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[bookmark: _Hlk513714389]Abstract of the contribution: The TSCAI for an aggregated set of TSN Streams belonging to the same TSN traffic class can be calculated using Per-Stream Filtering and Policing (PSFP). In this contribution we show that it is possible to perform such calculations and that the TSCAI for this aggregated set of TSN Streams can be mapped into a single QoS flow. 
1. Calculation of TSCAI for aggregated TSN Streams using Per-Stream Filtering and Policing (PSFP)
Introduction
The discussion paper S2-1909405, which was Noted in SA2 meeting #135, reported the possibility to extract TSCAI parameters of a TSN Stream using PSFP. This contribution is intended to extend the same concept for multiple TSN Streams that belong to the same traffic class. Moreover, the relevant PSFP parameters needed for such calculation and for adoption at the ingress ports (i.e., DS-TT and NW-TT ports) are presented. We also introduce the calculation of traffic pattern parameters using specific PSFP parameters that are the basis to determine the TSCAI both for a single TSN Stream or an aggregated flow of multiple TSN Streams.
TSCAI calculation for an aggregated set of TSN Streams
If multiple TSN Streams are to be carried by a QoS Flow, the traffic pattern of the aggregate of TSN Streams belonging to a certain traffic class in a PDU session can be the basis of the TSC assistance information for RAN resource optimization. In this case, the first task is to select and identify those TSN Streams that will belong to the same QoS flow in the PDU session, which is out of the scope for this contribution. The second task is to map the PSFP gating information (at ingress port) of all TSN Streams into a TSCAI for a single QoS flow. Note that TSN AF is responsible for calculating the traffic pattern parameters directly from the received PSFP parameters, and the SMF will determine the TSCAI based on these parameters.
A way to calculate the traffic pattern in a QoS flow belonging to a PDU session can be performed by applying a temporal superposition of PSFP gate schedule information of TSN streams that belong to a common TSN traffic class (see Figure 1). Note that in PSFP, the filtering can be based on both priority/traffic class and TSN Stream ID. The idea of this superposition is illustrated in the example shown in Figure 1. The PSFP gating information of every TSN stream (open gates are represented as timeslots in the example) are placed cyclically up to the size of the corresponding 802.1Qbv cycle size of the corresponding traffic class and egress port.  The reason to choose the 802.1Qbv gate cycle time as a base for the calculations in Figure 1 is to ensure that all streams will fit with their complete cycles (in some cases more than one cycle will fit). 
As shown in Figure 1, by applying superposition, there is a resulting traffic pattern within the 802.1Qbv gate cycle time. Then, traffic pattern characteristics such as message arrival time and periodicity can be extracted. Message arrival time and periodicity are part of TSCAI.
Moreover, since PSFP is targeted to ingress ports, the flow direction can also be calculated as part of the TSCAI of the aggregated TSN Streams. Hence, if the PSFP information is targeted to a DS-TT port, then the flow direction is UL. If the PSFP information is targeted to a NW-TT port, then the flow direction is DL. 
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[bookmark: _Ref10107617]Figure 1. Superposition of PSFP gate scheduling information of multiple TSN Streams to be aggregated in a single QoS flow
PSFP parameters
Assumption:  there is a single filter and single gate per TSN Stream. 
Note that the following parameters are mainly needed for TSCAI calculations. They also can be distributed to the DS-TT and NW-TT to implement the filtering and policing at the ingress port (i.e., if a frame is received outside of the Open gate interval, then it must be dropped).
In Figure 2, an illustrative diagram shows relevant PSFP parameters.
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Figure 2. Relevant PSFP parameters illustrated.
Stream Filter Instance Table parameters (Table 12-32, IEEE 802.1Q): 
StreamHandleSpec: Stream ID 
PrioritySpec: Priority
StreamGateInstanceID: Gate ID
Stream Gate Instance Table parameters (Table 12-33, IEEE 802.1Q):
PSFPAdminControlList: Sequence of gate control entries (PSFPGateControlEntry)
PSFPGateControlEntry: composed by PSFPgateStatesValue, IPV value, timeIntervalValue
PSFPgateStatesValue: Gate state Open or Closed
IPV value: value set to zero to denote that the frame priority is used to determine the traffic class
timeIntervalValue: Time interval of the gate state in nanoseconds
PSFPAdminCycleTime: cycle size
PSFPAdminBaseTime: starting time 
PSFPTickGranularity: represents the minimum time granularity that the bridge can handle in nanoseconds
TSCAI calculations using PSFP parameters
Periodicity Calculation
Periodicity of a TSN Stream is the equal to PSFPAdminCycleTime. For multiple flows, if they have the same periodicity then the aggregated periodicity is PSFPAdminCycleTime. If not, then the periodicity is 802.1Qbv’s AdminCycleTime for the corresponding traffic class and egress port. 
Arrival Time Calculation
Figure 3 shows an illustrative diagram useful to determine the Arrival time based on PSFP parameters.
Burst arrival time of a TSN Stream at the ingress port is calculated based on the following conditional:
If the PSFPgateStatesValue is Closed for the first timeIntervalValue, then the Arrival time is equal to PSFPAdminBaseTime plus the first timeIntervalValue (see Figure 3(a)). If the PSFPgateStatesValue is Open for the first timeIntervalValue, then the Arrival time is equal to PSFPAdminBaseTime (see Figure 3(b)). 
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Figure 3. Arrival time calculation using PSFP parameters: (a) calculation when the first PSFP gate in the cycle is closed, (b) calculation when the first PSFP gate in the cycle is closed.
For aggregated TSN Streams, the arrival time is calculated similarly, but using the interval to the first open gate, regardless of which TSN Stream. 
Flow Direction
Flow direction is calculated based on the following conditionals: 
If the PSFP information is targeted for a DS-TT port, the Flow direction = UL
If the PSFP information is targeted for a NW-TT port, the Flow direction = DL
For aggregated TSN Streams, the flow direction of any of the TSN Streams in the group applies to the aggregated flow.
2. Proposals
Proposal 1: The 5GC calculates the TSCAI for single TSN Stream (see paper S2-1909405) or for a set of TSN Streams based on PSFP information received from the TSN system according to standard IEEE 802.1Q. TSN AF calculates the traffic pattern parameters of the flow (single TSN Stream or aggregated TSN Streams) based on PSFP parameters, and the SMF uses these parameters to determine the flow’s TSCAI.
Proposal 2: The 5GC maps a single TSCAI for aggregated TSN Streams into a QoS flow, as long as the TSN Streams belong to the same traffic class.
Proposal 3: Specify the calculation of the traffic pattern parameters for single TSN Streams and for an aggregation of multiple Streams using PSFP parameters.
Proposal 4: Add relevant PSFP parameters to the Port Management Information container, such that DS-TT and NW-TT can emulate PSFP. 
Proposal 5: Note the assumption that there is a single PSFP filter linked to a single PSFP gate, and every PSFP filter specifies a unique Stream ID value.
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