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* * * First Change * * * *
[bookmark: _Toc22214898][bookmark: _Toc23254031][bookmark: _Toc97103544][bookmark: _Toc100745495][bookmark: _Toc101168753][bookmark: _Toc112909524][bookmark: _Toc112910023][bookmark: _Toc137640722][bookmark: _Toc97103551][bookmark: _Toc100745502][bookmark: _Toc101168760][bookmark: _Toc112909531][bookmark: _Toc112910030][bookmark: _Toc137640729]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[xa]	ISO/IEC 14496-10:2022: "Information technology — Coding of audio-visual objects — Part 10: Advanced video coding"
[xb]	ISO/IEC 23008-2:2015: "Information technology — High efficiency coding and media delivery in heterogeneous environments — Part 2: High efficiency video coding"
[xab]	3GPP TR 26.948: "Study on video enhancements in 3GPP multimedia services"
[xc]	HTTP Live Streaming (HLS) Authoring Specification for Apple Devices, https://developer.apple.com/documentation/http_live_streaming/http_live_streaming_hls_authoring_specification_for_apple_devices
[xd]	Samira Afzal, Vanessa Testoni, Christian Esteve Rothenberg, Prakash Kolan, Imed Bouazizi, “A holistic survey of multipath wireless video streaming”, Journal of Network and Computer Applications, 212: 103581 (2023)
[xe]	ISO/IEC JTC1/SC29/WG11 N16051, "SHVC verification test report", February 2016, San Diego, USA.
[xf]	ISO/IEC JTC1/SC29/WG11 N16268, "Supplemental SHVC verification test report", June 2016, Geneva, CH.
* * * Next Change * * * *
5.x	Scenario #3: Optimising multi-bitrate delivery
[bookmark: _Toc97103552][bookmark: _Toc100745503][bookmark: _Toc101168761][bookmark: _Toc112909532][bookmark: _Toc112910031][bookmark: _Toc137640730]5.x.1	Overview
New video codecs have potential to assist further in optimising multi-bitrate delivery applications such as video conferencing, or adaptive streaming, and may also provide additional benefits to end user devices, such as power adaptation. One specific target of optimization is the storage space savings achieved by employing scalable video.
5.x.2	Review of previous work
[bookmark: _Toc137640738][bookmark: _Toc112909630][bookmark: _Toc112910141]SA4 has studied SHVC in TR 26.948 [xab] in 2015, there are however possibility of exploring new scenarios since that time that will be pursued here.
5.x.3	Evaluation criteria and methodology
1. Assessment/discussion of hardware impact: there are two possibilities for this:
a. There is existing hardware product-grade support for the tool. In that case, refer to the example hardware.
b. There is no existing hardware support. In this case, a discussion/description with justifications on the expected impact on hardware implementation is provided, or reference to existing demos etc.
2. Codec performance evaluation
a. The performance evaluation of positive impact on streaming will be determined by the savings of storage space w.r.t. conventional streaming with similar quality. Calculations are to be done on representative scenario for adaptive streaming.


* * * Next Change * * * *
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc97103560][bookmark: _Toc100745511][bookmark: _Toc101168769][bookmark: _Toc112909540][bookmark: _Toc112910039][bookmark: _Toc137640732]6.0	Mapping of Solutions to Scenarios
Table 6.0-1: Mapping of Solutions to Scenarios
	Solution #
	Solution Title
	Scenario(s)

	#3.1
	Scalable HEVC coding
	#3

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



* * * Next Change * * * *
[bookmark: _Toc137640733][bookmark: _Toc43336526][bookmark: _Toc43708080][bookmark: _Toc43708154][bookmark: _Toc43708230][bookmark: _Toc44670856][bookmark: _Toc50380990][bookmark: _Toc54626593][bookmark: _Toc57124740][bookmark: _Toc57618610][bookmark: _Toc97103561][bookmark: _Toc100745512][bookmark: _Toc101168770][bookmark: _Toc112909541][bookmark: _Toc112910040][bookmark: _Toc43336528][bookmark: _Toc43708082][bookmark: _Toc43708156][bookmark: _Toc43708232][bookmark: _Toc44670858][bookmark: _Toc50380992][bookmark: _Toc54626595][bookmark: _Toc57124742][bookmark: _Toc57618612]6.yc	Solution #3.1: Scalable HEVC coding
[bookmark: _Toc97103562][bookmark: _Toc100745513][bookmark: _Toc101168771][bookmark: _Toc112909542][bookmark: _Toc112910041][bookmark: _Toc137640734]6.yc.1	Introduction
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 [xc], while augmenting some or all of these bitstreams with 1 (preferably) or more enhancement layers.
Looking further in the future, in recent years new network protocols [xd] 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.
[bookmark: _Toc97103563][bookmark: _Toc100745514][bookmark: _Toc101168772][bookmark: _Toc112909543][bookmark: _Toc112910042][bookmark: _Toc137640735]6.yc.2	High-level Description
6.yc.2.1	Overview using scalable HEVC for adaptive streaming
[bookmark: _Toc137640739]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.  
6.yc.3	Evaluation
6.yc.3.1 Assessment/discussion of hardware impact
The difference of HEVC and SHVC implementation is a high-level employing same low level coding tools, hence the hardware impact on implementations is manageable.
6.yc.3.1 Performance evaluation
Based on the representative scenario evaluation, using the scalable streams save 23% of the otherwise required additional storage. Finally, some information about the performance of SHVC in different application scenarios is documented in [xe] and [xf].
* * * End of Changes * * * *


