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1. Introduction
[bookmark: _Hlk2085767]In RAN2#105, RAN2 sent a LS to SA2 (R2-1902354) indicating that the knowledge of a 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. SA2 has correspondingly specified TSCAI in TS 23.501 (see the latest version V16.3.0).  In this paper, we discuss, from RAN perspective, a need for clarification of burst arrival time defined in TS 23.501.
2. Background 
The CNC computes and schedules the end-to-end transmission for each TSN stream and then transfers the computed schedule to each TSN bridge (e.g. a 5G network acting as a TSN bridge). As part of the schedule computation, the CNC provides each TSN bridge with information that allows for forwarding ethernet PDUs to the next appropriate TSN bridge according to an acceptable time schedule using an appropriate reception time slice. 
The concept of TSN stream aggregation allows a 5G network (e.g. a TSN AF) to identify a set of TSN streams (ethernet PDUs) it receives within a given time slice and that are part of the same traffic class to be aggregated on the same QoS flow for transmission over the radio interface of the 5G network (i.e. using a common MAC PDU sent using a suitable DRB). The aggregation process results in the 5G network identifying TSCAI information (e.g. Burst Arrival time, see Table 1) and QoS flow characteristics that are representative of the aggregated set of TSN flows. The gNB uses this representative information to allocate a DRB resource (e.g. periodic) that is suitable for transmitting all ethernet PDUs corresponding to the aggregated set of TSN streams that are received in a given burst (see Figure 1). 
For the case where TSN stream aggregation is not used a single TSN stream is configured to use a DRB (QoS flow) where one or more ethernet PDUs corresponding to that TSN stream are received by the 5G network within a given burst (time slice). 
[image: https://media.licdn.com/dms/image/C4E12AQFHvnvCy9NrRw/article-inline_image-shrink_1000_1488/0?e=1580342400&v=beta&t=3XrECgAFFtzVd1J9bNedtHjnr74O7QJ__lYKLjX-h54]
Figure 1 – QoS Flows within a PDU Session
3. Discussion
One key TSCAI attribute of value is the Burst Arrival time (see Table 1). A gNB uses Burst Arrival time to determine when it receives payload (e.g. a downlink ethernet PDU) for inclusion in the next periodic instance of the DRB resource used in support of the corresponding TSN stream. 
For the case of TSN stream aggregation it will be beneficial for the Burst Arrival time to indicate when the gNB can expect to have received all the ethernet PDUs of the burst to be included in the next periodic instance of the corresponding DRB resource. For the case of a single TSN stream (i.e. TSN stream aggregation is not used) the same requirement is present as there may be more than one ethernet PDU in every receive interval (time slice) applicable to that TSN stream:
· With this information a gNB will be able to determine the minimum amount of time it will need to complete the construction of the MAC PDU carrying a set of N ethernet PDUs to be sent in the next periodic instance of the corresponding DRB resource. 
· It is better if this information could indicate the end of the time slice used to carry ethernet PDUs for a single TSN stream or for a set of aggregated TSN streams supported using a common DRB resource.
· Knowing an arrival time that corresponds to (a) the end of the time slice instead of to (b) the beginning of the time slice, allows the gNB to use a wider time range in which it can allocate the corresponding DRB resource (i.e. a more efficient use of available radio resources can be realized by the gNB while still meeting the Packet Delay Budget requirement). Hence, aggregation of multiple ethernet PDUs into a single (efficient) NR MAC PDU is enabled.
· If the meaning of Burst Arrival time is not changed as proposed herein, a gNB may have to allocate a DRB resource that starts prior to it having received all ethernet PDUs that are to transmitted using any given instance of that DRB resource.  

Table 1 - TSCAI information (see section 5.27.2 in 23.501)
	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).



The definition of Burst Arrival time provided by TS 23.501 in Table 1 above is not clear. As a matter of fact, in the annex I of TS 23.501 V16.3.0 (also attached in the end of this document), it seems that the arrival time refers to the arrival of the first data in the burst. 
In light of the discussions above, clarification on the burst arrival time is needed. From RAN2 point of view, what matters for the gNB is to know the time for the end of the burst rather than the beginning of the burst. One simple approach is to clarify that the arrival time of the data burst indicates the end of the burst corresponding to a single TSN stream or an aggregated set of TSN streams. A similar clarification to Annex I of TS 23.501 may also be needed. 
We believe such an indication is possible, since the definition can be revised to indicate the arrival time of the first burst plus the time duration when the PSFP gate is open (cf. TS 23.501 Annex I). Nevertheless, the detailed mechanisms are to be discussed in SA2.  
Therefore, in this paper, we propose the need for clarifying the definition of Burst Arrival time and to send a LS to SA2 to request clarification of this definition: 
Proposal 1: 	It is beneficial for RAN to obtain from TSCAI a burst arrival time that refers to the end of the burst rather than the beginning of the burst.
Proposal 2:	RAN2 send SA2 an LS stating “It is beneficial for RAN to obtain from TSCAI a burst arrival time that refers to the end of the burst rather than the beginning of the burst”.


Annex – Annex I of TS 23.501: Determination of traffic pattern information using PSFP
As described in clause 5.27.2, the calculation of the TSCAI relies upon mapping of information for the TSN stream(s) based upon certain information.
The traffic pattern parameter determination based on PSFP (IEEE P802.1Q [98]) is as follows:
-	Periodicity of a TSN stream is set equal to PSFPAdminCycleTime. For aggregated TSN streams with same periodicity, the periodicity is set equal to PSFPAdminCycleTime received from CNC for one of the TSN streams that are aggregated.
NOTE:	Given that only TSN streams that have the same periodicity can be aggregated, the PSFPAdminCycleTime for those TSN streams is assumed to be the same.
-	Burst Arrival time of a TSN stream at the ingress port is determined based on the following conditions:
-	If the PSFPgateStatesValue is Closed for the first timeIntervalValue, then the Arrival time is set to PSFPAdminBaseTime plus the first timeIntervalValue. If the PSFPgateStatesValue is Open for the first timeIntervalValue, then the Burst Arrival time is set to PSFPAdminBaseTime. For aggregated TSN streams, the arrival time is calculated similarly, but using the time interval to the first PSFPgateStatesValue that is Open from the aggregated TSN streams.
-	Flow direction of a TSN stream is determined based on the following conditions:
-	If the PSFP information is targeted for a DS-TT port, the Flow direction is UL. If the PSFP information is targeted for a NW-TT port, the Flow direction is DL. For aggregated TSN streams, the flow direction of any TSN stream in the group is used for the aggregated flow.

Annex – Example:
An example is considered wherein ethernet PDUs corresponding to a single TSN stream or a set of N aggregated TSN streams are limited to being received at the UPF-NW-TT port (example for DL) within a given time slice occurring within each instance of a repeating TSN time cycle: 
· If TSN streams are to be aggregated, TSN AF performs TSN stream aggregation where corresponding ethernet PDUs are received by a UPF-NW-TT in a given sequence on a common UPF-NW-TT port.
· One or more ethernet PDUs belonging to a single stream or an aggregation of streams are received within e.g. a 30us time slice of every 1ms TSN time cycle at the UPF-NW-TT port.
· Per the current definition of the Burst Arrival time the TSN AF determines that “arrival time” reflects the start of the burst containing the first received ethernet PDU (i.e. even though the last ethernet PDU arrives near the end of that same burst).
· If the Burst Arrival time is instead modified to indicate the end of the burst, the gNB can ensure it provides sufficient processing time from the end of the burst until the start of the corresponding periodic DRB resource.
· This change allows the gNB to optimize the processing time starting from the end of the burst until to the start of the DRB resources allocated for transmission of corresponding MAC PDUs (i.e. MAC PDU construction can only start upon gNB reception of all ethernet PDUs targeted for inclusion in the next periodic instance of the corresponding DRB resource).
· If the meaning of “Burst Arrival time” is not changed then insufficient processing time may exist between the end of the burst and the start of the next periodic instance of the corresponding DRB resource (i.e. not all ethernet PDUs common to the same time slice will be transmitted using a common MAC PDU)
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