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1	Introduction
In 23.501, 5.27.2, 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, includes 
· Flow Direction
· Periodicity
· Burst Arrival time
RAN2 Liaison on assistance information for TSN traffic flows (R2-1902354) described that RAN2 has studied TSN traffic patterns, their characteristics and potential impact on QoS and scheduling in RAN. Considering the deterministic nature of TSN traffic, RAN2 has agreed that the knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule traffic either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. Therefore, it would be beneficial for the gNB to receive from the Core Network the following assistance information describing TSN traffic flow, e.g. upon QoS flow establishment:
· message periodicity
· message size
· message arrival time at gNB (DL) and UE (UL)
Observation-1 The assistance information about traffic pattern is beneficial, such information can help optimizing RAN radio resource assignments. However, it should be emphasized that even if RAN doesn’t have the TSCAI, it won’t affect the 5GS support for TSN features.  
Observation-2 Table 5.27.2-1 in TS 23.501 doesn’t have a clear definition about what is the “TSCAI burst Arrival time” and where is the reference point of arrival.
Observation-3 RAN required “message arrival time at gNB (DL) and UE (UL)” is not equal to “TSCAI burst arrival time”
Observation-4 The term “TSCAI burst Arrival time” is confusing, since it refers to the arrival time at different locations for DL and UL cases. 

S2-1904841 stated: The PDB is explicitly divided into 5G-AN PDB and CN PDB. The 5G-AN PDB is the packet delay budget applicable to the radio interface, including AN processing. The CN PDB is the delay between a UPF terminating N6 and a 5G-AN. Separate delay budgets are necessary for calculation of expected packet transmit times on 5G System interfaces.
The TSCAI Burst Arrival Time calculation uses UE-DS-TT residence time, CN PDB and UPF residence time as per clause 5.27.x. For DL TSCAI Burst Arrival Time determination, CN PDB and UPF residence time are needed. For UL TSCAI Burst Arrival Time determination, UE-DS-TT residence time are needed.
Observation-5: The current Rel-15 PDB – From TS 23.501, section 5.7.3.4: “The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.” Where the UPF residence time is included in the overall PDB definition. 
Observation-6: According to S2-1904841, the CN PDB (delay between a UPF terminating N6 and a 5G-AN) includes the UPF residence time.
Observation-7: the division of CN PDB into UPF-DS-TT residence time and link delay between gNB and UPF hasn’t been done in 3GPP, there is no solution to get accurate UPF residence time. 

Analysis of TSCAI burst arrival time. 
Difference between TSCAI “arrival time” and RAN required “message arrival time at gNB (DL) and UE (UL)”
In order for gNB to be aware TSN traffic characteristics, one possible method is to make use of the egress traffic pattern of the preceding TSN node.  S2-1901234 has provided a method for gNB to get some of TSN traffic characteristics.  The solution relies on CNC provided TSCAI, e.g. bridge configuration of the preceding node (e.g. traffic pattern A in the figure).  
The TSCAI burst arrival time provided by the CNC can only refer to the arrival time at the ingress of 5GS, e.g. UPF-NW-TT for downlink and UPF-NW-TT for uplink. It consists of 
1. message departure time from the preceding TSN node. (e.g. derived from IEEE 802.1Qbv parameter e.g. “AdminBaseTime”), i.e. when the gate is scheduled to be open, packets are expected to leave the TSN node.
2. link delay between preceding node and the ingress of 5GS (e.g. TSN translator)

For a downlink case, based on the 1st and 2nd components of TSCAI, the CNC can only provide TSCAI arrival time at UPF-NW-TT. 
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Figure 1. relationship between “TSCAI arrival time at UPF-NW-TT” and RAN required “message arrival time(DL)”

“TSCAI arrival time@UPF-NW-TT” = TSN traffic departure time@nodeA + link delay (between NodeA and UPF-NW-TT)
RAN required “arrival time (DL)” is the TSN traffic arrival time at gNB (DL). There is a difference ΔT between “TSCAI arrival time@UPF-NW-TT” and “RAN required “arrival time (DL)”
 “RAN required “arrival time (DL)” = “TSCAI arrival time@UPF-NW-TT” + ΔT
ΔT = UPF-NW-TT residence time + link delay (between gNB and UPF)
 CN part PDB = UPF-NW-TT residence time + link delay (between gNB and UPF)
Observation-8: “RAN required “arrival time (DL)” = “TSCAI arrival time@UPF-NW-TT” + CN part PDB

Observation-9: Without providing an accurate UPF-NW-TT residence time and a solution to get precise UPF-NW-TT, 5GS cannot use the TSCAI arrival time to calculate “RAN required arrival time(DL)” for RAN optimization.  

For an uplink case, the CNC can only provide TSCAI arrival time at UE-DS-TT. 
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Figure 2. relationship between “TSCAI arrival time at UE-DS-TT” and RAN required “message arrival time(UL)”
 “TSCAI arrival time@ UE-DS-TT” = TSN traffic departure time@nodeC + link delay (between NodeC and UE-DS-TT)
RAN required “arrival time (UL)” is the TSN traffic arrival time at UE, precisely speaking, it is the uplink traffic arrival time at UE MAC layer. 
Observation-10: For UL, the RAN required arrival time at UE-DS-TT is not equal to UE-DS-TT residence time. RAN needs the time of message arrival at UE MAC layer.
 “RAN required “arrival time (UL)” = “TSCAI arrival time@UE-DS-TT” + ΔT
ΔT is the delay between TT ingress and UE MAC layer
Observation-11: “RAN required “arrival time (UL)” = “TSCAI arrival time@UE-DS-TT” + delay between TT ingress and UE MAC layer
Observation-12: Without providing an accurate delay between TT ingress and UE MAC layer, 5GS cannot use the TSCAI arrival time to calculate “RAN required arrival time (UL)” for RAN optimization.  

For downlink UPF-NW-TT residence time may vary among UPF implementations however, the value of residence time needs to be accurate enough for RAN optimization. It is difficult and complex to get such an accurate value. 
Observation-13: There are open issues (complexity) remaining when considering how to identify accurate message arrival time at gNB for downlink packet transmission.

For uplink, the delay between TT ingress and UE MAC layer may vary among UEs. Different UE will have different implementation from application layer to PHY layer transmission, indicating different processing time. It leads to the “arrival time” at UE MAC layer will be different anyway. This is uncertainty makes the exact value of the delay between TT ingress and UE MAC layer difficult to get.
Observation 14: There are open issues (complexity) remaining when considering how to identify accurate message arrival time at UE MAC layer for uplink packet transmission.

Observation 15: RAN required “message arrival time at gNB (DL)” and “message arrival time at UE (UL)” can alternatively be determined using a less complex method (i.e. observation methods) as in [1].
CNC provided “message departure time” from preceding TSN node (prior to 5GS) is based on Qbv gate schedule, i.e. when the gate is scheduled to be open, TSN traffic is expected to leave the TSN node. However, there may be a case that during the Qbv gate open period there is no traffic going through. In such a case, gNB won’t achieve the gain of the radio resource optimization. 
Observation-16: Observation methods described in [1] is more accurate than TSCAI arrival time provided by CNC.
Observation-17: TSCAI arrival time from 5GC is not needed by RAN for scheduling of TSC traffic pattern [1].
The needs of “message arrival time”
The CNC messages to the 5GS for TSN streams would be transmitted, whenever the traffic profile of a Qbv-TSN-stream is changed.  Typically, a CNC message would be sent when the control application is reconfigured, e.g. if in a TSN-based production system the controller is updated after a week of production to perform another task. In between, those reconfigurations the TSN traffic is transmitted according to the specification, e.g. a TSN stream is configured, for one week it transmits TSN traffic e.g. one packet per ms, and after a week the TSN traffic profile changes and the CNC indicates to the 5GS-virtual bridge.
Observation-18: In a factory automation case, the updates/changes of bridge configuration from CNC normally are rare. For example, in between two CNC messages send (example 1/week) around 1E8 u-plane packets can be transmitted.
Observation-19: When considering the possibility of providing the gNB with packet arrival time information it should be noted that this information is not applicable to the majority of u-plane packets since it only applies to a specific u-plane packet and is irrelevant to the very large majority of u-plane packets.
Observation-20: Due to the periodic traffic characteristics the arrival time at gNB can be estimated by knowing the periodicity and observing the time instance of the last received packet as reference. The complexity of such an observation based method is seen as having low complexity for gNB implementations.

Proposal-1: To remove the TSCAI burst arrival time from Table 5.27.2-1 in 23.501, 5.27.2.
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