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	Reason for change:
	S2-1911750 described an issue for scenarios where uplink flows from different Ethernet PDU sessions are traversing the same UPF egress port. S2-1911750 illustrated that due to unpredictable delays within 5GS, frames received in one PDU sesssion at time X may end up in the egress queue of the UPF behind frames that were received in a different PDU session earlier than time X. In other words, S2-1911750 explained that time order is not necessarily preserved for frames received in different PDU sessions within 5GS.

According to S2-1911750 this leads to the issue that IEEE 802.1Qbv gate schedules may be executed for the wrong frame.

However, the issue of lack of time order preservation is not specific to 5GS.

According to IEEE 802.1Qcc, bridges declare both minimum and maximum bridge delays per port pair, which "represent the worst-case range per the design of the Bridge". (IEEE 802.1Qcc clause 12.32.1). This means that the actual delay for forwarding a frame from ingress port to egress port can take any delay within this range.

This in turn means that in-order delivery cannot be expected if two frames are received at the same or almost the same time by a bridge. More precisely, in-order delivery cannot be expected if the arrival time ranges for two uplink frames at the UPF overlap.

For Qbv this implies that the CNC cannot schedule two frames, which are destined to the same egress port (via two ingress ports of the same bridge) unless the arrival times of the two frames plus the respective bridge delay ranges towards the egress port do not overlap.

CNC can avoid arrival time overlap by configuring the gate schedules of the preceding nodes accordingly.

For this to work, CNC needs to know the correct minimum and maximum bridge delays of TSN-capable bridges.

For the 5GS TSN bridge, 23.501 contains the following statement:

NOTE 1:	With supporting the hold and forward buffering mechanism in UE-DS-TT and NW-TT, the values of independentDelayMax and independentDelayMin for 5GS Bridge can be the same.

Note 1 suggests that the hold and forward buffer in DS-TT and NW-TT (as specified in clause 4.4.8.2) would be sufficient to make the 5GS internal delays determinstic and hence enable 5GS to report indepdentDelayMin = independentDelayMax.

This is incorrect since the only information provided to NW-TT and DS-TT for the purpose of de-jittering is the Qbv gate control information (as per clause 5.28.3.1), which in turn is insufficient to ensure time order preservation for frames of the same traffic class destined to the same egress port as also explained in S2-1911750.

If instead of reporting indepdentDelayMin = independentDelayMax, 5GS reported the actual minimum and maximum independent delays that can be supported by a given 5GS deployment then the issue of lack of in-order delivery and related to that incorrect Qbv enforcement can be avoided.


	
	

	Summary of change:
	- Remove Note 1.
- Clarify that bridge delay is based on per traffic class minimum and maximum delays between UE and NW-TT (including UPF and NW-TT residence times, independent of frame length that a given 5GS deployment supports; the delays are pre-configured in the TSN AF (see clause 5.28.4).

	
	

	Consequences if not approved:
	5GS bridge does not support IEEE 802.1Qbv correctly (wrong frames will be enforced by Qbv gate schedules.)
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*** Begin of changes ***
[bookmark: _Toc36187999][bookmark: _Toc20150069][bookmark: _Toc27846868][bookmark: _Hlk31890661]5.27.5	5G System Bridge delay
In order for the 5G System to participate as a TSN bridge according to gate schedules specified, the 5GS Bridge is required to provide Bridge Delays as defined in IEEE 802.1Qcc [95] for each port pair and traffic class of the 5GS bridge to an IEEE TSN system. In order to determine 5GS Bridge Delays, the following components are needed:
1.	UE-DS-TT Residence Time: the time taken within the UE and DS-TT to forward a packet between the UE and DS-TT port. UE-DS-TT Residence Time is provided at the time of PDU Session Establishment by the UE to the network.
NOTE 1:	UE-DS-TT Residence Time is the same for uplink and downlink traffic and applies to all traffic classes.
2.	Per traffic class minimum and maximum delays between the UE and the UPF/NW-TT that terminates the N6 interface (including UPF and NW-TT residence times), independent of frame length that a given 5GS deployment supports. The per-traffic class delays between the UE and the UPF/NW-TT is are pre-configured in the TSN AF (see clause 5.28.4).
The TSN AF calculates the 5GS independentDelayMin and independentDelayMax values for each port pair and for each traffic class using the above components.
NOTE 2:	With supporting the hold and forward buffering mechanism in UE-DS-TT and NW-TT, the values of independentDelayMax and independentDelayMin for 5GS Bridge can be the same.
The dependentDelayMin and dependentDelayMax for 5GS Bridge specify the time range for a single octet of an Ethernet frame to transfer from ingress to egress and include the time to receive and store each octet of the frame, which depends on the link speed of the ingress Port as per IEEE 802.1Qcc [95].
NOTE 32:	Further details how TSN AF determines dependentDelayMin and dependentDelayMax and isare up to implementation.
Since Residence times may vary among UEs and among UPFs, the 5GS Bridge Delay is determined after the PDU Session Establishment for the corresponding UPF and the UE by the TSN AF. The TSN AF deduces the related port pair(s) from the port number of the DS-TT Ethernet port and port number of the serving NW-TT Ethernet port(s) when the TSN AF receives the 5GS Bridge information for a newly established PDU Session and caculates the bridge delays per port pair.
*** End of changes ***

