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1 [bookmark: _Toc504713888]Introduction
During SA4#124 a new study item was agreed and approved during SA#100 in SP-230540 addressing “New HEVC profiles and operating points“. Objectives includes
· Identify and gather the opportunities for improving HEVC-based services including documentation of motivating use cases and scenarios including “Addressing the demands for very high-quality image/video prosumer applications and gaming/screen content sharing”.
· Gather HEVC based solutions to address each opportunity. This will also include relevant existing and upcoming HEVC profiles that are not included in 3GPP specifications today, in particular for the above objective “HEVC 4:4:4 (up to 10 bits) capable profiles”.

During the AHG call on August 1, 2023, a document was submitted related to this topic.

	S4aV230054
	[FS_HEVC_Profiles] On HEVC 4:4:4 coding
	Apple
	Waqar Zia



Online Discussion:
· Thomas: just surprised about that we do image formats, we have no history on image for a long time. This is very different of what we had expected.
· Imed: We have HEIF in TS 26.114.
· Madhukar: Also about image coding, I would have to check internally
· Gilles: Also was more assuming prosumer
· Waqar: scenario 2 is high-quality still images. This is where I want to have support.
Decision:
· More discussion is needed whether this scenario is relevant. Noted for now.
S4aV230054 is noted.
We expressed our surprise that we focus the work for 4:4:4 on still images. When reviewing 3GPP specifications, updates to still image formats have not been done for a long time, except in MTSI for a very specific use case. This was predominantly the case as 
· Still images do not stress networks in same manner as for example video, real-time aspects are of lower concern;
· Support for still image formats were focusing on support in browsers and apps, pre-dominantly re-using JPEG image formats. No major advances were reported.
However, with the progress of new image formats, and new functionalities, we believe it is a good time to evaluate new HEVC-based image formats, in particular HEIC, i.e. HEVC in HEIF. In order to support fast encoding and decoding, the new formats need to be supported on hardware. Hence, an interoperable image exchange format is of highest interest.

Beyond potential gains in compression efficiency, latest still image formats include also new features and data types, such as:
· Image items: Storage of individual images, image properties and thumbnails.
· Image derivations: Derived images enable non-destructive image editing, and are created on the fly by the rendering software using editing instructions stored separately in the HEIF file. These instructions (rectangular cropping, rotation by one, two or three quarter-turns, timed graphic overlays, etc.) and images are stored separately in the HEIF file, and describe specific transformations to be applied to the input images. The storage overhead of derived images is small.
· Image sequences: Storage of multiple time-related and/or temporally predicted images (like a burst-photo shot or cinemagraph animation), their properties and thumbnails. Different prediction options can be used in order to exploit the temporal and spatial similarities between the images. Hence, file sizes can be drastically reduced when many images are stored in the same HEIF file.
· Auxiliary image items: Storage of image data, such as an alpha plane or a depth map, which complements another image item. These data are not displayed as such, but used in various forms to complement another image item.
· Image metadata: Storage of EXIF, XMP and similar metadata which accompany the images stored in the HEIF file.
Specifically, the Multi-Image Application Format (MIAF) specification defines additional constraints and interoperability points to ensure higher interoperability, while fully conforming to the HEIF format.

A good overview of HEIF and MIAF is provided here: https://nokiatech.github.io/heif/technical.html. As an example, a comparison of features with other formats is provided, replicated below.

	
	.heic
	JPEG/Exif
	PNG
	GIF (89a)
	WebP
	JPEG-XR / TIFF
	JPEG-XR / JPX
	BPG

	Formats and extensibility
	
	
	
	
	
	
	
	

	Base container file format
	ISOBMFF
	TIFF
	-
	-
	RIFF
	TIFF
	- 4
	-

	Lossy compression
	Yes (HEVC)
	Yes (JPEG)
	No
	No
	Yes (VP8)
	Yes
	Yes
	Yes (HEVC10)

	Lossless compression
	Yes (HEVC)
	Yes (TIFF Rev 6.0)
	Yes (PNG)1
	Yes (GIF)1
	Yes (VP8L)
	Yes
	Yes
	Yes (HEVC10)

	Extensible to other coding formats
	Yes
	Yes8
	No
	No
	No
	Yes8
	Yes5
	No

	Metadata format (on top of internal)
	Exif, XMP, MPEG-7
	Exif
	-
	-
	Exif, XMP
	Exif, XMP
	JPX, (XMP)6
	Exif, XMP

	Extensible to other metadata formats
	Yes
	No
	No
	No
	No
	No
	Yes (XML-based)
	Yes

	Other media types (audio, text, etc.)
	Yes
	Audio2
	No
	No
	No
	No
	Yes7
	No

	Multi-picture features
	
	
	
	
	
	
	
	

	Multiple images in the same file
	Yes
	No11
	No
	Yes3
	Yes3
	No
	Yes
	Yes9

	Image sequences / animations
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes

	Image coding
	Yes
	No
	No
	No
	No
	No
	No
	Yes

	Derived images
	
	
	
	
	
	
	
	

	Multiple-of-90-degree rotations
	Yes
	Yes
	No
	No
	No
	Yes
	Yes
	No

	Cropping
	Yes
	No
	No
	No
	No
	No
	Yes
	No

	Tiling/overlaying
	Yes
	No
	No
	No
	Yes
	No
	Yes
	No

	Extensible to other editing operations
	Yes
	No
	No
	No
	No
	No
	No
	No

	Auxiliary picture information
	
	
	
	
	
	
	
	

	Transparency (alpha plane)
	Yes
	No
	Yes
	No12
	Yes
	Yes
	Yes
	Yes

	Thumbnail image
	Yes
	Yes
	No
	No
	No
	Yes
	Yes
	Yes



In order to properly introduce HEIC based profiles, it is expected that initially only what is referred to as "MIAF HEVC Basic profile" would be supported, which includes HEVC Main Still Picture Profile, Level 6 and HEVC Main Profile, Level 6. Such a profile may already be suitable for the Messaging specifications as developed in the PROMISE work item.
Any profiles beyond would need detailed analysis and justifications and should hence be part of the study.
2 Proposal
It is proposed that 
· HEVC-based still image formats are considered as part of the FS_HEVC_Profiles study
· Relevant functionalities are documented for advanced image formats
· The "MIAF HEVC Basic profile" is used as an anchor and baseline, but the study should document the benefits of this profile compared to JPEG or other formats. 
· Any profiles beyond the "MIAF HEVC Basic profile" should be subject of the study and recommendations on adding profiles, levels, and features are expected to be derived from the study.
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