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Introduction
The study item description in SP-240479 addresses the following objectives
1. [bookmark: OLE_LINK1]Identify and document beyond 2D formats, that are market-relevant within the next years, generated from established and emerging capturing systems (including cameras for spatial video capturing), contribution, and usable on display technologies (smartphones, VR HMDs, AR glasses, autostereoscopic and multiscopic displays).
Durng SA4#128, several scenarios were defined, that are considered to address the distribution scenarios and evaluation frameworks. However, some of the scenarios already assume a specific Representation Format that seems to be of less relevance initially.
The evaluation framework is important, once Representation formats are defined.
This document focuses on Representation formats and why we need to first discuss Representation formats. The technical report should document efforts in the industry to define representation formats that are beyond 2D. The formats should be discussed with some criteria, all to be documented in the TR.
What I learned over the last few months
2.1	Volucap
I was at the media web symposium in Berlin and attended a few talks, including the one from Volucap (Sven Bliedung von der Heide, Volucap GmbH, Requirements of 5G networks for volumetric videos), which I found highly interesting. Unfortunately, slides are not shared nor at they available in public. Volucap is cited in several of the scenarios that are considered in the study.
Two aspects I consider as relevant:
· The Volucap capture system is primarily built to generate assets digital assets that are then further used in movie production scenarios. It is not built create distribution assets. The latter is not only a matter of use cases, it would also include significant security and privacy aspects. Many of the generated assets are highly protected to be only used in very specific use cases under commercial terms.
· A conceptual 4G/5G study was carried out and the summary is presented here: https://volucap.com/portfolio-items/4g-vs-5g/ - while not very detailed on what actually the used format is about, it clearly shows (and was also mentioned in the talks), that the formats in use for distribution are mesh-based, whereby the density of the mesh depends on the available data rates and is adaptive. The detailed format is proprietary, but used regular video codecs for compression texture atlasses.
DVB Report
The DVB report S101 on Study Mission report on Volumetric Video is a good piece of work summarizing the activities related to volumetric video. However, it is inclusive of any relevant actions in context of interoperability.
"Apple’s" Spatial Video Format
A very clear and relatively simple format for Beyond 2D are stereo images with depth. 
In order to understand the B2D formats, here are some data points
· https://techcrunch.com/2023/12/11/apple-releases-spatial-video-recording-on-iphone-15-pro/
· Spatial Video if 1080p at 30fps
· https://9to5mac.com/2024/01/04/will-the-iphone-16-be-able-to-record-4k-spatial-video/
· Spatial Video with 4K may come
· https://appleinsider.com/articles/24/03/06/capturing-spatial-video-apple-vision-pro-vs-iphone-15-pro
· The spatial video captured is in a square 1:1 format at 2200 pixels by 2200 pixels. It is a near-perfect recreation of the passthrough viewed by the user.
· Some screenshots from video:
[image: A screenshot of a video recording
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· https://developer.apple.com/documentation/avfoundation/avoutputsettingspreset/4172596-mvhevc1440x1440
· Once capture stereo on iPhone 15 and offline postprocess to acquire accompanying depth (using ZoeDepth or similar).
· Meta Quest can record spatial video: https://360rumors.com/quest-3-3d-videos/
· After recording, you’ll see that the video or photo will be captured in side by side format, with a square aspect ratio. Photos will also be side by side but they are stretched vertically, and need to be edited to fix that.
· https://deovr.com/blog/84-record-vr-footage-on-the-meta-quest-3
· The Quest 3 features two cameras that deliver full-color passthrough, allowing users to record content in 4K (2k per eye), using the Meta Quest Developer HUB. 
· The Quest 3's passthrough cameras record footage that is flat 120-100 (possibly 90) degrees.

In an MWS presentation, the simplicity of the format was pointed out.
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Beyond UCG, an ecosystem is developing around this format including movie production, documentaries and live sports.
Volumetric Format Association
The Volumetric Format Association is driving the development of volumetric video as the next revolution for content creation, editing 3D content, distribution of 3D content and creating entirely new ways to tell stories and communicate with each other.
Among others, the VFA defines an end-to-end workflow for Volumetric media as shown below.
[image: ]
Figure 1 Volumetric Format Association Workflow
The workflow is aligned with the 3GPP considerations around a workflow, from production to distribution. VFA also produced a specification, and only the outline is availabe in public here: https://www.volumetricformat.org/specifications. The Volumetric Player Format Specification covers the important aspects of volumetric video processing. Key chapters include over 125 definitions that define volumetric compression, streaming, decompression, and rendering.  It also sets basic “trick-play” requirements for all volumetric player applications, establishes fundamental standards for HTTP streaming from a server to a device, and defines mesh and patch-based compression standards. From the outline and the above diagram some core technologies are:
· Mesh-based representation formats
· HEVC-based encoding
· ISO BMFF/CMAF-based streaming

Beyond the player specification, the VFA is currently working on a Video Description specification, more focussing on providing information to the Representation format on how the data has been produced. Unfortunately no further details are available in public.
 Extensibility
What is also observed, that the representation formats serve as a baseline, but can be extended further with data to support improved rendering. The information may include additional production, capturing and network processing details.   
Beyond 2DV Representation Formats
Based on the discussion above, at least the following based representation formats are identified:
· Stereo Video, potentially extended with depth/disparity information
· Dynamic meshes with texture

And possibly several others.
The Technical Report should document relevant beyond 2D representation formats including the following information:
· Definition of the base format
· Any specification
· Production options of the format
· Rendering of the format
· Typical applications of the format
· Knowledge about support of the format in workflows (tools, etc.)
· Existing test and reference sequences
· Pros of the format
· Cons/Limitations of the format
· Conversion from other formats (lossless, lossy)
· Uncompressed data size
· Known compression technologies
· Typical quality criteria for evaluating the format
· Extensibility of the format
Proposal
Based on the discussion it is proposed to:
· Collect and define Beyond 2D Representation formats in the Beyond 2D study
· Document additional details as proposed in clause 3
· Reference the formats in the considered scenarios
· Potentially communicate with VFA for more details on the Volumetric description format
· Based on the collected information on each Representation format, identify the relevancy.

If agreed, we would work on a more detailed template to describe the formats.
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