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**************** Second Change *********************
5.27
Time Sensitive Communications

5.27.0
General

This clause describes 5G System features that support TSC and allow the 5G System to be integrated transparently as a bridge in an IEEE TSN network.
5.27.1
TSN Synchronization 

5.27.1.1 General
For supporting TSN time synchronization, the 5GS is integrated with the external network as a TSN bridge as described in clauses 4.4.8 and 5.28.1. It shall be modelled as an IEEE 802.1AS [x1] compliant entity according to TS 22.104 [x2]. For TSN Synchronization, the entire E2E 5G system can be considered as an 802.1AS "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE 802.1AS operations. UE, gNB, UPF, and translators at UE and UPF side are synchronized with the 5G GM (i.e. the 5G internal system clock) which shall serve to keep these network elements synchronized. The TTs located at the edge of 5G system fulfill all functions related to 802.1AS [x1], e.g. (g)PTP support, timestamping, Best Master Clock Algorithm (BMCA). Figure 5.27.1-1 illustrates the 5G and TSN clock distribution model via 5GS.

[image: image1]
Figure 5.27.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization
Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the TSN domain synchronization.

· 5GS synchronization: Used for 5G RAN synchronization. 5G RAN synchronization is outside the scope of this specification. 
· TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE 802.1AS [x1].
The two synchronization processes can be considered independent from each other and the gNB only needs to be synchronized to the 5G GM clock.
To enable TSN synchronization, the 5GS calculates and adds the measured time between the TTs into the Correction Field (CF) of the synchronization packets of the TSN domain. 

5.27.1.2 Distribution of timing information

Distribution of 5G internal clock

The 5G internal system clock shall be made available to all nodes in the 5G system. The UPF /NW-TT may get the 5G internal clock from gNB via the underlying PTP compatible transport network or directly from the transport network. The 5G internal system clock can be made available to UE / DS-TT with signaling of time information related to absolute timing of radio frames as described in TS 38.331 [x3].
Distribution of TSN clock and time-stamping

For the downlink, when gPTP frames from TSN working domain(s) arrive at the UPF/NW-TT the UPF / NW-TT makes an ingress timestamping (TSi) for each gPTP message. The TSi can be carried using existing fields of the gPTP message together with the original TSN timing information. 

UPF then forwards the modified gPTP message to the UE via user plane (i.e. using the PDU session applicable for sending gPTP messages). Only one PDU session per UE per UPF is used for sending gPTP messages regardless of how many external TSN working domains have their clock information delivered through a given UPF serving that UE.

A UE receives the modified gPTP messages and forwards them to the DS-TT. The DS-TT then makes egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the residence time spent within the 5G system for this gPTP message. The UE/DS-TT modifies the gPTP messages towards an end station with the original TSN timing information and the calculated residence time.
NOTE 1: The Link Delay from the previous TSN system (bridge or node) can be reflected in the TSi.
NOTE 2: The solution does not prevent other way of carrying timestamping.
5.27.1.2 Support for multiple TSN working domains
Each TSN working domain has 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 UPF /NW-TT makes ingress timestamping (TSi) for the gPTP event messages of all domains. 
A UE receives the original TSN clock timing information and the corresponding TSi (via gPTP messages) for one or more working domains and forwards them to the DS-TT. The DS-TT then makes egress timestamping (TSe) for the gPTP event messages for every external TSN working domain. An end-station can select the proper TSN timing information based on the “domainNumber” in the gPTP message. Ingress and egress time stamping is based on the 5G system clock at UPF/NW-TT and UE/DS-TT. 
The process described in “Distribution of TSN clock and time-stamping” is thus repeated for each TSN working domain between a UE and the UPF 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: In case all TSN working domains can be made synchronous, the synchronization could be provided by the 5G clock, still modeling the 5G system as an IEEE 802.1AS time-aware system (in this case this would become the TSN GM for the connected TSN domains).
************** End Change ******************
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