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Abstract of the contribution: This contribution addresses Key Issue #3A by proposing a solution to update Hold and Forward Buffer Timing so it is aligned with packet arrivals detected in the RAN.

1 Discussion
In Key Issue #3A, “Any AF that has knowledge of deterministic application requirements should be able to request TSC services from the 5GS“
 One of the areas to be studied is:
“Ability for AF to request absolute delay and jitter requirements”  
To support delay and jitter requirements requested by the AF, adaptation in the RAN to compensate for inaccuracies in Burst Arrival Times (BAT) provided in the TSC Assistance Container can be beneficial. When adjustments to SPS/CFG in the RAN are made, hold-and-forward buffers at the UE/DS-TT (for downlink flows) or the UPF/NW-TT (for uplink flows) are needed. This Solution provides a means for the RAN to compensate for TSCAI BAT inaccuracies and to synchronize hold and forward buffers with updated RAN timing.
We proposed to capture the following Solution in TR 23.700-20.

[bookmark: _Toc31096590][bookmark: _Toc30694672][bookmark: _Toc26431248][bookmark: _Toc26386442][bookmark: _Toc23402425][bookmark: _Toc23402395][bookmark: _Toc22192657][bookmark: _Toc16839389][bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc44312004][bookmark: _Toc16839382][bookmark: _Hlk520730635][bookmark: _Toc517082226]* * * * First change * * * *
6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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This solution addresses Key Issue #3A. 
While for the Rel. 16 5GS Bridge, Hold and Forward Buffer timing can be obtained from CNC provided 802.1Qbv gate schedules and TSCAI BAT can be based on 802.1Qci PSFP information, that is not the case with TSC when there is no IEEE TSN network. For that case (with AFs other than the TSN-AF) there is no CNC to provide IEEE802.1Qbv, or IEEE802.1Qci information on which the AF can derive TSC Assistance Container information (including BAT) and PMIC information to configure hold and forward buffers. 
For TSC without an IEEE TSN network, the AF is assumed to know traffic pattern parameters, including a BAT referenced to the 5GS ingress (for example these parameters may be configured via the management plane).  Hold and Forward Buffer timing can be derived from this BAT as proposed for Solution #5 in S2-200xxx. Note that this is the same BAT provided in the TSC Assistance Container by the Rel. 16 TSN-AF (for the 5GS Bridge). As proposed in in S2-200xxx, the AF supplied traffic pattern parameters, including BAT can be transported to the UE/DS-TT and UPF/NW-TT via the PMIC, and Hold and Forward Buffers configured accordingly.
Hence accuracy of the BAT traffic pattern parameter provided by the AF affects both RAN scheduling and Hold-and-Forward Buffer timing. If the BAT is too late, bursts will be delayed longer than necessary before being scheduled in the RAN and forwarded at the hold and forward buffers. If BAT is too early, as illustrated in Figure 1 for the downlink, the bursts may not be available at the transmission time allocated by the RAN and hence will not arrive in time for transmission at the Hold-and-Forward buffer (Figure 1-B). If the RAN detects the offset between the configured BAT and the actual burst arrivals it may adjust its scheduling (SPS/CG), but without a corresponding adjustment of the Hold and Forward Buffer timing, the buffer “open” window may be missed (Figure 1-C). 
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Figure 1: Consequence of bursts arriving later than indicated by BAT (for downlink)
To support TSCAI to reduce latency and Hold and Forward buffers to support AF provided jitter requirements, it is beneficial to enable timing adaptation by the RAN and subsequent adjustment of hold-and-forward buffer timing according to the RAN adjustments. If the RAN detects an offset between actual burst arrival times and the BAT, it may autonomously adjust the CFG/SPS used in the TSC QoS flow (e.g.: +/- up to a few msec). When this occurs, it is also beneficial to update the Hold and Forward buffer in the UE/DS-TT (for downlink flows) or the UPF/NW-TT (for uplink flows) to maintain timing alignment across the 5GS.
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To compensate for the limited accuracy of an AF supplied BAT traffic pattern parameter, the following functionality is proposed:
· The UE may indicate support for Hold and Forward Buffer Adaptation to the 5GS (during PDU Session setup when it indicates its Residence Time).
· The AF may indicate support for Hold and Forward Buffer burst arrival adaptation to the 5GS and request notification from the NEF when the RAN sends a BAT Offset indicating a timing adjustment.
· The NG-RAN autonomously detects periodic burst arrivals and adjusts its scheduling (SPS/CFG) for an inaccurate BAT supplied by the AF. Burst Spread, which indicates to the RAN jitter on the N6 interface may be used to assist with this.
· If a threshold is exceeded, the NG-RAN sends to the SMF a correction / Offset from the currently configured BAT. 
· The SMF reports the offset needed for BAT to the NEF.
· The NEF sends the BAT and offset to the UE/DS-TT or UPF/NW-TT in a container (e.g. Port Management Information Container (PMIC) as proposed in S2-200xxx).  When Hold and Forward Buffering is supported, the UE/DS-TT or UPF/NW-TT may use these parameters to compute Hold and Forward buffering time. (i.e. to adjust the buffer timing to be aligned with actual burst arrival times).

In addition:
· The offset may be exposed towards the AF so it is aware that the BAT has been adjusted.
· The AF may note if, with a positive offset, the required 5GS delay is still met

Note the solution aligns the 5GS timing with the actual Source Tx time plus network delay.
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Figure 2: AF Request with TSCAI BAT and Hold and Forward Buffer Adaptation

1. The UE establishes a PDU Session. In addition to providing UE Residence Time the the SMF (as per Rel. 16), the UE also indicates support for Hold and Forward Buffer adaptation.
2. The AF determines traffic pattern parameters (such as BAT with reference to the ingress of the 5GS, periodicity, and flow direction).  The AF may for example base the BAT on the transmit time of a Source/Talker, adjusted for intermediate bridges / routers
3. The AF sends the traffic pattern parameters including BAT to the NEF. The AF may also subscribe to Notifications for BAT Offset information.
4. The NEF forwards the traffic pattern parameters to the SMF. NEF may include an indication that it supports sending BAT Adaptation information in the PMIC. The NEF may subscribe to the SMF for Notifications for BAT Offset information.
5. The SMF determines the TSCAI, this includes adjusting the BAT from the ingress of the 5GS to the arrival time in the RAN (as per Rel. 16). 
6. The SMF sends the BAT with other TSCAI parameters and “Support BAT Adaptation” and provisioned “Threshold for BAT offset reporting” parameters to the RAN
7. The NEF sends the PMIC containing traffic pattern parameters to the UE/DS-TT or UPF/NW-TT 
8. The UE/DS-TT or UPF/NW-TT may set a Hold and Buffer window. For example, it may set:
a. HnF_Open_Time = BAT + PDB + UE Residence Time + n*Periodicity + Burst_Spread
b. HnF_Close_Time =HnF_Open_Time + Window 
Where HnF_Open_Time is a time when the HnF buffer “opens” to transmit packets from the UE or UPF, HnF_Close_Time is a time when the HnF buffer “closes” and hence starts buffering packets until the next HnF_Open Time. Window may be set to MDBV / R, where R is the UE or UPF egress (eg: N6) interface rate.
9. The RAN detects actual burst arrival times and determines the time Offset from the BAT + n*Periodicity currently used in the RAN. Periodicity is a TSCAI parameter that indicates the period of the TSC stream, and “n” is an integer.
10. The RAN adjusts its burst scheduling (SPS/CFG) to align with the actual TSC stream if needed.
11. If the Offset exceeds the Report Threshold, the RAN sends the Offset to the SMF which forwards it to NEF.
12. The NEF sends the BAT Correction as offset to the UE / DS-TT or UPF/NW-TT via a PMIC. 
13. The UE/DS-TT or UPF/NW-TT adjusts its HnF Tx time by the amount indicated by the AF.
14. If the AF has subscribed to notification of BAT Offset information, a notification is sent to the AF. The AF may use this to determine whether the required 5GS delay is still met. 
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The following are impacted for this solution:
AF:
· May subscribe to receive Notifications when the RAN sends a BAT Offset indicating a change of scheduling to align with received bursts
NEF:
· Sends Offset or an updated BAT in the PMIC when the information is received from the SMF/RAN
· Sends Notifications to the AF when an Offset or updated BAT is received from the RAN/SMF
· Includes an indication to the SMF that the NEF supports sending BAT Adaptation information in the PMIC
UE/DS-TT:
· At PDU Session establishment, sends an indication that it supports Hold and Forward Buffer adaptation
· Adapts Hold and Forward Buffer timing when it receives an updated PMIC contining an Offset or an adjusted BAT
SMF:
· Sends to the RAN an indication that BAT Adaptation is supported and a threshold for BAT offset reporting
· Receives from the RAN on Offset to the current BAT and forwards it to the NEF
RAN
· Receives from the SMF an indication that the 5GS supports BAT adaptation
· Detects when TSC bursts arrive outside of the expected time for SPS/CG and adjusts its scheduling
· Sends a BAT Offset to the SMF
UPF/NW-TT
· Adapts Hold and Forward Buffer timing when it receives an updated PMIC contining an Offset or an adjusted BAT
* * * * End of changes * * * *
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