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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? 
[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. 
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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.
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[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 
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
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
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
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[bookmark: _Toc49376988][bookmark: _Toc55812964][bookmark: _Toc114656990][bookmark: _Toc41600566]5	Test and Characterization Framework for Video Codecs
[bookmark: _Toc49376989][bookmark: _Toc55812965][bookmark: _Toc114656991]5.1	Overview
[bookmark: _Toc55812966][bookmark: _Toc49376990]This clause defines the characterization framework for video codecs for relevant 3GPP scenarios. For this purpose, the following is applied:
-	A set of relevant scenarios is defined. The scenarios reflect a typical application for video codecs in 5G systems and networks. The scenarios are introduced in clause 6 and may be extended in future versions of this document.
-	For each scenario, one or several reference sequences are defined that serve as the baseline for anchor generation.
-	For each test scenario, one or several anchors are defined and generated. For details on anchors, please refer to clause 5.3. For anchor generation, reference software tools are used as introduced in clause 5.4. Anchors for specific scenarios follow certain general encoding constraints documented in clause 5.6.
-	For each of the anchors, metrics are provided. Metrics are documented in detail in clause 5.5.
-	Tests for new codecs can be developed and generated. They are equivalent to anchor generation, but possibly for other codecs. Tests are introduced in clause 5.7.
-	Codecs are to be characterized against anchors. Characterization is documented in terms of expected bitrate savings for a codec, and may include additional comparison parameters such as complexity increase, etc. The basic characterization framework is introduced in clause 5.8.
-	Verification of the provided anchors and tests is needed. A process for verification is introduced in clause 5.9.
- 	<Proposed draft text>  For each scenario, tests for film grain synthesis are developed and generated, for the two use cases: (1) recreating artistic intent at the decoder side and (2) masking compression impairments such as blocking, banding, mosquito noise, etc. including impairments due to quantization.  The purpose is to apply FGS to each of the scenarios identified for 5G Video and see if FGS is useful and valuable for any of the 5G Video scenarios.  For details of FGS refer to [75].  
An overview of the anchor generation framework and the anchor metrics is provided in Figure 5.1-1. An integral part of this Technical Report is the following information:
-	Formats to store reference and anchor sequences
-	Reference sequences for each of the defined scenarios
-	Reference software encoders
-	Anchor configuration files
-	Anchor bitstreams in a well-defined anchor bitstream format
-	A anchor metric computation based on a reference sequence, anchor bitstream and an anchor sequence.
-	Conforming decoders to generate an anchor sequence from an anchor bitstream
-	Anchor metrics in a well-defined storage format.
NOTE: as the anchor sequences can be generated by conforming decoders, anchor sequences are not included in this document.
[image: Diagram

Description automatically generated]
Figure 5.1-1 Anchor Generation Framework and Anchor Metrics Generation
[bookmark: _Toc114656992]5.2	Reference Sequences
This document provides reference sequences that are used to generate anchors and are also made available in order to generate test bitstreams for other codecs. Reference sequences are selected to be representative for a scenario.
Reference sequences are described in Annex C of this document along with their properties and their licenses. A format for raw reference sequences based on a JSON schema is defined in clause B.2. 
Annex D describes how to upload new proposed reference sequences and how to download the reference sequences.
[bookmark: _Toc55812967][bookmark: _Toc114656993][bookmark: _Toc55812968][bookmark: _Toc49376992]5.3	Anchors
Anchors provide a baseline that a tested method can be compared against. Anchors defined in this specification use a codec/profile/level that exists in an existing 3GPP specification as introduced in clause 4.
Anchor tuples are collected to address different qualities and bitrates that can then be used for evaluation over a larger set of operation points.
The following principles apply to anchor definitions:
-	Each scenario typically has several well-defined anchors
-	An anchor is a combination of:
-	Explanation on anchor relevance
-	Reference sequence
-	Reference encoder
-	Encoder configuration matching scenario requirements
-	Encoding complexity estimation, if available
-	Variable encoder configuration to create multiple quality/bitrate variants (using for example QP variations or other bitrate/quality evaluation tools). 
-	Anchor tuples creating multiple variants, each including
-	Anchor bitstream
-	Anchor Metrics
- 	Film grain characteristics 
-	Additional recommended anchor information includes
-	MD5 check sum of the complete reconstructed yuv file (anchor sequence)
-	Output picture log from reference encoder
-	Output picture log from reference decoder
- 	Film grain model parameters & other relevant information 
Anchors and anchor tuples are an integral part of this document.
Anchor tuples should be created over a wide range of parameters to provide sufficient data and overlap with expected test results to support the generation of characterization results (see clause 5.7).
The workflow for the generation of anchor tuples is shown in Figure 5.3-1.
 [image: Diagram
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Figure 5.3-1: Anchor Tuple Generation Framework and Anchor Tuple Metrics Generation
Anchors are provided according to the format as defined in Annex B.3.
[bookmark: _Toc114656994]5.4	Reference Software Tools
[bookmark: _Toc62567309][bookmark: _Toc55812972]Anchors bitstreams for each anchor codec are generated with their corresponding reference software. Reference software and reference configurations are documented in each scenario under clause 6 to permit repeatability of the anchor generation.
For H.264/AVC generated anchor bitstreams, H.264/AVC reference software (AVC Joint Model) has been used. 
AVC reference software implementing H.264 (AVC) High Profile called JM and its versions can be downloaded from in the repository http://iphome.hhi.de/suehring/tml/download/.  To generate the anchor bitstreams, JM19 is used with JM19 tag: https://vcgit.hhi.fraunhofer.de/jvet/JM/-/commit/aab15e2e0315eca92368048170f1f546e357f328. The software is referred to as JM19.
For H.265/HEVC generated anchor bitstreams, H.265/MPEG-H HEVC reference software (HEVC Test Model) has been used. 
HEVC reference software implementing H.265 (HEVC) Main Profile and H.265 (HEVC) Main 10 Profile called HM and its versions can be downloaded from in the repository https://vcgit.hhi.fraunhofer.de/jct-vc/HM-/tags/. 
HEVC reference software implementing H.265 (HEVC) Screen-Extended Main 10 Profile is called SCC (Screen Content Coding Model) software and is available from https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/tags/HM-16.21+SCM-8.8.
Test bitstreams for tested codecs are generated with their corresponding reference software. Test reference software and configurations are documented in clause 8.
FGS (film grain synthesis) effects are created using (1) frequency filtering model (e.g. SMPTE RDD-5 & variants), (2) autoregressive model (e.g. FGC SEI message based), (3) synthesis supporting both the frequency filtering and autoregressive models and (4) the AFGS1 model [75]. 
[bookmark: _Toc114656995]5.5	Metrics
[bookmark: _Toc62567310][bookmark: _Toc55812973][bookmark: _Toc71665154][bookmark: _Toc114656996]5.5.1	General
Each anchor bitstream gets assigned multiple performance metrics, in particular:
-	the bitrate as defined in clause 5.5.2,
-	If Standard Dynamic Range (SDR) is used, then the quality metrics in clause 5.5.4 apply.
-	If High Dynamic Range (HDR) is used, then the quality metrics in clause 5.5.5 apply.
<Placeholder text>  - 	For film grain synthesis (FGS) study, appropriate parameters and metrics are assigned with technologies described in [75].  The film grain analysis and denoising details will be provided. 
An overview of the metrics is provided below. These metrics are implemented in software scripts defined in Annex E. This software is used to compute and report all the metrics. The detailed configuration for the software is provided in clause 5.5.7 for SDR metrics and clause 5.5.8 for HDR metrics.
A detailed reporting schema for metrics is provided in clause 5.5.6.
Metrics for test streams are expected to follow the same principles.
Subjective evaluation of anchors and test streams is not considered in this report.
<Placeholder text>   For the scenarios where FGS comparison is performed, subjective viewing tests are conducted and quantitative numbers are provided. 
<Open question>  FGS test viewing environment?  What were the viewing environments for the existing 5G Video scenarios when codec characterizations were performend?  Should FGS tests match those environments? 
[bookmark: _Toc55812976]5.5.9 	Film grain synthesis / analysis metrics 
<Placeholder>  Text for metrics on FGS, film grain analysis, denoising, etc. 




[bookmark: _Toc114657007][bookmark: _Toc55812977]5.7	Tests
Tests may be executed to compare codecs not yet in 3GPP specifications against anchors already defined in 3GPP specification. Tests, equivalently to anchors, are collected in tuples to address different quality and bitrates that can then be used for evaluation over a larger set of operation points.
A test is developed against an anchor and is a combination of:
-	The corresponding anchor, which includes
-	Scenario
-	Reference Sequence
-	Test encoder
-	Test encoder configuration that provides an equivalent setting to the anchor configuration based on the general encoding constraints in clause 5.6.
-	Test tuples creating multiple variants, each including
-	Test bitstream
-	Test Metrics
-	Additional recommended test information includes
-	MD5 check sum of the complete reconstructed yuv file (reconstructed test sequence)
-	Output picture log for reference encoder
-	Output picture log for reference decoder
-	Tests are an integral part of the Technical Report
The generation of test tuples is shown in Figure 5.7-1.
[image: Diagram

Description automatically generated] 
Figure 5.7-1: Test Tuple Generation Framework and Test Tuple Metrics Generation
For any coding technology being characterized in the study and reported in this document  
· the evaluation is conducted consistently with the framework and test designs defined for the anchors as defined in clauses 5.5 and 6.
· technical documentation to conduct the study is available and provided. Such information includes normative specification text, reference software and description of configuration files, and codec description.
· additional data such as subjective test results (with description of test methodology and conditions) not conducted as part of this study item, encoding tool and configuration file description is also important information that could be provided 
· <Placeholder> Text for verification tools, metrics used in tests for film grain synthesis, analysis, denoising & other details that are needed for FGS study for AVC and HEVC for the 5 scenarios and selected representative content.  Keep text and content to minimum necessary since much of relevant literature is available elsewhere (we can list references)
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[bookmark: _Toc114657009]
5.9	Verification
[bookmark: _Toc114657010]5.9.1	Principles
Submissions of anchors, tests and associated metrics are based on 3GPP member input. However, such input to be considered valid is expected of to be verified. Verification in the context of this document includes the following according to Figure 5.9.1-1:
1) Anchor bitstream verification: Anchor bitstreams are correct. By using a defined reference sequence, an anchor configuration as well as a reference encoder, two different executions of this process result in the same anchor bitstream.
2) Anchor reconstruction is correct. By using a verified anchor bitstream, a reference decoder in two different implementations results 
a. in the same anchor sequence,
b. in the same quality metrics.
The equivalent process is applied for tests.
[image: ]
Figure 5.9.1-1: Verification and cross-check processes
Verification is primarily supported by cross-checks from independent members who carry out the execution of the same process and done by the initial submitter of the anchors/tests. Whereas process 2 is deemed to be of manageable complexity, process 1 is of significantly higher complexity. Based on this it is expected that anchor reconstruction (process 2a) and anchor metrics (process 2b) are cross-checked and verified for every anchor, whereas anchor bitstreams are only cross-checked and verified for one anchor of the entire anchor tuple.
A successful cross-check is defined as follows:
1) Anchor bitstream verification: Initial run and cross-check result in the same size and md5 for the anchor bitstream
2) Anchor reconstruction verification. By using a verified anchor bitstream, a reference decoder in two different implementations results in the same md5 for the anchor sequence.
3) Anchor metrics verification. By using a verified anchor bitstream, a reference decoder in two different implementations results in the same quality metrics with a maximum deviation of 0.01 for all metrics that are required for characterization.
This technical report includes verified metrics in the main body of the text (i.e. successful completion of stage 3). Verified metrics are agreed to be correct and have been sufficiently cross-checked.
This technical report may also include non-verified anchors, tests and metrics in the Annex G. In this case, the reason for the lacking verification is explained.
[bookmark: _Toc114657011]5.9.2	Documentation
[bookmark: _Toc41600571][bookmark: _Toc55812978][bookmark: _Toc49376993]In order to track initial submission, cross-checking and verification, the anchor/test documentation adds the following information. The anchor/test stream gets assigned verification data as follows
- status-bitstream: status of bitstream verification (see 1 in Figure 5.9.1-1 and 1) in clause 5.9.1)
- successful:  cross-checks were successful
- missing: cross-checks are missing
- failed: cross-checks were done, but were not successful
- ambiguous: there are successful and unsuccessful cross-checks
   - status-reconstruction: status of reconstruction verification (see 2a in Figure 5.9.1-1 and 2) in clause 5.9.1)
- successful:  cross-checks were successful
- missing: cross-checks are missing
- failed: cross-checks were done, but were not successful
- ambiguous: there are successful and unsuccessful cross-checks
   - status-metrics: status of reconstruction verification (see 2b in Figure 5.9.1-1 and 3) in clause 5.9.1)
- successful:  cross-checks were successful
- missing: cross-checks are missing
- failed: cross-checks were done, but were not successful
- ambiguous: there are successful and unsuccessful cross-checks
- none, one or multiple cross-check reports:
-	contact of the cross-check
-	type
-	bitstream: the anchor/test bitstream was cross-checked
-	reconstruction: the anchor/test reconstruction cross-check is done
-	metrics: the anchor/test metrics cross-check is done
-	the status of the cross-check
-	successful: cross-check was successful
-	failed: cross-check failed
-	missing: cross-check still missing
- 	reference to a cross-check report providing possibly the issues
A detailed reporting cross-check scheme is provided in Annex B.4.
For every scenario, a csv file and table are provided that documents the verification status of each anchor and test stream for bitstream (B), reconstruction (R) and Metrics (M) according to Table 5.9.2-1 with S for successful, F for failed, and an empty cell for missing. A summary is provided that combines the verification status of each anchor based on the principles introduced in clause 5.9.1.
Table 5.9.2-1: Example for Verification Status Report 
	Anchor + Key
	Summary
	Parameter 1
	Parameter 2
	Parameter 3
	Parameter 4

	Verification Type
	B
	R
	M
	B
	R
	M
	B
	R
	M
	B
	R
	M
	B
	R
	M

	S1-A01-Codec
	S
	S
	S
	
	S
	S
	
	S
	S
	
	S
	S
	S
	S
	S

	S1-A02-Codec
	
	S
	S
	
	S
	S
	F
	
	S
	
	F
	
	F
	F
	

	S1-A02-Codec
	
	S
	S
	
	S
	S
	
	S
	S
	
	S
	S
	
	S
	S



A detailed verification report scheme is provided in Annex B.5. 
5.9.3 	Film grain synthesis – verification tools 
<Placeholder> Add text for verifying FGS benefits for the five 5G video scenarios. 
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[bookmark: _Toc114657012]6	Relevant Scenarios
[bookmark: _Toc41600572][bookmark: _Toc55812979][bookmark: _Toc49376994][bookmark: _Toc114657013]6.1	Introduction
[bookmark: _Toc41600573][bookmark: _Toc55812980][bookmark: _Toc49376995]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.
-	Description of the Anticipated Application: This provides an overview on how the service may be done technically in a 5G system. It summarizes where encoders and decoders reside, what codecs are in use today and how the end-to-end system is working.
-	Source format properties: Provides an overview of relevant video source formats in terms of spatial and temporal resolutions, colour spaces, etc.
-	Encoding and Decoding Constraints: provides details on encoder settings and configurations for each of the 3GPP codecs mapped to the scenario. 
-	Performance Metrics: Documents the relevant performance metrics for this scenario
-	Interoperability Considerations: Documents relevant interoperability requirements for a codec when used in the scenario, based on the known applications and protocols.
-	Reference Sequences: defines the reference sequences that are selected for this scenario in order to create anchors and anchor metrics. A justification is provided, why this sequence is selected.
-	Anchor Definition: provides details on how to generate the anchors for the scenario for each 3GPP codec using the selected reference sequences, the reference software and the codec configuration. 
-	Anchor Results: provides the results for each anchor. 
-	Additional information and performance data: provides additional information and performance data available externally.
<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. 

[bookmark: _Toc19285501]
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[bookmark: _Toc49377066][bookmark: _Toc114657134]7	Characterization Framework
<snip>

7.6   Film Grain Synthesis and Analysis for the 5G Video Scenarios 
- 	Here the effects of applying film grain synthesis using frequency filtering model, autoregressive model and both are described for each of the five 5G Video scenarios listed in clause 6.  
- 	The intent for the FGS work is to use the same set of test content in each scenario that is used in the video codec characterization; if for practical reasons different content needs to be used, care will be exercised to ensure that any replacement content well represents the key visual attributes of each scenario. 
- 	If there is a better place in this Technical Report for the FGS portion to appear – this block of text & graphs can be placed elsewhere in this TR. 
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[bookmark: _heading=h.4d34og8][bookmark: _heading=h.3rdcrjn][bookmark: _heading=h.26in1rg][bookmark: _heading=h.35nkun2][bookmark: _heading=h.1ksv4uv][bookmark: _heading=h.44sinio][bookmark: _heading=h.z337ya][bookmark: _heading=h.3j2qqm3][bookmark: _heading=h.1y810tw][bookmark: _heading=h.4i7ojhp][bookmark: _Toc41600628][bookmark: _Toc55813067][bookmark: _Toc49377075][bookmark: _Toc114657337]10	Conclusions and Proposed Next Steps
[bookmark: tsgNames][bookmark: _Toc41600629][bookmark: _Toc55813068][bookmark: _Toc49377076]The Technical Report provides a full characterization framework for video codecs in the context of 5G services. This framework permits the evaluation of the performance of existing 3GPP codecs, and also permits the identification of potential benefits of new codecs. 
The framework fulfils the following aspects:
· A comprehensive set of scenarios relevant to 3GPP services is described in clause 6. For each scenario the anchor(s), the version of the reference software for the anchor(s), and their configuration(s) are defined. 
· A set of reference sequences is identified per scenario and each sequence is described in more details in Annex C.
· For each scenario, one or more performance metrics are defined. Each metric is described in more details in clause 5.5
· The overall characterization framework process is defined in clause 5 and in Annex B, D, E, F, and G.
· New codecs are identified in clause 8. For each scenario, a version of their respective reference software is identified and configurations as close as possible to the anchor configurations are defined.
The framework clearly has some limitations; for example, encoder configurations for each scenario may have not been stringent enough in the definition, leading to results that may not be fully comparable. Further, the encoders used for the evaluation of the various codecs have different maturity and features. Results in this document should always be considered with caution, and the reader should understand how these results were derived. The framework does not include subjective evaluation; it is purely based on objective metrics.
Results are complete for 3GPP codecs - H.264/AVC and H.265/HEVC - for all scenarios. 
<Placeholder> FGS synthesis and analysis for AVC and HEVC – to be summarized here.
One important outcome of the work documented in this Technical Report is the characterization and evaluation of H.265/HEVC against relevant scenarios and its characterization against H.264/AVC. Also, a first understanding of H.265/HEVC performances versus new codecs was developed. From the scenarios and results in this Technical Report it is observed that:
· H.265/HEVC does not show any functional deficiencies or gaps, nor does it lack any relevant features.
· In terms of compression efficiency, H.265/HEVC, evaluated based on the HM, performs sufficiently well for all the scenarios in this technical report.
Providing consistent HEVC-based interoperability in 3GPP services, for traditional and new scenarios, is definitely beneficial. It is recommended that 3GPP consider upgrading specifications to support profiles, levels, and possibly features available in HEVC. Features may include better support for screen content and computer-generated content, XR/AR type of services, as well as low and very low latency services.
The framework and the initial results for new codecs, while demonstrating coding performance improvements over H.265/HEVC, are not mature enough to support concrete recommendations. 
The potential addition of any new codec in 3GPP services and specifications requires diligent preparation, including the identification of needs and requirements for different scenarios, as well as a complete characterization against existing codecs. The information in this TR, as well as any new developments in 3GPP with respect to codecs in latest specifications, could serve as a baseline for future work. Such an effort may lead to conclusions on the potential addition of any new codec in 3GPP services and specifications. However, no immediate need has been identified to initiate such follow-up work. 
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[bookmark: _Toc41600632][bookmark: _Toc55813071][bookmark: _Toc49377079]

[bookmark: _Toc114657341]Annex B: Data Formats and Metrics
[bookmark: _Toc55813072][bookmark: _Toc114657342]B.1	Introduction
This Annex provides a detailed overview on data formats and their usage for metrics computation.
[bookmark: _Toc71665319][bookmark: _Toc55813086][bookmark: _Toc49377080]<snip>
[bookmark: _Toc114657351]B.4 Verification
<Snip>


B. 5	FGS – data formats and metrics 

<Placeholder>  This portion should include the details of the video data formats of the FGS data formats and metrics for each of the FGS synthesis / analysis methodology. 
[bookmark: _Toc114657356]
Annex C: Reference Sequences
[bookmark: _Toc55813087][bookmark: _Toc49377081][bookmark: _Toc114657357]C.1	Introduction
This annex provides a summary of candidate reference sequences that where discussed to be potentially suitable for one or multiple of the scenarios introduced in clause 6 of this Technical Report. For each candidate reference sequence, at least the following information is provided.
-	A summary of the sequence characteristics
-	A screenshot of the sequence
-	Source sequence properties
-	Information where the source sequence is hosted
-	Copyright and license information
The content is provided in JSON files here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequence. The format of the reference sequences follows the proposed format in Annex B.2.
The sequences are summarized here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/sequences.csv.
<Placeholder> This clause will include text for FGS reference sequences, if different/new reference sequences are used for the FGS synthesis / analysis.
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C.7  Test Sequence Information for FGS synthesis/analysis work 
<Placeholder> Provide detailed information for test sequences used for the 5 scenarios to test for the FGS benefits. 


[bookmark: _Toc114657505]Annex D Data Management and Hosting
[bookmark: _Toc114657506]D.1	Introduction
All reference sequences and all anchors are hosted on a publicly accessible web-server here: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo
A frontend is provided here: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/index.html.
NOTE: this frontend still needs to be implemented. Volunteers welcome.
In order to address reference sequences with different raw formats and to maintain consistency, a json file is added to describe the properties of the file. 
<Placeholder> Any relevant information regarding FGS synthesis/analysis is to be added in this clause.
[bookmark: _Toc114657507]D.2	Reference Sequences
[bookmark: _Toc114657508]D.2.1 	Hosting
All reference sequences are hosted at 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/ 
Below this folder, for each reference sequence a dedicated folder is created. The folder includes at least the following information:
-	JSON file for raw video according to schema in clause B.1.2.
In addition, the folder may include the following information
- 	the raw video sequence, if hosted on the server,
-	a preview file,
-	a thumbnail image.
[bookmark: _Toc114657509]D.2.2 	Uploading
For uploading a new reference sequence, please create a new issue here 
· https://github.com/haudiobe/5G-Video-Content/issues/new?assignees=&labels=request&template=reference_sequence.md&title=
Please specify all information that needs to be added to the JSON file for raw video sequences as defined in clause B.2.
[bookmark: _Toc114657510]D.2.3 	Downloading
Sequences can be downloaded from the above folders. Licensing terms must be obeyed. Downloaded files should be MD5 verified.
On Windows
Open Command Prompt.
Open your downloads folder by typing cd Downloads. ...
Type certutil -hashfile followed by the file name and then MD5.
Check that the value returned matches the value the MD5 file you downloaded from the json.
On Mac
Open Terminal.
Type md5 and hit the SPACE button.
Drag the file you have downloaded into the Terminal Window. ...
Hit Enter.
You should now see the MD5 Checksum so you can compare it to the string you have been given in json.
On Linux
Open Terminal.
Type md5 and add file name – hit enter
Verify the json provided MD5.
<Placeholder> Any relevant information regarding FGS synthesis/analysis is to be added in this clause.

[bookmark: _Toc114657511]D.3	Anchors and Tests
[bookmark: _Toc114657512]D.3.1 	Hosting
All anchor test bitstreams are hosted at: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/. 
Below this folder, a hierarchy is created 
-	Scenario
-	Codec
-	Metrics (contains all metrics)
-	Characterization (contains all characterization results)
-	CFG (contains all cfgs)
-	streams.csv (Documents the streams and generation)
-	crosscheck.csv (documents all cross-check results)
-	verification.csv (documents all verification results)
-	Anchor/Test Tuple
-	Anchor/Test Bitstream
The folder includes at least the following information:
-	JSON file for binary video according to schema in clause B.3.2.
-	binary video bitstream 
-	Potentially log files
The basic structure is as follows
Anchors
Scenario-1-HD/                    05-May-2021 19:06      -  
Scenario-2-4K/                    05-May-2021 19:07      -  
Scenario-3-Screen/                10-May-2021 21:18      -  
Scenario-4-Sharing/               05-May-2021 19:07      -  
Scenario-5-Gaming/                06-May-2021 00:38      -  

[bookmark: _Toc114657513]D.3.2 	Uploading
For uploading anchors and tests, please create a new issue here 
· https://github.com/haudiobe/5G-Video-Content/issues/new?assignees=&labels=request&template=anchor_tuple.md&title=
Please specify all required information that needs to be added to the JSON file for encoded video sequences as defined in clause B.3.
[bookmark: _Toc114657514]D.3.3 	Downloading
Anchors and tests can be downloaded for free from the above folders. Licensing terms must be obeyed. Downloaded files should be MD5 verified. Please check the software in Annex E for intelligent batch download.
[bookmark: _Toc114657515]D.4	Verification
Verification Reports are for example hosted at: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/verification.csv


<Placeholder> Any relevant information regarding the FGS synthesis / analysis is to be added here. 

[bookmark: _Toc114657516]Annex E: Software Package
[bookmark: _Toc114657517]E.1	Introduction
The development of anchors, tests and metrics is supported by a software package provided here: https://github.com/haudiobe/5GVideo. The software packager permits the following functionalities:
1. to produce anchors and test bitstreams. 
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
b) Output
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
1. to produce metrics. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a metrics json file for each anchor tuple according to the definition in clause 5.5.
1. to verify reconstruction and metrics. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a list of verification report entries according to the definition in Annex B.4.
1. to verify bitstreams. The following information is needed.
a) Input
-	a reference sequence csv according to the format in this document. It includes the key and the reference to the online repository
-	a stream csv file according to the format provided in this document. It includes the tuple key, the reference sequence, the reference encoder, the configuration files, the variations and the anchor keys.
-	the set of anchors in an anchor tuple in json according to the agreed naming convention
b) Output
-	a list of verification report entries according to the definition in Annex B.4.
1. to create characterization results. The following information is needed.
a) Input
-	the configuration of the anchor and the test
-	the metrics for which characterization is done.
b) Output
-	Characterization reports.
-	Plots for the characterizations

<Placeholder> Relevant text for software used for the FGS synthesis / analysis is to be added here. 

<Snip>
[bookmark: working-directory][bookmark: download-content-from-server][bookmark: processing-all-qps-of-a-an-anchor][bookmark: processing-a-single-qp-for-an-anchor][bookmark: common-options][bookmark: image-quality-metrics][bookmark: bitrate-bistream-size][bookmark: metrics-csv-export][bookmark: vcc.py-script-usage]
[bookmark: characterization-rd-curves-plots-bd-rate][bookmark: Xc2d97830f7c69498fe688fc7d5beee1c3603b66][bookmark: working-directory-1][bookmark: download-bitstreams-for-verification][bookmark: generate-reconstruction-of-bitstreams][bookmark: export-metrics-from-.json-to-.csv][bookmark: compute-metrics][bookmark: reconstruction-and-metrics][bookmark: _Toc114657549]E.2.6.5	generate verification report
[bookmark: _Toc114657550]E.2.6.5.1	general
to generate a verification report, we compare the local reconstruction and metrics computed in the working directory, to the original data downloaded from the server.
[bookmark: _Toc114657551]E.2.6.5.2	download the original metrics
create the directory /data/Origin/Scenario-1-FHD/VTM and download the reference metrics there:
python3 src/download.py streams --metrics https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/VTM/streams.csv /data/Origin/Scenario-1-FHD/VTM
[bookmark: download-the-original-metrics][bookmark: _Toc114657552]E.2.6.5.3	metrics verification
to generate a verification verify-metrics command of the metrics.py script.
the following options are needed: - -o : the path to the directory containing the original data to which localy computed results will be compared - -r : the resulting report path is specific with
the metrics key on which the verification report should run are specified as the last arguments. eg psnr y_psnr the following metrics keys are implemented: psnr, y_psnr, u_psnr, v_psnr, ms_ssim, vmaf, bitrate, bitrate_log, wpsnr, y_wpsnr, u_wpsnr, v_wpsnr, psnr100, de100
python3 ./src/metrics.py -c S1-VTM-01 verify-metrics
    -o /data/origin
    -r /data/origin/s1-vtm-01-verification-report.csv
    --doc - --email foo@corp.com --company corp 
    y_psnr psnr
<Snip>

[bookmark: metrics-verification][bookmark: generate-verification-report][bookmark: building-the-docker-images][bookmark: using-the-worker-image][bookmark: _Toc41600633][bookmark: _Toc55813140][bookmark: _Toc49377104][bookmark: _Toc114657560]Annex <X> (informative):
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<Placeholder> Relevant text for software used for the FGS synthesis / analysis is to be added here. 
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