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	Reason for change:
	In the current TS 23.501 specification, both 1-step and 2-step sync modes are supported. With 2-step SYNC applied at ingress, both SYNC and SYNC Follow_Up messages are sent over 5GS. E.g., if 1-step is applied at egress, then DS-TT needs to combine SYNC and SYNC Follow_Up as single 1-step SYNC message or in opposite case DS-TT needs to split received 1 step SYNC message as SYNC and SYNC Follow_Up. In total there are 4 possible combinations within SYNC modes applied at ingress and egress.

Transmitting 2-step SYNC messages over Uu adds system load for TSC that may have substantial efficiency QoS trade-off. 

	
	

	Summary of change:
	It is proposed that the 2-step SYNC and SYNC Follow_Up are always combined at ingress (UPF/NW-TT) to 1-step SYNC message to improve system efficiency. This will reduce also complexity when only one SYNC scenario is applied through 5GS.   
In this case the the latency would be similar to case where 1-step is applied at egress port and would meet <10ms residence time for time aware system. 
This proposal is to merge received SYNC and Follow_Up messages to 1-step SYNC as depicteed in figure below, instead of forwarding messages individually.
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	Consequences if not approved:
	The 5G system would need to transmit 100% more gPTP (SYNC and SYNC Follow-Up) messages over the Uu, when 2-step SYNC is applied at ingress, seen as higher 5GS load along user plane.
UE/DS-TT would need to implement support for receiving both 1-step and 2-step SYNC modes from UPF/NW TT, which would increase complexity. 
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FIRST CHANGE
5.27.1
TSN Time 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 [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), rateRatio. Figure 5.27.1-1 illustrates the 5G and TSN clock distribution model via 5GS.

5.27.1.2
Distribution of timing information

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.

5.27.1.2.2
Distribution of TSN clock and time-stamping

The mechanisms for distribution of TSN clock and time-stamping described in this clause are according to IEEE 802.1AS [104].

Upon reception of a downlink gPTP message the NW-TT makes an ingress timestamping (TSi) for each gPTP event (Sync) message and uses the cumulative rateRatio received inside the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) to calculate the link delay from the upstream TSN node (gPTP entity) expressed in TSN GM time as specified in IEEE 802.1ASTM [104]. NW-TT then calculates the new cumulative rateRatio (i.e. the cumulative rateRatio of the 5GS) as specified in IEEE 802.1ASTM [104] and modifies the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) as follows:

-
Adds the link delay from the upstream TSN node in TSN GM time to the correction field.

-
Replaces the cumulative rateRatio received from the upstream TSN node with the new cumulative rateRatio.

-
Adds TSi in the Suffix field of the gPTP packet as described in Annex H.

UPF then combines possible two-step messages into single one-step message and 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. All gPTP messages are transmitted on a QoS Flow that complies with the residence time upper bound requirement specified in IEEE 802.1AS [104].

NOTE:
The sum of the UE-DS-TT residence time and the PDB of the QoS Flow needs to be lower than the residence time upper bound requirement for a time-aware system specified in IEEE 802.1AS [104].

A UE receives the gPTP message and forwards it to the DS-TT. The DS-TT then creates egress timestamping (TSe) for the gPTP event (Sync) messages for external TSN working domains. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message expressed in 5GS time. The DS-TT then uses the rateRatio contained inside the gPTP message payload to convert the residence time spent within the 5GS in TSN GM time and modifies the payload of the gPTP message that it sends towards the downstream TSN node as follows:

-
Adds the calculated residence time expressed in TSN GM time to the correction field.

-
Removes TSi from the Suffix field. 
-
Splits the gPTP messege to Sync and Follow_up in case of two-step operation is configured towards downstream TSN node)
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