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	Reason for change:
	At the meeting, SA2#131, the following editor’s notes are derived regarding TSC QoS support, and discussed at the meeting SA2#132.
Editor’s note: Which clock the periodicity and burst arrival time refer to is FFS.

Editor’s note: It is FFS how the Burst Arrival Time is used by 5G System to determine information that can be used by NG-RAN for efficient scheduling.
Interim Conclusion for key issue 3.2 including the following sentences is endorsed at the last meeting.
· Solution# 28A is considered as the working assumption for time synchronization of external TSN time domains via (g)PTP protocols between TSN translator functions at the side of UPF and UE. 

· Whether the reference time of the TSC AI parameters, is based on the 5G GM clock or the external TSN GM clock will be resolved in normative phase.  Whether the reference time of the TSC AI parameters, is based on the 5G GM clock or the external TSN GM clock will be resolved in normative phase.

Observation 1. From the interim agreement of TSN gNB knows 5G GM clock only, but does not know the external TSN GM clock.
From the Burst Arrival Time definitions, we can derive the followings.
· In UL case, Burst Arrival Time at the egress interface of the UE can be achieved by adding UE residence time to Burst Arrival Time at UE, which is derived from CNC. 
· In DL case, Burst Arrival Time at the ingress of the RAN can be achieved by adding UPF residence time and CN PDB to Burst Arrival Time at UPF which is derived from CNC. 
Observation 2. The error of Burst Arrival Time in UL is the max UE residence time.
Observation 3. The error of Burst Arrival Time in DL is the sum of max UPF residence time and CN PDB.

If gNB knows the TSN clock of the stream’s domain, it can apply configured grants for UL or SPS for the DL with the following parameters with the errors as above.
· The size of the resource is large enough to serve the traffic of the Burst Size within the AN PDB.
· The interval of the resources is the same as Periodicity.
· The start time of the resource allocation is aligned at n*Periodicity + Burst Arrival Time.
Observation 4. If gNB knows the TSN clock of the stream’s domain, it can utilize the Burst Arrival Time to align its start time of the resource allocation. 
However, in Solution# 28A, gNB knows only 5GS clock without knowing TSN clock, while UE and UPF know both TSN clock and 5GS clock. As depicted in Figure 1, we can consider solutions to solve the issue like the following.
· gNB receives TSN clock information including 5GS and TSN clock difference from UE or UPF.
· gNB receives the Burst Arrive Time based on 5GS clock rather than one based on TSN clock.
Observation 5. We need a solution (#1) for UE and/or UPF delivers TSN clock information to gNB or a solution (#2) for Burst Arrival Time based on 5GS clock to be delivered to gNB.
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In the former approach (Solution #1), gNB needs to keep separate clock for each domain and it also needs to keep the list of deterministic traffic streams for each TSN clock domain. One way to let gNB keep separate clock for each TSN clock domain is sending the offset (the difference of the 5GS clock and TSN clock) to the gNB. As the clock frequency difference is not so evident comparing with the clock value difference (offset), keeping separate clock means keeping a separate offset with the assumption that the clock frequency is the same as 5GS clock frequency.
In the latter approach (Solution #2), gNB need not keep separate clocks for each domain or the list of traffic streams for each TSN clock domain. UE and/or UPF or any other NF including AF needs to adjust the Burst Arrival Time to be based on 5GS clock considering the offset (the difference between 5GS clock and TSN clock). 
In both cases, how often the information should be delivered to gNB is not the same as how often the information should be shared between UE and UPF for TSN synchronization, because the precision requirements are different. For example, to increase scheduling efficiency of periodic deterministic traffic stream with periodicity 10ms does not require precision of 1us which is required in TSN clock synchronization. As the clock frequency difference is expected to be in hundreds of ppm level, we can use the periodicity information based on TSN clock without adjusting it into periodicity based on 5GS clock. However, the periodicity based TSN clock may also be adjusted into one based on 5GS if needed.
Observation 6. The difference of 5GS clock and TSN clock can be utilized in both solutions and the information delivery frequency is depending on the required precision.

For simpler gNB implementation, we may choose the latter solution. In that case, gNB is provided with the adjusted Burst Arrive Time which is based on 5GS clock. UE and/or UPF or any other NF including AF may adjust the Burst Arrive Time based on TSN clock into one based on 5GS clock. The delivery frequency of the adjusted Burst Arrival Time is much lower than the delivery frequency of the information between UE and UPF for TSN synchronization. The periodicity based TSN clock may also be adjusted into one based on 5GS if needed. We can also consider UE/UPF triggers the PDU session modification flows to inform gNB of the Burst Arrival Time adjusted most recently, because UE/UPF knows the offset in the course of TSN synchronization.
Observation 7. UE and/or UPF may trigger PDU session modification flows to inform gNB of the adjusted Burst Arrival Time as often as needed.
Rev1: During the drafting session in SA2#133, focusing on the clock reference issue was decided and SMF/UPF-based adjustment is agreed.

Rev2: from a TSN clock to the 5G clock



	
	

	Summary of change:
	The Burst Arrival Time Usage is added and the solution to adjust the Burst Arrival Time based on TSN clock into one based on 5GS clock is also added.
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*************** Start of changes ***************

5.27
Time Sensitive Communications

5.27.1
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.

5.27.2
Periodic deterministic QoS

This feature allows the 5GS to support periodic deterministic communication where the traffic characteristics are known a-priori, and a schedule for transmission from the UE to a downstream node, or from the UPF to an upstream node is provided via external protocols outside the scope of 3GPP (e.g. IEEE TSN). The features include the following:

-
Providing TSC Assistance Information (TSCAI) that describe TSC flow traffic patterns at the 5GS egress interfaces

-
Support for hold & forward buffering mechanism in the TSN Translator on the UE side and UPF side to de-jitter flows that have traversed the 5G System.

5.27.2
TSC Assistance Information (TSCAI)

TSC assistance information describes TSC traffic characteristics for use in the 5G System. The knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule periodic, deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. TSC assistance information, as defined in Table 5.27.2-1, is provided from SMF to 5G-AN, e.g. upon QoS flow establishment.
The determination of the TSCAI by the SMF is based on information received from the TSN AF. The Burst Arrival Time component of the TSCAI that is signalled to the 5G-AN is specified with respect to the 5G clock. The SMF is responsible for mapping the Burst Arrival Time from a TSN clock (that the TSN stream is based on) to the 5G clock. 

In case of drift between TSN time and 5G time, the UPF updates the offset to SMF. The SMF may then trigger a PDU session modification as defined in TS 23.502 [3] clause 4.3.3 in order to update the TSCAI parameter to the NG-RAN without requiring AN specific signalling exchange with the UE.
Table 5.27.2-1: TSC Assistance Information

	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two bursts.

	Burst Arrival time
	The arrival time of the data burst at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).


Editor's note:
Burst size is needed for TSC QoS flows but how Burst size maps to MDBV is FFS.

Editor's note:
Need for other parameters (e.g. survival time) FFS.


*************** End of changes ***************
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