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[bookmark: introduction][bookmark: _Toc41600549][bookmark: _Toc55812929][bookmark: _Toc49376953][bookmark: _Toc114656955]Introduction
Predictions on mobile video consumption are ever increasing. Different studies point to dominance of video traffic in 5G networks reaching from 65% total traffic in the short-term all the way to 90% by the end of the decade. Video is expected to be integral for services such as enhanced mobile media (such as mobile streaming services), home broadband and TV (for example in the context of 5G fixed wireless access services), immersive and interactive media in the context of eXtended Realities (XR) and cloud gaming as well as new media services from new verticals. This indicates that the user experience and efficiency of 5G networks will be heavily impacted by the quality of video compression technologies that are used with 5G services. Efficient video compression and decompression technologies required dedicated hardware for power and resource efficient real-time execution but are at the same time complex and costly in terms of implementation on integrated platforms. Hence, typically state-of-the-art video compression technologies last for several years and are used as generic service enablers for different applications and services, including traditional streaming and conversational services, but also new media services. This document analyzes the currently defined 3GPP-defined video compression technologies for their suitability for existing and emerging services in the context of 5G and identifies gaps and optimization potentials that would warrant the introduction of new video compression technologies.
<Question> Should some text about film grain synthesis be added in this clause? 	Comment by Lee, Brian: Add text about FGS.
[bookmark: scope][bookmark: _Toc41600550][bookmark: _Toc55812930][bookmark: _Toc49376954][bookmark: _Toc114656956]
1	Scope
The present technical report documents relevant interoperability requirements, performance characteristics and implementation constraints of video codecs in 5G services, and characterizes video codecs, in particular 3GPP defined codecs H.264/AVC and H.265/HEVC in order to have a benchmark for the addition of potential future video codecs. For this purpose, the document:
[bookmark: _Hlk29546021]-	Collects a summary of the video coding capabilities in 3GPP services.
-	Collects a subset of relevant scenarios for video codecs in 5G-based services and applications, including video formats (resolution, frame rates, colour space, etc.), encoding and decoding requirements, adaptive streaming requirements. 
-	Collects relevant and exemplary test conditions and material for such scenarios, including test sequences.
-	Defines performance metrics for such scenarios with focus on objective performance metrics.
-	Collects relevant interoperability functionalities and enabling elements for video codecs in different 5G services such as MTSI and Telepresence (i.e. RTP based conversational communications), or 5G media streaming (e.g. based on DASH/CMAF) supporting the identified scenarios.
-	Collects relevant criteria and key performance indicators for the integration of video codecs in 5G processing platforms, taking into account factors such as encoding and decoding complexity in the context of the defined scenarios.
-	Provides anchors for the existing codecs H.264/AVC and H.265/HEVC in the context of the above scenarios and document the findings in a consistent manner and characterizes H.265/HEVC against H.264/AVC
-	Provides initial information on EVC video codec developed in ISO/IEC SC29 WG 4 and H.266/VVC video codec developed in JVET (ITU-T SG16 Q6 and ISO/IEC SC29 WG 5) in the context of the above scenarios, including test streams and characterization results.
- 	Provides initial information AV1 video codec developed by the Alliance for Open Media in the context of the above scenarios, including test streams and characterization results.
-	Provides information and data on the film grain synthesis (FGS), related analysis and denoising with test results to see whether FGS is useful for the identified scenarios of 5G-based video services. 	Comment by Lee, Brian: Proposed text addition.
[bookmark: references][bookmark: _Toc41600551][bookmark: _Toc55812931][bookmark: _Toc49376955][bookmark: _Toc114656957][bookmark: OLE_LINK2]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".
<snip>
[75]	JVET-AC2020-v2: “Film grain synthesis technology for video applications (Draft 4)”, Dan Grois, et al., Technical report draft, Joint Video Experts Team (JVET) of ITU-T SG16 WP3 and ISO/IEC JTC 1/SC 29, 29소 Meeting, by teleconference, 11-20 January 2023.  	Comment by Lee, Brian: New reference for JVET TR for FGS.
[bookmark: definitions][bookmark: _Toc41600552][bookmark: _Toc55812932][bookmark: _Toc49376956][bookmark: _Toc114656958]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc41600553][bookmark: _Toc55812933][bookmark: _Toc49376957][bookmark: _Toc114656959]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
3GPP codec: a video codec defined in a 3GPP specification.
Anchor: combination of a reference sequence, a reference software of 3GPP codec and codec configuration to provide a baseline for codec testing and characterization.
Anchor Bitstream: a bitstream resulting from the encoding of a reference sequence with a reference software and a codec configuration assigned to an anchor.
Anchor Tuple: several anchors that differentiate only by one parameter in the codec configuration to change the bitrate/quality.
BD-Rate Gain: a measure of the bitrate reduction in percentage offered by a codec or codec feature under test compared to an anchor coded, while maintaining the same quality as measured by objective metrics.
Characterization: comparison of a codec under test with a 3GPP codec based on selected metrics.
Metric: A single number to provide a measurable quality of an anchor.
Test: combination of tools to test a codec for comparison with anchor, i.e. same reference sequence and comparable codec configuration.
Test Bitstream: a bitstream resulting from the encoding of a reference sequence with a reference software and a codec configuration assigned to a test.
Test Tuple: several tests that differentiate only by one parameter in the codec configuration to change the bitrate/quality.
[bookmark: _Toc41600554][bookmark: _Toc55812934][bookmark: _Toc49376958][bookmark: _Toc114656960]3.2	Symbols
For the purposes of the present document, the following symbols apply:
MSE_Y	Mean Square Error of the luma component
PSNRy	Peak-Signal to Noise Ratio of the luma component
PSNRu	Peak-Signal to Noise Ratio of the chroma u component
PSNRv	Peak-Signal to Noise Ratio of the chroma v component
PSNRyuv	Average PSNR over all colour components
MS_SSIM	Multi-Scale Structural Similarity Index Metric

[bookmark: _Toc41600555][bookmark: _Toc55812935][bookmark: _Toc49376959][bookmark: _Toc114656961]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AAC	Advanced Audio Coding
AAP	Alternative Approval Process
ABR	Adaptive BitRate
AFGS1	AOMedia Film Grain Synthesis Model 	Comment by Lee, Brian: New abbreviation.
AOM	Alliance for Open Media
AOV	Arena Of Valor
ATSC	Advanced Television Systems Committee
AV1	AOMedia Video 1
AVC	Advanced Video Coding
AVCHD	AVC High Definition
AVI	Audio Video Interleave
BD	Bjöntegard-Delta
BDR	BD Rate
BMFF	Based Media File Format
CABAC	Context-Adaptive Binary Arithmetic Coding
CAE	Content Aware Encoding
CBP	Constrained Baseline Profile
CBR	Constant BitRate
CGI	Computed Generated Imaginary
CHP	Constrained High Profile
CMAF	Common Media Application Format	
CRA	Clean Random Access
CSV	Comma-Separated Values
CTC	Common Test Conditions
CTU	Coding Tree Unit
DASH	Dynamic Adaptive Streaming over HTTP
DVB	Digital Video Broadcasting
EBU	European Broadcast Union
EFS	Effective File Size
EPZS	Enhanced Predictive Zonal Search
ERP	Equi-Rectangular Projection
EVC	Essential Video Coding
EXR	EXtended Range
FHD	Full HD (i.e. 1080p)
FGC	Film Grain Characteristics	Comment by Lee, Brian: New abbreviations.
FGS	Film Grain Synthesis 
FPS	Frames Per Second
GOP	Group-Of-Pictures
HDMI	High-Definition Multimedia Interface
HDR	High Dynamic Range
HDTV	High Definition TeleVision
HEVC	High-Efficiency Video Coding
HFR	High Frame Rate
HLG	Hybrid Log-Gamma
HLS	HTTP Live Streaming
HMD	Head-Mounted Display
HRD	Hypothetical Reference Decoder
HTML	HyperText Markup Language
HTTP	HyperText Transfer Protocol
IDR	Instantaneous Decoder Refresh
JCT-VC	Joint Collaborative Team on Video Coding
JSON	JavaScript Object Notation
JVET	Joint Video Experts Team
MCTF	Motion-Compensated Temporal Filtering
MIME	Multipurpose Internet Mail Extensions
MKV	MatrosKa Video
MMO	Massive Multiplayer Online
MMORPG	MMO Role-Playing Game
MMS	Multimedia Messaging Service
MOBA	Multiplayer Online Battle Arena
MOS	Mean Opinion Score
MPD	Media Presentation Description
MPEG	Moving Pictures Expert Group
MS-SSIM	Multi-Scale Structural Similarity Index
MSE	Mean Square Error
MTSI	Multimedia Telephony Service over IMS
OBS	Open Broadcaster Software
PSNR	Peak Signal to Noise Ratio
RA	Random Access
RAP	Random Access Point	
RCS	Rich Communication Services
RDPCM	Residual Differential Pulse Code Modulation
RGB	Red Green Blue
RPG	Role-Playing Game	
RTMP	Real-Time Messaging Protocol
RTP	Realtime Transport Protocol
RTS	RealTime Strategy
SCC	Screen Content Coding
SCM	Screen Content coding Model
SDK	Software Development Kit
SDR	Standard Definition Range
SEI	Supplemental Enhancement Information
SI 	Spatial perceptual Information
SMPTE	Society of Motion Picture & Television Engineers	Comment by Lee, Brian: New abbreviation.
SSIM	Structural Similarity Index Measure
SVOD	Subscription Video On Demand
TI 	Temporal perceptual Information
TIFF	Tagged Image File Format
UDP	User Datagram Protocol
UHD	Ultra High Definition
URI	Uniform Resource Identifier
URL	Uniform Resource Locator
UVG	Ultra Video Group
VBR	Variable BitRate
VBS	Visual Basic Script
VCL	Video Coding Layer
VMAF	Video Multimethod Assessment Fusion
VSEI	Versatile Supplemental Enhancement Information
VTM	VVC Test Model
VVC	Versatile Video Coding
WCG	Wide Colour Gamut
[bookmark: clause4]



[bookmark: _Toc114657012]6	Relevant Scenarios
[bookmark: _Toc41600572][bookmark: _Toc55812979][bookmark: _Toc49376994][bookmark: _Toc114657013]6.1	Introduction
This clause collects relevant scenarios based on the template defined in Annex A. It also defines the anchors for each scenario based on the existing 3GPP codecs and profiles defined in clause 4. For each scenario, the following information is provided:
-	Motivation: provides a context for the scenario, why it is relevant for 5G video services.
<Placeholder text>  - 	For the five scenarios described in this clause, film grain synthesis and analysis are applied in order to see whether there is benefit in (1) artistic intent and/or (2) masking artifacts / saving bitrate while maintaining visual acuity, etc. 	Comment by Lee, Brian: Proposed initial text.




6.7	Scenario 6: Film Grain Synthesis in 5G Video Services

6.7.1		Motivation and Use Cases
<Comment>  Add text about why FGS in 5G Video services is useful and how the subjective tests will show / not show whether FGS is indeed beneficial to 5G Video. 
[Film grain synthesis & analysis has become an important topic in the video codec standards community as a tool to (1) create artistic intent and (2) mask visual artifacts / save data bandwidth in video distribution. This clause documents the findings on whether film grain synthesis is useful for the 5G Video scenarios defined in TR26.955 & provide relevant data points.   ]	Comment by Gabin, Frederic: E.g. text from the CR coverpage
[Public source code for use of film grain technologies for various use cases and video codecs, including HEVC, has been made available recently from several sources [ref].  Also, ISO/IEC and ITU-T have been documenting use of film grain technologies to improve compression efficiency of coded bitstreams (including HEVC) and have already performed preliminary subjective tests to quantify visual quality improvements attributable to film grain synthesis. See JVET Film grain synthesis technology for video applications [ref].]
Add text about how FGS will be applied to 5G services scenarios #1 (full HD streaming), #2 (4k TV), #4 (online and social sharing), #5 (online gaming) in order to show (1) artistic intent, (2) artifact masking / bandwidth saving.


6.7.2		Film Grain Synthesis Technologies 
<Comment>  WID objective 2.	Document relevant existing Film Grain Synthesis technologies that are not included in 3GPP today.
e.g. text from JVET FGS TR as introduction
[[FGS] technology can provide subjective quality benefits for certain video applications and, thus, could effectively achieve improved video compression. This can be achieved by commonly removing or reducing the amount of noise that is present in a video or image signal prior to compression and by resynthesizing and adding back an approximation of the removed noise, given a set of signalled parameters, during decoding. Such parameters can be signalled using appropriate mechanisms, such as the supplemental enhancement information messages that are supported by several video coding standards.]
<Comment> Add text about (1) generating film grain template, (2) randomization (initialization parameters, block size, offset randomness), (3) local adaptation, (4) deblocking, (5) blending.  A short description of the frequency filtering model and the autoregressive model.  The title of this clause may be “Film Grain Properties.”

6.7.3 		Characterization Methods, Performance Metrics and Subjective Testing Aspects
<Comment> Discuss potential characterization methods, performance metrics and subjective testing aspects for FGS performance evaluation.

6.7.4 		Evaluation of Film Grain with HEVC 

<Comment> WID objective 3.	Provide evaluation using HEVC of the benefits/drawbacks of corresponding solutions, including film grain characteristics SEI message (ITU-T H.274) including performance results, complexity and implementation aspects, interoperability, system integration, etc. following the example in TR26.955 based on selected scenarios.
<Comment> Add text about how the subjective tests will be conducted with naïve viewers and with expert viewers for each scenario being tested, with and without FGS.  Consider adding dithering methods especially if test devices have relatively low grade specifications. 
<Comment> FGS tests will reuse many of the reference sequences for scenarios #1, #2, #4, #5.  There may be additional test sequences added if those are deemed beneficial for the purpose of testing and comparison. 
 

6.7.4		Potential UE Requirements
<Comment> This clause discusses the potential UE requirements to enable FGS in a consistent and interoperable way. 


6.7.5		Interoperability Considerations on a System Level
<Comment> WID objective 7.	Identify relevant interoperability and system level aspects to potentially support Film Grain Synthesis.

6.7.7		Conclusions 
<Comment> Concluding summary of the findings from the FGS tests for 5G Video scenarios #1, #2, #4, #5, and a potential way forward.



