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Introduction
This discussion paper is regarding the incoming LS from SA2 in S4-210407 (S2-2102014) "LS on hold and forward buffer support for VIAPA services". The topic that SA2 requests input from SA4 is regarding the need for 5GS support for Time Sensitive Communications (TSC) services. As mentioned in the LS, SA2 has discussed whether it can be assumed that professional audio and video production applications can handle and tolerate the occurrence of audio/video samples arriving at the playback device earlier than the expected arrival time (e.g., typical arrival time to be expected based on sampling rate and packetization time). Specifically, SA2 asks SA4 the question:
Whether professional audio and video applications expect the 5GS to de-jitter the traffic (e.g. using a hold/forward buffer) so that audio/video samples do not arrive earlier than the expected arrival time? 
Background
A primary motivation of the SA2 Rel-17 Study Item "FS_IIoT" in SP-2000096 [1] is the integration of 5GS with an IEEE TSN (Time-Sensitive Networking) network and related functionality as specified in IEEE 802.1Qbv [2]. In the context of IEEE 802.1Qbv, a hold-and-forward buffer is necessary to properly enact the end-to-end forwarding schedule of TSN frames as determined by the CNC (Central Network Controller). Without hold-and-forward buffers, Ethernet frames could reach a switch too early and block the head of an egress queue which would result in the wrong Ethernet frames being forwarded at a specific time instance. TR 23.700-20 [3], associated with the FS_IIoT Study, contains a particular solution, "Solution #5: Deterministic QoS for Native 5GS". This solution addresses an issue ("Key Issue #3A") described in that document regarding exposure of deterministic QoS by 5GS to an AF with knowledge of deterministic application requirements and for which IEEE TSN functionality is not deployed, as well as to support the requirements of VIAPA (Video, Imaging and Audio for Professional Applications) as described in TS 22.263 [4]. Key Issue #3 points out the necessary AF/PCF/NEF capabilities, i.e. control plane functionality, to support TSC, but makes no mention of hold-and-forward buffering, or user plane functionality, for deterministic QoS support. An Editor’s Note is currently included in the Solution #5 description: 
"Editor's note:	Whether and how to apply Hold and forward buffers for Ethernet PDU sessions if CNC is not present is FFS."
1 Discussion
For the VIAPA scenarios described in TS 22.263 [4], the need to limit maximum end-to-end delay is obvious (e.g., as described in clause 4.2.1 of that specification). However, the need for hold-and-forward functionality in the context of VIAPA applications is not evident, and there is no Rel-17 requirement for 5GS for providing such hold-and-forward functionality for VIAPA use cases.
Also as mentioned in TS 22.263 [4], audio and video samples in AV production scenarios are typically time-stamped. According to SMPTE ST 2110-10:2017 [5], time stamps support inter-stream synchronization, and also enable the receiver media player to render the samples at the appropriate time. Device receiver buffers (a.k.a. de-jitter buffers for media playout) are typically used at the receiver to hold arriving packets until their processing times are reached.
For many scenarios it is important to keep the de-jitter buffer size small in order to reduce end-to-end delay. The buffer size is primarily a function of the maximum end-to-end delay (dependent on factors including transmission data rate) between sender and receiver, and such delay can already be ensured/supported in 5GS by selecting an appropriate 5QI and a sufficiently low packet delay budget for the AV flows.
It should also be noted that in the context of IEEE 802.1Qbv [2], a hold-and-forward buffer is not used to prevent Ethernet frames from otherwise reaching the receiver too early, but to avoid forwarding the wrong frame by intermediate switches and consequently guarantee meeting the maximum delay for TSN flows.
Furthermore, allowing packets to arrive at the media receiver prior to their decoding and playout time is not only acceptable, it can provide benefits to the media playout. Early arrival of packets at the media receiver can be exploited, for example, to provide Forward Error Correction (FEC) and therefore improve error resiliency. For example, SA4 has developed and specified voice codec and transport technologies (EVS Channel Aware mode and application layer redundancy) that provides in a subsequent packet (e.g., packet N+3) a redundant representation of the voice frame carried in packet N. If packet N is lost in transport, the decoder examines the de-jitter buffer to check if packet N+3 is available and if so, uses the redundant representation to render voice at a quality better than a complete loss of the frame in packet N. Such a scheme would not work or introduce unacceptable latency if all packets are held in the system to prevent early delivery prior to their decoding and playout time at the media receiver.
Although VIAPA applications may not necessarily use SA4 codec technologies, preventing early delivery of packets would prevent applications from using similar FEC schemes to improve error resiliency. Further, this increased network complexity does not bring benefits to VIAPA applications, since VIAPA applications include de-jitter buffering within the application.
2 Summary and Recommendation
Based on the background information in Section 2 and discussion in Section 3, we believe that for VIAPA scenarios,  application layer functionality, specifically the de-jitter buffer at the receiver, can already accommodate network jitter that result in time variability of packet arrivals. Therefore, AV application can be assumed to be capable of handling the earlier-than-expected arrival of AV packets/frames at the receiver. This is turn implies that there is no need to specify additional hold-and-forward buffer functionality for AV production scenarios at the network level (i.e., in 5GS). In addition, as described above, there can be benefits for allowing early arrival of media packets at the receiver.
It is recommended that SA4 sends a reply LS to SA2, in responding to their question, that professional audio and video applications do not expect nor require the 5GS to de-jitter the traffic (e.g., by use of a hold/forward buffer). 
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