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1 Overview
The results of the SA4 Study on 5G Video Codec Characteristics (FS_5Gvideo), which was documented in TR 26.955, showed that the HEVC coding standard demonstrated satisfactory performance to fulfil existing video service needs. It also recommended that "3GPP consider upgrading specifications to support profiles, levels, and possibly features available in HEVC. Features may include better support for screen content and computer-generated content, XR/AR type of services, as well as low and very low latency services." There hasn't been work done in SA4 after this study to include such new features, while significant advancements have been made in services and applications that would benefit from them. Some of these are outlined in the following. This study aims to define these emerging applications for video coding, gather evidence that specific new tools can provide advantage for specific services and applications, and conclude on these aspects.

1.1 Multiview/Stereoscopic 3D content
In the past two years there has been renewed interest in the distribution, including streaming, of 3D movie content, as evident by media coverage of recent 3D movie releases. Support for the multiview profile of HEVC mostly involves SW level modifications since this is a high-level coding tool. Multiview coding is commonly compared with either frame packing solutions or simulcast delivery of the two views (i.e. each view is coded independently). The objective performance of MVC, the multiview extension of the AVC standard, vs. AVC coded frame packed video is documented in [1]. On the other hand, both the objective and subjective performance of MV-HEVC, the multiview extension of HEVC, vs both MVC and Simulcast HEVC are documented in [2]. 

1.2 4:4:4
There is considerable interest in the distribution of 4:4:4 video, especially for applications such as screen sharing, gaming, and even for new immersive applications that utilize the new V3C family of standards. The use of 4:4:4 may also reduce some of the artifacts introduced during chroma downsampling and upsampling for low delay HDR applications [4]. On the other hand, there is already considerable device support for HEVC 4:4:4 capable profiles. The performance evaluation results of HEVC 4:4:4 coding vs AVC 4:4:4 coding are documented in [3].

1.3 Scalable Video
Several video coding standards and technologies, such as AVC and HEVC, include scalable extensions, which enable these technologies to provide “flexible” experiences to end users, such as allowing spatial, SNR, or bitdepth scalability. It is claimed that such functionalities can reduce the bitrate/storage needed by certain applications that may require multiple instances of the same video to be available to the end-user, e.g. in a multi-conferencing scenario simultaneously supporting multiple heterogeneous devices and networks. It has been argued, however, that such solutions have little benefits, if any, while adding a lot in terms of complexity, compared to existing solutions for adaptive streaming, such as Dynamic Adaptive Streaming over HTTP (DASH) and HTTP Live Streaming (HLS). 

Such statements seem to be mostly based on the assumption that scalable coding would completely replace the existing adaptive streaming solutions. Instead, a more plausible alternative could be the use of scalability as a way of augmenting adaptive streaming systems by still using a solution with multiple independent bitstreams encoded at different bitrates and resolutions [5], while augmenting some or all of these bitstreams with 1 (preferably) or more enhancement layers. An example is shown in Table 1, where a scalable layer is introduced when a change of resolution occurs from one stream to the next.
[bookmark: _Ref135136139]Table 1. Example Bitrate ladder for a Scalable Adaptive Streaming solution
	Streams
	16:9 aspect ratio
	HEVC (base layer)
	Enhancement layer
	Frame rate

	R1
	640 x 360
	145
	77.5 at 768 x 432
	≤ 30 fps

	R2
	768 x 432
	300
	150 at 960 x 540
	≤ 30 fps

	R3
	960 x 540
	600
	
	≤ 30 fps

	R4
	960 x 540
	900
	
	≤ 30 fps

	R5
	960 x 540
	1600
	400 at 1280 x 720
	Same as source

	R6
	1280 x 720
	2400
	
	Same as source

	R7
	1280 x 720
	3400
	550 at 1920 x 1080
	Same as source

	R8
	1920 x 1080
	4500
	
	Same as source

	R9
	1920 x 1080
	5800
	1150 at 2560 x 1440
	Same as source

	R10
	2560 x 1440
	8100
	1750 at 3840 x 2160
	Same as source

	R11
	3840 x 2160
	11600
	
	Same as source

	R12
	3840 x 2160
	16800
	
	Same as source



An advantage that this could introduce is that this could considerably reduce the storage required to support the additional intermediate bitrates that the enhancement layers could result in. In the above example, if additional streams would be introduced, that would increase bitrate requirements by 23.4Mbps, an increase of ~30% in storage compared to the current number of streams, while scalability would only require ~4Mbps, an increase in storage of only ~7%. Alternatively, a service may decide to convert some of the existing bitstreams to enhancement layers and save on storage, while retaining the content instead of phasing them out from their service a bit too early. Even if storage is becoming cheaper, deploying new storage systems can be quite expensive while such storage is preferred to be used to store new content. 

In addition to storage savings, encryption/decryption complexity may also be reduced. It would be sufficient to only encrypt the base layer signals and not the enhancement layers, which would reduce the overall complexity of decrypting the video on the client. 

Looking further in the future, in recent years new network protocols [6] are being discussed for the delivery of media and other services, such as QUIC and Multipath QUIC (MP-QUIC). Scalability can even better fit within such new protocols since it could better enable prioritization and delivery of different packets (i.e. the protocol could handle differently the base layer versus the enhancement layer or layers) with less waste in bandwidth. 

Other benefits of scalability include power adaptation, simultaneous support of multiple screens with different capabilities (e.g. resolution, SDR vs HDR etc.). Scalability can be especially useful for multi-conferencing applications. On the other hand, the implementation cost of supporting scalable systems based on the Scalable HEVC profiles can be considered as minimal since that mostly involves SW level modifications in end devices because of its design. 

Finally, some information about the performance of SHVC in different application scenarios is documented in [7] and [8].

2 Proposal
It is proposed to conduct a study on this matter and feedback from the group is sought.
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