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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"
[ya]	3GPP TR 26.905: "Mobile stereoscopic 3D video".
[yb]	3GPP TS 26.247: "Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH)".
[yc]	3GPP TS 26.244: "Transparent end-to-end packet switched streaming service (PSS); 3GPP file format (3GP)".
[yd]	3GPP TS 26.214: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and interaction".
[ye]	3GPP TS 26.218: "Virtual Reality (VR) profiles for streaming applications"
[yf]	3GPP TS 26.347: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs"
[xc]	Vetro, Anthony. "Frame compatible formats for 3D video distribution." In 2010 IEEE International Conference on Image Processing, pp. 2405-2408. IEEE, 2010.
[xd]	Hannuksela, Miska M., Ye Yan, Xuehui Huang, and Houqiang Li. "Overview of the multiview high efficiency video coding (MV-HEVC) standard." In 2015 IEEE International Conference on Image Processing (ICIP), pp. 2154-2158. IEEE, 2015.
[xe]	ISO/IEC JTC1/SC29/WG11 MPEG2011 M22746, "AVC/MVC anchor coding for MFC", November 2011, Geneva, Switzerland.
[xf]	ISO/IEC JTC1/SC29/WG11 N16050, "MV-HEVC Verification Test Report", San Diego, US, Feb. 2016.
[aa]	ISO/IEC 14496-15:2022, "Information technology — Coding of audio-visual objects — Part 15: Carriage of network abstraction layer (NAL) unit structured video in the ISO base media file format"
[ab]	"HTTP Live Streaming (HLS) authoring specification for Apple devices," https://developer.apple.com/documentation/http-live-streaming/hls-authoring-specification-for-apple-devices
[ac]	"ISO Base Media File Format and Apple HEVC Stereo Video Format additions," Version 0.9 (Beta) June 21, 2023
[ad]	"Apple HEVC Stereo Video," Interoperability Profile Version 0.9 (Beta) June 21, 2023

* * * Next Change * * * *
5.x	Scenario #1: Distribution of stereoscopic 3D content
[bookmark: _Toc97103552][bookmark: _Toc100745503][bookmark: _Toc101168761][bookmark: _Toc112909532][bookmark: _Toc112910031][bookmark: _Toc137640730]5.x.1	Overview
There has been renewed interest in the distribution, including streaming, of 3D movie content, as evident by media coverage of recent 3D movie releases. Consumption of stereoscopic 3D video content is expected to rapidly grow given new AR related products beings launched.
5.x.2	Review of previous work
Evaluation of AVC based stereoscopic 3D coding techniques has been done in TR 26.905 [ya] and its normative support has been added for 3GPP DASH in TS 26.247 [ya], the 3GPP file format in TS 26.244 [yc], IMS in TS 26.114 [yd], VR profiles in TS 26.118 [ye], and MBMS in TS 26.347 [yf]. The work done in TR 26.905 [ya] for Rel-11 focused mostly on stereoscopic viewing on TVs, while today's applications have grown far beyond these, given especially advancements in AR devices. Also, today's requirements on quality are much higher owing to higher quality displays and the available channel capacities. Frame packing is not sufficient because of the detrimental impact on quality, as noted in TR 26.905 [ya]: using frame sequential or side by side packed full resolution is not as efficient as multiview based coding.
With the established support for MV-AVC in 3GPP SA4 specifications, an assessment needs to be done to upgrade the support for multiview coding using MV-HEVC with its superior coding performance.
[bookmark: _Toc137640738][bookmark: _Toc112909630][bookmark: _Toc112910141]5.x.3	Evaluation criteria and metrics
The evaluation for the HEVC Multiview profiles for the distribution of stereoscopic 3D content needs to be performed based on the following evaluation criteria.
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. Objective performance evaluation: e.g. PSNR-based Rate-Distortion (RD) performance evaluation, where the RD performance is compared for various solutions. A better PSNR-based RD performance is preferred, keeping in view the expected hardware complexity impact.
b. Subjective performance evaluation.

5.x.4	Evaluation methodology
Editor's note: How evaluation is performed to assess the evaluation criteria is FFS.
* * * 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)

	#1.1
	HEVC simulcast
	#1

	#1.2
	Multiview HEVC coding
	#1

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



* * * Next Change * * * *
6.ya	Solution #1.1: HEVC simulcast
6.ya.1	Introduction
HEVC simulcast is considered as a baseline solution to addresses Scenario#1.
6.ya.2	High-level Description
6.ya.2.1	Overview MV-HEVC
This baseline solution uses two independent High Efficiency Video Coding (HEVC) [xb] streams to transport the left- and right-eye view of the stereoscopic content. It represents a baseline or reference scenario that does not exploit any redundancy of the views during coding. Based on this fact that this simplistic solution does not optimize the performance, and due to its impacts that are noted in later in the evaluation, it is never practically used and is documented for reference/benchmark purpose only.
6.ya.2.2	Transport of HEVC Simulcast
As noted in the overview, this solution is relevant for benchmark/reference purpose only and is not deployed, hence there is no existing support for its transport.
6.ya.3	Evaluation
6.ya.3.1 Assessment/discussion of hardware impact
This solution would require two independent video decoders, each to decode a given view, and hence it requires twice as much hardware for decoding as for a single 2D video stream.
6.ya.3.2 Codec performance evaluation based on existing results
Subjective evaluation results using this technique as a reference to compare with 8-bit MV-HEVC are documented in [xf].
* * * 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 #1.2: Multiview HEVC coding
[bookmark: _Toc97103562][bookmark: _Toc100745513][bookmark: _Toc101168771][bookmark: _Toc112909542][bookmark: _Toc112910041][bookmark: _Toc137640734]6.yc.1	Introduction
This solution addresses Sceanrio#1.
[bookmark: _Toc97103563][bookmark: _Toc100745514][bookmark: _Toc101168772][bookmark: _Toc112909543][bookmark: _Toc112910042][bookmark: _Toc137640735]6.yc.2	High-level Description
6.yc.2.1	Overview MV-HEVC
The Advanced Video Coding (AVC) (H.264) [xa] and the High Efficiency Video Coding (HEVC) (H.265) [xb] standards were initially intended for the compression of two-dimensional (2D) video. Multi-view extensions for HEVC were then developed, referred to as Multiview Video Coding (MVC) and Multiview HEVC (MV-HEVC) [xb][xd], respectively. The fundamental principle of both MVC and MV-HEVC is to re-use the coding tools of the underlying 2D AVC and HEVC coding respectively, so that implementations can be realized by software changes to high-level syntax in the slice header level and above [xd]. For the case of HEVC, multiview profiles exist for coding both 8- and 10-bit content.
As a reference, MVC has been studied in detail in TR 26.905 [ya] and its normative support has been added for 3GPP DASH in TS 26.247 [ya], the 3GPP file format in TS 26.244 [yc], IMS in TS 26.114 [yd], VR profiles in TS 26.118 [ye], and MBMS in TS 26.347. MVC does not currently support the encoding of 10-bit content.
[bookmark: _Toc137640739]6.yc.2.2	Transport of MV-HEVC
6.yc.2.2.1	Carriage in ISO BMFF
The carriage of MV-HEVC is specified in detail in [aa] as one of the "Layered HEVC ((L-HEVC) extensions", including SHVC, MV-HEVC, and 3D-HEVC. Clause 9 of [aa] specifies this L-HEVC elementary stream and sample definitions.
6.yc.2.2.2	Adaptive Streaming
Encoding and encapsulation guidelines for MV-HEVC in HTTP Live Streaming (HLS) are documented in [ab]. Currently, the following recommendations are currently provided for resolutions, bitrates and framerates for both SDR and HDR MV-HEVC content:
	16:9 aspect ratio
	MV-HEVC SDR 30 fps
	MV-HEVC HDR 30 fps
	Frame rate

	640 x 360
	246
	272
	≤ 30 fps

	768 x 432
	510
	612
	≤ 30 fps

	960 x 540
	1020
	1241
	≤ 30 fps

	960 x 540
	1530
	1853
	≤ 30 fps

	960 x 540
	2720
	3281
	Same as source

	1280 x 720
	4080
	4930
	Same as source

	1280 x 720
	5780
	6936
	Same as source

	1920 x 1080
	7650
	9180
	Same as source

	1920 x 1080
	9660
	11900
	Same as source

	2560 x 1440
	13770
	16490
	Same as source

	3840 x 2160
	19720
	23630
	Same as source

	3840 x 2160
	28560
	34000
	Same as source



6.yc.3	Evaluation
Editor's note: Further work on evaluation is FFS.
6.yc.3.1 Assessment/discussion of hardware impact
Support for the multiview profiles of HEVC mostly involves SW level modifications since the support of multiview coding only involves high-level syntax signalling and coding tool considerations [xd].
6.yc.3.2 Codec performance evaluation based on existing results
The objective performance results of MV-HEVC video coding vs. MVC (AVC-based multi-view) for 8-bit coding are documented in [xe], while subjective results also including Simulcast HEVC (each view is coded independently) are documented in [xf]. Although no formal evaluation exists for the Multiview Main 10 profile of MV-HEVC it is expected that it’s performance should be similar to what is demonstrated for 8-bit content.
* * * End of Changes * * * *

