.

Table 5.27.2-1: TSC Assistance Information

	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two bursts.

	Burst Arrival time
	The arrival time of the data burst at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).


Third CHANGE
5.27.5
5G System TSN Bridge delay

In order for 5G System to participate as a TSN bridge according to gate schedules specified, the 5GS TSN bridge is required to provide 5GS TSN Bridge Delays for each port pair and traffic class to an IEEE TSN system. In order to determine 5GS TSN bridge delays, following components are needed:

1.
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.

2.
The PDB as defined in clause 5.7.3.4: packet delay between the UE and the UPF that terminates the N6 interface. The PDB is determined from the 5QI (as in standardized 5QI to QoS characteristics mapping as in clause 5.7.4) assigned for the TSC QoS Flow. It is assumed that the PDB includes the UPF Residence Time and NW-TT Residence time.

Residence times are the same for uplink and downlink traffic. The TSN AF calculates the 5GS independentDelayMax/independentDelayMin value of bridge for each port pair and for each traffic class using the above components.

NOTE 1:
With supporting the hold and forward buffering mechanism in UE-DS-TT and NW-TT, the values of independentDelayMax and independentDelayMin for 5GS TSN Bridge can be the same.

The dependentDelayMax and dependentDelayMin for 5GS TSN Bridge are derived from frame length-dependent delays in DS-TT and in NW-TT for inputting the packet via the ingress port and outputting the packet via the egress port.

NOTE 2:
Whether the values of dependentDelayMax and dependentDelayMin are the same is dependent on implementation.

Since Residence times may vary among UEs and among UPFs, the 5GS TSN bridge delay is determined after the PDU Session Establishment for the corresponding UPF and the UE. UE-DS-TT Residence Time is provided at the time of PDU Session Establishment by the UE to the network.

5.28
Support of integration with TSN

5.28.1
5GS TSN bridge management

5GS functions acts as one or more TSN Bridges of the TSN network. The 5GS TSN 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 TSN Bridge of a TSN network, the ports 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 5GSTSN bridge is per UPF. 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, a port on UPF/NW-TT side, and a PDU Session during reporting of 5GS TSN bridge information.

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 TSN 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 TSN bridge and are notified to TSN AF and delivered to CNC for TSN bridge registration and modification. 
NOTE 1:
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.
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Figure 5.28.1-1: Per UPF based 5GS TSNbridge

NOTE 2:
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 TSN traffic scheduling over 5GS TSN Bridge, the 5GS supports the following functions:

-
Report the bridge information of 5GS TSN Bridge to TSN network.

-
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 TSN Bridge is used by the TSN network to make appropriate management configuration for the 5GS TSN Bridge. The bridge information of 5GS TSN Bridge includes at least the following:

-
Information for 5GS TSN Bridge:

-
Bridge Address (unique MAC address that identifies the bridge used to derive the bridge ID);
-
Bridge Name;

-
Number of Ports;

-
list of port numbers.

-
Capabilities of 5GS TSN Bridge as defined in 802.1Qcc [95]:

-
5GS TSN Bridge delay per port pair per traffic class, including 5GS TSN 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.

-
Topology of 5GS TSN Bridge as defined in IEEE 802.1AB [97]:

-
Chassis ID subtype and Chassis ID of the 5GS TSN Bridge.
-
Traffic classes and their priorities per port as defined in IEEE 802.1Q [98].

The following parameters: independentDelayMax and independentDelayMin, how to calculate them is left to implementation and not defined in this specification.

Bridge ID of the 5GS TSN Bridge, port numbers of the Ethernet in NW-TT could be preconfigured on the UPF. The UPF is selected for a PDU Session serving TSC based on subscribed DNN, traffic classes and VLANs. Port number of Ethernet port on the DS-TT for the PDU Session is assigned by the UPF during PDU session establishment and stored at the SMF. SMF provides the port numbers and MAC addresses of the Ethernet ports in DS-TT and NW-TT of the related PDU session to the TSN AF via PCF. If a PDU session for which SMF has reported port numbers to TSN AF is released, then SMF informs TSN AF accordingly.

The AF is responsible to receive the bridge information of 5GS TSN Bridge from 5GS, as well as register or update this information to the TSN network.

5.28.2
5GS TSN Bridge configuration

In order to schedule TSN traffic over 5GS TSN Bridge, the configuration information of 5GS TSN Bridge is mapped to 5GS QoS within the corresponding PDU Session. The QoS parameters mapping for TSN is described in TS 23.503 [45] clause 6.1.3.23.

The configuration information of 5GS TSN Bridge as defined in IEEE 802.1Qbv [96] and in IEEE 802.1Q [98], includes the following:

-
Bridge ID of 5GS TSN Bridge.

-
Configuration information of scheduled traffic on ports of DS-TT and NW-TT:

-
Egress ports of 5GS TSN Bridge, e.g., ports on DS-TT and NW-TT;

-
Traffic classes and their priorities.

NOTE:
In this Release of the specification, only support simplified IEEE 802.1Qbv [96], Annex Q.2 for 5GS.

The configuration information of 5GS TSN Bridge as defined in IEEE 802.1Q [98], includes the following:

-
Chassis ID of 5GS TSN Bridge;
-
Traffic forwarding information as defined in IEEE 802.1Q [98] clause 8.8.1:

-
Destination MAC address and VLAN ID of TSN stream;
-
Port number in the Port MAP as defined in IEEE 802.1Q [98] clause 8.8.1.
-
Configuration information per stream according to IEEE 802.1Q [98] clause 8.6.5.1:

-
Ingress port number of 5GS TSN Bridge, i.e., ports on DS-TT/NW-TT;

-
Stream priority.
The SMF report the MAC address of the DS-TT port of the related PDU Session to AF via PCF as the MAC address of the PDU Session. The association between the MAC address used by the PDU Session, 5GS TSN Bridge ID and port number on DS-TT is maintained at AF and further used to assist to bind the TSN traffic with the UE's PDU session.

In the case of provisioning traffic routing information based the information above, the TSN AF determines the MAC address used by the PDU Session for the TSN traffic based on ingress port number or egress port number, and requests to PCF influence traffic routing for TSN traffic as defined in clause 5.6.7 with the MAC address of the PDU Session, traffic class, destination MAC address and VLAN ID.
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