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Propagation delay from previous gPTP entity can be estimated by NW-TT with gPTP delay measurement procedure. The neighbour rate ratio estimate can be used to compensate error introduced by difference in frequencies of clock. NW-TT can add that value to the existing correction field of gPTP message, instead of combining with TSi resulting an error in residence time calculation. 
To ensure precision of delivered time, provision of 5G time from UE to DS-TT can exploit physical layer signalling, e.g., commonly used pulse per second PPS together with second level time of day ToD.
To avoid transmitting void gPTP messages between TTs when 5G GM is as TSN clock, the time of generation for periodic origin timestamps in 5GS should be made available in DS TT. Then DS TT could generate gPTP sync messages without void user plane gPTP flow from NW-TT.  
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Solution does not enable efficient use of  5G internal clock as TSN clock source, when void sync messages are carried over Uu U-plane.  
Provision of 5G clock from UE to different purposes in DS-TT may remain unclear. 
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FIRST CHANGE
[bookmark: _Toc11137126][bookmark: _Toc5026418]5.27	Time Sensitive Communications
[bookmark: _Toc11137127]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.
[bookmark: _Toc11137128]5.27.1	TSN Time Synchronization
[bookmark: _Toc11137129]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 [104] compliant entity according to TS 22.104 [105]. For TSN Synchronization, the entire E2E 5G system can be considered as an IEEE 802.1AS [104] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE 802.1AS [104] operations. UE, gNB, UPF, NW-TT and DS- TTs 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 fulfil all functions related to IEEE 802.1AS [104], e.g. (g)PTP support, timestamping, Best Master Clock Algorithm (BMCA), rate rRatio compensations and link delay measurement. Figure 5.27.1-1 illustrates the 5G and TSN clock distribution model via 5GS.

Figure 5.27.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization with external TSN GM
Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the TSN domain synchronization, as well as the Master (M) and Slave (S) ports considered when the TSN GM is located at TSN working domain.
-	5GS synchronization: Used for NG RAN synchronization. 5G RAN synchronization is specified in TS 38.331 [28].
-	TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE 802.1AS [104].
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 and rate ratio corrected residence time between the TTs and link propagation delay from the previous gPTP corrected with measured neighbor rate ratio into the Correction Field (CF) of the synchronization packets of the TSN domain.
[bookmark: _Toc11137130]5.27.1.2	Distribution of timing information
[bookmark: _Toc11137131]5.27.1.2.1	Distribution of 5G internal system clock
The 5G internal system clock shall be made available to all user plane nodes in the 5G system. The UPF and NW-TT may get the 5G internal system clock via the underlying PTP compatible transport network with mechanisms outside the scope of 3GPP. The 5G internal system clock shall be made available to UE with signaling of time information related to absolute timing of radio frames as described in TS 38.331 [28]. The 5G internal system clock shall be made available to DS-TT by the UE, e.g., as depicted below in Figure 5.27.1-2. For example, physical pulse per second (PPS) signal and second level Time of Day (ToD) can be exploited to transfer precise time information from UE to DS-TT. 
Figure 5.27.1-2 illustrates difference between 5G clock used for time stamping unit (TSU) and TSN clock for possible time aware shaping (TAS).

[image: ]
Figure 5.27.1-2: Example for provision of 5G system time to DS-TT

[bookmark: _Toc11137132]5.27.1.2.2	Distribution of TSN clock and time-stamping
For the downlink, when gPTP frames from TSN working domain(s) arrive at the NW-TT, the NW-TT makes an ingress timestamping (TSi) for each gPTP event (sync) message. The TSi can be carried using suffix field of the gPTP sync or related sync follow-up message together with the original TSN timing information. NW-TT sums the link delay from the previous entity into the correction field. In case of one step sync operation, it is included in sync message and in case of two step sync operation, it is included in the sync Follow up message. The cumulative rate ratio field in is also updated by NW-TT according to estimated cumulative rate ratio between TSN GM and 5G GM.
1-step sync is an optional 802.1AS feature. Modifying 1-step sync messages with a residence time, rate ratios and propagation delay from previous gPTP entity may take variable time e.g. due to CPU load of TT, so 2-step sync (sync with sync follow up) provides likely better accuracy and which shall be supported.
Editor's note:	The support of one step and two step sync operation at NW-TT output interfaces (towards TSN) is according to 802.1AS. How the information carried inside 5G system is FFS.
UPF then forwards the 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.
Editor's note:	It is FFS whether gPTP messages are forwarded on a distinct QoS Flow or other mechanism. If distinct QoS Flow is used it is FFS whether all gPTP messages are forwarded on it, or only a subset of the gPTP messages (e.g. those that carry information in the Suffix field). Usage of rateRatio is FFS.
A UE receives the gPTP messages and forwards them to the DS-TT. The DS-TT then creates performs egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe multiplied with the cumulative rate ratio is considered as the calculated residence time spent within the 5G system for this gPTP message. The DS-TT modifies the correction field of gPTP messages it sends towards an end station to include the calculated residence time, where the link delay from the previous gPTP entity was already included by NW-TT in the received correction field. 
NOTE:	The Link Delay from the previous TSN system (gPTP entity) can be reflected in the TSi.
[bookmark: _Toc11137133]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 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 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 and UE side (NW-TT and DS-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). 

5.27.1.4	Use of 5G GM as TSN clock
Use of 5G GM for TSN applies functionalities related to GM capable gPTP entity, where NW-TT and DS-TT act both as master port transmitting gPTP synch messages. When NW TT forwards 5G time towards DS-TT, DS-TT does not need TSi timestamp, rate ratio or propagation delay information because value in correction field (CF) equals to the difference between TSe and the origin timestamp (CF = TSe – origin timestamp).  
To avoid transmitting void gPTP messages between TTs, DS TT could generate gPTP sync messages without void user plane gPTP flow from NW-TT. In this case, the time of generation for periodic origin timestamps in 5GS should be made available in DS TT.   
[bookmark: _Toc11137365][bookmark: _Hlk11733141]Annex H (normative):
Signalling of ingress time for time synchronization
The ingress time and cumulative rate ratio field (as explained in clause 5.27.1) is are provided from the NW-TT/UPF to the DS-TT/UE as part of a gPTP Sync message using the Suffix field defined in clause 13.4 of IEEE 1588-2008 [107]. The structure of the Suffix field follows the recommendation of clause 14.3 of IEEE 1588-2008 [107], with an organizationId specific to 3GPP, an organizationSubType referring to an ingress timestamp, and data field that can carry the originTimestamp datatype of the Sync message defined in clause 13.6.1 of IEEE 1588-2008 [107].
Editor's note:	TS XX.XXX will provide the specification of the fields in the gPTP Sync message.
Editor's note:	Whether other information beyond the ingress timestamp needs to be contained in the gPTP Suffix is FFS
END OF CHANGES
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