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Abstract of the contribution: This contribution illustrates that some of the TSN management information exchanged between the CNC and 5GS is currently not mapped between TSN GM clock and 5GS clock, which leads to incorrect enforcement of transmission gate schedules and stream gate schedules. The contribution also proposes a solution to address this issue.
1.
Problem overview
To enable the 5G System to participate as a TSN bridge in a TSN network the TSN AF interacts with the Centralized Network Configuration (CNC) to provide 5GS bridge delays and propagation delays (txPropagationDelay) for each 5GS egress port to the CNC and subsequently to receive scheduled traffic and per-stream filtering and policing (PSFP) information from the CNC.
Scheduled traffic and PSFP information is used for various purposes in 5GS, including to derive TSC Assistance Information (TSCAI) and to configure hold and forward buffer and PSFP functions (is supported) in DS-TT and NW-TT.

Since scheduled traffic and PFSP information is signaled by CNC in reference to the TSN GM clock the SMF converts time information (Burst Arrival Time and periodicity) in the TSC Assistance Container from TSN GM clock to 5GS clock before sending it as TSCAI to NG-RAN. This is done to enable NG-RAN to interpret TSCAI in reference to the 5GS clock.

However, similar steps are currently not performed for the scheduled traffic and PSFP information that is provided to DS-TT and NW-TT. TSN AF signals scheduled traffic and PSFP information to DS-TT and NW-TT as received from the CNC, i.e. without mapping the information to 5GS clock. Since DS-TT and NW-TT are only synchronized to the 5GS clock, DS-TT and NW-TT cannot correctly execute the scheduled traffic and PSFP information as it is in reference to the TSN GM clock.

Observation 1: DS-TT and NW-TT are only synchronized to the 5GS clock. As a result DS-TT and NW-TT cannot correctly execute the scheduled traffic and PSFP information received from the TSN AF, which is in reference to the TSN GM clock.

The same issue applies to the txPropagationDelay that is measured by DS-TT and NW-TT with the 5GS clock as the reference clock. DS-TT and NW-TT provide txPropagationDelay to TSN AF, which in turn reports the txPropagationDelay values as-is to the CNC, i.e. without mapping them to the TSN GM clock. If the frequencies of the 5GS clock and the TSN GM clock differ then the measured txPropagationDelays will appear shorter or longer than they are from CNC perspective. As a result the CNC may plan end-to-end flows wrongly, which can lead to frames reaching intermediate switches too early or too late, which breaks the tightly controlled TSN mechanisms.
It is worth noting that IEEE 802.1AS [1] clause 11.1 also emphasizes the need to multiply measurements for propagation delays by the cumulative ratio "if the propagation delay measurement is desired relative to the grandmaster time base".
Observation 2: txPropagationDelays are measured by DS-TT and NW-TT in reference to the 5GS clock but are not mapped to TSN GM clock before being reported to the CNC. As a result the CNC may plan end-to-end flows wrongly, which can lead to frames reaching intermediate switches too early or too late, which breaks the end-to-end TSN mechanism.
2
 Solution

The key idea is that TSN AF maps scheduled traffic/PSFP information received from the CNC from TSN GM clock to 5GS clock and also maps txPropagationDelay from 5GS clock to TSN GM clock before reporting it to the CNC based on clock drift information received from the SMF (via PCF). The solution does not require the TSN AF to participate in the time synchronization of the 5GS clock or the TSN GM clock, i.e. the TSN AF remains a control plane entity.

In detail, the solution works as follows:
-
The 5GS bridge information that is already signaled from SMF to PCF and subsequently from PCF to TSN AF is extended to include the clock drift information that is already signaled from UPF to SMF. The clock drift information includes the offset and the cumulative rate ratio between the 5GS clock and the TSN GM clock.

-
Based on the clock drift information received from the PCF, the TSN AF corrects the scheduled traffic information and the PSFP information from the CNC as follows:

-
TSN AF corrects AdminBaseTime and PSFPAdminBaseTime based on the offset between TSN GM clock and 5GS clock;
-
TSN AF corrects AdminCycleTime (if provided by CNC) and PSFPAdminCycleTime based on the cumulative rate ratio between 5GS clock and TSN GM clock.
-
Based on the clock drift information received from the PCF, the TSN AF corrects txPropagationDelay measurements from DS-TT and NW-TT by applying the cumulative rate ratio between 5GS clock and TSN GM clock before reporting the corrected txPropagationDelay to the CNC.
It is worth highlighting that there is no need to convert the time intervals in the AdminControlList and the PSFPAdminControlList since the time intervals in the AdminControlList and the PSFPAdminControlList and the related execution state machines already operate based on the DS-TT's and NW-TT's TickGranularity as previously reported by the DS-TT and NW-TT (see also Table 12-29 and Figure 8-17 in IEEE 802.1Q [2] for further details).
It is important to re-emphasize that the solution does not require the TSN AF to participate in the time synchronization of the 5GS clock or the TSN GM clock. The TSN AF solely performs basic arithmetic operations on the scheduled traffic information, the PSFP information and the txPropagationDelay based on the clock drift information (offset, cumulative ratio) received from the SMF (via PCF).
3
Proposal
This paper proposes to agree the solution outlined in the previous section to ensure correct enforcement of scheduled traffic and PSFP information by 5GS and to ensure correct reporting of propagation delays. Companion CRs to implement the solution have been submitted for this meeting.
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