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Discussion
[bookmark: _Hlk150231671]A new study item FS_5G_RTP_Ph2 was approved (SP-240482) at SA#103. One of the objectives of the study is:
A. Document the following Key Issues in more detail, and in particular how they relate to RTP and RTCP for WebRTC and IMS-based XR services:
10. Enhancements of RTP header extension for PDU Set marking. In TS 26.522, an RTP header extension for PDU Set marking is specified. Additional enhancements may be considered, namely: 1) The definition of a default value for PDU Set Importance for the case when it is not specified by the sender. 2) Guidelines for an AS that is on the media path between two or more UEs, (e.g., an MRF or MCU). 3) Study the applicability of the PDU Set concept for the cases where the PDU Set is not a video frame or slice (e.g., an HEVC tile, metadata, audio, text, image, etc.)

This contribution presents a solution for the related key issue described in S4-240656.
· Whether and how to apply PDU Set marking to non-video data: metadata, audio, text, image.
· Whether and how to apply PDU Set marking to picture partitioning constructs other than slices such as tiles.

In the Rel-18 work, it was mainly assumed that the PDU Set framework is applied to PDU Sets comprising either video frames or slices. However, the PDU Set definition in TS 23.501 does not limit a PDU Set to be a video frame or slice:
· PDU Set: One or more PDUs carrying the payload of one unit of information generated at the application level (e.g. frame(s) or video slice(s) etc. for eXtended Reality (XR) Services). All the PDUs of a PDU set are transmitted within the same QoS Flow.
Within a PDU Set, all PDUs are assigned the same priority ranking denoted as the PDU Set Importance (PSI). When a PDU Set is defined as a video frame, it is not possible for a sender to indicate different priority for subregions of a picture, This is particularly important for immersive media use cases, where it could be beneficial to assign different importance to different regions of a picture, e.g., depending on content saliency and user’s viewing direction. Viewport-dependent streaming (VDS) techniques may transmit only certain regions of, e.g., an omnidirectional picture or transmit these regions with higher quality than the background to reduce the bandwidth usage. Although a PDU Set can be defined as a video slice, it has been shown that slices are not very suitable for use in VDS. Consequently, in a VDS scenario, it is currently not possible for a sender to indicate different PSI values, e.g. for the regions corresponding to the user’s viewport.
New generation of video codecs such H.265/HEVC allow spatially partitioning a picture into different constructs like tiles.
Tiles are independently decodable rectangular regions of a picture that are encoded with some shared header information. The initial motivation behind the development of HEVC tiles was to increase the capability for parallel processing rather than provide error resilience like slices. However, use cases for immersive media in recent years demonstrated that tiles can also be used for spatial random access to different regions of a picture. This feature makes tiles suitable for use in viewport-dependent delivery of immersive media. 
If the network uses PSI-based discard and PDU Sets are marked as tiles by the application, it might be sufficient for the network to discard only the tiles corresponding to non-viewport regions of immersive video to alleviate the congestion. The discarded PDU Sets (carrying tiles) may have little to no impact on the user experience, since they would likely belong to the background, i.e., to the areas that would be anyway not visible to the user at that time point. This may also lead to an improved congestion state.

Proposal
A solution for the key issue (described in S4-240656) on “Applicability of the RTP header extension for PDU Set marking to different PDU Set types” is proposed for incorporation into TR 26.822.

========================= CHANGE 1 (all new) ==========================

[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684]6.X	Solution #X: Different PDU Set types to support handling of immersive media
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685]6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses key issue #x on the Applicability of the RTP header extension for PDU Set marking to different PDU Set types.
[bookmark: _Toc500949101]6.X.2	Description
In addition to frames and slices, video PDU Sets can be defined as other sub-picture constructs such as H.265/HEVC tiles.
Such PDU Sets are particularly relevant for immersive media use cases, where it could be beneficial to assign different importance to different regions of a picture, for example depending on content saliency and user’s viewing direction, as in the example of 360-degree video streaming. However, as the usage of tiles is not limited to 360-degree video streaming, the solution may also apply to other kinds of immersive media, such as volumetric video.
This allows a dynamic spatial adaptation of the PSI based on user’s viewport and/or other content-related metadata. Depending on the selected criteria (e.g., the user’s actual viewport), the sender can dynamically modify the PSI for each tile at different time points. Alternatively, the sender may consider a group of tiles as a PDU Set to reduce the number of PDU Sets contained within a picture.
The sender may determine the PSI for the PDU Sets belonging to a region based on the likelihood of that region corresponding to the user’s viewport. For example, if a tile is likely to fall outside the user's viewport, it is assigned a higher PSI for that time point. Hence, it is more likely to be dropped in case of congestion. Later, if it becomes more likely to fall inside the user's viewport, it is assigned a lower PSI.
The figure below shows an example where the left picture is divided into 12x6 tiles and the right picture into 8x4. The blue colur shows the current viewport region, and the grey colour shows the background region. The PSI values assigned by the sender for a given time point are shown inside each tile. When the picture is split into a greater number of tiles (left), the sender may set the viewport center with higher importance and gradually reduce the importance as the distance increases from the viewport center. PSI values for the tiles on the boundaries may be decided depending on the portion of the tile that falls into the viewport. In the example shown on the left, the sender assigns PSI=5, if more than 50% of a tile falls inside the viewport, and PSI=6, if a tile overlaps with the viewport but less than 50% of it falls inside the viewport. Also, the sender may distinguish between the background tiles that are outside but close to the viewport (set to PSI=10 in the example) and the other background tiles that are far from the viewport (set to PSI=15 in the example). With a smaller number of tiles, 8x4 as in the example on the right, the sender can perform the PSI assignment in a coarser manner.
[image: A close-up of a number

Description automatically generated]
Figure x. Example tiling and PSI assignment.

In the current PDU Set handling framework, the network is unaware of what application data unit is marked as a PDU Set by the sender. When sub-picture constructs such as tiles are marked as PDU Sets, it may be beneficial for the network to be aware of the PDU Set type/structure used by the application to adequately configure the scheduling or the PSI-based discard, if it is used. For example, if the network knows that PDU Sets are tiles, the RAN may decide to apply a more relaxed discard mechanism to PDU Sets, knowing that it is not as critical as discarding an entire frame.The PDU Set type can be indicated by the application in the RTP header extension for PDU Set marking or via control plane signalling, for example as an extension to the Protocol Description provided by the AF.
The solution is also suitable for the next generation codec (H.266/VVC) that makes use of a more flexible partitioning mechanism called sub-pictures.
  Contact: Serhan Gül, Saba Ahsan, Gazi Illahi, Igor Curcio, Nokia Technologies, Finland. Emails: ífirstname.lastnameý@nokia.com 
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