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[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc62567266]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.
[bookmark: scope][bookmark: _Toc62567267]
1	Scope
The present document relevant interoperability requirements, performance characteristics and implementation constraints of video codecs in 5G services, and to characterize existing 3GPP video codecs, in particular 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:
-	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, color 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.
-	Characterizes 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.
-	Identifies gaps and deficiencies of existing codecs in such use cases and derive requirements for potential new codecs.
-	Collects initial information on how new codecs under development in ISO/IEC SC29 WG11 (MPEG)/JVET (in particular including VVC and EVC) may meet the above criteria.
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[bookmark: definitions][bookmark: _Toc62567269]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc62567270]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].
Definition format (Normal)
<defined term>: <definition>.
3GPP codec: a video codec defined in a Rel-16 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.
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: _Toc62567271]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc62567272]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].
Abbreviation format (EW)
AAC	Advanced Audio Coding
ABR	Adaptive BitRate
AOV	Arena Of Valor
ATSC	Advanced Television Systems Committee
AVC	Advanced Video Coding
AVCHD	AVC High Definition
AVI	Audio Video Interleave
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
CTU	Coding Tree Unit
DASH	Dynamic Adaptive Streaming over HTTP
DVB	Digital Video Broadcasting
EVC	Essential Video Coding
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
IDR	Instantaneous Decoder Refresh
JVET	Joint Video Experts Team
MKV	MatrosKa Video
MMO	Massive Multiplayer Online
MMORPG	MMO Role-Playing Game
MMS	Multimedia Messaging Service
MOBA	Multiplayer Online Battle Arena
MPD	Media Presentation Description
MPEG	Moving Pictures Expert Group
MSE	Mean Square Error
MTSI	Multimedia Telephony Service over IMS
OBS	Open Broadcaster Software
PSNR	Peak Signal to Noise Ratio
RAP	Random Acces 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
SDK	Software Development Kit
SDR	Standard Definition Range
SEI	Supplemental Enhancement Information
SI 	Spatial perceptual Information
SSIM	Structural Similarity Index Measure
SVOD	Subscription Video On Demand
TI 	Temporal perceptual Information
UDP	User Datagram Protocol
UHD	Ultra High Definition
UVG	Ultra Video Group
VBR	Variable BitRate
VVC	Versatile Video Coding
[bookmark: clause4][bookmark: _Toc62567273]4	Overview of video codec capabilities in 3GPP services in Release 16
[bookmark: _Toc62567274]4.1	Introduction
This clause summarizes the video coding capabilities in relevant existing 5G services as of Releease-16. Video codecs introduced in this clause are referred to as 3GPP video codecs. 
As of today, two codecs are prominently referenced and available, namely H.264 (AVC) [7] and H.265 (HEVC) [8]. 
Both codecs are defined as part of the TV Video Profiles in 3GPP TS 26.116 [3] and are also the foundation of the VR Video Profiles in 3GPP TS 26.118 [4]. The highest defined profile/level combinations are:
-	H.264 (AVC) Progressive High Profile Level 5.1 [7] with the following additional restrictions and requirements:
o	the maximum VCL Bit Rate is constrained to be 120Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively.
o	the bitstream does not contain more than 10 slices per picture
-	H.265 (HEVC) Main-10 Profile Main Tier Level 5.1 [8] without any restrictions
Both codecs are also defined for other 3GPP-based services. More details on the codec capabilities and the necessary interoperability requirements for different services are collected in the remainder of this clause.
[bookmark: _Toc62567275]4.2	TV Video Profiles
The TV Video Profiles in TS 26.116 [3] address coded representations of TV distribution signals up to UHD-1 phase 2. Table 4.2-1 provides an overview of the TV relevant formats considered in the context of 3GPP TV Video Profiles.
In the context of TV Video Profiles, the following aspect are defined:
-	Bitstream: A media bitstream that conforms to a video encoding format and certain Operation Point.
-	Operation Point: A collection of discrete combinations of different content formats including spatial and temporal resolutions, colour mapping, transfer functions, etc. and the encoding format.
-	Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.
Table 4.2-1: TV over 3GPP services Video Profile Operation Points (TS 26.116 [3])
	Operation Point name
	Resolution format
	Picture aspect ratio
	Scan
	Max. frame rate
	Chroma format
	Chroma sub-sampling
	Bit depth
	Colour space format
	Transfer
Characteristics

	H.264/AVC 720p HD
	1280 × 720
	16:9
	Progressive
	30
	Y'CbCr
	4:2:0
	8
	BT.709
	BT.709

	H.265/HEVC 720p HD
	1280 × 720
	16:9
	Progressive
	30
	Y'CbCr
	4:2:0
	8
	BT.709 
	BT.709

	H.264/AVC Full HD
	1920 × 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	8
	BT.709
	BT.709

	H.265/HEVC Full HD
	1920 × 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	8; 10
	BT.709; BT.2020
	BT.709; BT.2020 

	H.265/HEVC UHD
	3840 × 2160
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020
	BT.2020

	H.265/HEVC Full HD HDR
	1920 x 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 
	BT.2100 PQ

	H.265/HEVC UHD HDR
	3840 x 2160
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 
	BT.2100 PQ

	H.265/HEVC Full HD HDR HLG
	1920 x 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020
	BT.2100 HLG

	H.265/HEVC UHD HDR HLG
	3840 x 2160
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 
	BT.2100 HLG



Each of the Operation Point is associated to the support of a video codec and its Profile, Level and Tier (for HEVC) combined with additional bitstream constraints defined in TS 26.116 [3], clause 4. The Table 4.2-2 summarizes the video codec profile, tier and level associated to each operation point.
 Table 4.2-2: Operation point video codec Profile/Tier/Level 
	Operation Point name
	Video Codec
	Profile
	Tier
	Level

	H.264/AVC 720p HD
	AVC
	High
	-
	3.1

	H.265/HEVC 720p HD
	HEVC
	Main
	Main
	3.1

	H.264/AVC Full HD
	AVC
	High
	-
	4.2

	H.265/HEVC Full HD
	HEVC
	Main-10
	Main
	4.1

	H.265/HEVC UHD
	HEVC
	Main-10
	Main
	5.1

	H.265/HEVC Full HD HDR
	HEVC
	Main-10
	Main
	4.1

	H.265/HEVC UHD HDR
	HEVC
	Main-10
	Main
	5.1

	H.265/HEVC Full HD HDR HLG
	HEVC
	Main-10
	Main
	4.1

	H.265/HEVC UHD HDR HLG
	HEVC
	Main-10
	Main
	5.1



For TV Video profiles, interoperability with ISO BMFF based systems and the DASH Streaming is of most relevance. Hence, for a codec to be used in the context of TV Video Profiles, the following is defined in terms of interoperability:
1. The receiver requirements on elementary stream level
2. The encapsulation of an elementary stream into an ISO Base Media File Format track
3. The provisioning of the media as part of DASH Adaptation Set to support seamless switching
4. All MPD-level signalling for the codec to support capability discovery
For details, refer to TS 26.116 [3], clause 4 and clause 5.
[bookmark: _Toc62567276]4.3	VR Video Profiles – To be kept only if interest raised on VR 360 video codec evaluation
The VR profiles for streaming applications defined in TS 26.118 [4] address the coded representation of 360 VR distribution signals. Table 4.X-1 provides an overview of the 360 VR relevant formats considered in the context of 3GPP VR profiles. The VR profiles follow the same logic as the TV Video profiles, they represent a list of interoperability points that are amended by the 3GPP services such as 5GMS.
Table 4.3-1: High-level Summary of Operation Points
	Operation Point name
	Decoder
	Bit depth
	Typical
Original
Spatial
Resolution
	Frame
Rate
	Colour space format
	Transfer
Characteristics
	Projection
	Rotation
	RWP
	Stereo

	Basic H.264/AVC

	H.264/AVC HP@L5.1
	8
	Up to 4k
	Up to 60 Hz
	BT.709
	BT.709
	ERP w/o padding
	No
	No
	No

	Main H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 6k in mono and 3k in stereo
	Up to 60 Hz
	BT.709
BT.2020
	BT.709

	ERP w/o padding
	No
	Yes
	Yes

	Flexible H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 8k in mono and 3k in stereo
	Up to 120 Hz
	BT.709 
BT.2020
	BT.709, 
BT.2100 PQ
	ERP w/o padding
CMP
	No
	Yes
	Yes


[bookmark: _Toc62567277]4.4	5G Media Streaming
[bookmark: _Toc62567278]4.4.1	Introduction
5G Media Streaming (5GMS) services are associated with a series of 5GMS profiles each of which containing a set of capability requirements associated to a service scenario. Default profiles (for downlink and uplink streaming) are also defined in case no other profile is claimed to be supported. The detailed requirements for 5G Media Streaming profiles and their associated codec requirements are defined in 3GPP TS 26.511 [13]. The following clauses focus on video codec requirements and recommendations in 5GMS specification as well as the encapsulation format.
NOTE:	In some profiles the HD-HDR capability is used as the ability for a UE to present video signals with all the following features: at least Full-HD resolution, bit depth of at least 10, at least 60 frames per second, Wide Colour Gamut and High Dynamic Range.
[bookmark: _Toc62567279]4.4.2	5GMS Downlink Streaming default profile
[bookmark: _Toc62567280]4.4.2.1	H.264 (AVC)
TS 26.511 [13] requires the support of H.264 (AVC) Progressive High Profile Level 3.1 [7] decoding, with the maximum VCL Bit Rate constrained to be 14 Mbps.
If the 5GMS client supports the reception of video and HD-HDR capabilities, then TS 26.511 [13] requires the support of H.264 (AVC) Progressive High Profile Level 4.0 [7] decoding.
[bookmark: _Toc62567281]4.4.2.2	H.265 (HEVC)
TS 26.511 [13] recommends the support of H.265 (HEVC) Main Profile, Main Tier, Level 3.1 [8] decoding with no interlace support.
If the 5GMS client supports the reception of video and HD-HDR capabilities, then TS 26.511 [13] requires the support of H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1 [8] decoding with no interlace support.
[bookmark: _Toc62567282]4.4.2.3	Encapsulation format
TS 26.511 [13] requires the support of Common Media Application Format (CMAF) encapsulation as defined in ISO/IEC 23000-19 [30].
[bookmark: _Toc62567283]4.4.3	5GMS Uplink Streaming default profile
[bookmark: _Toc62567284]4.4.3.1	H.265 (HEVC)
TS 26.511 [13] requires the support of H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1[8] encoding with no interlace support. 
[bookmark: _Toc62567285]4.4.3.2	Encapsulation format
TS 26.511 [13] requires the support of Common Media Application Format (CMAF) as defined in ISO/IEC 23000-19 [30].
[bookmark: _Toc62567286]4.4.4	5GMS Television (TV) profile
[bookmark: _Toc62567287]4.4.4.1	H.264 (AVC)
TS 26.511 [13] requires the support of H.264/AVC 720p HD as specified in TS 26.116 [3], clause 4.4.2.6. 
TS 26.511 [13] recommends the support of H.264/AVC Full HD as specified in TS 26.116 [3], clause 4.4.3.6. 
NOTE:	Associated codec profiles and levels are listed in Table 4.2-2 of the present document.
[bookmark: _Toc62567288]4.4.4.2	H.265 (HEVC)
TS 26.511 [13] recommends the support of H.265/HEVC 720p HD, H.265/HEVC Full HD, H.265/HEVC, H.265/HEVC Full HD, H.265/HEVC UHD HDR, H.265/HEVC Full HD HDR HLG and H.265/HEVC UHD HDR HLG as specified in TS 26.116 [3].
If the 5GMS client supports the Television (TV) profile and HD-HDR capabilities, TS 26.511 [13] requires the support of H.265/HEVC Full HD as specified in TS 26.116 [3].
NOTE:	Associated codec profiles and levels are listed in Table 4.2-2 of the present document.
[bookmark: _Toc62567289]4.4.4.3	Encapsulation format
TS 26.511 [13] requires the support of DASH as defined in 3GPP TS 26.116 [3], clause 5.
NOTE:	Full alignment between DASH support in TS 26.116 [3] and CMAF support in TS 26.511 is still to be investigated.
[bookmark: _Toc62567290]4.4.5	5GMS Downlink 360 Virtual Reality (VR) profile – to be removed in case no interested in evaluating 360 VR 
[bookmark: _Toc62567291]4.4.5.1	H.264 (AVC)
TS 26.511 [13] requires the support of the Basic H.264/AVC Operation Point as defined in 3GPP TS 26.118 [4], clause 5.1.4.
NOTE:	Associated codec profiles and levels are listed in Table 4.3-1 of the present document.
[bookmark: _Toc62567292]4.4.5.2	H.265 (HEVC)
TS 26.511 [13] recommends the support of the Main H.265/HEVC Operation Point as defined in TS 26.118 [4], clause 5.1.5.
TS 26.511 [13] indicates that the Flexible H.265/HEVC Operation Point as defined in TS 26.118 [4], clause 5.1.6,  may be supported.
NOTE:	Associated codec profiles and levels are listed in Table 4.3-1 of the present document.
[bookmark: _Toc62567293]4.4.5.3	Encapsulation format
TS 26.511 [13] requires the support of DASH as defined in 3GPP TS 26.118 [4], clause 5.2.
NOTE:	Full alignment between DASH support in TS 26.116 [3] and CMAF support in TS 26.511 is still to be investigated.
[bookmark: _Toc62567294]4.5	Multimedia Telephony Services over IMS
[bookmark: _Toc62567295]4.5.1	Introduction
The Multimedia Telephony Services over IMS (MTSI) specification 3GPP TS 26.114 [2] covers the media aspects of 3GPP conversational services. For MTSI services the UE is associated with both encoder and decoder requirements. Therefore, the support for a given video codec with its profile and level is interpreted as the ability to:
-	encode any video input which characteristics fit in the level limits and produce a bitstream conformant with the codec profile.
-	decode any bitstream in the codec/profile/level configuration.
NOTE:	Additional constraints related to conversational services such as decoding process, location of the parameter sets are defined in TS 26.114 [2], clause 5.2.2.
[bookmark: _Toc62567296]4.5.2	H.264 (AVC)
TS 26.114 [2], in clause 5.2.2 requires the support of H.264 (AVC) [7] Constrained Baseline Profile (CBP) Level 1.2.
TS 26.114 [2], in clause 5.2.2 also recommends H.264 (AVC) [7] Constrained High Profile (CHP) Level 3.1.
[bookmark: _Toc62567297]4.5.3	H.265 (HEVC)
TS 26.114 [2] requires the support of H.265 (HEVC) [8] Main Profile, Main Tier, Level 3.1 except for constrained terminals for which it is only recommended.
[bookmark: _Toc62567298]4.5.4	Encapsulation format
MTSI is built upon the Real Time Protocol (RTP) for which the payload formats are specified in TS 26.114 [2], clause 7.4.3.
[bookmark: _Toc62567299]4.6	Messaging Services
3GPP TS 26.140 [32] specifies the media types, formats and codecs for the MMS within the 3GPP system. The document extends to codecs for speech, audio, video, still images, bitmap graphics, and other media in general, as well as scene description, multimedia integration and synchronization schemes.
Specifically, for video, the following capabilities are defined:
-	TS 26.140 [32] requires the support of H.264 (AVC) [7] Constrained Baseline Profile (CBP) Level 1.3.
-	TS 26.140 [32] recommends the support of H.264 (AVC) [7] High Profile Level 3.1 with frame_mbs_only_flag=1 by MMS clients supporting HDTV video content at a resolution of 1280x720 (720p) with progressive scan at 30 frames per second. 
-	TS 26.140 [32] also recommends the support of H.265 (HEVC) [8] Main Profile, Main Tier, Level 3.1.
NOTE:	The specification has not been updated since 2014.
[bookmark: _Toc62567300]4.7	Screen Content Coding
3GPP TS 26.223 [35] specifies a client for the IMS-based telepresence service supporting conversational speech, video and text transported over RTP. Telepresence is defined as a conference with interactive audio-visual communications experience between remote locations, where the users enjoy a strong sense of realism and presence between all participants (i.e. as if they are in same location) by optimizing a variety of attributes such as audio and video quality, eye contact, body language, spatial audio, coordinated environments and natural image size.
As specified in 3GPP TS 26.223 [35] clause 5.2, telepresence UEs are required to support:
-	H.264 (AVC) [7] Constrained High Profile (CHP), Level 3.1,
-	H.264 (AVC) [7] Constrained Baseline Profile (CBP), Level 1.2 (for interworking with MTSI clients),
-	H.265 (HEVC) [8] Main Profile, Main Tier, Level 4.1.
As specified in 3GPP TS 26.223 [35], Telepresence UEs are also recommended to support dedicated HEVC extensions defined specifically for such types of content:
-	H.265 (HEVC) [8] Screen-Extended Main, Main Tier, Level 4.1,
-	H.265 (HEVC) [8] Screen-Extended Main 4:4:4, Main Tier, Level 4.1.
[bookmark: _Toc62567301]5	Test and Characterization Framework for Video Codecs
[bookmark: _Toc62567302]5.1	Overview
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 are 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.
-	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 5.6.
-	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 is introduced in clause 5.7.
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:
-	Reference and anchor sequence formats to store raw video data
-	One or multiple 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 anchor sequences from an anchor bitstream
-	Anchor metrics
NOTE: as the anchor sequences can be generated by conforming decoders, anchor sequences are not included in this technical report

Figure 5.1-1 Anchor Generation Framework and Anchor Metrics Generation
[bookmark: _Toc62567303]5.2	Reference Sequences
This specification provides reference sequences that are used in order to provide anchors and are also made available in order to generate test results for other codecs. Reference sequences are selected to represent scenarios.
Reference sequences are collected described in Annex C of this document among 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 E describes how to upload and access reference sequences.
[bookmark: _Toc62567304]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 quality and bitrates that can then be used for evaluation over a larger set of operation points.
The following principle apply to anchor definitions:
-	Each scenario typically has several well-defined anchors
-	An anchor is a combination of:
-	Explanation what this anchor is important for
-	Reference sequence
-	Reference encoder
-	Encoder configuration
-	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
-	Additional recommended anchor information includes
-	MD5 check sum of the complete reconstructed yuv file (anchor sequence)
-	Output picture log from reference encoder
-	Anchors and anchor tuples are an integral part of this document
Anchor tuples should be created over a wide range of parameters in order to provide sufficient data and overlap with expected test results to support the generation of characterization results (see clause 5.7).
The generation of anchor tuples is shown in Figure 5.3-1.
 
Figure 5.3-1: Anchor Tuple Generation Framework and Anchor Tuple Metrics Generation
Anchors are provided according to the defined binary format as defined in Annex B.3.
[bookmark: _Toc62567305]5.4	Reference Software Tools
[bookmark: _Toc62567306]5.4.1	General
Anchors bitstreams are generated with a dedicated reference software. The reference software is documented in order to permit repeatability of the anchor generation.
Reference configurations for reference encoders are provided in Annex D.
[bookmark: _Toc62567307]5.4.2	H.264/AVC
For H.264/AVC generated anchor bitstreams, the following reference software has been used:
-	JM19.0 H.264/MPEG-4 AVC Reference Software: The reference software for H.264/MPEG-4 AVC is called JM (Joint Test Model). The JM software is maintained and can be downloaded from in the repository https://vcgit.hhi.fraunhofer.de/jct-vc/JM and development versions are available. For JM-based H.264/MPEG-4 AVC anchors, version 19.0 is used except specified otherwise. The reference software supports the following 3GPP profiles
-	H.264 (AVC) Constrained Baseline Profile
-	H.264 (AVC) Progressive High Profile
-	others are tbd
[bookmark: _Toc62567308]5.4.3	H.265/HEVC
For H.265/HEVC generated anchor bitstreams, the following reference software has been used:
-	HM16.22 H.265/MPEG-H HEVC Reference Software: The reference software for H.265/MPEG-H HEVC is called HM (HEVC Test Model). The HM software is maintained and can be downloaded from in the repository https://vcgit.hhi.fraunhofer.de/jct-vc/HM and development versions are available. For HM-based H.265/MPEG-4 HEVC anchors, version 16.22 is used except specified otherwise. The reference software supports the following 3GPP profiles
-	H.265 (HEVC) Main Profile
-	H.265 (HEVC) Main-10 Profile
-	others are tbd
-	SCM8.8: Extensions for screen content coding are provided with the SCM (Screen Content Coding Model) software available here https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/tags/HM-16.21+SCM-8.8. The reference software supports the following 3GPP profiles and levels
- 	H.265 (HEVC) [8] Screen-Extended Main Profile
-	others are tbd
[bookmark: _Toc62567309]5.5	Metrics
[bookmark: _Toc62567310]5.5.1	General
Each anchor bitstream gets assigned multiple performance metrics, in particular:
-	the bitrate of the sequence, i.e. the sum of the size of all compressed pictures divided by duration of the sequence.
-	If Standard Dynamic Range (SDR) is used, then the metrics in clause 5.5.2 apply.
-	If High Dynamic Range (HDR) is used, then the metrics in clause 5.5.3 apply.
Editor’s Note: The exact definition of metrics needs to be completed. It may be based on equations or a script provided by in this report.
Subjective evaluation of anchors streams is not excluded per se, but this specification does not define any recommended metric or method. Details are for further study.
[bookmark: _Toc62567311]5.5.2	SDR Metrics
For standard dynamic range (SDR) sequences, the following metrics are used:
-	Peak-Signal to Noise Ratio (PSNRy) of luminance component, as specified in [44]
-	Weighted PSNR over color components (wPSNRyuv)
-	Structural similarity metric (SSIM and MS-SSIM), as specified in [54] [55] and [56]
-	Video Multimethod Assessment Fusion (VMAF), as specified in [57].
[bookmark: _Toc62567312]5.5.3	HDR Metrics
For high dynamic range (HDR) sequences, the following metrics are used:
-	PSNRL100, as specified in [44] and [58],
-	Weighted PSNR over color components (wPSNR), as specified in [44] and [58], 
-	DE100, as specified in [44] and [58].
[bookmark: _Toc62567313]5.6	Tests
Tests may be executed to compare against anchors defined in this 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:
-	Anchor
-	Reference Sequence
-	Test encoder
-	Test encoder configuration that matches the anchor configuration
-	Encoding complexity estimation, if available
-	Variable test encoder configuration to create multiple quality/bitrate variants (using for example QP variations or other bitrate/quality evaluation tools). 
-	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 
-	Tests are an integral part of the Technical Report
The generation of test tuples is shown in Figure 5.6-1.
 
Figure 5.6-1: Test Tuple Generation Framework and Test Tuple Metrics Generation
[bookmark: _Toc62567314]5.7	Characterization
Characterization is the comparison of a codec under test with an anchor based on the framework introduced in this clause. Characterization in this report is based on Bjöntegard-Delta (BD)-rate information according to [44].
A full characterization of a codec for a scenario against a 3GPP codec shall provide at least the following metrics
-	The BD-rate gain for each defined anchor tuple and each required metric
-	The average BD-rate gain across all anchors of the scenario for each required metric.
  
Figure 5.7-1: Characterization Framework
BD-Rate is computed according to the CTC method used in JVET and specified in [44] from the tools publicly available: Reference codec software, Excel file available in [57] for SDR and in [58] for HDR. 
The Excel files include the VBS script bdrate( ) to compute the BD-Rate performance between a test codec and a reference from four rate-distortion points. 
Editor’s Note: The excel sheet is only documenting the correct implementation, but is not integral to the technical report per se.
These excel files have been extended in the Random-Access and low delay tabs to contain new columns for the new metrics: VMAF, SSIM and MS-SSIM, in the SDR case only. The “SA4 extended excel files” for SDR and HDR are attached.
For the computation of VMAF, SSIM and MS-SSIM, the C++ executable “vmafossexec” [59], open source provided by Netflix could be used (Licence BSD + Patent) (Note: a tag need to be defined for libvmaf and vmafossexec). MS-SSIM is computed in Vmafossexec with the default 11 Gaussian Window and default K1=0.01 and K2=0.03.
Here is the command line:
vmafossexec $VMAF_FMT $WIDTH $HEIGHT ref.yuv test.yuv $VMAFMODEL --thread 1 --psnr --ssim --ms-ssim --log metrics.vmaf
$VMAF_FMT: describe yuv subsampling (yuv420p10le or yuv420p8In10leOut)
$VMAFMODEL: vmaf_4k_v0.6.1.pkl (4K and more) or vmaf_v0.6.1.pkl (HD and lower res)
thread: 0 to use all threads available
Note: the VMAF executable allows to extract the psnr which could also be used to check if it matches reference software output.
Another optional method is provided, as described in Annex F, to compute the metrics automatically.  BD-Rate computation is supported by a script that uses anchor tuple and test tuple metrics to provide the characterization results as shown in Figure 5.7-1. 
For details on BD-Rate computation, refer to [44].
[bookmark: _Toc62567315]6	Relevant Scenarios
[bookmark: _Toc62567316]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.
-	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 an 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.
[bookmark: _Toc62567317]6.2	Scenario 1: Full HD Streaming
[bookmark: _Toc62567318]6.2.1	Motivation
The 2020 Mobile Internet Phenomena Report from Sandvine [9] shows that mobile video downstream traffic accounts for more than 65% of the global application category traffic share.
According to Ericsson mobility report [10], video traffic in mobile networks is forecast to grow by around 30 percent annually through 2025 to account for three-quarters of mobile data traffic, from slightly more than 60 percent in 2019. The video traffic growth is driven by the increase of embedded video in many online applications, growth of video-on-demand (VoD) streaming services in terms of both subscribers and viewing time per subscriber, and the evolution toward higher screen resolutions on smart devices. All of these factors have been influenced by the increasing penetration of video-capable smart devices.
Furthermore, while UHD and 4K are trendy formats, the main application for mobile streaming is Full HD with 1080p at 50 or 60 frames per second is expected to be the format of choice for mobile streaming at scale. The distribution version may be downsampled to support adaptive bitrate streaming, possibly with High Dynamic Range (HDR) support. For detailed discussion please refer to the presentation at the DASH-IF Workshop Dec 2019 [11].
In terms of distribution, while in the past, streaming video was delivered primarily via RTMP or RTP, fewer and fewer devices support these aging protocols each year. Instead, the latest web standards support built-in video playback and HTML5 is now by far the preferred method for video playback. And adaptive bitrate protocols dominate the distribution. According to the developer report [12], adaptive bitrate streaming through HLS/DASH, using the CMAF/DASH based segment formats, provide vast majority for streaming video. The distribution is used for On-Demand and Live Streaming.
[bookmark: _Toc62567319]6.2.2	Description of the Anticipated Application
In the context of 3GPP services, 5G Media Streaming [13] as well as the TV Video Profiles [3] are specifications addressing this streaming scenario. Both, 5G Media Streaming [13] and TV Video Profiles [3] builds on CMAF-based Segment formats and DASH distribution. From TS 26.116, the following operation points may be considered in scope of the Full HD Streaming Scenario (pending availability of appropriate test content):
-	H.265/HEVC Full HD HDR, see TS26.116 [3] clause 4.5.3.
-	H.264/AVC Full HD, see TS26.116 [3] clause 4.4.3.
-	H.265/HEVC Full HD, see TS26.116 [3] clause 4.5.5.
-	H.265/HEVC Full HD HDR HLG, see TS26.116 [3] clause 4.5.7.
These operation points are further informed by relevant operational experience with commercially available encoders and decoders.
The considered scenario is the distribution of content through DASH/CMAF based streaming. Important aspects that are expected to be considered when evaluating a codec in the context of this:
-	Quality and Coding Efficiency:
-	High and uninterrupted visual quality, taking into account the service constraints.
-	Any savings can provide significant benefits due to the expected large volume of the traffic either in quality or network utilization.
- 	Adaptive Bitrate streaming:
-	Multiple bit rates are provided, typically with a ladder of 30–50% to permit bandwidth adaptation. The use of constant bit rate (CBR) encoding maximises reuse of a common ladder of encoded representations across multiple distribution networks. The use of capped variable bit rate (VBR) encoding allows the bit rate to be varied according to the difficulty of the source material while maintaining the ability to distribute the encoded representations through distribution networks with fixed capacity. This also maximises reuse of a common ladder across multiple distribution networks.
-	CMAF Fragments of size typically in the range of 1–6s to permit seamless switching for bit rate adaptation.
-	Regular Random Access, typically every 1–2 seconds according to TS 26.116 [3]. To achieve clean switching in both sound and picture when moving between different encoded representations in the ladder, 3.84 seconds enables video segment boundaries to be aligned with an integer number of audio Access Units, if a 50fps video signal and 48kHz audio signal is used.
-	Encoding in this scenario is typically done as
-	Live and On-Demand distribution and encoding
- 	Server and Cloud-based Encoding
-	No specific encoding latency constraints
[bookmark: _Toc62567320]6.2.3	Source Format Properties
Table 6.2.3-1 provides an overview of the different source signal properties following the information from TS26.116 [3]. This information is used to select proper test sequences.
Table 6.2.3-1 Source Format Properties for different operation point
	Source Format Properties
	H.264/AVC Full HD
	H.265/HEVC Full HD
	H.265/HEVC Full HD HDR
	H.265/HEVC Full HD HLG

	Spatial resolutions
	1920 × 1080
(Permitted Distribution formats: 1920 × 1080, 1600 × 900, 1280 × 720,
960 × 540, 854 × 480, 640 × 360,426 × 240)

	Chroma Format
	Y'CbCr

	Chroma Subsampling
	4:2:0

	Picture Aspect ratios
	16:9

	Frame rates
	24; 25; 30; 50; 60; 24/1.001; 30/1.001; 60/1.001 Hz

	Bit Depth
	8
	8, 10
	10
	10

	Colour space formats
	BT.709 [14]
	BT.709 [14]; BT.2020 [15]
	BT.2020 [15]
	BT.2020 [15]

	Transfer Characteristics
	BT.709 [14]
	BT.709 [14]; BT.2020 [15]
	BT.2100 [16] PQ
	BT.2100 [16] HLG



[bookmark: _Toc62567321]6.2.4	Encoding and Decoding Constraints
Table 6.2.4-1 provides an overview of encoding and decoding constraints for H.264/AVC Full HD and H.265/HEVC Full HD Profiles. This will support the definition of detailed test conditions.
Table 6.2.4-1 Encoding and Decoding Configurations
	Encoding and Decoding Constraints
	H.264/AVC Full HD
	H.265/HEVC Full HD

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.264/AVC Progressive High Profile Level 4.2 [7]
	HEVC/H.265 Main-10 Profile 
Main Tier Level 4.1 [8]

	Random access frequency
	1 second, 3.84 seconds
	1 second, 3.84 seconds

	Error resiliency requirements
	None
	None

	Bit rates and quality configuration
	QP, for example [20, 23, 26, 29]
	[bookmark: _Hlk36584825]QP for example [23, 25, 28, 31, 34]

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	Fixed QP
CBR 8–12 Mbit/s
VBR capped at 12 Mbit/s
others
	Fixed QP
CBR 5–8 Mbit/s
VBR capped at 12 Mbit/s
others

	ABR encoding requirements (switching frequency, etc.)
	1 second
ABR through multiple QPs
	1 second
ABR through multiple QPs

	Latency requirements and specific encoding settings
	No latency requirements beyond RAP so picture reordering allowed
	No latency requirements beyond RAP so picture reordering allowed

	Encoding complexity context 
	real-time encoding, cloud-based encoding, offline encoding, etc.
	real-time encoding, cloud-based encoding, offline encoding, etc.

	Required decoding capabilities
	H.264/AVC Progressive High Profile Level 4.2 [7]
	HEVC/H.265 Main-10 Profile 
Main Tier Level 4.1 [8]


[bookmark: _Toc62567322]6.2.5	Performance Metrics
All metrics as defined in clause 5.5 apply.
[bookmark: _Toc62567323]6.2.6	Interoperability Considerations
In order to use a codec in the context of 5G Media Streaming services in TS 26.511 and for TV Video profiles in TS 26.116, the following list provides a set of potentially relevant interoperability aspects for Full HD Streaming:
1.	The receiver requirements on elementary stream level, in particular the profile/level and additional considerations.
2.	The encapsulation of an elementary stream into an ISO Base Media File Format track 
3.	The definition of a CMAF media profile.
4.	The static mapping of parameters to a DASH MPD, in particular to the MPD parameters, such as @mimeType, @codecs, etc
5.	The dynamic mapping of parameters to a DASH MPD from a CMAF Master Header, in particular to the MPD parameters, such as @width, @height, etc.
6.	All MPD-level signalling for the codec to support capability discovery
7.	Encryption requirements and recommendations.
8.	Capability discovery options, for example mapping to HTML-5, MSE and media capability APIs.
9.	Source Buffer Initialization Requirements.
10.	Playback Requirements, for example by referencing CTA WAVE Specifications
11.	Relation to other specifications, such as in DVB, ATSC, MPEG, ETSI, etc.
For additional details, please refer to TS 26.116 and TS 26.511.
[bookmark: _Toc62567324]6.2.7	Reference Sequences
Table 6.2.7-1 provides the selected reference sequences for this scenario. Keys are defined to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. A justification is provided, why this sequence is selected.
Table 6.2.7-1 Reference Sequences for Full HD Scenario
	Key
	Name
	Reference
	Justification/Comment

	S1-R1
	WAVE-ToS01
	Annex C.3.2.2
	Good long test sequence and full resolution of 1080p.

	S1-R2
	WAVE-ToS02
	Annex C.3.2.2
	Good long test sequence at subsampled resolution of 900p.

	S1-R3
	WAVE-ToS03
	Annex C.3.2.2
	Good long test sequence at subsampled resolution of 720p.

	S1-R4
	WAVE-CRO01
	Annex C.3.3.2
	Good HDR Test sequence at full resolution of 1080p.

	S1-R4
	WAVE-CRO02
	Annex C.3.3.2
	Good HDR Test sequence at subsampled resolution of 900p.

	S1-R4
	WAVE-CRO03
	Annex C.3.3.2
	Good HDR Test sequence at subsampled resolution of 720p.



[bookmark: _Toc62567325]6.2.8	Anchor Definition
[bookmark: _Toc62567326]6.2.8.1	Overview
This clause provides details on how to generate the anchors for the Full HD Scenario.
[bookmark: _Toc62567327]6.2.8.2	H.264/AVC Anchors
[bookmark: _Toc62567328]6.2.8.2.1	Overview
Table 6.2.8.2.1-1 provides an overview of the H.264/AVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.2.8.2.1-1 Anchor Tuple generation with H.264/AVC for Full HD Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S1-A1-264
	6.2.8.2.2
	S1-R1
	JM19.0
	JM-01
	QP = [17, 20, 23, 26, 29, 32]
	S1-A1-264-<QP>

	S1-A2-264
	6.2.8.2.2
	S1-R2
	JM19.0
	JM-02
	QP = [17, 20, 23, 26, 29, 32]
	S1-A2-264-<QP>

	S1-A3-264
	6.2.8.2.2
	S1-R3
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S1-A2-264-<QP>

	
	
	
	
	
	
	


[bookmark: _Toc62567329]6.2.8.2.2	S1-A1-264
This anchor tuple produces an anchor over 60 seconds with a typical configuration of H.264/AVC:
-	Profile H.264/AVC Progressive High-Profile Level 4.2 [7]
-	Random access and switching at 1 second interval
-	Fixed QP settings
-	IBBP GOP structures
Different sequences are used with resolutions 1080p, 900p and 720p. 
[bookmark: _Toc62567330]6.2.8.3	H.265/HEVC Anchors
[bookmark: _Toc62567331]6.2.8.3.1	Overview
Table 6.2.8.3.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.2.8.3.1-1 Anchor Tuple generation with H.265/HEVC for Full HD Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S1-A1-265
	6.2.8.3.2
	S1-R1
	JM19.0
	JM-01
	QP = [22, 25, 28, 31, 34, 37]
	S1-A1-265-<QP>


[bookmark: _Toc62567332]6.2.8.3.2	S1-A1-265
tbd 
[bookmark: _Toc62567333]6.2.9	Anchor Results
tbd
[bookmark: _Toc62567334]6.2.10	Additional Information and Performance Data
Tbd
[bookmark: _Toc62567335]6.3	Scenario 2: 4K-TV
[bookmark: _Toc62567336]6.3.1	Motivation
Streaming towards mobile devices is undoubtly the first natural use-case expected for 5G-media streaming. However, consumption of video services on fixed receivers (e.g. TV sets) remains a preferable way of experiencing the high-quality content, whether it is for on-demand (e.g., blockbuster movies) or live services (e.g., sport events). Recent reports from largest VOD platforms such as Netflix confirm that assumption and show that the primary way of watching content remains fixed TV screens, covering 70% of devices 6 months after subscription [17]. In the same way, YouTube indicates that service usage on fixed TV set remains an inevitable way of accessing the content, with 250M of hours viewed per day on TV screens [18]. As 5G media streaming targets a wide range of connected devices and should be able to deliver video streams to many compatible high-resolution receivers, (e.g. 5G-HDMI-sticks, 5G-StB/5G-MediaGateway or even 5G-TV sets) the inclusion of 4K TV Scenarios for 5G Video codec evaluation is important. 
First, the 4K-TV set is currently the most established way of displaying premium quality services using latest technology improvements for video content, including High-Dynamic-Range (HDR) and Wide-Colour-Gamut (WCG). Latest statistics from the Ultra-HD forum indicate that 148 UHD services are currently on-air, 74% being linear, 45% of those using HDR [19]. In addition, a large number of SVOD operators propose 4K access in their subscription packages (e.g. Netflix™ and Amazon Prime™). All these services may eventually take advantage of 5G-network capabilities to increase the device reach and enlarge audiences. This scenario is also endorsed by strong shipment forecasts, as indicated in the latest IHS 4K-TV UHD bluebook [20].
[bookmark: _Toc62567337]6.2.2	Description of the Anticipated Application
In the context of 3GPP services, 5G Media Streaming [13] as well as the TV Video Profiles [3] are specifications addressing this 4K-TV scenario. Both, 5G Media Streaming [13] and TV Video Profiles [3] build on CMAF-based Segment formats and DASH distribution. From 3GPP TS 26.116, the following operation points may be considered in scope of the 4K-TV Streaming Scenario (pending availability of appropriate test content):
-	H.265/HEVC UHD, see 3GPP TS 26.116 [3] clause 4.5.4.
-	H.265/HEVC UHD HDR, see 3GPP TS 26.116 [3] clause 4.5.6.
-	H.265/HEVC UHD HDR HLG, see 3GPP TS 26.116 [3] clause 4.5.8.
This scenario is based on CMAF (including LL-DASH and HLS-LL) distribution of UHD-TV video services over 5G networks to 5G/non-5G capable devices. This includes 5G-equipped devices (e.g. smartphone, tablets, …) but also other devices gateway (e.g. TV sets, HDMI-Stick…) accessing services through a “5G-gateway” which can be a mobile phone or a home gateway. As multiple linear services will be delivered in parallel (news, sport, talk show…) in a similar manner as traditional TV services in a multiplex (potentially using multicast/broadcast delivery over 5G). In certain environments, High Frame Rate (HFR) beyond 60 fps is considered, e.g. in DVB and ATSC broadcast specifications. 3GPP does not have any HFR TV video profiles yet.  
Important aspects that are expected to be considered when evaluating a codec in the context of this 4K-TV scenario are:
-	Quality and Coding Efficiency:
-	High and uninterrupted visual quality, considering the service constraints.
-	Any savings can provide significant benefits due to the expected large volume of the traffic either in quality or network utilization.
- 	Adaptive Bitrate streaming:
-	Multiple bit rates are provided, typically with a ladder of 30–50% to permit bandwidth adaptation. The use of constant bit rate (CBR) encoding maximises reuse of a common ladder of encoded representations across multiple distribution networks. The use of capped variable bit rate (VBR) encoding allows the bit rate to be varied according to the difficulty of the source material while maintaining the ability to distribute the encoded representations through distribution networks with fixed capacity. This also maximises the usage of a common ladder across multiple distribution networks.
-	CMAF Fragments of size typically in the range of 1–6s to permit seamless switching for bit rate adaptation.
-	Regular Random Access, typically every 1–2 seconds according to 3GPP TS 26.116 [3]. To achieve clean switching in both sound and picture when moving between different encoded representations in the ladder, 3.84 seconds enables video segment boundaries to be aligned with an integer number of audio Access Units, if a 50fps video signal and 48kHz audio signal is used.
-	Encoding in this scenario is typically done as
-	Live and On-Demand distribution and encoding
- 	Server and Cloud-based Encoding
-	Capable of encoding multiple services at variable bitrate, inside a fixed dedicated resource (statistical multiplexing).
[bookmark: _Toc62567338]6.3.3	Source Format Properties
Table 6.3.3-1 provides an overview of the different source signal properties for 4K-TV. This information is used to select proper test sequences.
Table 6.3.3-1 4K-TV source format properties
	Source format properties
	4K-TV

	Spatial resolution
	3840 x 2160
(Permitted distribution formats: 2560 ×  1440, 1920 × 1080, 1600 × 900, 1280 × 720)

	Chroma format
	Y’CbCr

	Chroma subsampling
	4:2:0

	Picture aspec ratio
	16:9

	Frame rates
	24; 50; 60; 24/1.001; 60/1.001; [100; 120] Hz

	Bit depth
	10

	Colour space formats
	BT.2020 [15]

	Transfer characteristics
	BT.2020 [15], BT.2100 [16] (PQ & HLG)



NOTE:	High Frame Rate (HFR) is not supported by 3GPP TV Video profiles defined in 3GPP TS 26.116 [3] in release 16. However, HFR is introduced in this clause for consideration on the video codec performances.
[bookmark: _Toc62567339]6.3.4	Encoding and Decoding Constraints
Table 6.3.4-1 provides an overview of encoding and decoding constraints for 4K-TV category using legacy codec HEVC. This will support the definition of detailed test conditions. It is noted that no relevant profiles exist in TS26.116 and TS26.511 for HFR 4K-TV content.
Table 6.3.4-1 Encoding and Decoding Configurations for 4K-TV with legacy HEVC codec
	Encoding and Decoding Constraints
	H.265/HEVC 4K-TV
	H.265/HEVC 4K-TV HFR 

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.265/HEVC Main-10 Profile 
Level 5.1 [8]
	No relevant 3GPP profiles, should be aligned with H.265/HEVC Main-10 Profile  Level 5.2 [8]

	RAP period
	3.84sec, 1sec
	3.84sec, 1sec

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	QP = [tbd]
B = {10,20,30,40} Mbps [49]
CBR and capped-VBR
	QP = [tbd]
B = {10,20,30,40} Mbps [49]
CBR and capped-VBR 

	Latency requirements and specific encoding settings
	No latency requirements beyond RAP so picture reordering allowed
	No latency requirements beyond RAP so picture reordering allowed

	Encoding complexity context 
	real-time encoding, cloud-based encoding, offline encoding, etc.
	real-time encoding, cloud-based encoding, offline encoding, etc.

	Required decoding capabilities
	H.265/HEVC Main-10 Profile 
Level 5.1 [8]
	H.265/HEVC Main-10 Profile 
Level 5.2 [8]


[bookmark: _Toc62567340]6.3.5	Performance Metrics
Performance is assessed using BD-Rate computation, with PSNR, SSIM and VMAF metrics as objective quality criterion. Regarding complexity considerations, encoding/decoding runtime is provided.
[bookmark: _Toc62567341]6.3.6	Interoperability Considerations
In order to use a codec in the context of 5G Media Streaming services in 3GPP TS 26.511 [13] and for TV Video profiles in 3GPP TS 26.116 [3], the same considerations for interoperability as for FullHD according to clause 6.2.6 apply.
For additional details, please refer to 3GPP TS 26.116 [3] and 3GPP TS 26.511 [13].
[bookmark: _Toc62567342]6.3.7	Reference Sequences
Table 6.3.7-1 provides the selected reference sequences for this scenario. Keys are defined to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. Annex C.3 describes in details the selection process conducted to build the test sequences considered for this scenario, the outcome of this process is reported in the table below.
Table 6.3.7-1 Reference Sequences for 4K-TV scenario
	Key
	Name
	Reference
	Resolution
	Frame-rate
	ColorGamut
	Number of Frames / Duration
	Scene Cut

	S2-R1
	4EVER_Brest_Sedof
	Annex C.X
	3840 x 2160
	60
	BT.2020
	600
	0

	S2-R2
	Rain_fruits
	Annex C.X
	3840 x 2160
	50
	BT.709
	600
	0

	S2-R3
	ParkJoy
	Annex C.X
	3840 x 2160
	50
	BT.709
	500
	0

	S2-R4
	Indoor Soccer
	Annex C.X
	3840 x 2160
	23.98
	BT.709
	17s
	4

	S2-R5
	Netflix_ToddlerFountain
	Annex C.X
	4096 x 2160
	59.94
	BT.709
	1199
	0

	S2-R6
	Netflix_TunnelFlag
	Annex C.X
	4096 x 2160
	59.94
	BT.709
	600
	0

	S2-R7
	RiverBank
	Annex C.X
	3840 x 2160
	50
	BT.709
	12s
	0

	S2-R8
	Netflix_Boat
	Annex C.X
	4096 x 2160
	59.94
	BT.709
	300
	0



[bookmark: _Toc62567343]6.3.8	Anchor Definition
[bookmark: _Toc62567344]6.2.8.1	Overview
First, the legacy codec HEVC is tested to assess the relevance of what’s already in the 3GPP specification for this particular 4K-TV scenario. For this first test, two HEVC implementations are compared (x265 and reference software HM), according to encoding constraints derived from Table 6.3-2. For x265, encoding presets are selected to cover the desired encoding complexity contexts, for live and offline encoding. The tested rate-control modes are CBR and capped-VBR to fit with the possible delivery methods (single or multiple services inside a resource). In this first test, the HEVC reference implementation HM is evaluated with CBR rate-control on, at coding-tree-unit (CTU) granularity. In addition, fixed QP encoding is also carried out to provide additional anchor points aligned with formal MPEG/JVET common test conditions (potentially for future comparison with other codecs, if needed).
[bookmark: _Toc62567345]6.2.8.2	H.264/AVC Anchors
No H.264/AVC Anchors are defined for this scenario.
[bookmark: _Toc62567346]6.2.8.3	H.265/HEVC Anchors
[bookmark: _Toc62567347]6.2.8.3.1	Overview
Table 6.2.8.3.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
First, the legacy codec HEVC is tested to assess the relevance of what’s already in the 3GPP specification for this particular 4K-TV scenario. For this first test, two HEVC implementations are compared (x265 and reference software HM), according to encoding constraints derived from Table 6.3-2. For x265, encoding presets are selected to cover the desired encoding complexity contexts, for live and offline encoding. The tested rate-control modes are CBR and capped-VBR to fit with the possible delivery methods (single or multiple services inside a resource). In this first test, the HEVC reference implementation HM is evaluated with CBR rate-control on, at coding-tree-unit (CTU) granularity. In addition, fixed QP encoding is also carried out to provide additional anchor points aligned with formal MPEG/JVET common test conditions (potentially for future comparison with other codecs, if needed).
Table 6.2.8.3.1-1 Anchor Tuple generation with H.265/HEVC for Full HD Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S2-A1-265
	6.2.8.3.2
	S2-R1
	HM16.22
	JM-01
	QP = [22, 25, 28, 31, 34, 37]
	S1-A1-265-<QP>


[bookmark: _Toc62567348]6.2.8.3.2	S1-A1-265
As reference software for HEVC, the following is used
-	https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/
Example setting: https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/cfg/encoder_randomaccess_main10.cfg with following proposed changes
- 	IntraPeriod: Intra Period such that 1 second is achieved
- 	DecodingRefreshType: 1 (CRA) changed to 2 (IDR)
- 	GOPSize: adjusted to Intra
-	QP: [25, 28, 31, 34]
[bookmark: _Toc62567349]6.3.9	Anchor Results
tbd
[bookmark: _Toc62567350]6.3.10	Additional Information and Performance Data
Tbd (with [21] [22] [23] as references ).
[bookmark: _Toc62567351]6.4	Scenario 3: Screen Content Scenario
[bookmark: _Toc62567352]6.4.1	Motivation
This scenario mostly motivates cases for which content goes beyond videographic content, an in particular includes computer generated imagery (CGI). Several application spaces rely on screen content types such as videoconferencing and webinars with presentation slides displayed, or remote desktop applications for demos or remote assistance. These services include massive online videoconferencing systems and telepresence systems both being particularly popular with remote collaboration.
For telepresence with screen-sharing applications, some information related to video is collected in the following:
-	MS Teams™ [26] as of end of 2019.
o	There are several formats supported for video. Two key properties of a video format are its frame size and color format. Supported frame sizes include 640x360 ("360p"), 1280x720 ("720p"), and 1920x1080 ("1080p"). Supported color formats include NV12 (12 bits per pixel) and RGB24 (24 bits per pixel).
o	A "720p" video frame contains 921,600 pixels (1280 times 720). In the RGB24 color format, each pixel is represented as 3 bytes (24-bits) comprised of one byte each of red, green, and blue color components. Therefore, a single 720p RGB24 video frame requires 2,764,800 bytes of data (921,600 pixels times 3 bytes/pixel). At a frame rate of 30fps, sending 720p RGB24 video frames means processing approximately 80 MB/s of content (which is substantially compressed by the H.264 video codec before network transmission).
-	Other tools are for further study.
As an example of hardware implementation, the Intel Xe LP™ chipset supports HEVC screen content profile (see slide 101 of [41]).
[bookmark: _Toc62567353]6.4.2	Description of the Anticipated Application
3GPP until now has very restricted set of services but based on the considerations in clause 6.4.1, the following encoding benchmark capabilities are considered for decoding:
-	H.264 (AVCHD) YUV 4:2:0, YUV 4:4:4, 8 bit, Max Resolution 1920x1080
-	H.265 (HEVC) YUV 4:2:0, YUV 4:4:4, 10 bit, Max Resolution 4096 x 2048
The considered scenario is low-latency streaming or conversational. Important aspects that are expected to be considered when evaluating a codec in the context of this:
-	Quality and Coding Efficiency:
-	The ability to compress computer-generated content. Typically, it means the ability to have non perceptible intra refreshes and the ability to maintain stability on low frequency areas (such as uniform backgrounds) as well as maintaining details on high frequencies (particularly for text)
-	The ability compress YUV 4:2:0 and 4:4:4 content.
- 	Considered settings for encoding:
-	Low-latency settings
-	No specific error resilience mechanisms
-	Encoding in this scenario is typically done as
-	Real-time encoding
[bookmark: _Toc62567354]6.4.3	Source Format Properties
Table 6.4.3-1 provides an overview of the different source signal properties for Screen Content Sharing. This information is used to select proper test sequences.
Table 6.4.3-1 Screen Content Sharing source properties
	Source format properties
	Screen Content

	Spatial resolution
	1920 x 1080

	Chroma format
	Y’CbCr, RGB

	Chroma subsampling
	4:2:0, 4:4:4

	Picture aspect ratio
	16:9

	Frame rates
	25, 30, 50, 60 Hz

	Bit depth
	8

	Colour space formats
	BT.709

	Transfer characteristics
	BT.709



[bookmark: _Toc62567355]6.4.4	Encoding and Decoding Constraints
Table 6.4.4-1 provides an overview of the different codec tools per profile that may be suitable for coding screen content sequences.
Table 6.4.4-1 Screen Content Tools per Profile
	Screen content tools
	AVC 
	HEVC

	main profile
	Not applicable
	Transform skip

	range extension profile 
	not applicable
	Residual Differential Pulse Code Modulation (RDPCM) (implicit intra/explicit inter), 

	screen content profile
	Not applicable 
	Intra Block Copy (full frame or less), Palette, Adaptive Color Transform




Table 6.4.4-2 provides an overview of encoding and decoding constraints for Screen Content scenario using AVC and HEVC codecs operating points. This will support the definition of detailed test conditions.
Table 6.4.4-2 Encoding and Decoding Configurations for Screen Content
	Encoding and Decoding Constraints
	H.264/AVC Full HD
	H.265/HEVC Full HD

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile 
H.265/HEVC Screen Content profile 
 Level 4.1, Level 5.1, Level 6.1

	Random access frequency
	1 second, infinite
	1 second, infinite

	Error resiliency requirements
	Fixed QP
	Fixed QP

	Bit rates and quality configuration
	Low-latency requirements, Low-delay configuration 
	Low-latency requirements, 
Low-delay B, low-delay-P

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	real-time encoding.
	real-time encoding.

	ABR encoding requirements (switching frequency, etc.)
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile 
H.265/HEVC Screen Content profile 

Level 4.1, 5.1, 6.1 [8]

	Latency requirements and specific encoding settings
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile 
H.265/HEVC Screen Content profile 
 Level 4.1, Level 5.1, Level 6.1

	Encoding complexity context 
	1 second, infinite
	1 second, infinite

	Required decoding capabilities
	Fixed QP
	Fixed QP


[bookmark: _Toc62567356]6.4.5	Performance Metrics
The PSNR as defined in clause 5.5. applies.
Note: other metrics suitable for SCC content are TBD.
[bookmark: _Toc62567357]6.4.6	Interoperability Considerations
tbd
[bookmark: _Toc62567358]6.4.7	Reference Sequences
Table 6.4.7-1 provides the selected reference sequences for this scenario. Keys are defined to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. A justification is provided, why this sequence is selected.
Reference sequences illustrating the screen content scenario are described in Annex C. They contain either synthetic content from a presentation such as a slide deck with text and graphics. 
Table 6.4.7-1 Reference Sequences for Screen Content Scenario
	Key
	Name
	Reference
	Justification/Comment

	S3-R1
	
	
	

	S3-R2
	
	
	

	S3-R3
	
	
	

	S3-R4
	
	
	

	S3-R5
	
	
	

	S3-R6
	
	
	



[bookmark: _Toc62567359]6.4.8	Anchor Definition
[bookmark: _Toc62567360]6.4.8.1	Overview
This clause provides details on how to generate the anchors for the Screen Content scenario.
The screen content configuration relies on low delay encoding modes with the optional use of Screen Content encoding tools when possible (for HEVC).
[bookmark: _Toc62567361]6.4.8.2	H.264/AVC Anchors
[bookmark: _Toc62567362]6.4.8.2.1	Overview
Table 6.4.8.2.1-1 provides an overview of the H.264/AVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.4.8.2.1-1 Anchor Tuple generation with H.264/AVC for Screen Content Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S3-A1-264
	6.4.8.2.2
	S1-R1
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S3-A1-264-<QP>

	S3-A2-264
	6.4.8.2.2
	S1-R2
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S3-A2-264-<QP>

	S3-A3-264
	6.4.8.2.2
	S1-R3
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S3-A2-264-<QP>

	
	
	
	
	
	
	


[bookmark: _Toc62567363]6.4.8.2.2	S3-A1-264
The encoder configuration file is:
-	https://vc-git.hhi.fraunhofer.de/jct-vc/JM/-/blob/master/cfg/encoder_main.cfg
With the following adaptations:
-	ProfileIDC = 77 (Main Profile)
-	LevelIDC = 42 (for 1080p60) : 52 (for 4Kp60)
-	IntraPeriod = 0 (only first) or 64 (approaching 1s for 60fps)
-	IDRPeriod = [Same as IntraPeriod]
-	QPISlice = QPPSlice = [17, 22, 27, 32, 37, 42]
-	SearchRange = 64 for fullHD ; 128 for 4K
-	NumberOfReferenceFrames = 2
-	NumberBFrames = 0 [TBC]
-	SearchMode = 0 (fast full search) 
[bookmark: _Toc62567364]6.4.8.3	H.265/HEVC Anchors
[bookmark: _Toc62567365]6.4.8.3.1	Overview
Table 6.4.8.3.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.4.8.3.1-1 Anchor Tuple generation with H.265/HEVC for Screen Content Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S3-A1-265
	6.4.8.3.2
	S3-R1
	HM16.22
	JM-04
	QP = [22, 27, 32, 37]
	S3-A1-265-<QP>

	S3-A2-265
	6.4.8.3.3
	S3-R1
	SCM8.8
	JM-05
	QP = [22, 27, 32, 37]
	S3-A2-265-<QP>


[bookmark: _Toc62567366]6.4.8.3.2	S3-A1-265
To generate the anchor bitstream, HM16.22 is used.
The settings are defined as follow: 
-	https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/blob/HM-16.22/cfg/encoder_lowdelay_P_main10.cfg
Each source sequence is encoded with the following changes: 
-	QP: [22, 27, 32, 37] 
-	For the intra period, two configurations are tested
-	IntraPeriod with no fix interval
-	GOPSize is equal to 8. Each P picture refers to up to 4 preceding pictures in display order
-	IntraQPOffset is -1. P picture QP offsets are alternatively equal to 4, 5, and are set to 1 every 8 pictures.
-	IntraPeriod such that 1 second is achieved 
-	DecodingRefreshType: (2) IDR  
-	IntraQPOffset and QPoffsets are set equal to 0
-	Each P picture refers to immediately preceding pictures in display order.
[bookmark: _Toc62567367]6.4.8.3.3	S3-A2-265
To generate the anchor bitstream, the following reference software for HEVC Screen Content profile was used:
· SCM-8.8: https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/tags/HM-16.21+SCM-8.8
The settings are defined as follow:
-	https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/blob/HM-16.21+SCM-8.8/cfg/encoder_lowdelay_main_scc.cfg
Each source sequence is encoded with 
-	QP: [22, 27, 32, 37] 
	Editor’s Note: QP values may need to be refined
-	For the intra period, two configurations are tested:
-	IntraPeriod with no fix interval
-  	The settings are defined in the attached file “encoder_lowdelay_P_main_scc_gop8”:
-  	GOPSize is equal to 8. Each P picture refers to up to 4 preceding pictures in display order
-  	IntraQPOffset is -1. P picture QP offsets are alternatively equal to 4, 5, and are set to 1 every 8 pictures.
-	IntraPeriod such that 1 second is achieved
-  	The settings are defined in the attached file "HM-16.21-SCM-8.8_confg_cfg_encoder_lowdelay_P_idr_main_scc_constant_qp"..
- 	DecodingRefreshType: (2) IDR  
-  IntraQPOffset and P pictures QPoffsets are set equal to 0
-  Each P picture refers to immediately preceding pictures in display order.
[bookmark: _Toc62567368]6.4.9	Anchor Results
tbd
[bookmark: _Toc62567369]6.4.10	Additional Information and Performance Data
In JCTVC-AA1006 [40], verification test report for HEVC screen content coding extensions, “the coding performance of HEVC screen content model (SCM) reference software with the SCC extensions enabled is compared with that of HEVC test model (HM) without the SCC extensions, as well as with the AVC joint model (JM) reference software in both lossy and mathematically lossless compression modes using All-Intra (AI), Random Access (RA), and Low-delay B (LB) encoding structures and using similar encoding rate-distortion optimization techniques.
BD-rate savings of SCM over JM and SCM-w/o-SCC for RGB, YUV 4:4:4, and YUV 4:2:0 colour sampling formats were calculated by using the actual 648 test points that were used in the subjective testing across 6 JCT-VC sequences.
The document contains details on sequences, test parameters and configuration files, as well as subjective results. In the context of this study, only the objective results for lossy Low-delay B are reported in Table 6.4.10-1.
Table 6.4.10-1: BD-rate savings of SCM over JM and HM for LB coding configuration

[bookmark: _Toc62567370]6.5	Scenario 4: Messaging and Social Sharing
[bookmark: _Toc62567371]6.5.1	Motivation
According to the 2020 Mobile Internet Phenomena Report from Sandvine [9] Video traffic continues to grow worldwide, and the increasing popularity of mobile consumers sharing video has not only caused growth in downstream traffic, but also in upstream traffic as well. Instagram ™ grew in the upstream as more consumers share images and videos. TikTok ™, Snapchat ™ (video), FaceTime ™, and even Facebook ™ Live were all in the top 50 applications worldwide on the upstream that are video-sharing-centric. Messaging applications, especially on the upstream, continue to become a critical part of the mobile experience, replacing old style text messaging, and increasingly are video-based. Four of the top 20 applications on the upstream are messaging apps.
Some typical examples and restrictions in April 2020 are provided in the following:
1.	WhatApp™ [25]
a.	The maximum size of the video that you can share is 16 MB.
b.	Various container formats that are supported by include MP4, MKV, AVI, 3GP, and MOV. H.264/AVC video codec and AAC audio codec are needed today.
2.	YouTube™ [26]
a.	H.264/AVC is the recommended codec with the following settings
i.	Progressive scan
ii.	High Profile
iii.	2 consecutive B frames
iv.	Closed GOP. GOP of half the frame rate.
v.	CABAC
vi.	Variable bitrate. No bitrate limit required, though we offer recommended bit rates below for reference
vii.	Chroma subsampling: 4:2:0
b.	Resolution Formats: 360p, 480p, 720p, 1080p, 1440p, 2160p
c.	Both SDR and HDR are possible
d.	The standard aspect ratio is 16:9 
3.	Facebook Live ™ [27]. To live stream on Facebook™, these video format guidelines are provided:
a.	Recommended max bit rate is 4000 Kbps (4 mbps).
b.	Max: 1080p (1920x1080) resolution, at 60 frames per second.
c.	An I-frame (keyframe) must be sent at least every 2 seconds throughout the stream.
d.	H264 encoded video.
4.	TikTok™ [28], some video restrictions
a.	Upload from Android, up to 72 MB at most. upload videos from iOS up to 287.6 MB.
b.	Video dimensions should be 1080 x 1920
c.	MP4 or MOV file format. Video should be H.264/AVC encoded
5.	Snapchat™ [25][2)], The latest information from 2018
a.	Recommended size: 1080 by 1920 pixels (9:16 aspect ratio)
b.	Recommended specs: .MP4 or MOV, H.264 encoded, maximum file size 1GB
According to Sandvine's report [9], sharing and uploading content as part of social sharing is predominantly pictures and videos that uploaded directly into a cloud and uploaded to one or many social networks, and then discussed (or shared again) over messaging networks. The relevant quality-of-experience factors include the quality of shared content, the time it takes to upload, the costs associated with the upload and also the processing and battery consumption requirements on the device to prepare the content for upload.
In another activity, three large operators released a 5G messaging white paper [31] to promote enhanced messaging services based on Rich Communication Services (RCS). This also shows the relevance of operator-based messaging services. Generally, uplink resources are even more precious and costly in 5G network operation and hence efficient technologies are vital for mass-scale services. This aspect is also considered by GSMA RCS Universal Profile specification, promoted as the industry standard for RCS Business Messaging, ensuring the telecoms industry remains at the centre of digital communications [34].
[bookmark: _Toc62567372]6.5.2	Description of the Anticipated Application
In the context of 3GPP services, 5G Media Streaming [13] provides the following encoding benchmark capabilities:
-	HEVC-FullHD-Enc: the capability to encode a video signal with 
-	up to 133,693,440 luma samples per second, and
-	up to a luma picture size of 2,228,224 samples, and
-	up to 240 frames per second, and
-	the Chroma format being 4:2:0, and
-	the bit depth being either 8 or 10 bit,
	to a bitstream that is decodable by a decoder that is HEVC-FullHD-Dec capable as defined in clause 4.2.2.1 of TS26.511 and defined as the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 4.1 [3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
Based on the considerations in clause 6.X.1, it is also recommened to take into account the AVC-FullHD-Enc capabilities as defined in TS26.511 [13]:
-	AVC-FullHD-Enc: the capability to encode a video signal with 
-	up to 245,760 macroblocks per second, and
-	up to a frame size of 8,192 macroblocks, and
-	up to 240 frames per second, and
-	the Chroma format being 4:2:0, and
-	the bit depth being 8 bit,
to a bitstream that is decodable by a decoder that is AVC-HD-Dec capable as defined in clause 4.2.1.1 of TS26.511 and defined as the capability to decode H.264 (AVC) Progressive High Profile Level 4.0 [2] bitstreams.
Based on future expectations of higher quality uploads, it is also recommened to take into account the HEVC-UHD-Enc capabilities as defined in TS26.511 [13]: 
-	HEVC-UHD-Enc: the capability to encode a video signal with 
-	up to 534,773,760 luma samples per second, and
-	up to a luma picture size of 8,912,896 samples, and
-	up to 480 frames per second, and
-	the Chroma format being 4:2:0, and
-	the bit depth being either 8 or 10 bit,
to a bitstream that is decodable by a decoder that is HEVC-UHD-Dec capable as defined in clause 4.2.2.1 of TS26.511 and defined as the capability the capability to decode H.265 (HEVC) Main10 Profile, Main Tier, Level 5.1[3] bitstreams that have general_progressive_source_flag equal to 1, general interlaced_source_flag equal to 0, general_non_packed_constraint_flag equal to 1, and general_frame_only_constraint_flag equal to 1.
The considered scenario is the uploading and uplink streaming into the ISO/BMFF and CMAF container formats. Important aspects that are expected to be considered when evaluating a codec in the context of this:
-	Quality and Coding Efficiency:
-	The ability to compress a video sequence targeting the maximum file size and maintaining high quality.
-	The ability to compress a video stream in real time to the available uplink streaming resources.
- 	Considered settings for encoding:
-	Regular random access at least every 2 seconds, preferably more often
-	No specific encoding latency constraints are applicable
-	Encoding in this scenario is typically done as
-	Real-time encoding for social sharing
-	Offline encoding for messaging
- 	UE-based Encoding
[bookmark: _Toc62567373]6.5.3	Source Format Properties
Table 6.5.3-1 provides an overview of the different source signal properties for Social Sharing and Messaging. This information is used to select proper test sequences.
Table 6.5.3-1 Source Format Properties for Social sharing scenario
	Source format properties
	Social Sharing

	Spatial resolution
	1920 x 1080
(Permitted encoding formats: 1920 × 1080, 1280 × 720, 854 × 480)

	Chroma format
	Y’CbCr

	Chroma subsampling
	4:2:0

	Picture aspect ratio
	16:9

	Frame rates
	25, 30, 50, 60 Hz

	Bit depth
	8, 10

	Colour space formats
	BT.709, BT.2020

	Transfer characteristics
	BT.709, BT.2100 (HDR)


[bookmark: _Toc62567374]6.5.4	Encoding and Decoding Constraints
Table 6.5.4-1 provides an overview of encoding and decoding constraints for H.264/AVC Full HD and H.265/HEVC for Social Sharing and Messaging scenario. This information supports the definition of detailed anchor conditions.
Table 6.5.4-1 Encoding and Decoding Configurations
	Encoding and Decoding Constraints
	H.264/AVC Full HD
	H.265/HEVC Full HD

	Relevant Codec and Codec Profile/Levels
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile  
Level 4.0 [8]

	Random access frequency
	1 and 5 seconds
	1 and 5 seconds

	Bit rates and quality configuration
	B = {0.5, 1, 2, 5} Mbps
Capped-VBR (social sharing) and VBR (messaging)
Fixed QP
	B = {0.5, 1, 2, 5} Mbps
Capped-VBR (social sharing) and VBR (messaging)
Fixed QP

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	No latency requirements beyond RAP so picture reordering allowed
	No latency requirements beyond RAP so picture reordering allowed

	Latency requirements and specific encoding settings
	real-time encoding (social sharing), offline encoding (messaging)
	real-time encoding (social sharing), offline encoding (messaging).

	Encoding complexity context 
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile 
Level 4.0 [8]

	Required decoding capabilities
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile  
Level 4.0 [8]


[bookmark: _Toc62567375]6.5.5	Performance Metrics
All metrics as defined in clause 5.5 apply.
[bookmark: _Toc62567376]6.5.6	Interoperability Considerations
tbd
[bookmark: _Toc62567377]6.5.7	Reference Sequences
Table 6.5.7-1 provides the selected reference sequences for this scenario. Keys are identified to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. A justification is provided, why this sequence is selected.
Table 6.5.7-1 Reference Sequences for Social sharing and messaging
	Key
	Name
	Reference
	Justification/Comment

	S4-R1
	
	Annex C.X
	

	S4-R2
	
	Annex C.X
	

	S4-R3
	
	Annex C.X
	

	S4-R4
	
	Annex C.X
	

	S4-R5
	
	Annex C.X
	

	S4-R6
	
	Annex C.X
	



[bookmark: _Toc62567378]6.5.8	Anchor Definition
[bookmark: _Toc62567379]6.5.8.1	Overview
This clause provides details on how to generate the anchors for the Social sharing and messaging scenario.
[bookmark: _Toc62567380]6.5.8.2	H.264/AVC Anchors
[bookmark: _Toc62567381]6.5.8.2.1	Overview
Table 6.5.8.2.1-1 provides an overview of the H.264/AVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.5.8.2.1-1 Anchor Tuple generation with H.264/AVC for Social sharing and messaging
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S4-A1-264
	6.5.8.2.2
	S4-R1
	JM19.0
	JM-01
	QP = [17, 20, 23, 26, 29, 32]
	S4-A1-264-<QP>

	S4-A2-264
	6.5.8.2.2
	S4-R2
	JM19.0
	JM-02
	QP = [17, 20, 23, 26, 29, 32]
	S4-A2-264-<QP>

	S4-A3-264
	6.5.8.2.2
	S4-R3
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S4-A2-264-<QP>

	
	
	
	
	
	
	


[bookmark: _Toc62567382]6.5.8.2.2	S4-A1-264
This anchor tuple produces an anchor over 60 seconds with a typical configuration of H.264/AVC:
-	Profile H.264/AVC Progressive High-Profile Level 4.0 [7]
-	Random access and switching at 1 second interval
-	Fixed QP settings
-	IPPPP GOP structures
[bookmark: _Toc62567383]6.5.8.3	H.265/HEVC Anchors
[bookmark: _Toc62567384]6.5.8.3.1	Overview
Table 6.5.8.3.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.5.8.3.1-1 Anchor Tuple generation with H.265/HEVC for Social sharing and messaging
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S4-A1-265
	6.5.8.3.2
	S4-R1
	HM16.22
	HM-01
	QP = [22, 25, 28, 31, 34, 37]
	S4-A1-265-<QP>


[bookmark: _Toc62567385]6.5.8.3.2	S4-A1-265
tbd 
[bookmark: _Toc62567386]6.5.9	Anchor Results
tbd
[bookmark: _Toc62567387]6.5.10	Additional Information and Performance Data
Tbd
[bookmark: _Toc62567388]6.6	Scenario 5: Online Gaming
[bookmark: _Toc62567389]6.6.1	Motivation
According to the 2020 Mobile Internet Phenomena Report from Sandvine [9] gaming is continuing to grow on mobile network. The improved performance of 4G and the coming promise of 5G will continue to drive at least casual gamers to mobile networks.
For games rendered on 2D displays such as smart phones, typical characteristics of rasterized frames produced by the game engine are:
-	Resolution of 720p, 1080p or 4K
-	Framerate of 30fps, 60fps or 120 fps
Typical color bit depth of 8bits (RGB frames) but higher bit depth may be offered for HDR compatible games.
Rasterized frames are directly passed to a video encoder (typically H.264 but H.265 may be used in a few environments) and content is live encoded to fit target quality. As an example, the following quality categorization may be done:
-	High Quality: 4k at 60/120fps with an average throughput of 60/100 Mbps
-	Main Quality: 1080p at 60/120fps with an average throughput of 30/40 Mbps
-	Low Quality: 720p/1080p at 30fps with an average throughput of 10/12 Mbps
Online gaming for HMD-based consumption was discussed and introduced in detail in TR 26.928 [6]. At least the following use cases are in context of Online gaming:
-	Use Case 5: Untethered Immersive Online Gaming
-	Use Case 6: Immersive Game Spectator Mode
For raster-based split rendering, according to TR 26.928, clause 4.4, rasterized 3D scenes available in frame buffers are provided by the XR engine and need to be encoded, distributed, and decoded. According to clause 4.2.1, relevant formats for frame buffers are 2k by 2k per eye, potentially even higher. Frame rates are expected to be at least 60fps, potentially higher up to 90 fps. The formats of frame buffers are regular texture video signals that are then directly rendered. As the processing is graphics centric, formats beyond commonly used 4:2:0 signals and YUV signals may be considered. It is known from experiments that with H.264/AVC the bitrates are in the order of 50 Mbps per eye buffer. It is expected that this can be reduced to lower bitrates with improved compression tools as for example available for H.265/HEVC. For use case 5 from above and split rendering, encoding is required to be done in low-latency based on the considerations in TR 26.928. For the spectator mode, higher latency may be acceptable.
As an example, a comprehensive set of APIs including high-performance tools, samples and documentation for hardware accelerated video encode and decode on Windows and Linux for NVIDIA™ Video Codec SDK is available [N]. As another example, in a game recording and streaming scenario like streaming to Twitch.tv using Open Broadcaster Software (OBS), encoding being completely offloaded to NVENC makes the graphics engine bandwidth fully available for game rendering. As of May 2020, the following formats are supported for hardware-based encoding as documented on the high-end Turing encoding:
-	H.264 (AVCHD) YUV 4:2:0, YUV 4:4:4, and Lossless, all 8 bit, Max Resolution 4096 x 4096;
-	H.265 (HEVC) YUV 4:2:0, YUV 4:4:4, and Lossless, all 10 bit, Max Resolution 8192 x 8192;
In typical cloud gaming environments, the game server produces rasterized frames at a fixed resolution, framerate and colour bit depth which are negotiated with the player client. Negotiation takes into account game capabilities, player choices and eventually bandwidth constraints.
[bookmark: _Toc62567390]6.6.2	Description of the Anticipated Application
3GPP until now has very restricted set of services but based on the considerations in clause 6.6.1, the following encoding benchmark capabilities are considered for decoding 2D displays:
-	H.264 (AVCHD) YUV 4:2:0, YUV 4:4:4, 8 bit, Max Resolution 1920x1080 and 4096 x 2048
-	H.265 (HEVC) YUV 4:2:0, YUV 4:4:4, 10 bit, Max Resolutions 4096 x 2048, 8192 x 4096
The considered online gaming scenario is low-latency streaming, typically using UDP/IP based distribution to minimize protocol latencies. Important aspects that are expected to be considered when evaluating a codec in the context of this:
-	Quality and Coding Efficiency:
-	The ability to compress traditional computer-generated content.
-	The ability to compress photorealistic computer-generated content.
-	The ability to compress YUV 4:2:0 and 4:4:4 content
- 	Considered settings for encoding:
-	Ultra low latency and Low-latency settings
-	No specific error resilience mechanisms
-	Encoding in this scenario is typically done as
-	Real-time encoding
- 	Cloud-based encoding
[bookmark: _Toc62567391]6.6.3	Source Format Properties
[bookmark: _Toc62567392]6.6.3.1	Introduction
Video games have different characteristics that are important to take into account when encoding the rasterized frames produced by the game engine. In TR 26.928 [6], clause 4.2.2, a few different types of games and their interaction delay tolerance are documented. However, TR 26.928 [6] does not differentiate the characteristics of the content. This aspect is addressed in the following.
In particular, the following characteristics are important:
-	Dynamicity of content: how frequent rasterized frames change when compared to previous frame
-	Complexity of content: how much content changes between frames and how complex such changes are
-	Type of content: traditional CGI, photo-realistic CGI or natural images/video
Depending on these characteristics as well as the interaction delay tolerance, video games can be organized into different categories as document in the remainder of this clause.
[bookmark: _Toc62567393]6.6.3.2	Category A: Low/medium dynamicity with low/medium complexity.
This category includes games such as board games, turn-by-turn strategy games, management/simulation games or non-realtime role-playing games (RPG) in which content may not change over several consecutive frames and changes are typically limited.
This category also includes games such as adventure games, casual games, or platform games in which although content may change at every single frame, changes are limited to animation of sprites or simple global movements of the content.
The common characteristics of the games in this category is that their playability can support longer interaction delay tolerance (500 – 1000ms according to TR 26.928 [6]) and their content is typically considered to video encode.
[bookmark: _Toc62567394]6.6.3.3	Category B: games with high dynamicity and low/medium complexity.
This category includes games such as fighting games, racing games, real-time strategy (RTS) games or real-time RPGs in which content is very dynamic but changes are either limited or simple transforms.
The common characteristics of the games in this category is that their playability requires shorter interaction delay tolerances (100ms according to TR 26.928 [6]) while their content is still considered simple to video encode (with high benefits from prediction coding).
[bookmark: _Toc62567395]6.6.3.4	Category C: games with high dynamicity and high complexity.
This category includes games such as first-person shooters (FPS), Massive Multiplayer Online (MMO) games and racing games in which content is very dynamic with possibly very significant changes regularly in the content.
The common characteristics of the games in this category is that their playability requires shorter interaction delay tolerances (100ms according to TR 26.928) and their content is typically considered as complex content to video encode. 
[bookmark: _Toc62567396]6.6.3.5	Category D: photo-realistic games or games based on natural images/video.
The main characteristics of the games in this category is that their content is typically considered as more complex content to video encode.
[bookmark: _Toc62567397]6.6.3.6	Category E: XR game content
For a detailed analysis, please refer to clause 6.6.1 and TR26.928, clause 4.4.
[bookmark: _Toc62567398]6.6.3.7	Summary
Table 6.6.3.7-1 provides an overview of the different source signal properties for Online Gaming. This information is used to select proper test sequences.
Table 6.6.3.7-1 Online Gaming source properties
	Source format properties
	Category A
 low/med dynamicity & low/med complexity games
	Category B
 high dynamicity & low/med complexity games
	Category C
 high dynamicity & high complexity games
	Category D
 photo-realistic or natural video games
	Category E
 XR games

	Spatial resolution
	1280x720, 1920x1080, 3840x2160
 
	1280x720, 1920x1080, 3840x2160

	1280x720, 1920x1080, 3840x2160
 
	1280x720, 1920x1080, 3840x2160
 
	1920x1080, 2048x1024, 3840x2160, 4096x2048, 8192x4096

	Chroma format
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Chroma subsampling
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4
	4:2:0, 4:4:4

	Picture aspect ratio
	16:9
	16:9
	16:9
	16:9
	16:9; 2:1

	Frame Buffers
	1
	1
	1
	1
	2 (1 per eye)

	Frame rates
	30, 50, 60 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz
	30, 50, 60, 90, 120 Hz

	Bit depth
	8
	8
	8, 10
	8, 10
	8, 10

	Colour space formats
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020
	BT.709, BT.2020

	Transfer characteristics
	N/A
	N/A
	BT.709 (SDR)
BT.2100 (HDR)
	BT.709 (SDR)
BT.2100 (HDR)
	BT.709 (SDR)
BT.2100 (HDR)



[bookmark: _Toc62567399]6.6.4	Encoding and Decoding Constraints
Table 6.6.4-1 provides an overview of the different coding tools per profile that may be suitable for coding different types of gaming sequences.
Table 6.6.4-1 Gaming Codec Tools per Profile
	Profile
	AVC 
	HEVC

	main profile
	NA
	TBD

	range extension profile 
	NA
	TBD

	screen content profile
	NA
	Palette, TBD


Note: Palette being heavily used in the design of games, this tool should be particularly tested for game content. 
For photo-realistic games (Category D), certain "screen content" tools may not provide much benefits for this type of game content and would need to be tested. 
Table 6.6.4-2 provides an overview of encoding and decoding constraints for H.264/AVC Full HD and H.265/HEVC for online gaming. This information supports the definition of detailed anchor conditions.
Table 6.6.4-2 Encoding and Decoding Configurations for Online Gaming
	Encoding and Decoding Constraints
	AVC 
	HEVC

	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile  
Level 4.1, Level 5.1, Level 6.1

	RAP period
	1 second, infinite
	1 second, infinite

	Bit rate parameters (CBR, VBR, CAE, HRD parameters)
	Fixed QP
	Fixed QP

	Latency requirements and specific encoding settings
	Low-latency requirements 
Low-delay configuration
With and without use of future reference frames
	Low-latency requirements, 
Low-delay-P 
Low-delay-B
With (moderate latency to non-critical latency games) and without (ultra low and low latency game) use of future reference frames.

	Encoding complexity context 
	real-time encoding
	real-time encoding.

	Required decoding capabilities
	H.264/AVC Main Profile 
Level 4.0 [7]
	H.265/HEVC Main-10 Profile 
Level 4.1, 5.1, 6.1 [8]

	NOTE:	Depending on the type of game (First person, Massive Multi-Player Online Role Play Game, Strategy) the latency requirements differs, usually ranging from less than 50ms to more than 200ms, thus leading to different encoding constraints and configuration.



[Table 6.6.5-2 provides an overview of latency constraints for each game category and identifies which coding tools are applicable and potentially useful for each category.
Table 6.6.5-2 Latency constraints tools for different game categories
	Latency Constraints
	Category A
	Category B
	Category C
	Category D
	Category E

	Low latency requirement
	optional
	Yes
	Yes
	Yes/No
	Yes

	Low delay P
	optional
	required
	required
	optional
	required

	Low delay B
	optional
	required
	required
	optional
	required

	Use of future reference frames
	optional
	No
	No
	optional
	No


]

[bookmark: _Toc62567400]6.6.5	Performance Metrics
All metrics as defined in clause 5.5 apply.
[bookmark: _Toc62567401]6.6.6	Interoperability Considerations
tbd
[bookmark: _Toc62567402]6.6.7	Reference Sequences
Reference sequences illustrating the Online Gaming scenario should ideally contain synthetic content with detailed textures and realistic movements. This should include FPS, RPG and Strategy games. For candidate test sequences, please refer to Annex C.2.
Table 6.6.7-1 provides the selected reference sequences for this scenario. Keys are identified to refer to the sequences in the context of the scenario. The sequences are named and a reference to the details of the sequence is provided. A justification is provided, why this sequence is selected.
Table 6.6.7-1 Reference Sequences for Online Gaming
	Key
	Name
	Reference
	Justification/Comment

	S5-R1
	
	Annex C.X
	

	S5-R2
	
	Annex C.X
	

	S5-R3
	
	Annex C.X
	

	S5-R4
	
	Annex C.X
	

	S5-R5
	
	Annex C.X
	

	S5-R6
	
	Annex C.X
	



[bookmark: _Toc62567403]6.6.8	Anchor Definition
[bookmark: _Toc62567404]6.6.8.1	Overview
This clause provides details on how to generate the anchors for the Online gaming scenario.
[bookmark: _Toc62567405]6.6.8.2	H.264/AVC Anchors
[bookmark: _Toc62567406]6.6.8.2.1	Overview
Table 6.6.8.2.1-1 provides an overview of the H.264/AVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.6.8.2.1-1 Anchor Tuple generation with H.264/AVC for Online Gaming Scenario
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S5-A1-264
	6.6.8.2.2
	S5-R1
	JM19.0
	JM-01
	QP = [17, 20, 23, 26, 29, 32]
	S5-A1-264-<QP>

	S5-A2-264
	6.6.8.2.2
	S5-R2
	JM19.0
	JM-02
	QP = [17, 20, 23, 26, 29, 32]
	S5-A2-264-<QP>

	S5-A3-264
	6.6.8.2.2
	S5-R3
	JM19.0
	JM-03
	QP = [17, 20, 23, 26, 29, 32]
	S5-A2-264-<QP>

	
	
	
	
	
	
	


[bookmark: _Toc62567407]6.6.8.2.2	S5-A1-264
tbd
[bookmark: _Toc62567408]6.6.8.3	H.265/HEVC Anchors
[bookmark: _Toc62567409]6.6.8.3.1	Overview
Table 6.6.8.3.1-1 provides an overview of the H.265/HEVC anchor tuples. Keys are identified to refer to the anchors in the context of the scenario.
Table 6.5.8.3.1-1 Anchor Tuple generation with H.265/HEVC for Social sharing and messaging
	Key
	Clause
	Reference Sequence
	Reference Encoder
	Configuration
	Variations
	Anchor Key

	S5-A1-265
	6.6.8.3.2
	S5-R1
	HM16.22
	HM-01
	QP = [22, 27, 32, 37]
	S5-A1-265-<QP>


[bookmark: _Toc62567410]6.5.8.3.2	S4-A1-265
To generate the anchor bitstreams, the following HEVC reference software is used: 
-	https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/tags/HM-16.22  
The settings are defined as follow: 
-	https://vcgit.hhi.fraunhofer.de/jct-vc/HM/-/blob/HM-16.22/cfg/encoder_lowdelay_main10.cfg
Each source sequence is encoded with the following changes:
-	QP: [22, 27, 32, 37] 
	Editor’s Note: QP values may need to be refined
-	For the intra period, two configurations are tested
-	IntraPeriod with no fix interval
-  GOPSize is equal to 8. Each B picture refers to up to 4 preceding pictures in display order
-  IntraQPOffset is -1. B picture QP offsets are alternatively equal to 4, 5, and are set to 1 every 8 pictures.
-	IntraPeriod such that 1 second is achieved
-  DecodingRefreshType: (2) IDR  
-  IntraQPOffset and B pictures QPoffsets are set equal to 0
-  Each B picture refers to immediately preceding pictures in display order.
[bookmark: _Toc62567411]6.5.9	Anchor Results
tbd
[bookmark: _Toc62567412]6.5.10	Additional Information and Performance Data
Tbd
[bookmark: _Toc62567413]7	Characterization for Existing Codecs
[bookmark: _Toc62567414]7.1	Introduction
This clause provides a characterization of existing codecs. This serves pre-dominantly as an example to introduce the characterization framework.
[bookmark: _Toc62567415]7.2	H.265/HEVC Characterization against H.264/AVC
Do a first characterization, also to show the how the results are preferably presented.
[bookmark: _Toc62567416]8	Initial Information on new Codecs
[bookmark: _Toc62567417]8.1	Introduction
This clause collects initial information on how new codecs under development in ISO/IEC SC29 WG11 (MPEG)/JVET (in particular including VVC and EVC) may meet the above criteria based on the characterization results provided for example by ISO/IEC SC29 WG11 (MPEG)/JVET.
Editor’s Note: It is expected that the preliminary coding performances documented in the following clauses for VCC and EVC will be updated by the latest results from JVET and MPEG when made available.
[bookmark: _Toc62567418]8.2	Versatile Video Coding (VVC)
[bookmark: _Toc62567419]8.2.1	Overview
ITU-T SG 16 informed that the development of the new Versatile Video Coding (VVC) standard has been completed for Consent at the June-July 2020 meeting of ITU-T SG16 and is also thereafter undergoing final approval in ISO/IEC JTC 1/SC 29/WG 11 (MPEG). After final approval, the dual reference to the jointly developed VVC standard will be Rec. ITU-T H.266 | ISO/IEC 23090-3 [38].
VVC is the latest in a series of such jointly developed ITU-T Recommendations and International Standards for video coding, and is the direct successor to HEVC (Rec. ITU-T H.265 | ISO/IEC 23008-2) [8] and AVC (Rec. ITU-T H.264 | ISO/IEC 14496-10) [7]. VVC provides significant coding efficiency improvements over HEVC. Plans are underway to conduct a verification test with formal subjective testing to confirm that VVC achieves about a 50% bit rate reduction vs. HEVC for equal subjective video quality. Test results demonstrate that VVC provides about a 40% bit rate reduction for 4K/UHD test sequences using objective metrics. Application areas especially targeted for the use of VVC include ultra-high definition 4K and 8K video, video with a high dynamic range and wide colour gamut, and video for immersive media applications such as 360° omnidirectional video, as well as conventional standard-definition and high-definition video content. In addition to improving coding efficiency, VVC also provides highly flexible syntax supporting such use cases as subpicture bitstream extraction, bitstream merging, and layered coding scalability.
The VVC standard includes the specification of a "Main 10" profile that supports 8- and 10-bit 4:2:0 video, a "Main 10 4:4:4" profile with 4:4:4 and 4:2:2 format support, corresponding "Multilayer Main 10" and "Multilayer Main 10 4:4:4" profiles with support for layered coding, and "Main 10 Still Picture" and "Main 10 4:4:4 Still Picture" profiles for still image coding employing the same coding tools as in the corresponding video profiles.
ITU-T also announced AAP Consent for Rec. ITU-T H.274 “Versatile supplemental enhancement information for coded video bitstreams” (VSEI), developed jointly as twin text with ISO/IEC JTC 1/SC 29/WG 11 as ISO/IEC 23002-7 [39]. VSEI specifies the syntax and semantics of video usability information (VUI) parameters and supplemental enhancement information (SEI) messages for use with coded video bitstreams. VSEI is particularly intended for use with VVC, although it is drafted in a manner intended to be sufficiently generic that it may also be used with other types of coded video bitstreams.
[bookmark: _Toc62567420]8.3	Essential Video Coding (EVC)
[bookmark: _Toc62567421]8.3.1	Overview
The development of the MPEG-5 Essential Video Coding (EVC) standard is completed and its specification has been published in October 2020 as ISO/IEC 23094-1 [50].
The main goal of the EVC standard is to provide significantly improved compression capability over previous generation of video coding standards with timely publication of commercial terms. The EVC standard has been developed to provide a video codec for emerging delivery protocols and networks, such as 5G, enabling the delivery of high-quality video services to an ever-growing audience by providing improved coding performance. 
The MPEG-5 EVC defines two important profiles, "Baseline" profile and "Main" profile. It was the design objective that the "Baseline" profile contains only technologies that are older than 20 years. The "Main" profile includes additional tools, each of which can be either cleanly disabled or switched to the corresponding baseline tool on an individual basis. Additionally, for still image coding, "Main Still Picture" and "Baseline Still Picture" profiles, which employ the same coding tools as in the corresponding video profiles, are defined.
MPEG is currently conducting verification tests [52] with formal subjective testing to confirm that the EVC Main profile achieves significant bit-rate reductions vs. HEVC for equal subjective video quality for SDR content and that the EVC Baseline profile achieves similar bit-rate reductions vs. AVC for equal subjective video quality for SDR content. The verification tests have been completed for HDR content and the results are reported in [53]. They show that the EVC Main profile provides around 36% of bitrate reduction for HDR content at UHD resolution and 35% for HDR content at HD resolution for equal subjective quality.
Editors’note: This will be updated when full subjective test results are released by MPEG and will be documented as external reference. 
Application areas especially targeted for the use of EVC include ultra-high definition 4K and 8K video, video with a high dynamic range and wide colour gamut, and video for immersive media applications such as 360° omnidirectional video, as well as conventional standard-definition and high-definition video content.
[bookmark: _Toc62567422]9	Gaps and Optimization Potential
[bookmark: _Toc62567423]9.1	Identified Gaps and Deficiencies with Existing Codecs
ffs
[bookmark: _Toc62567424]9.2	Potential Requirements for New Codecs
Ffs
[bookmark: _Toc62567425]10	Conclusions and Proposed Next Steps
Ffs
[bookmark: _Toc62567426]Annex A: Scenario Template
[bookmark: _Toc62567427]A.1	Introduction
This annex provides a proposed template to introduce a Scenario for 5G Video. This template has been used to collect the scenarios in this report.
[bookmark: _Toc62567428]A.2	Template
The following aspects are considered to be important for a scenario
1.	Scenario name <give the scenario a catchy name> 
2.	Motivation for the scenario: Why is the scenario relevant for 5G and video? What is the expected traffic? 
3.	Description of the scenario: This provides a description of the scenario addressing potentially the relation to a service 5G-based services and applications, including video formats (resolution, frame rates, color space, etc.), encoding and decoding requirements, adaptive streaming requirements, predominantly based on scenarios defined for 5G media streaming as well as for TR 26.925 and TR 26.928
4.	Supporting companies and 3GPP members: 
a.	This documents the 3GPP members that support this scenario in terms of providing the information, test material, test requirements and the characterization for the tests. For each of the identified necessities, a tick box is is created in the template.
b.	Preferably several 3GPP members are included in the support, and in addition a video service provider may be included (not necessarily a 3GPP member).
c.	Cross-verification is preferably done by the supporters of the scenario
5.	Source format properties: This defines a clear range of the considered and relevant source formats, including the signal properties, but also the characteristics of the content. As an example, the source formats as defined in TS26.116 may be used which include:
a.	Spatial resolutions
b.	Chroma Format
c.	Chroma Subsampling
d.	Aspect ratios
e.	Frame rates
f.	Colour space formats
g.	Transfer Characteristics
h.	Bit depth
i.	Other signal properties
6.	Encoding and decoding constraints and settings: Typical encoding constraints and settings such as
a.	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
b.	Random access frequency
c.	Error resiliency requirements
d.	Bitrates and quality requirements
e.	Bitrate parameters (CBR, VBR, CAE, HRD parameters)
f.	ABR encoding requirements (switching frequency, etc.)
g.	Latency requirements and specific encoding settings
h.	Encoding context: real-time encoding, on device encoding, cloud-based encoding, offline encoding, etc.
i.	Required decoding capabilities
7.	Performance Metrics and Requirements: 
a.	A clear definition on how the performance needs to be evaluated including metrics, etc addressing the main KPIs of the scenario. 
b.	Objective measures such as PSNR, VMAF, etc, may be used.
c.	Subjective evaluation is not excluded and may be done, but needs commitment
8.	Interoperability Considerations for the application
a.	Streaming with DASH/HLS/CMAF
b.	RTP based delivery
9.	Test Sequences
a.	A set of selected test sequences that are provided by the proponents in order to do the evaluation. They should cover a set of source format properties
10.	Detailed test conditions:
a.	Provides a proposal for detailed test conditions, for example based on a reference software together with the sequences and configuration parameters.
11.	External Performance data
a.	References to external performance data that can be added, for example other SDOs, public documents and so on.
12.	Additional Information
[bookmark: _Toc62567429]Annex B: Details on Performance Metrics
[bookmark: _Toc62567430]B.1	Introduction
This Annex provides a detailed overview on data formats and their usage for metrics computation.
[bookmark: _Toc62567431]B.2	Raw Video Sequences
[bookmark: _Toc62567432]B.2.1 Overview
For a raw video sequence used in the context of this Technical Report, the following metadata is expected to be provided:
1)	Spatial Resolution width
2)	Spatial Resolution height
3)	Chroma Format
4)	Chroma Sub-Sampling
5)	Picture Aspect ratio
6)	Frame rate
7) Bit depth
8) Color space format (default is 1 for BT.709)
9)	Transfer characteristics (default is 1 for BT.709)
10) Frame count (and optionally the duration)
In addition, the following aspects were collected that should be added:
11)	Video storage format
12)	MD5 of raw video
13)	Reference to bitstream (URL to weblink where the original sequence is available)
14)	Copyright statement
15)	Contact Person
16)	packing and storage format
17)	thumbnail preview
18)	mp4 preview
19)	Name of sequence
20)	Sequence key
21)	Some background information
Some information may be optional, others may be optionally defaulted.
A JSON scheme is defined in clause B.2.2 for this matter. An example is provided in clause B.2.3.
[bookmark: _Toc62567433]B.2.2 JSON Schema
JSON schema for the raw format is here: https://github.com/haudiobe/5G-Video-Content/blob/main/3gpp-raw-schema.json.
Editor’s Note: this will be copied in here once agreed
[bookmark: _Toc62567434]B.2.3 Example
{
  "Sequence": {
        "Name": "Sequence",
        "Background": "The Sequence is generated by someone and was provided by the study and shows a 3GPP meeting.",
        "Scenario": "FullHD",
        "Key": "S1-R1",
        "URI": "./sequence.yuv",
        "md5": "824fe384be7b0095c391ff6c5a5acc53",
        "thumbnail": "./sequence.jpg",
        "preview": "./sequence.mp4"
      },
      "Properties": {
        "width": 1280,
        "height": 720,
        "format": "yuv",
        "packing": "interleaved",
        "scan": "progressive",
        "subsampling": "420",
        "bitDepth": 8,
        "frameRate": 30,
        "colourPrimaries": 1,
        "transferCharacteristics": 1,
        "matrixCoefficients": 1,
        "sampleAspectRatio": 1,
        "frameCount": 30
      },
      "copyRight": "This material has been recorded by  Thomas Stockhammer, who owns the copyright. Thomas Stockhammer (licensor) has licensed it under the Creative Commons Attribution 4.0 license (https://creativecommons.org/licenses/by/4.0/). In short, this means you can freely reuse and distribute this content, also commercially, for as long you provide a proper attribution.",
      "Contact": {
        "Name": "Thomas Stockhammer",
        "Company": "Qualcomm",
        "e-mail": "tsto@qti.qualcomm.com"
      }
}
[bookmark: _Toc62567435]B.3	Encoded Video Sequences
[bookmark: _Toc62567436]B.2.1 Overview
For encoded video sequences used in the context of this Technical Report, the following metadata is expected to be provided:
1)	Explanation what this anchor is important for
2)	Reference sequence
3)	Reference encoder
4)	Encoder configuration
5)	Reference to bitstream
6) MD5 of bitstream
7) Metrics
8) MD5 of reconstructed sequence
9) Encoder log
10) Copyright statement
11) Contact Person
Some information may be optional, others may be optionally defaulted.
A JSON scheme is defined in clause B.2.2 for this matter. An example is provided in clause B.2.3.
[bookmark: _Toc62567437]B.3.2 JSON Schema
JSON schema for the encoded format is here: https://github.com/haudiobe/5G-Video-Content/blob/main/3gpp-bin-schema.json.
Editor’s Note: this will be copied in here once agreed
[bookmark: _Toc62567438]B.3.3 Example
    {
      "Bitstream": {
        "URI": "./sequence.bin",
        "md5": "824fe384be7b0095c391ff6c5a5acc53",
        "key": "S1-R1-264-QP27",
        "codecs": "avc1.64002a"
      },
      "Generation": {
        "sequence": "./sequence.json",
        "encoder": "JM19.0",
        "config-file": "./encoder.cfg",
        "config-variant": "-qp 27",
        "log-file": "./decoder.log"
      },
      "Reconstruction": {
        "decoder": "JM19.0",
        "log-file": "./decoder.log",
        "md5": "824fe384be7b0095c391ff6c5a5acc53"
      },
      "Metrics": {
        "Bitrate": 4.32,
        "PSNR": 27.2,
        "SSIM": 19.8,
        "VMAF": 18.7
      },
      "copyRight": "This material has been recorded by the Thomas Stockhammer, who owns the copyright. Thomas Stockhammer (licensor) has licensed it under the Creative Commons Attribution 4.0 license (https://creativecommons.org/licenses/by/4.0/). In short, this means you can freely reuse and distribute this content, also commercially, for as long you provide a proper attribution.",
      "Contact": {
        "Name": "Thomas Stockhammer",
        "Company": "Qualcomm",
        "e-mail": "tsto@qti.qualcomm.com"
      }
    }

[bookmark: _Toc62567439]
Annex C: Candidate Reference Sequences
[bookmark: _Toc62567440]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.
[bookmark: _Toc62567441]C.2		Gaming Test Sequences
[bookmark: _Toc62567442]C.2.1 	Overview
A set of gaming sequences is described in this sub-clause C.2.
Table C.2.1-1 proposes a summary of the gaming sequences according to the categories defined in section 6.6.3.
Table C.2.1-1, Gaming sequences categorization
	Sequence description
	Categories

	Game sequence title
	Game type
	Sequences Characteristics
	A 
	B:

	C:

	D:

	E:


	Arena of Valor (AOV) 
(Tencent)
	multiplayer online battle arena 

	fix + 
Smooth travelling. Small incrustation. Stable at 90%. One pop-up incrustation.
	X
	
	
	
	

	Baolei-Man
(Tencent)
	online multiplayer first person shooter 
	Pursuit. Some irregular camera traveling. Small incrustation.
Stable at 99%
	
	X
	
	
	

	Baloei-Balloon 4k
(Tencent)
	online multiplayer first person shooter 
	Pursuit. Some irregular camera traveling. Small incrustation. Stable at 90%
	
	X
	
	
	

	Baolei-Woman
(Tencent)
	online multiplayer 
first person shooter 
	Pursuit. Lots of irregular camera traveling. Small incrustation. Stable at 90%
	
	
	X
	
	

	Baolei-Yard 4K
(Tencent)
	online multiplayer 
first person shooter 
	Pursuit. Some irregular camera traveling. Small incrustation.
Stable at 99%
	
	
	X
	
	

	Jianling-Temple
(Tencent)
	massive multiplayer online role-playing 
	Battle/pursuit. Lots of irregular camera traveling. Stable at 90% One small pop-up incrustation
	
	
	X
	
	

	Jianling-Beach
(Tencent)
	massive multiplayer online role-playing 
	Battle/pursuit. Dark scene. Irregular camera traveling. Small incrustation. Stable at 99%
	
	X
	
	
	

	Heroes of the Storm part 1
(kingston)
	a crossover multiplayer online battle arena
	Fix, plus 2 smooth small travelling 
	X
	
	
	
	

	Project CARS part 1
(kingston)
	Car racing game
	Realistic rendering. Constant smooth movement.  Small incrustation. Stable at 90%
	
	
	
	X
	

	WoW part 2
(kingston)
	multiplayer online role play
	Dark scene, irregular camera traveling. Small incrustation. Stable at 90%
	X
	
	
	
	

	Minecraft
(twitch)
	Casual game sandbox, brick construction
	Graphic : Lots of irregular camera traveling. Very small incrustation. Stable at 100%
	X
	
	
	
	

	CS:GO
(twitch)

	a multiplayer first-person shooter
	1/ first half of sequence is dark (300pict)
2/ fade (15 pict)
3/ action : first-person shooter
	X (first part)
	
	X (3rd part)
	
	

	StarCraft
(twitch)
	Real Time Strategy game
	fix + 
smooth travelling Small incrustation stable at 90%.
	
	X
	
	
	



[bookmark: _Toc62567443]C.2.2	AOV
[bookmark: _Toc62567444]C.2.2.1	Introduction
Arena of Valor (AOV) ©Tencent Games – is a 3D MOBA (multiplayer online battle arena) game. Within a limited size map 2 groups of 5 vs 5 or 3 vs 3 players take part of a battle for which each player chooses a hero with particular power and abilities. The figure C.2.2-1 illustrates the gameplay of AOV with a screenshot of the AOV test sequence. 
 
Figure C.2.2-1: Screenshot of AOV test sequence
[bookmark: _Toc62567445]C.2.2.2	Sequence properties
The AOV test sequence properties are provided in Table C.2.2.2-1.
Table C.2.2.2-1 AOV sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567446]C.2.2.3	Copyright and license information
The AOV video sequence is made available under the following copyright disclaimer.  
Copyright © 1998 - 2018 Tencent. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd. and Tencent America LLC. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. and Tencent America LLC. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567447]C.2.3	Baolei-Man
[bookmark: _Toc62567448]C.2.3.1	Introduction
The Baolei-Man test sequence is an extract from a famous online multiplayer game in which many players play in a battle royale mode meaning that in survival mode, the last standing one is the winner. The figure C.2.3-1 shows a screenshot of the Baolei-Man test sequence. 
 
Figure C.2.3-1: Screenshot of Baolei-Man test sequence
[bookmark: _Toc62567449]C.2.3.2	Sequence properties
The Baolei-Man test sequence is available in two original versions (fullHD and 4K) with the following properties specified hereafter in Table C.2.3.2-1.
Table C.2.3.2-1 Baolei-Man sequence properties
	Parameter
	Value fullHD
	Value 4K

	Resolution
	1920x1080
	3840x2160

	Scan
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps

	Bit Depth
	8
	8

	Length
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567450]C.2.3.3	Copyright and license information
The Baolei-Man video sequences (in FullHD and 4K resolutions) are made available under the following copyright disclaimer.  
Copyright © 1998 - 2020 Tencent. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567451]C.2.4	Baolei-Woman
[bookmark: _Toc62567452]C.2.4.1	Introduction
The Baolei-Woman test sequence is also an extract from the same game as for Balei-Man. The figure C.2.4-1 shows a screenshot of the Baolei-Woman test sequence. 
 
Figure C.2.4-1: Screenshot of Baolei-Woman test sequence
[bookmark: _Toc62567453]C.2.4.2	Sequence properties
Similarly to the Baolei-Man test sequence, Baolei-Woman is also available in two original versions (fullHD and 4K) with the following properties specified hereafter in Table C.2.4.2-1.
Table C.2.4.2-1 Baolei-Woman sequences properties
	Parameter
	Value FullHD
	Value 4K

	Resolution
	1920x1080
	3840x2160

	Scan
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps

	Bit Depth
	8
	8

	Length
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567454]C.2.4.3	Copyright and license information
The Baolei-Woman video sequences (in FullHD and 4K resolutions) are made available under the following copyright disclaimer.  
Copyright © 1998 - 2020 Tencent. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567455]C.2.5	Baolei-Balloon
[bookmark: _Toc62567456]C.2.5.1	Introduction
The Baolei-Balloon test sequence is also an extract from the same game as for Balei-Man. The figure C.2.5-1 shows a screenshot of the Baolei-Balloon test sequence. 
 
Figure C.2.5-1: Screenshot of Baolei-Balloon test sequence
[bookmark: _Toc62567457]C.2.5.2	Sequence properties
The Baolei-Balloon test sequence is available in 4K with the following properties specified hereafter in Table C.2.5.2-1.
Table C.2.5.2-1 Baolei-Balloon sequence properties
	Parameter
	Value 4K

	Resolution
	3840x2160

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567458]C.2.5.3	Copyright and license information
The Baolei-Balloon video sequence is made available under the following copyright disclaimer.  
Copyright © 1998 - 2020 Tencent. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567459]C.2.6	Baolei-Yard
[bookmark: _Toc62567460]C.2.6.1	Introduction
The Baolei-Yard test sequence is also an extract from the same game as for Balei-Man. The figure C.2.6-1 shows a screenshot of the Baolei-Yard test sequence. 
 
Figure C.2.6-1: Screenshot of Baolei-Woman test sequence
[bookmark: _Toc62567461]C.2.6.2	Sequence properties
Similarly to the Baolei-Balloon test sequence, Baolei-Yard is also available in 4K with the following properties specified hereafter in Table C.2.6.2-1.
Table C.2.4.2-1 Baolei-Yard sequences properties
	Parameter
	Value 4K

	Resolution
	3840x2160

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567462]C.2.6.3	Copyright and license information
The Baolei-Yard video sequence is made available under the following copyright disclaimer..  
Copyright © 1998 - 2020 Tencent. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567463]C.2.7	Jianling-Temple
[bookmark: _Toc62567464]C.2.7.1	Introduction
The Jianling-Temple test sequence is an extract from another famous massive multiplayer online role-playing game (MMORPG) having two gameplay modes Player-versus-Environment (PvE) and Player-versus-player (PvP). The figure C.2.7-1 is a screenshot of the Jianling-Temple test sequence. 
 
Figure C.2.7-1: Screenshot of Jiangli-Temple test sequence
[bookmark: _Toc62567465]C.2.7.2	Sequence properties
The Jiangli-Temple test sequence properties are provided in Table C.2.7.2-1.
Table C.2.7.2-1 Jiangli-Temple sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567466]C.2.7.3	Copyright and license information
The Jianling-Temple video sequence is made available under the following copyright disclaimer.  
Copyright © 1998 - 2020 Tencent & NCSOFT. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd. and NCSOFT Co.Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. and NCSOFT Co.Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567467]C.2.8	Jianling-Beach
[bookmark: _Toc62567468]C.2.8.1	Introduction
The Jianling-Beach test sequence is another extract from the same MMORPG game as the Jianling-Temple sequence. The figure C.2.8-1 is a screenshot of the Jianling-Beach test sequence. 
 
Figure C.2.8-1: Screenshot of Jiangling-Beach test sequence
[bookmark: _Toc62567469]C.2.8.2	Sequence properties
The Jianling-Beach test sequence properties are provided in Table C.2.8.2-1.
Table C.2.8.2-1 Jianling-Beach sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The sequence can be accessed here: <>.
[bookmark: _Toc62567470]C.2.8.3	Copyright and license information
The Jianling-Beach video sequence is made available under the following copyright disclaimer.  
Copyright © 1998 - 2020 Tencent & NCSOFT. All Rights Reserved.
This sequence and all intellectual property rights therein remain the property of Shenzhen Tencent Computer System Co. Ltd. and NCSOFT Co.Ltd.. This sequence may only be used for the purpose of developing, testing and promulgating technology standards (the Purpose). Shenzhen Tencent Computer System Co. Ltd. and NCSOFT Co.Ltd. make no warranties with respect to this sequence and expressly disclaim any warranties regarding its fitness for any purpose. This disclaimer shall remain attached to this sequence except when this sequence is used for the Purpose.
[bookmark: _Toc62567471]C.2.9	Heroes of the Storm
[bookmark: _Toc62567472]C.2.9.1	Introduction
Heroes of the Storm is a crossover multiplayer online battle arena video game developed and published by Blizzard Entertainment. The figure C.2.9.1-1 illustrates the gameplay of Heroes of the Storm with a screenshot of the test sequence provided by Kingston University, London and Technical University, Berlin. [42] [43]. 
 
Figure C.2.9.1-1: Screenshot of Heroes of the Storm test sequence
[bookmark: _Toc62567473]C.2.9.2	Sequence properties
The Heroes of the Storm test sequence properties are provided in Table C.2.9.2-1.
Table C.2.2.2-1 Heroes of the Storm sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	30 fps

	Bit Depth
	8

	Length
	900 frames (30s), but only first 300 frames to be used

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The Heroes of the Storm video sequence part 1 provided by Kingston University, London and Technical University, Berlin is available at this location:
-	https://kingston.app.box.com/v/GamingVideoSET. Part 2.
[bookmark: _Toc62567474]C.2.9.3	Copyright and license information
The Heroes of the Storm video sequence provided by Kingston University, London and Technical University, Berlin is made available under the following copyright disclaimer.  
https://kingston.app.box.com/v/GamingVideoSET/file/289578680253
[bookmark: _Toc62567475][bookmark: _Hlk57632978]C.2.10	Project CARS
[bookmark: _Toc62567476]C.2.10.1	Introduction
Project CARS is a racing video game series developed by Slightly Mad Studios and published by Bandai Namco Entertainment. The figure C.2.10.1-1 illustrates the gameplay of Project CARS with a screenshot of the test sequence provided by Kingston University, London and Technical University, Berlin. [42] [43]. 
 
Figure C.2.10.1-1: Screenshot of Project CARS test sequence
[bookmark: _Toc62567477]C.2.10.2	Sequence properties
The Project CARS test sequence properties are provided in Table C.2.10.2-1.
Table C.2.10.2-1 Project CARS sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	30 fps

	Bit Depth
	8

	Length
	900 frames (30s), but only first 300 frames to be used

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The Project CARS video sequence part 1 provided by Kingston University, London and Technical University, Berlin is available at this location:
https://kingston.app.box.com/v/GamingVideoSET. Part 2
[bookmark: _Toc62567478]C.2.10.3	Copyright and license information
The Project CARS video sequence provided by Kingston University, London and Technical University, Berlin is made available under the following copyright disclaimer: 
https://kingston.app.box.com/v/GamingVideoSET/file/289578680253
[bookmark: _Toc62567479]C.2.11	World of WarCraft: WoW
[bookmark: _Toc62567480]C.2.11.1	Introduction
WoW is a multiplayer online role play developed and published by Blizzard Entertainment where players control a character avatar within a game world in third- or first-person view, exploring the landscape, fighting various monsters, completing quests, and interacting with non-player characters or other players. The figure C.2.11.1-1 illustrates the gameplay of WoW with a screenshot of the test sequence, which is a dark scene, provided by Kingston University, London and Technical University, Berlin. [42] [43]. 
 
Figure C.2.11.1-1: Screenshot of World of WarCraft: WoW test sequence
[bookmark: _Toc62567481]C.2.11.2	Sequence properties
The WoW test sequence part 2, provided by Kingston University, London and Technical University, Berlin, sequence properties are provided in Table C.2.11.2-1.
Table C.2.11.2-1 AOV sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	30 fps

	Bit Depth
	8

	Length
	900 frames (30s), but only first 300 frames to be used

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The WoW video sequence part 2 provided by Kingston University, London and Technical University, Berlin is available at this location:
https://kingston.app.box.com/v/GamingVideoSET. Part 2
[bookmark: _Toc62567482]C.2.11.3	Copyright and license information
The WoW video sequence provided by Kingston University, London and Technical University, Berlin is made available under the following copyright disclaimer: 
https://kingston.app.box.com/v/GamingVideoSET/file/289578680253
[bookmark: _Toc62567483]C.2.12	Minecraft
[bookmark: _Toc62567484]C.2.12.1	Introduction
The Minecraft test sequence is an extract from a famous a sandbox video game developed by Mojang Studios in which players explore a blocky, procedurally-generated 3D world with infinite terrain, and may discover and extract raw materials, craft tools and items, and build structures or earthworks. The figure C.2.12.1-1 shows a screenshot of the Minecraft test sequence provided by DERF_TWITCH. 
 
Figure C.2.12.1-1: Screenshot of Minecraft test sequence
[bookmark: _Toc62567485]C.2.12.2	Sequence properties
The Minecraft test sequence properties are provided in Table C.2.12.2-1.
Table C.2.12.2-1 Minecraft sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The Minecraft sequence provided by DERTF-Twitch can be downloaded in y4m format at following URL: https://media.xiph.org/video/derf/twitch/y4m/  and can be converted into YUV format with ffmpeg by using the following exemplary command line: ffmpeg -i CSGO.y4m CSGO.yuv.
[bookmark: _Toc62567486]C.2.12.3	Copyright and license information
The copyright under which the Minecraft video sequence from DERF_Twitch is made available on that link:
https://media.xiph.org/video/derf/twitch/copyright.txt  
[bookmark: _Toc62567487]C.2.13	CS:GO
[bookmark: _Toc62567488]C.2.13.1	Introduction
The CS:GO test sequence from Twitch is an extract from a is a multiplayer first-person shooter video game developed by Valve and Hidden Path Entertainment where two opposing teams, known as the Terrorists and the Counter-Terrorists, compete in game modes to complete objectives, such as securing a location to plant or defuse a bomb and rescuing or guarding hostages. The figure C.2.13.1-1 shows a screenshot of the CS:GO test sequence provided by DERF-TWITCH. 
 
Figure C.2.11.1-1: Screenshot of CS:GO test sequence
[bookmark: _Toc62567489]C.2.13.2	Sequence properties
The CS:GO test sequence properties are provided in Table C.2.13.2-1.
Table C.2.13.2-1 CS:GO sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The CS:GO sequence provided by DERF-Twitch can be downloaded in y4m format at following URL: https://media.xiph.org/video/derf/twitch/y4m/  and can be converted into YUV format with ffmpeg by using the following exemplary command line: ffmpeg -i CSGO.y4m CSGO.yuv.
[bookmark: _Toc62567490]C.2.13.3	Copyright and license information
The copyright under which the CS:GO video sequence provided by DERF-Twitch is made available can be found on that link:
https://media.xiph.org/video/derf/twitch/copyright.txt.
[bookmark: _Toc62567491]C.2.14	StarCraft
[bookmark: _Toc62567492]C.2.14.1	Introduction
The StarCraft test sequence from Twitch is an extract from a famous Real Time Strategy game developed and published by Blizzard Entertainment where players enter a tournament of 5 games and chose to play one of three alien categories with distinct characteristic and abilities. The figure C.2.12.1-1 shows a screenshot of the StarCraft test sequence provided by DERF-Twitch. 
 
Figure C.2.14.1-1: Screenshot of StarCraft test sequence
[bookmark: _Toc62567493]C.2.14.2	Sequence properties
The StarCraft test sequence properties are provided in Table C.2.14.2-1.
Table C.2.14.2-1 StarCraft sequence properties
	Parameter
	Value

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	60 fps

	Bit Depth
	8

	Length
	600 frames (10s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



The StarCraft sequence provided by Derf-Twitch can be downloaded in y4m format at following URL: https://media.xiph.org/video/derf/twitch/y4m/ and can be converted into YUV format with ffmpeg by using the following exemplary command line: ffmpeg -i CSGO.y4m CSGO.yuv.
[bookmark: _Toc62567494]C.2.14.3	Copyright and license information
The copyright under which the StarCraft video sequence provided by DERF-Twitch is made available can be found on that link: https://media.xiph.org/video/derf/twitch/copyright.txt. 
[bookmark: _Toc62567495]C.3	4K-TV Sequences
[bookmark: _Toc62567496]C.3.1 	SDR Category
[bookmark: _Toc62567497]C.3.1.1	Candidate Test Sequences
[bookmark: _Toc62567498]C.3.1.1.1	Introduction
In this Annex, a wide range of SDR test material is reported. The candidate sequences are extracted from test material used in video processing community. The following sections describe the test material in terms of format characteristics and copyright.
[bookmark: _Toc62567499]C.3.1.1.2	Ultra Video Group Sequences
The Ultra Video Group (UVG) sequences are publicly available and can be used under CC BY-NC 3.0 license. The sequences are available for download at https://github.com/ultravideo/UVG-4K-Dataset and an overview is provided in Table C.3.1.1.2-1.
Table C.3.1.1.2-1: UVG test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Duration

	CityAlley
	3840 x 2160
	50
	BT.709
	12s

	FlowerFocus
	3840 x 2160
	50
	BT.709
	12s

	FlowerKids
	3840 x 2160
	50
	BT.709
	12s

	FlowerPan
	3840 x 2160
	50
	BT.709
	12s

	RaceNight
	3840 x 2160
	50
	BT.709
	12s

	RiverBank
	3840 x 2160
	50
	BT.709
	12s

	SunBath
	3840 x 2160
	50
	BT.709
	6s

	Twilight
	3840 x 2160
	50
	BT.709
	12s



[bookmark: _Toc62567500]C.3.1.1.3	JVET Sequences
The JVET test material for UHD SDR sequences is composed by six sequences described in Table C.3.1.1.3-1. The licensing information referenced in the table is described below:
1.	CC BY-NC-ND 4.0
2.	Our dataset is available for free and academic research only, no commercial use. Please cite our paper (L. Song, X. Tang, W. Zhang, X. Yang, P. Xia, The SJTU 4K Video Sequence Dataset, the Fifth International Workshop on Quality of Multimedia Experience (QoMEX2013), Klagenfurt, Austria, July 3rd-5th, 2013) in any published work if you use those video sequences.
3.	Please note that this test material remains the property of the Institute of Research & Technology b<>com and is solely provided “as is" to ITU-T SG16 Q6 and ISO/IEC JTC1/SC29/WG11, on a non-transferable and non-exclusive basis, and solely for the purpose of development, testing and promulgation of video coding standards. Any disclosure to third parties, exhibition, broadcast, distribution, public display or other exploitation of the test material is strictly prohibited.
4.	The proposed test sequences in this document and all intellectual property rights therein remain the property of Huawei Technologies Co., Ltd., and National Engineering Research Center.
Table C.3.1.1.3-1: JVET test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Number of frames
	License

	Tango2
	3840 x 2160
	60
	BT.709
	294
	See 1.

	FoodMarket4
	3840 x 2160
	60
	BT.709
	300
	See 1.

	Campfire
	3840 x 2160
	30
	BT.709
	300
	See 2.

	Catrobots1
	3840 x 2160
	60
	BT.709
	300
	See 3.

	Daylightroad2
	3840 x 2160
	60
	BT.709
	300
	See 4.

	Parkrunning3
	3840 x 2160
	50
	BT.709
	300
	See 4.



[bookmark: _Toc62567501]C.3.1.1.4	Netflix Sequences
The Netflix dataset is composed by eighteen 4K sequences described in Table C.3.1.1.4-1. The sequences can be used under the CC BY-NC-ND 4.0 license restriction.
Table C.3.1.1.4-1: Netflix test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Number of frames

	Netflix_Aerial
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_DinnerScene
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_RollerCoaster
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_DrivingPOV
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_BarScene 
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_ToddlerFountain
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_Dancers
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_PierSeaside
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_WindAndNature
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_Boat
	4096 x 2160
	59.94
	BT.709
	300

	Netflix_FoodMarket
	4096 x 2160
	59.94
	BT.709
	600

	Netflix_Tango
	4096 x 2160
	59.94
	BT.709
	294

	Netflix_BoxingPractice
	4096 x 2160
	59.94
	BT.709
	254

	Netflix_Narrator 
	4096 x 2160
	59.94
	BT.709
	300

	[bookmark: _Hlk52547178]Netflix_TunnelFlag
	4096 x 2160
	59.94
	BT.709
	600

	Netflix_RitualDance
	4096 x 2160
	59.94
	BT.709
	600

	Netflix_FoodMarket2
	4096 x 2160
	59.94
	BT.709
	300

	Netflix_SquareAndTimelapse
	4096 x 2160
	59.94
	BT.709
	600

	Netflix_Aerial
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_DinnerScene
	4096 x 2160
	59.94
	BT.709
	1199

	Netflix_RollerCoaster
	4096 x 2160
	59.94
	BT.709
	1199



[bookmark: _Toc62567502]C.3.1.1.5	EBU Sequences
The EBU dataset is composed by two sequences described in Table C.3.1.1.5-1. The sequences can be used under the CC BY-NC-ND 4.0 license restriction.
Table C.3.1.1.5-1: EBU test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Number of frames

	Rain_fruits
	3840 x 2160
	50
	BT.709
	600

	Lupo_candlelight
	3840 x 2160
	50
	BT.709
	600


[bookmark: _Toc62567503]C.3.1.1.6	SVT Sequences
The SVT dataset is composed by five sequences described in Table C.3.1.1.6-1. The sequences can be used under the license available at https://tech.ebu.ch/webdav/site/tech/shared/hdtv/svt-multiformat-conditions-v10.pdf .
Table C.3.1.1.6-1: SVT test material description
	Name
	Resolution
	Frame rate
	Colour Gamut
	Number of frames

	CrowdRun
	3840 x 2160
	50
	BT.709
	500

	ParkJoy
	3840 x 2160
	50
	BT.709
	500

	DucksTakeOff 
	3840 x 2160
	50
	BT.709
	500

	IntoTree 
	3840 x 2160
	50
	BT.709
	500

	OldTownCross
	3840 x 2160
	50
	BT.709
	500



[bookmark: _Toc62567504]C.3.1.1.7	4ever Sequences
The 4ever dataset is composed by two sequences described in Table C.3.1.1.7-1. The sequences can be used under the license described below:
The proposed test sequences Brest_Sedof_3840x2160p60_10b.yuv and Paris_Montmartre_3840x2160p60_10b, and all intellectual property rights therein remain the property of 4EVER consortium partners: Orange, AMP Visual TV, ATEME, France Télévisions, GlobeCast, InterDigital, Highlands Technologies Solutions, INSA Rennes, TeamCast and Télécom ParisTech
· The following uses are allowed for the proposed sequences: 
-	Can be published in technical papers, played at technology research and development events.
-	Can be used in 3GPP SA4.
-	The following use is not allowed for the proposed sequences: 
-	Do not publish snapshots in product brochures.
-	Do not redistribute video with a commercial product.
Table C.3.1.1.7-1: 4ever test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Number of frames

	4EVER_Brest_Sedof
	3840 x 2160
	60
	BT.2020
	600

	4EVER_Paris_Montmartre
	3840 x 2160
	60
	BT.2020
	600



[bookmark: _Toc62567505]C.3.1.1.8	CableLabs Sequences
The CableLabs dataset is composed by eight sequences described in the Table C.3.1.1.8-1. The sequences can be used under the CC BY-NC-ND 3.0 license restriction.
Table C.3.1.1.8-1: CableLabs test material description
	Name
	Resolution
	Frame Rate
	Colour Gamut
	Duration
	Comment on selected intervals

	Lifting Off
	3840 x 2160
	24/1.001
	BT.709
	3:21
	Nice colored pictures, som burned in text, scene cuts (2)

	Seconds that count
	3840 x 2160
	24/1.001
	BT.709
	5:22
	Not critical

	Unspoken Friend
	3840 x 2160
	24/1.001
	BT.709
	4:17
	Not critical

	Indoor Soccer
	3840 x 2160
	24/1.001
	BT.709
	4:12
	Fast motion, scene cuts (4)

	Skateboarding
	3840 x 2160
	24/1.001
	BT.709
	4:36
	Not critical

	Eldorado
	3840 x 2160
	24/1.001
	BT.709
	3:02
	Panning up/down on a tree (oak), no scene cut

	Moment of Intensity
	3840 x 2160
	60/1.001
	BT.709
	3:10
	Skate board, no scene cuts

	Ancient Thought
	3840 x 2160
	24/1.001
	BT.709
	3:08
	Not critical



All of the sequences are not of interest for compression evaluation. A selection of some critical time intervals have been conducted based on experience on compression. Especially intervals with fast or complex motion, some including scene cuts, representative of TV contents have been selected. Static pictures, or pictures with artistic intent with few spatial details have been discarded. To remain in the scope of the scenario, the following sub sequences have been selected as final candidates:
· Lifting off: from 00:05 to 00:22
· Indoor Soccer: from 01:06 to 01:23
· Eldorado: from 01:33 to 01:50
· Life Untouched: from 00:00 to 00:22
The extraction of subpart from original ProRes sequences is realized with FFmpeg release 4.3.1 using the following command line:
./ffmpeg.exe -i $IN.mov -vcodec rawvideo -ss $START_TIME -t $DURATION -pix_fmt yuv420p10le $OUT.yuv
Where $IN and $OUT are respectively the input and output sequences, $START_TIME and $DURATION respectively the start time and duration in hh:mm:ss format.
[bookmark: _Toc62567506]C.3.1.2	Selected Test Sequences
[bookmark: _Toc62567507]C.3.1.2.1	Introduction
In order to decide which sequences should be used in this specification, the following process has been used:
1.	Run informative encoding using x265 on the candidate sequences
2.	Run SI-TI metrics computation on the candidate sequences
3.	Select two diverse datasets based on R-D and SI-TI information.
[bookmark: _Toc62567508]C.3.1.2.2	x265 Encoding
To represent candidate sequences in the R-D plane, fixed QP encodings are carried out for QPs [12, 17, 22, 27, 32, 37, 42] using ffmpeg release 4.3.1, with the following command line:
./ffmpeg.exe -pix_fmt yuv420p10le -s $Wx$H -framerate $FR -i $IN -vcodec libx265 -qp $QP -preset fast -x265-params “psnr=1:ssim=1” $OUT.mp4
Where $W and $H are respectively the sequence width and height, $FR the sequence frame rate, $QP the selected quantization parameter. $IN and $OUT are respectively the input and output files.
From the obtained log, the overall bitrate and PSNR are extracted to be used for plotting. The encoding result are presented below:
· Figure 3.1.2.2-1 provides the R-D curves for the UVG dataset,
· Figure 3.1.2.2-2 provides the R-D curves for the JVET dataset,
· Figure 3.1.2.2-3 provides the R-D curves for the Netflix dataset,
· Figure 3.1.2.2-4 provides the R-D curves for the EBU, SVT and 4ever dataset,
· Figure 3.1.2.2-5 provides the R-D curves for the CableLabs dataset.
All sequences being represented in the targeted [10-40] Mbps range (red box).


Figure C. 3.1.2.2-1: R-D curves for the UVG dataset

Figure C. 3.1.2.2-2: R-D curves for the JVET dataset

Figure C. 3.1.2.2-3: R-D curves for the Netflix dataset

[bookmark: _Hlk58230544]Figure C. 3.1.2.2-4: R-D curves for the EBU, SVT and 4ever datasets

Figure C. 3.1.2.2-5: R-D curves for the CableLabs dataset
[bookmark: _Toc62567509]C.3.1.2.3	SI-TI Metrics
The analysis is based on spatial perceptual information (SI) and temporal perceptual information (TI) metrics calculated as defined in ITU-P.910 recommendation [40]. In order to reduce the bias introduced by scene-cuts in TI metric computation, the TI at scene-cut boundaries are removed from computation.
From the obtained log, the SI and TI metrics are presented below:
· Figure 3.1.2.3-1 provides the SI-TI plots for the UVG dataset,
· Figure 3.1.2.3-2 provides the SI-TI plots for the JVET dataset,
· Figure 3.1.2.3-3 provides the SI-TI plots for the Netflix dataset,
· Figure 3.1.2.3-4 provides the SI-TI plots for the EBU, SVT, 4ever and CableLabs dataset.

Figure C.3.1.2.3-1: SI-TI for the UVG dataset

Figure C.3.1.2.3-2: SI-TI for the JVET dataset

Figure C.3.1.2.3-3: SI-TI for the Netflix dataset

Figure C.3.1.2.3-4: SI-TI for the EBU, SVT, 4ever and CableLabs dataset
Editor’s Note: To be added later: reference to the SI-TI scripts will be available (ETSI git)
[bookmark: _Toc62567510]C.3.1.2.4	Sequence Selection
The first step consists in classifying the sequences in two categories: easy and challenging. This reflects the complexity of the sequences from an encoding perspective. Based on the R-D data, the QP points covering the application range [10-40] Mbps are identified. For the lower (10Mbps) and higher (40Mbps) boundaries, a linear interpolation is achieved between the two closest QP points to estimate the distortion at the boundaries: D_10 and D_40. If the distortion difference D_DIFF=(D_40-D_10) is less than or equal to a threshold Thr=1.5, then the sequence is classified as follows:
-	Low-dynamic: the PSNR dynamic on the application bitrate range is limited
-	High-dynamic: the PSNR dynamic on the application bitrate range is high 
The results of this first classification step are reported in Table C.3.2.1.4-1.
Table C.3.2.1.4-1: Sequence classification based on R-D information in the [10-40] Mbps range, Thr=1.5
	
	Name
	D_10
	D_40
	D_DIFF
	Dynamic

	JVET
	Tango2
	40,33
	41,44
	1,12
	Low

	
	FoodMarket4
	40,28
	42,37
	2,09
	High

	
	Campfire
	35,06
	37,29
	2,23
	High

	
	Catrobots1
	38,36
	39,85
	1,50
	Low

	
	Daylightroad2
	37,42
	38,61
	1,19
	Low

	
	Parkrunning3
	31,17
	33,65
	2,48
	High

	UVG
	CityAlley
	43,37
	43,49
	0,12
	Low

	
	FlowerFocus
	41,13
	41,33
	0,20
	Low

	
	FlowerKids
	40,92
	42,78
	1,86
	High

	
	FlowerPan
	39,60
	39,85
	0,25
	Low

	
	RaceNight
	37,82
	38,62
	0,79
	Low

	
	RiverBank
	36,62
	38,84
	2,22
	High

	
	SunBath
	43,85
	46,98
	3,13
	High

	
	Twilight
	42,92
	43,24
	0,33
	Low

	Netflix
	Netflix_Aerial
	38,62
	41,00
	2,37
	High

	
	Netflix_DinnerScene
	42,85
	43,08
	0,23
	Low

	
	Netflix_RollerCoaster
	42,61
	44,73
	2,11
	High

	
	Netflix_DrivingPOV
	37,27
	39,54
	2,27
	High

	
	Netflix_BarScene 
	41,39
	41,62
	0,23
	Low

	
	Netflix_ToddlerFountain
	33,56
	36,01
	2,45
	High

	
	Netflix_Dancers
	41,96
	42,14
	0,18
	Low

	
	Netflix_PierSeaside
	41,05
	43,10
	2,06
	High

	
	Netflix_WindAndNature
	43,35
	45,09
	1,75
	High

	
	Netflix_Boat
	35,27
	38,64
	3,37
	High

	
	Netflix_FoodMarket
	37,62
	38,95
	1,32
	Low

	
	Netflix_Tango
	40,31
	41,27
	0,97
	Low

	
	Netflix_BoxingPractice
	40,97
	42,14
	1,17
	Low

	
	Netflix_Narrator 
	45,33
	46,36
	1,03
	Low

	
	Netflix_TunnelFlag
	39,47
	42,06
	2,59
	High

	
	Netflix_RitualDance
	40,25
	43,46
	3,21
	High

	
	Netflix_FoodMarket2
	39,11
	41,27
	2,16
	High

	
	Netflix_SquareAndTimelapse
	39,43
	42,15
	2,72
	High

	EBU
	Rain_fruits
	40,04
	41,69
	1,65
	High

	
	Lupo_candlelight
	39,81
	40,01
	0,20
	Low

	SVT
	CrowdRun
	31,41
	33,94
	2,53
	High

	
	ParkJoy
	29,86
	32,13
	2,27
	High

	
	DucksTakeOff 
	29,31
	30,75
	1,44
	Low

	
	IntoTree 
	35,06
	35,45
	0,39
	Low

	
	OldTownCross
	33,93
	34,06
	0,13
	Low

	4ever
	4EVER_Brest_Sedof
	28,66
	31,42
	2,76
	High

	
	4EVER_Paris_Montmartre
	30,33
	33,19
	2,86
	High

	CableLabs
	LiftingOff
	45,01
	48,31
	3,30
	High

	
	Soccer
	43,31
	44,89
	1,58
	High

	
	ElDorado
	39,41
	44,29
	4,88
	High

	
	MomentsOfIntensity
	43,09
	44,66
	1,57
	High



It is observed that 26 sequences are classified as "High" while 19 are "Low". In order to keep sequences that are relevant for a codec characterization, the low-dynamic sequences are removed. Then, the next step consists in removing sequences having some similarities, using SI-TI information computed in clause C.3.1.2.3. The sequences are represented below in the SI-TI plane with a k-means clustering to help the decision.

Figure C.3.1.2.4-1: SI-TI clustering for the Challenging sequences (10 clusters)
In order to remain representative in the sense of sources origin, format, and SI-TI values, the following approach was taken:
-	1 sequence (out of 6) from the C2 cluster (EBU: Rain-fruits)
-	1 sequence (out of 4) from the C3 cluster (CableLabs: Soccer)
-	2 sequences (out of 8) from the C4 cluster (Netfllix: ToddlerFountain, Boat)
-	1 sequence (out of 1)  from the C5 cluster (UVG: Riverbank)
-	1 sequence (out of 2) from the C6 cluster (Netflix: TunnelFlag)
-	1 sequence (out of 1) from the C8 cluster (SVT: ParkJoy)
-	1 sequence (out of 1) from the C10 cluster (4ever: Brest-Sedof)
The following eight sequences are selected:
-	1 From 4ever: Brest-Sedof (3840x2160p 60fps)
-	1 From EBU: RainFruits (3840x2160p 50fps)
-	1 From SVT: ParkJoy (3840x2160p 50fps)
-	1 From CableLabs: Soccer (3840x2160p 23.98fps)
-	3 From Netflix: TunnelFlag, Boat and Toddlerfountain (4096x2160p 59.94fps)
-	1 From UVG: RiverBank (3840x2160p 50fps)
[bookmark: _Toc62567511]C.3.2 	HDR Category
tbd
[bookmark: _Toc62567512]C.3.3 	HFR Category
Tbd
[bookmark: _Toc62567513]C.4		HD Test Sequences
[bookmark: _Toc62567514]C.4.1 	Overview
tbd
[bookmark: _Toc62567515][C.4.2	CTA WAVE Tears of Steel
[bookmark: _Toc62567516]C.4.2.1	Introduction
CTA WAVE has produced a derivate of Tears of Steel with dedicated overlays for testing purposes. The content has been subsampled and different frame rates are produced. Details can be found here: http://dash.akamaized.net/WAVE/index.html. Figure C.4.2.1-1 shows a screenshot of the Screenshot of CTA WAVE’s ToS test sequence.

Figure C.4.2.1-1: Screenshot of CTA WAVE’s ToS test sequence
[bookmark: _Toc62567517]C.4.2.2	Sequence properties
The CTA WAVE’s ToS test sequence properties are provided in Table C.4.2.2-1.
Table C.4.2.2-1 CTA WAVE’s ToS test sequences
	Parameter
	WAVE-ToS-01
	WAVE-ToS-02
	WAVE-ToS-03

	Resolution
	1920x1080
	1600x900
	1280x720

	Scan
	Progressive
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps
	60 fps

	Bit Depth
	8
	8
	8

	Length
	3600 frames (60s)
	3600 frames (60s)
	3600 frames (60s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709



The original version as well as subsampled ones are available
-	WAVE-ToS-01: http://dash.akamaized.net/WAVE/Mezzanine/tos_L1_1920x1080@60_60.mp4
-	WAVE-ToS-02: http://dash.akamaized.net/WAVE/Mezzanine/tos_K1_1600x900@60_60.mp4
-	WAVE-ToS-03: http://dash.akamaized.net/WAVE/Mezzanine/tos_J1_1280x720@60_60.mp4
[bookmark: _Toc62567518]C.4.2.3	Copyright and license information
The Teers of Steel video sequence is made available under the following copyright disclaimer.  
The proceedings and results of the Mango Open Movie project are being licensed under the Creative Commons Attribution 3.0 license. This material is a result of the Mango Open Movie project, who owns the copyright.  The Mango Open Movie project (licensor) has licensed it under the Creative Commons Attribution 3.0 license (https://creativecommons.org/licenses/by/3.0/). In short, this means you can freely reuse and distribute this content, also commercially, for as long you provide a proper attribution.
The attribution is: (CC) Blender Foundation | mango.blender.org
[bookmark: _Toc62567519]C.4.3	CTA WAVE Croatia
[bookmark: _Toc62567520]C.4.3.1	Introduction
CTA WAVE has produced a derivate of Tears of Steel with dedicated overlays for testing purposes. The content has been subsampled and different frame rates are produced. Details can be found here: http://dash.akamaized.net/WAVE/index.html. Figure C.4.3.1-1 shows a screenshot of the Screenshot of CTA WAVE’s Croatia test sequence.

Figure C.4.3.1-1: Screenshot of CTA WAVE’s Croatia test sequence
[bookmark: _Toc62567521]C.4.3.2	Sequence properties
The CTA WAVE’s Croatia test sequence properties are provided in Table C.4.3.2-1.
Table C.4.3.2-1 CTA WAVE’s Croatia test sequences
	Parameter
	WAVE-CRO-01
	WAVE-CRO-02
	WAVE-CRO-03

	Resolution
	1920x1080
	1600x900
	1280x720

	Scan
	Progressive
	Progressive
	Progressive

	Frame Rate
	50 fps
	50 fps
	50 fps

	Bit Depth
	10
	10
	10

	Length
	3600 frames (60s)
	3600 frames (60s)
	3600 frames (60s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.2100 PQ
	ITU-R BT.2100 PQ
	ITU-R BT.2100 PQ



The original version as well as subsampled ones are available
-	WAVE-ToS-01: http://dash.akamaized.net/WAVE/Mezzanine/croatia_L1_1920x1080@50_60.mp4
-	WAVE-ToS-02: http://dash.akamaized.net/WAVE/Mezzanine/croatia_K1_1600x900@50_60.mp4
-	WAVE-ToS-03: http://dash.akamaized.net/WAVE/Mezzanine/croatia_J3_1280x720@50_60.mp4
[bookmark: _Toc62567522]C.4.3.3	Copyright and license information
The Croatia video sequence is made available under the following copyright disclaimer.  
This material has been recorded by the EBU, who owns the copyright. The EBU (licensor) has licensed it under the Creative Commons Attribution 4.0 license (https://creativecommons.org/licenses/by/4.0/). In short, this means you can freely reuse and distribute this content, also commercially, for as long you provide a proper attribution.
[bookmark: _Toc62567523]C.5		Messaging Sequences
[
[bookmark: _Toc62567524]C.5.1 	Overview
https://photos.app.goo.gl/6QrmTTMoizVtxAoQA
[bookmark: _Toc62567525]C.5.2	Powder
[bookmark: _Toc62567526]C.5.2.1	Introduction
A donated sequence with outdoor filming.

Figure C.5.2.1-1: Screenshot of Powder sequence
[bookmark: _Toc62567527]C.5.2.2	Sequence properties
The Powder test sequence properties are provided in Table C.5.2.2-1.
Table C.5.2.2-1 Powder test sequence
	Parameter
	POWDER -01

	Resolution
	1920x1080

	Scan
	Progressive

	Frame Rate
	30 fps

	Bit Depth
	8

	Length
	3600 frames (60s)

	YUV format
	YUV 4:2:0

	Color components
	Y’CbCr

	Colour space
	ITU-R BT.709



[bookmark: _Toc62567528]C.5.2.3	Copyright and license information
The Powder video sequence is made available under the following copyright disclaimer.  
This material has been recorded by the Thomas Stockhammer, who owns the copyright. Thomas Stockhammer (licensor) has licensed it under the Creative Commons Attribution 4.0 license (https://creativecommons.org/licenses/by/4.0/). In short, this means you can freely reuse and distribute this content, also commercially, for as long you provide a proper attribution..
[bookmark: _Toc62567529]C.6		Screen Content Test Sequences
[
[bookmark: _Toc62567530]C.6.1 	Overview
Screen content test sequences have been generated for the purpose of this study with the objective to illustrate commonly encountered situations during videoconferences, particularly when sharing presentation slides. Some critical configurations are part of this test set such as moving text at different speeds and various transitions between the slides.
[bookmark: _Toc62567531]C.6.2	Moving Text 2
[bookmark: _Toc62567532]C.6.2.1	Introduction
The sequence MovingText2 is composed of several lines of text horizontally scrolling at different speeds over a gradation of background colours. The sequence has been generated in 4K resolution at 60 frames per second with an authoring tool and exported into Apple ProRes 422 before being converted into YUV4:2:0. The figure C.6.2.1-1 is a screenshot of the MovingText2 test sequence.

Figure C.6.2.1-1: Screenshot of MovingText2 test sequence
[bookmark: _Toc62567533]C.6.2.2	Source sequence properties
The MovingText2 test sequence properties are provided in Table C.6.2.2-1.
Table C.6.2.2-1 Moving Text 2 test sequences
	Parameter
	MT2-01
	MT2-02
	MT2-03
	MT2-04

	Resolution
	3840 x 2160
	3840 x 2160
	1920 x1080
	1920 x1080

	Scan
	Progressive
	Progressive
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps
	60 fps
	60 fps

	Bit Depth
	10
	8
	10
	8

	Length
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709



The original version as well as subsampled ones are available here:
tbd
[bookmark: _Toc62567534]C.6.2.3	Copyright information
The MovingText2 video sequence has been produced for the purpose of this study on the characterization of video codecs in 3GPP. 
[bookmark: _Toc62567535]C.6.3	Text Mix Transitions
[bookmark: _Toc62567536]C.6.3.1	Introduction
The sequence TextMixTransitions is composed of 2 slides containing fixed text at different sizes. Those 2 slides appear twice each during 2.5s. 1s long transitions are inserted in between (fade, slide, turning page). The sequence has been generated in 4K resolution at 60 frames per second with an authoring tool and exported into Apple ProRes 422 before being converted into YUV4:2:0. The figure C.6.3.1-1 is a screenshot of the TextMixTransitions test sequence.

Figure C.6.3.1-1: Screenshot of TextMixTransitions test sequence
[bookmark: _Toc62567537]C.6.3.2	Source sequence properties
The TextMixTransitions test sequence properties are provided in Table C.6.3.2-1.
Table C.6.3.2-1 TextMixTransitions test sequences
	Parameter
	TMT-01
	TMT-02
	TMT-03
	TMT-04

	Resolution
	3840 x 2160
	3840 x 2160
	1920 x1080
	1920 x1080

	Scan
	Progressive
	Progressive
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps
	60 fps
	60 fps

	Bit Depth
	10
	8
	10
	8

	Length
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709



The original version as well as subsampled ones are available here:
tbd
[bookmark: _Toc62567538]C.6.3.3	Copyright information
The TextMixTransitions video sequence has been produced for the purpose of this study on the characterization of video codecs in 3GPP. 
[bookmark: _Toc62567539]C.6.4	Graphics Mix Simple
[bookmark: _Toc62567540]C.6.4.1	Introduction
The sequence GraphicsMixSimple is composed of 3 slides containing different types of graphics. Those 3 slides appear once each during 3.33s. Transitions are simple scene cut in between. The sequence has been generated in 4K resolution at 60 frames per second with an authoring tool and exported into Apple ProRes 422 before being converted into YUV4:2:0. The figure C.6.4.1-1 is a screenshot of each of the 3 scenes contained in the GraphicsMixSimple test sequence.

Figure C.6.4.1-1: Screenshot of the 3 scenes in GraphicsMixSimple test sequence
[bookmark: _Toc62567541]C.6.4.2	Source sequence properties
The GraphicsMixSimple test sequence properties are provided in Table C.6.4.2-1.
Table C.6.4.2-1 GraphicsMixSimple test sequences
	Parameter
	GMS-01
	GMS-02
	GMS-03
	GMX-04

	Resolution
	3840 x 2160
	3840 x 2160
	1920 x1080
	1920 x1080

	Scan
	Progressive
	Progressive
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps
	60 fps
	60 fps

	Bit Depth
	10
	8
	10
	8

	Length
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709



The original version as well as subsampled ones are available here:
tbd
[bookmark: _Toc62567542]C.6.4.3	Copyright information
The GraphicsMixSimple video sequence has been produced for the purpose of this study on the characterization of video codecs in 3GPP. 
[bookmark: _Toc62567543]C.6.5	Graphics Mix Transition
[bookmark: _Toc62567544]C.6.5.1	Introduction
The sequence GraphicsMixTransition is the same sequence as GraphicsMixSimple described in clause C.6.4, except the fact that 1s long transitions have been inserted composed of 3 slides containing different types of graphics. The 3 slides appear once each during 3.33s. Transitions are fading and page turning in between. The sequence has been generated in 4K resolution at 60 frames per second with an authoring tool and exported into Apple ProRes 422 before being converted into YUV4:2:0. The figure C.6.5.1-1 is a screenshot of each of the 3 scenes contained in the GraphicsMixTransition test sequence.

Figure C.6.5.1-1: Screenshot of the 2 transitions in GraphicsMixTransitions test sequence
[bookmark: _Toc62567545]C.6.5.2	Source sequence properties
The GraphicsMixTransitions test sequence properties are provided in Table C.6.5.2-1.
Table C.6.5.2-1 GraphicsMixTransitions test sequences
	Parameter
	GMT-01
	GMT-01
	GMT-03
	GMT-04

	Resolution
	3840 x 2160
	3840 x 2160
	1920 x1080
	1920 x1080

	Scan
	Progressive
	Progressive
	Progressive
	Progressive

	Frame Rate
	60 fps
	60 fps
	60 fps
	60 fps

	Bit Depth
	10
	8
	10
	8

	Length
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)
	600 frames (10s)

	YUV format
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0
	YUV 4:2:0

	Color components
	Y’CbCr
	Y’CbCr
	Y’CbCr
	Y’CbCr

	Colour space
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709
	ITU-R BT.709



The original version as well as subsampled ones are available here:
tbd
[bookmark: _Toc62567546]C.6.5.3	Copyright information
The GraphicsMixTransitions video sequence has been produced for the purpose of this study on the characterization of video codecs in 3GPP. 
]
[bookmark: _Toc62567547]Annex D: Reference Configurations
[bookmark: _Toc62567548]D.1	Introduction
tbd
[bookmark: _Toc62567549]D.2		H.264/AVC JM19.0 Reference Configurations
[bookmark: _Toc62567550]D.2.1 	JM-01: Low-latency
Add details
[bookmark: _Toc62567551]D.3		H.265/HEVC HM16.22 Reference Configurations
[bookmark: _Toc62567552]D.3.1 	HM-01: Low-latency
Add details
Example setting: https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.20/cfg/encoder_randomaccess_main10.cfg with following proposed changes
- 	IntraPeriod: Intra Period such that 1 second is achieved
- 	DecodingRefreshType: 1 (CRA)  2 (IDR)
- 	GOPSize: adjusted to Intra
-	Variations QP
[bookmark: _Toc62567553]D.4		H.265/HEVC SCM-8.8 Reference Configurations

[bookmark: _Toc62567554]Annex E Data Management and Hosting
[bookmark: _Toc62567555]E.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.
In order to address reference sequences with different raw formats and to maintain timing in these sequences, they are in a consistent format that maintains sequence properties as well as timing. The format follows the MP4 format for raw video sequences as defined in ISO/IEC 23001-17 [47].
[bookmark: _Toc62567556]E.2	Reference Sequences
[bookmark: _Toc62567557]E.2.1 	Hosting
All reference sequences are hosted at 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequence. 
Below this folder, for each reference sequence a decicated folder is created. The folder includes at least the following information:
-	JSON file for raw video according to schema in clause C.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: _Toc62567558]E.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 the all following required information that needs to be added to the JSON file for raw video sequences as defined in clause C.1.2.
[bookmark: _Toc62567559]E.2.3 	Downloading
Sequence can be downloaded for free from the above folders. Licensing terms must be obeyed. Downloaded files should be MD5 verified
[bookmark: _Toc62567560]E.3	Anchors
[bookmark: _Toc62567561]E.3.1 	Hosting
All anchors are hosted at: 
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Anchors. 
Below this folder, a hierarchy is created 
-	Scenario
-	Codec
-	Anchor Tuple
-	Anchor
Below this folder, for each anchor a dedicated folder is created. 
The folder includes at least the following information:
-	JSON file for binary video according to schema in clause B.3.2.
-	binary video bitstream 
[bookmark: _Toc62567562]E.3.2 	Uploading
For uploading anchors, 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 C.1.2.
[bookmark: _Toc62567563]E.3.3 	Downloading
Anchors can be downloaded for free from the above folders. Licensing terms must be obeyed. Downloaded files should be MD5 verified.
[bookmark: _Toc62567564]Annex F: Software Package
[bookmark: _Toc62567565]F.1	Introduction
tbd
[bookmark: _Toc62567566]F.2	Readme
[bookmark: _Toc62567567]F.2.1	Quickstart
Given an anchor definition, the tool performs encoding, reconstruction and runs additional metrics computation for all variants.
1.	add the samples/references/yuv420_1280x720_8bit_rec709.yuv sequence
2.	set the environment variable: HM_ENCODER=/path/to/HM/bin/TAppEncoderStatic
3.	generate the sample HM anchor
./cmd.py ./samples/anchors/sample_hm.json encode decode`
[bookmark: _Toc62567568]F.2.2	Using docker
A sample Dockerfile is provided to build an image containing all the dependencies: HM, JM, and VTM
git clone https://github.com/haudiobe/5GVideo.git

cd 5GVideo

docker build -t anchortools -f ./docker/Dockerfile .

# add the missing `./samples/references/yuv420_1280x720_8bit_rec709.yuv` sequence

docker run --mount type=bind,source=./samples,target=/samples -it anchortools cmd.py /samples/anchors/sample_hm.json

the --mount option mounts the directory source path, and makes it available as target path in the running container.
[bookmark: _Toc62567569]F.2.3	Usage
[bookmark: _Toc62567570]F.2.3.1	General
./cmd.py ./anchor.json [encode] [decode] [metrics]
•	the tool assumes you have reference encoders compiled, with environment variables pointing to the executables, see below.
[bookmark: _Toc62567571]F.2.3.2	encode
./cmd.py ./anchor.json encode decode
runs the reference encoder to generate both bitstream, and reconstructed sequence for all the anchors, with the reconstructed chroma format as specified in the encoder config.
./cmd.py ./anchor.json encode
runs the reference encoder to generate bitstream only.
[bookmark: _Toc62567572]F.2.3.3		decode
./cmd.py ./anchor.json decode
runs the reference decoder to reconstruct the bitstream, with the output chroma format matching the bitstream.
[bookmark: _Toc62567573]F.2.3.4		metrics
./cmd.py ./anchor.json metrics
generates some metrics for each variant defined in the anchor
the metrics options uses third party tools, see below.
[bookmark: _Toc62567574]F.2.4	Reference encoders
the following environment variables are needed depending on the encoder/decoder you want to use:
JM
JM_ENCODER=/path/to/JM/bin/lencod_static
JM_DECODER=/path/to/JM/bin/ldecod_static
HM
HM_ENCODER=/path/to/HM/bin/TAppEncoderStatic
HM_DECODER=/path/to/bin/TAppDecoderStatic
VTM
VTM_ENCODER=/path/to/bin/EncoderAppStatic
VTM_DECODER=/path/to/bin/DecoderAppStatic
Adding a custom encoder
implement the ReferenceEncoder interface (encoder_id, encode_variant, decode_variant) and decorate your class (@register_encoder)
[bookmark: _Toc62567575]F.2.5	Anchor definition
[bookmark: _Toc62567576]F.2.5.1	example anchor.json :
{
    "description": "human readable description, use case, settings overview ...",
    "reference": "path/to/reference/sample.yuv",
    "encoder": "HM",
    "encoder_cfg": "path/to/anchor/encoder_cfg.cfg",
    "variants": {
        "variant_id0": {
            "OptionKey": "OptionValue0",
            "OptionKey2": "{ANCHOR_DIR}/sub0.cfg",
            [...]
        },
        "variant_id1": {
            "OptionKey": "OptionValue1",
            "OptionKey2": "{ANCHOR_DIR}/sub1.cfg",
            [...]
        },
        [...]
    }
}

NOTE:
· if test_sequence or encoder_cfg is a relative path, it is interpreted as relative to anchor.json.
· when used in the variant options {ANCHOR_DIR} is expanded to the anchor's encoder config directory: path/to/anchor.
[bookmark: _Toc62567577]F.2.5.2	Variant options to encoder CLI args mapping
HM, VTM
{
    "encoder_cfg": "/encoder.cfg",
    "variants": {
        "variant_id0": {
            "-k": "v",
            "--Key": "value"
        }
    }
}
maps to -c /encoder.cfg -k v --Key=value
JM
{
    "encoder_cfg": "/encoder.cfg",
    "variants": {
        "variant_id0": {
            "-f": "file.cfg",
            "Key": "value"
        }
    }
}
maps to -d /encoder.cfg -f file.cfg -p Key=value
[bookmark: _Toc62567578]F.2.5.3	Output
the above configuration would generate the following :
# variant bitstream
path/to/anchor/encoder_cfg.variant_id0.bit

# encoder log (VTM has additional .opl file)
path/to/anchor/encoder_cfg.variant_id0.enc.log

# reconstructed variant
path/to/anchor/encoder_cfg.variant_id0.yuv

# variant metrics
path/to/anchor/encoder_cfg.variant_id0.csv

[...]

path/to/anchor/encoder_cfg.variant_id1.bit
path/to/anchor/encoder_cfg.variant_id1.yuv
path/to/anchor/encoder_cfg.variant_id1.enc.log
path/to/anchor/encoder_cfg.variant_id1.csv

[...]

# averaged metrics, one variant per row
path/to/anchor/encoder_cfg.csv
[bookmark: _Toc62567579]F.2.6	Raw video sequence description
YUV sequences are currently described through a sidecar file.
eg. for the above path/to/reference/sample.yuv, add the following path/to/reference/sample.json
{
    "width": 1280,
    "height": 720,
    "chroma_format": "yuv",
    "chroma_subsampling": "420",
    "bitdepth": 8,
    "fps": 30,
    "color_space": "rec709",
    "transfer": null,
    "framecount": 30
}
[bookmark: _Toc62567580]F.2.7	Current limitations
•	fps is converted to integer
•	only planar YUV reference sequences are supported
•	the transfer and color_space properties are currently ignored, however color space conversions can be configured through the encoder.cfg file and through variant options for each encoder
•	metrics computation assumes reference sequence and reconstructed sequences share the same chroma format, frame packing and bitdepth
[bookmark: _Toc62567581]F.2.8	Dependencies [metrics]
The open-source gpac application is needed for metrics computation.
Detailed build instruction please refer to : https://github.com/gpac/gpac/wiki/Build-Introduction
the path to the gpac executable can be configured through environment variable, eg. :
GPAC_APP=/path/to/bin/gpac
[bookmark: _Toc62567582]
Annex <X> (informative):
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