

	
TSG-SA WG4 Meeting #125	S4-231536
Goteburg, 21– 25 August 2023	
	CR-Form-v12.0

	PSEUDO CHANGE REQUEST

	

	
	26.966
	CR
	-
	rev
	1
	Current version:
	0.0.1
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	
	Core Network
	



	

	Title:	
	[FS_HEVC_Profiles] On HEVC 4:4:4 coding

	
	

	Source to WG:
	Apple

	Source to TSG:
	S4

	
	

	Work item code:
	FS_HEVC_Profiles
	
	Date:
	28/07/2023

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-18

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	Currently the scenario and solution related to HEVC 4:4:4 is missing in the TR.

	
	

	Summary of change:
	Provides basic documentation related to problem, and the metrics that can be used for evaluation.

	
	

	Consequences if not approved:
	Scenario outlined in the study plan not provided.

	
	

	Clauses affected:
	2, 5.x (New), 6.0, 6.yc (New), 6.yd (New), 6.ye (New)

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	· Added HEVC 4:2:2 solution.


Page 1




* * * 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"
[xc]	Delbracio, Mauricio, Damien Kelly, Michael S. Brown, and Peyman Milanfar. "Mobile computational photography: A tour." Annual Review of Vision Science 7 (2021): 571-604.
[xc]	Delbracio, Mauricio, Damien Kelly, Michael S. Brown, and Peyman Milanfar. "Mobile computational photography: A tour." Annual Review of Vision Science 7 (2021): 571-604.
[xd]	Camera & Imaging Products Association (CIPA) "Production, Shipment of Digital Still Camera January, January-January in 2017," 2016
[xe]	"Smartphones vs Cameras: Closing the gap on image quality," https://www.dxomark.com/smartphones-vs-cameras-closing-the-gap-on-image-quality/
[xf]	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG JVT-I018, "Color format downconversion for test sequence generation," 2003.
[xg]	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG JVT-I019, "Color format upconversion for video display," 2003.
[xh]	ISO/IEC 23008-12:2022: "Information technology - MPEG systems technologies - Part 12: Image File Format".
[xi]	ISO/IEC 14496-12:2022: "Information technology — Coding of audio-visual objects — Part 12: ISO base media file format".
[xj]	"Using HEIF or HEVC media on Apple devices," https://support.apple.com/en-us/HT207022
[xk]	"HEIF Imaging," https://source.android.com/docs/core/camera/heif
[xl]	ITU-T Recommendation T.81: "Information technology; Digital compression and coding of continuous-tone still images: Requirements and guidelines".

* * * Next Change * * * *
5.x	Scenario #2: High quality photography
[bookmark: _Toc97103552][bookmark: _Toc100745503][bookmark: _Toc101168761][bookmark: _Toc112909532][bookmark: _Toc112910031][bookmark: _Toc137640730]5.x.1	Overview
The demand for high quality photography has been and continues to stay a dominating factor in cell phone market growth [xc]. Reports such as [xd] (processed and published by [xe]) have shown in the past that smartphone shipments have been devouring not just point-and-shoot but also high-end DSLR cameras, by closing the gap in image quality. Additional encoding tools are needed to progress further in achieving even higher image quality.
5.x.2	Review of previous work
[bookmark: _Toc137640738][bookmark: _Toc112909630][bookmark: _Toc112910141]JPEG-based still image [xl] support is provided in SA4 specifications, and suitable extensions to attain an even higher quality are explored in this scenario.
5.x.3	Evaluation criteria and metrics
The evaluation for high quality image encoding tools shall be done 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.

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)

	#2.1
	HEVC 4:2:0 coding
	#2

	#2.2
	HEVC 4:2:2 coding
	#2

	#2.3
	Native 4:4:4 coding - HEVC Main 4:4:4 profiles
	#2

	#2.4
	Derived 4:4:4 coding - Layered use of HEVC 4:2:0 profiles
	#2

	
	
	

	
	
	

	
	
	

	
	
	



* * * 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 #2.1: HEVC 4:2:0 coding
[bookmark: _Toc97103562][bookmark: _Toc100745513][bookmark: _Toc101168771][bookmark: _Toc112909542][bookmark: _Toc112910041][bookmark: _Toc137640734]6.yc.1	Introduction
This solution of using 8 and 10 bit HEVC [xb] 4:2:0 coding, depending on the source material, is the baseline solution for scenario#2. Such solution is already widely deployed, typically using the HEIF format [xh]. 10-bits are also used to support High Dynamic Range (HDR) and Wide Colour Gamut (WCG) formats.
[bookmark: _Toc97103563][bookmark: _Toc100745514][bookmark: _Toc101168772][bookmark: _Toc112909543][bookmark: _Toc112910042][bookmark: _Toc137640735]6.yc.2	High-level Description
HEVC coding for still images using the HEIF file format [xh] is widely deployed and supported by the current mobile ecosystem [xj], [xk]. This file format is designed to enable the interchange of images and image sequences, using the ISO base media file format as its basis [xi]. When the requirements of the HEVC-specific brands are applied, the file format can be referred to as the HEVC Image File Format.
[bookmark: _Toc137640739]6.yc.3	Evaluation
This is the baseline solution, i.e. baseline for evaluation of other solutions.
Assessment of all other solutions should be based on using this baseline technology, by taking 4:4:4 still image content, both in standard dynamic range (SDR) and high dynamic range (HDR) and first downconverting them to 4:2:0, while retaining the original bitdepth (i.e. 8 or 10 bits) using agreed downsampling methods (see JVT-I018[xf]). Then such content can be coded with the appropriate HEVC 4:2:0 profile using the HEVC reference encoder (HM). Given the prevalence of the full range in still image content, full range signals should be generated across all conversion steps. For 8 bit material, it might also be desirable to explore the use of JPEG encoding for the same content. Chroma location of type 1, which is also prevalent in still image compression should be used for 8 bit material. For 10 bit content, including HDR, chroma location type 1 should be used.
After decoding, the content will be upconverted to 4:4:4 using a well agreed methodology (see JVT-I019 [xg]). Afterwards, metrics will be computed for the upconverted content such as PSNR for the three colour components, Y, Cb, Cr in the 4:4:4 domain using the original content. The bits needed for coding these representations would also be considered.
* * * Next Change * * * *
6.yc	Solution #2.2: HEVC 4:2:2 coding
6.yc.1	Introduction
This solution uses 4:2:2 capable profiles that are already defined in HEVC for the coding of still images. Such images are then encapsulated in a file format based on the HEIF specification.
6.yc.2	High-level Description
The HEVC video coding standard specifies profiles capable of coding images in a 4:2:2 coding format. This includes the HEVC Main 422 10, Main 422 12, Main 422 10 Intra, and Main 422 12 Intra profiles. These profiles are however not typically supported by mobile devices. Interest is primarily in applications limited to up to 10 bits of precision and therefore only profiles that satisfy this constrain should be evaluated.
6.yc.3	Evaluation
6.yc.3.1 Assessment/discussion of hardware impact
As noted above, there is a limited existing hardware support available for this solution and hence the hardware impact is potentially large.
6.yc.3.2 Codec performance evaluation 
Assessment should be based on taking the same 4:4:4 still image content as in baseline solution 2.1. The material can be then downconverted to 4:2:2, while retaining the original bitdepth (i.e. 8 or 10 bits) using an agreed horizontal downsampling method (see JVT-I018[xf]). Then such content can be coded with the appropriate HEVC 4:2:2 profile using the HEVC reference encoder (HM). As in the previous solution, and given the prevalence of the full range in still image content, full range signals should be generated across all conversion steps.
After decoding, the content will be upconverted to 4:4:4 using a well agreed methodology (see JVT-I019 [xg]). Afterwards, metrics will be computed for the upconverted content such as PSNR for the three colour components, Y, Cb, Cr in the 4:4:4 domain using the original content. The bits needed for coding these representations would also be considered.

Editor's note: The impact of up/down conversion on PSNR metric is FFS.

* * * Next Change * * * *
6.yd	Solution #2.3: Native 4:4:4 coding - HEVC Main 4:4:4 profiles
6.yd.1	Introduction
This solution explores the use of the various 4:4:4 capable profiles that are already defined in HEVC for the coding of still images. Such images are then encapsulated in a file format based on the HEIF specification.
6.yd.2	High-level Description
6.yd.2.1	Overview 
The HEVC video coding standard specifies the clear definition of several profiles capable of coding images in a 4:4:4 coding format. This includes the Main 4:4:4, Main 4:4:4 Still Picture, Main 4:4:4 10, Main 4:4:4 12, Main 4:4:4 10 Intra, and Main 4:4:4 12 Intra profiles, among others. Some of these profiles are already supported in some mobile devices but may not be widely available everywhere. These profiles are mostly targetting for the best coding performance, using the tools available in HEVC for the corresponding format(s) that they can support. 
Interest is primarily in applications limited to up to 10 bits of precision and therefore only profiles that satisfy this constrain should be evaluated.
6.yd.3	Evaluation
6.yd.3.1 Assessment/discussion of hardware impact
As noted above, there is a limited existing hardware support available for this solution and hence the hardware impact is potentially large.
6.yd.3.2 Codec performance evaluation 
Assessment should be based on taking the same 4:4:4 still image content as in baseline solution 2.1 and coding them with the appropriate HEVC 4:4:4 profile using the HEVC reference encoder (HM). No bitdepth or format conversion needs to be performed. For such content then metrics such as PSNR for the three colour components, Y, Cb, Cr in the 4:4:4 domain should be computed using the original, 4:4:4, content. Unlike baseline solution 2.1, no upconversion or downconversion needs to be performed. The bits needed for coding these representations would also be considered.
* * * Next Change * * * *
6.ye	Solution #2.4: Derived 4:4:4 coding- Layered use of HEVC 4:2:0 profiles
6.ye.1	Introduction
This solution explores the use of derived 4:4:4 coding, where a base layer image, that is coded in 4:2:0 mode, is augmented using auxiliary images, to derive the 4:4:4 chroma format representation. Such capabilities can be achieved, for example, in HEIF, and are currently used for other applications. This permits decoders that are not capable of native 4:4:4 HEVC coding to still be able to encode and decode 4:4:4 content through simple software support.
6.ye.2	High-level Description
6.ye.2.1	Overview 
The HEIF specification permits a concept called derived images, which permits the signaling of instructions to the decoder on how to combine a set of images together to generate an alternative representation of that same image. The concept could easily be used also for the support of 4:4:4 images. In this scenario a derived image can be based on a base, 4:2:0, image and one or two more images that contain the chroma information in the 4:4:4 format. Additional instructions would exist that provide information to the decoder on how to extract this chroma information and how to apply them onto the base image to achieve the desired, 4:4:4, output. 
As one approach, a single enhancement image may be used that contains both Cb and Cr components stacked together, e.g. in a side by side or over-under representation. Such data are placed in the “luma” plane of that image and dummy data, e.g. a value of 128 for 8 bit data, is added in the “chroma” planes of that same image. This new image is then coded independently from the base layer image. During decoding, a decoder may select to discard the 4:2:0 version of the chroma information and instead replace that information from the information provided in this enhancement image. 
As a different implementation, the enhancement image may contain predicted residuals for the Cb and Cr components given upscaled versions of the chroma values in the 4:2:0 representation. However, we do not advocate for this approach, even if it may appear more efficient in terms of coding efficiency, since that creates reconstruction dependencies of the 4:4:4 chroma values with the coding and upscaling of the 4:2:0 chroma values. There is no guarantee, for example, that all implementations could use a particular chroma upscaler while any further transcoding of the 4:2:0 representation could have an adverse effect in the reconstruction of the 4:4:4 representation.
The two chroma planes could also be coded in separate enhancement images if that is desired. A decoder can select to decode one of both enhancement images and augment either one or both components. 
HEIF is also capable in achieving region of interest enhancement if that is desired.
As in the previous cases, interest is primarily in applications limited to up to 10 bits of precision and therefore only profiles that satisfy this constrain should be evaluated.
6.ye.3	Evaluation
6.ye.3.1 Assessment/discussion of hardware impact
Unlike solution 2.2, this approach allows existing HW, that support HEVC 4:2:0 profiles, to be used for the delivery of 4:4:4 content. The only requirement would be to perform the reconstruction in SW, after decoding of the multiple layers.  
In this scenario additional images over scenario 1 should be coded that only contain the chroma planes. These chroma planes could either be coded as two separate images or stacked together in either a side by side or over under representation. The bit-depth of the original content will be retained also for the chroma planes. Metrics will be computed using the decoded chroma data from these additional coded images, while the bits of scenario one will be augmented by the bits also needed for coding these additional representations. 
[image: A screenshot of a computer screen

Description automatically generated]
Figure 1. Enhancement layers for the creation of a 4:4:4 derived representation
[bookmark: PasteStart][image: A screenshot of a computer game
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Figure 2. Single enhancement layer using stacking for the creation of a 4:4:4 derived representation
6.ye.3.2 Codec performance evaluation 
In this scenario, in addition to the bistreams used for solution 2.1, the chroma planes would also have to be coded in full resolution, either by packing the two chroma planes together and coding them as a single image or by coding each chroma plane independently. After decoding, the PSNR for these two chroma planes would have to be computed compared to the original 4:4:4 chroma planes and that value should be used in place of the Cb/Cr PSNR values of solution 2.1. In addition, the extra bit overhead of coding the full resolution chroma planes needs to be included in the evaluation and when comparing with either solution 2.1 or solution 2.2.
* * * End of Changes * * * *
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