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1. Introduction

In RAN2 #105 meeting, there was a LS [1] sent from RAN2 to SA2 on assistance information for the scheduling of TSN traffic. In the LS, RAN2 think it would be beneficial for the gNB to receive from the Core Network the following assistance information describing TSN traffic flow: message periodicity, message size and message arrival time at gNB (DL) and the UE (UL). However, no reply LS has been received by SA2 as yet.
In the last RAN2 meeting, some companies[2] has raised concerns about TSC assistance information, such as whether the message arrival time is in relation to TSN clock, and whether TSC assistance information should be provided per TSC stream or per QoS flow. 
In this paper, we discuss TSC assistance information based on SA2 progress [3]. 
2. Discussion

From RAN2’s perspective, the knowledge of TSN traffic pattern is useful for the gNB to allow it more efficiently schedule periodic, deterministic traffic. Based on the LS sent by RAN2 to SA2, it is beneficial for the gNB to obtain the following TSC assistance information from the Core Network:
· message periodicity

· message size

· message arrival time at gNB (DL) and UE (UL)
The TSCAI defined by SA2 in [3] are shown in the following Table 1. The TSCAI contains flow direction, periodicity, burst arrival time. The TSCAI will be determined by the SMF, based on corresponding parameters received from TSN AF. Then the TSCAI will be provided from SMF to 5G-RAN, e.g. upon QoS flow establishment.
Table 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).


For the TSCAI defined in the above table, periodicity refers to the time period between start of two bursts, which is corresponding to the message periodicity mentioned by RAN2. Burst arrival time means the arrival time of the data burst at either the ingress of the RAN for DL flow or egress of the UE for UL flow, which is corresponding to the message Arrival Time at gNB and UE mentioned by RAN2. 
[2] suggested that the reference clock about arrival time is not clear. However, SA2 has described that The Burst Arrival Time part of the TSCAI, as signalled to the 5G-AN, is specified with respect to the 5G clock [3]:
	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 the 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.


SA2 has agreed that the E2E 5GS can be considered as an IEEE 802.1AS “time-aware system” for support of TSN synchronization [4]. Considering the E2E 5GS as an IEEE 802.1AS “time-aware system” means the 5GS will be viewed as a transparent clock in TSN. Only the edge points of E2E 5GS, i.e. UPF/NW-TT (Network-side TSN translator) and UE/DS-TT (Device-side TSN translator), will be aware of TSN clock. The 5GS inner nodes, e.g. SMF or gNB, have no idea about TSN clock. But UE, gNB, UPF, NW-TT and DS- TTs are synchronized with the 5G internal system clock. In such case, the UPF will provide the offset between TSN clock and 5G clock to the SMF. The SMF will map the Burst Arrival Time from a TSN clock to the 5G clock and signal it to 5G-AN based on 5G clock. In addition, if the offset between TSN time and 5G time changes, the UPF updates the offset to SMF. The SMF can update the TSCAI parameter to the NG-RAN through triggering a PDU session modification.
Observation 1: Burst Arrival Time of the TSCAI is signalled with respect to the 5G clock.
No parameter in the TSCAI defined by SA2 could directly reflect the message size mentioned by RAN2. However, in SA2 #132 meeting, the agreed CR [5] pointed out that in 23.501, MDBV has been defined for TSC QoS by the clause “Within each Period (defined by periodicity), TSC QoS flows are required to transmit only one burst of maximum size MDBV within the AN-PDB”. The required burst size is a function of the characteristics of the TSN streams that will be allocated to the same 5G QoS flow in a PDU session. Such burst size may be obtained by the AF/Translator, by which is out-of-scope of 3GPP. [5] further proposed that “For TSC QoS flows, MDBV is set to the TSC Maximum Burst Size of the aggregated TSC streams obtained from the AF. If the AF does not provide a TSC Burst Size, then the MDBV is set to the default value for the TSC GBR 5QI”. In the current TS 23.501, the description of TSC burst size is as follows:
	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 TSCAI parameters are set according to corresponding parameters obtained from the AF. The maximum value of TSC Burst Size should be mapped to a 5QI with MDBV that is equal or higher. For TSC QoS flows, MDBV (described in clause 5.7.3.7) is set to the Maximum Burst Size of the aggregated TSC streams to be allocated to this QoS flow. If the AF does not provide a TSC Burst Size for aggregated TSC streams, then the MDBV is set to the default value for the TSC 5QI of the corresponding traffic class.


The QoS parameters of a QoS flow can be obtained by the gNB, the gNB can then derive the maximum message size that should be served within each period from the parameter MDBV.
Observation 2: Maximum message size can be derived from the QoS parameter MDBV by the gNB.
Based on the SA2 spec, the TSCAI parameters are provided per QoS flow. For example, MDBV is set to the maximum burst size of all the aggregated TSC streams to be allocated to the same QoS flow, instead of per TSC stream. In the LS sent from SA2 to IEEE 802.1 WG [4], it points “In Release 16 only supports interworking with TSN using IEEE 802.1Qbv based QoS scheduling”. Besides, SA2 describes the following issue in the LS:
	Issue 2:  Mapping IEEE 802.1Qbv parameters for use in the 5GS QoS for enabling efficient scheduling in the 5GS when multiple TSN streams are multiplexed in the same QoS Flow.


IEEE 802.1Qcc defines a TrafficSpecification group and an optional TSpecTimeAware group that specifies how the Talker transmits frames on per TSN stream basis. IEEE 802.1Qcc Annex U describes three examples of TSN stream scheduling by the Talker, ranging from per traffic class scheduling (Annex U.1.1) to per TSN stream scheduling (Annex U.1.3).


In contrast, IEEE 802.1Qbv seems to support only per traffic class scheduling at the bridge egress port.  


It is SA2 understanding that a Traffic Class in IEEE 802.1Qcc and QoS Flow in 5GS have the same QoS granularity in that all packets of a Traffic Class or of a QoS Flow receive the same QoS treatment.

If the 5GS (in the role of TSN logical  bridge) could be configured with QoS information with TSN stream granularity, the 5GS may be able to provide efficient air-interface scheduling on per TSN stream basis, even when multiple TSN streams are multiplexed in the same QoS Flow. 
SA2 would like to understand whether IEEE has any plans to enhance IEEE 802.1Q specification such that TSN stream scheduling in the TSN bridge is supported.


Based on the LS, we can observe that IEEE 802.1Qbv currently only supports per traffic class/per QoS flow scheduling. Thus, from RAN2 TSN standard’s perspective, per TSC stream scheduling could not be supported for IEEE 802.1Qbv. We propose TSC assistance information per TSC stream should not be pursued.
Proposal 1: TSC assistance information per TSC stream should not be pursued from RAN2 perspective.
3. Conclusion

In this contribution, we have discussed TSC assistance information that are defined by SA2, and made the following observations and proposals:
Observation 1: Burst Arrival Time of the TSCAI is signalled with respect to the 5G clock.
Observation 2: Maximum message size can be derived from the QoS parameter MDBV by the gNB.

Proposal 1: TSC assistance information per TSC stream should not be further pursued from RAN2 perspective.
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