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Editor’s note:	This clause collects end-to-end scenarios and corresponding workflows for beyond 2D video, based on the template defined in Annex A. 	Alignment with the generalized media delivery architecture defined in TS 26.501/506 is expected, primarily addressing reference points M2 and M4. 
6.X	B2DV Streaming use Case
6.X.1 Scenario name
Streaming of Beyond 2D Produced Content
6.X.2  Motivation for the scenario
Streaming is currently one of the most popular ways to deliver content. In addition to the traditional 2D experience delivery, volumetric content can enable new experiences. 3D capturing for production is relatively well established. In addition, the delivery of volumetric representations in apps and in media broadcasting cases are emerging. This opens up new use cases but also challenges to receiver devices and networks as the volume of data is increased.  Finally, volumetric representations, when used as a distribution format, pose new interoperability challenges. 

[bookmark: _GoBack]Brazilian SBTVD Forum has adopted volumetric video for inclusion in their TV 3.0 standards [xxBra] (support will not be mandatory in all receivers; focus on content distribution over the Internet and consumption on smartphones and HMDs). TV3.0 services are planned to be launched in 2025 [xxBra].
In Europe, DVB is running a study mission on volumetric video and first results are published Study Mission Report S101 [xxDVB].
6.X.3 Description of the scenario 
6.X.3.0 General 
This scenario envisions end-to-end delivery of one to many receivers of beyond 2D visual content with specific features such as free viewpoint, immersion in virtual worlds and different rendering options. 
In this case the source generates a beyond 2D video recording such as a volumetric recording. The content is then converted in a suitable 3D visual format, encoded, and then prepared for streaming. At the receiver the 3D visual format is retrieved and then used in combination with rendering techniques to complete the user experience. 
6.X.3.1 Use case features 
In this scenario a user receives a stream, then enables free viewpoint viewing and/or stereoscopic rendering. 
Typically professional production equipment is used, but in some cases some mobile devices might be used to capture the content.
With professional equipment it may be possible to deliver hologram content or on demand presentations of sports with free viewpoint interactivity options. 
In addition some use cases may enable 3D viewing without glasses 
6.X.3.2 Capturing and processing
Setups may include camera rigs to capture beyond 2D video, but these visuals may also be generated using computer graphics interfaces or computer aided design systems. In addition, simple depth or volumetric reconstruction may happen at user devices. 
The processing may include complex or simple methods for reconstructing 2D or 3D information that tends to be based on computer vision. 
6.X.3.3 Encoding	
MPEG V3C is one potential encoding mechanism that can be used to encode such media, with the key benefit that this encoding uses existing video codecs. This will make it relatively easier to roll it out and adopt it in real world settings. For this scenario the encoding time may vary, from low delay for live cases (e.g. up to 20 seconds) to much longer in some on-demand cases.
6.X.3.4 Packaging and delivery
Volumetric media content may be delivered as multiple visual streams and metadata. In addition, it can be packaged using specific bindings for V3C such as based on RTP or the ISO Based media file format. Ideally different delivery methods can be used such as 5G Media streaming, regular streaming without 5G support (DASH/HLS) or even some specific proprietary schemes. 
6.X.3.5 Decoding 
Decoding latency should be low (up to 2 seconds max) in order to achieve immersive interaction, to achieve this it is recommended to use hardware accelerated decoding available on existing devices.
6.X.3.6 Rendering
To enable efficient rendering, it is preferred to make use of existing rendering hardware and existing rendering technologies commonly available on devices. 
This could typically be based on OpenGL as developed by Khronos or other API to enable hardware accelerated rendering.
6.X.3.7 General constraints on latency, bandwidth, reliability and complexity
In this scenario, bandwidths up to 40 Mbit should be considered. 
In this scenario, bandwidths up to 100 Mbit may be considered.
In this scenario, latency at the encoder is potentially unbounded for on-demand cases. 
For live cases typically up to 20-30 seconds of latency should be considered. 
In this scenario, combined latency in the transmission and decoder should typically be 5-40 seconds as to be in par with current streaming services. 
This scenario typically requires reliable transmission as formats may not be resilient to data losses in the network.
This scenario has medium complexity, most complexity is at the source that may be professional installation.
6.X.4 Supporting companies and 3GPP members 
Nokia, Philips, Interdigital
6.X.5 Source format properties
a. TBD
6.X.6  Encoding and decoding constraints and settings
a. TBD
6.X.7 Performance Metrics and Requirements
In this scenario the images at the source may be different from the images rendered by receiver. Therefore the performance measurement should happen after processing and compare the input to the encoder to the output of the decoder pre-rendering. 
Therefore full reference image based metrics may not be applicable.
One metric type that may be used is the point-to-point metric, i.e. a full reference metric for volumetric content based on comparing points in the original and received volumetric representation.

6.X.8 Interoperability Considerations for the application
6.X.8.1 Streaming with DASH/HLS/CMAF 
Specific bindings have been developed for ISO BMFF and DASH, metadata tracks may be used to carry additional metadata for transmission using DASH or HLS.
6.X.8.2 RTP based delivery
Specific RTP bindings may be available if needed for this scenario when DASH based delivery is not sufficient. 
6.X.9 Test Sequences
Will be provided in a later stage
6.X.10 Detailed test conditions
      Will be provided in a later stage
6.X.11 External Performance data
TBD
6.X.12 Additional Information
       TBD
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