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Abstract
[bookmark: _GoBack]This document is draft 4 of the conformance testing specification for Versatile Video Coding (VVC). The first section of the document provides information for conformance bitstream submitters, and the second section provides the draft conformance specification.

1. General
This document provides a preliminary description of a conformance testing bitstream set and testing process for VVC. See clause 3 for a preliminary list of planned bitstreams and volunteered contributors. It is encouraged for participants to contribute additional bitstreams that test other features and combinations.
1. Procedure
1. ftp site
An ftp site at ITU-T is used to exchange bitstreams. The site for ftp download of bitstreams is:
	ftp://ftp3.itu.int/jvet-site/bitstream_exchange/VVC
	(user id: avguest, password: Avguest201007)
	ftp encryption should be set to “Require implicit ftp over TLS”. If using FileZilla, set user id and ftp encryption by configuring site manager as follows:

The site is also accessible by HTTP (without a password) at:
	http://wftp3.itu.int/av-arch/jvet-site/bitstream_exchange/VVC
A spreadsheet to summarize the status of bitstream exchange, conformance bitstream generation will be available at this directory. (See clause 3 for a preliminary list of planned bitstreams.) It includes the list of bitstreams, configuration features and settings, and status of verification.
The ftp site for uploading bitstream files is as follows:
	ftp://ftp3.itu.int/jvet-site/dropbox/ 
	(user id: avguest, password: Avguest201007)
Once a bitstream is uploaded to the dropbox, please send email to jvet-conformance@lists.rwth-aachen.de  to notify the coordinators of its availability. 
1. Bitstream and associated files
Volunteers should upload the bitstream and associated files in a zip archive. All files inside the zip archive should have the same base name. Only the extension is changed in the following way:
*.bit – bitstream as described in section 2.3 (mandatory)
*.txt – description (mandatory)
*.yuv.md5 – MD5  check sum of the complete decoded yuv file (mandatory)
*.md5 – MD5sum of the bitstream file (mandatory)
*.opl – output picture log as described in section 2.4 (mandatory) 
*.cfg – config file used to generate bitstream with VTM encoder SW (optional, not applicable if VTM encoder release version not used)

All bitstreams are required to use the decoded picture hash SEI message.
All files in the zip archive should be in the top level, without a subfolder.
The .md5 file should contain only the MD5sum value and no additional characters.
The following naming convention is to be used.
Feature_BistreamID_Source_Version
· Feature is summarized in Sec. 3.
· BitstreamID is a single capital letter, to distinguish among multiple bitstreams provided for a particular feature.
· Source is the name of the company who provided the bitstream. 
· Version is the version number of the file. The version number should be 1 for the first version. The version number should be incremented when a bitstream is replaced because of an identified problem or updated for compatibility with a new version of the VTM.

For example, for the feature “feature”, bitstream “A”, from source “company”, in its version “1”, the  archive is named "feature_A_companyA_1.zip", and the files would be named
feature_A_company_1.bit
feature_A_company_1.txt
feature_A_company_1.yuv.md5
feature_A_company_1.md5
feature_A_company_1.opl
feature_A_company_1.cfg
Description of the bitstream (name.txt)  
In a short text file which describes the bitstream, the following information is to be provided:
· Bitstream file name
· Explanation of bitstream features
· Profile, tier, and level for the bitstream
· Max picture width and height, and any additional picture width and height values used (i.e., for reference picture resample or scalability)  
· Picture rate 
· VTM decoder release version number able to correctly decode the bitstream with identical output, or description of VTM decoder incompatibility (preferably including a corresponding error tracking issue number.) 
· VTM release version number used to generate the bitstream, if applicable
· Contact name and email of bitstream submitter

Output picture log file for each output layer set (name.opl)
Each output picture log file contains one row for each output picture in the bitstream, in output order. 
Each row contains the following information, as CSV.
· PicOrderCntVal 
· pic_width_max_in_luma_samples
· pic_height_max_in_luma_samples
· MD5 checksum for the Y component
· MD5 checksum for the U component
· MD5 checksum for the V component
VTM 8.0 and later versions provide support in the decoder to output an .opl file using a command line argument, -opl. For example: DecoderApp –b feature_A_company_1.bit -opl feature_A_company_1
1. Acceptance of bitstreams
The uploaded bitstreams should be verified by at least two organizations. The following aspects should be verified.
· Confirm if bitstream is correctly decoded with perfect match of the .yuv.md5 and .opl files associated with the bitstream
· Confirm if all intended features are included in the bitstream
1. Organization of ftp site file directory structure
The ftp site has 2 high level directories, named draft_conformance and under_test. 
In the under_test directory, bitstream zip files are placed in a sub-directory corresponding to a VTM decoder release number which can correctly decode the bitstream, or in the VTM-incompatible directory if there is no VTM version that can correctly decode the bitstream.  
1. Recommendations
Test bitstreams should exercise the full range of parameters of modes of the tool tested in the category, including corner cases. Multiple bitstreams should be provided for each feature. 
It is recommended to include both low resolution (512x512) and short duration (10 frame) test bitstreams as well as typical resolutions and longer duration test bitstreams for each test category.
As new releases of the VTM software are made available, it is recommended to provide updated versions of the bitstreams compatible with the latest release. 
The test bitstreams shall not violate the profile, tier, and level indicated in the bitstream. The minimum level that the bitstream conforms to should be used. 
A VTM config file should be included in the .zip file if an unmodified VTM version is used, and the command line used should be included in the .txt file. If a modified version of the VTM is used, the VTM config file should not be included.
[bookmark: _Ref25683208]Conformance bitstream list
The conformance bitstreams are listed in the following categories, described below. 
Table 1: Coding tools for Main 10 profile with 4:2:0 10b
· Streams which exercise the range of capabilities of individual coding tools for 10-bit 4:2:0

Table 2: Coding tools for Main 4:4:4 10 profile with  4:4:4 10b
· Streams which exercise the range of capabilities of individual coding tools for 10-bit 4:4:4

Table 3: High-level syntax features for Main 10 profile 4:2:0 10b  
· Streams which exercise the range of capabilities of individual high-level syntax features for 10-bit 4:2:0

Table 4: Additional chroma formats and bit depths for Main 10 and Main 4:4:4 10 profiles
· Streams which exercise all the chroma formats and bit depths allowed by the profiles

Table 5: Coding tools sets for Main 10 profile
· Streams with coding tools incrementally enabled in sets, as indicated by the allowable syntax element values

[bookmark: _Ref31628880][bookmark: _Ref31632203]Table 1: Coding tools for Main 10 profile with 4:2:0 10b

	Categories
	[bookmark: RANGE!A1]Tool description
	Feature
Name
	Bitstream features
	Submitter

	CTU partition
	Chroma separate tree
	CST
	Test CST on and off
	Tzu-Der (Peter), Chuang (MediaTek)

	Transform and quantization
	Dependent quantization
	DQ
	Dependent quantization enabled for all pictures (with and without enabling MTS and LFNST); picture/slice-level switching between dependent quantization, sign data hiding, and conventional quantization
	Heiko Schwarz (HHI)

	Intra coding
	Cross-component linear model
	CCLM
	Exercise different  variants of down-sample filters
	Alexey Filippov (Huawei)

	Transform and quantization
	Multiple transform set
	MTS
	Iinclude MTS combinations of (intra, inter): (implicit, none), (explicit, none), (implicit, explicit), (explicit, explicit)
	Moonmo Koo (LGE)

	In-loop filter
	Adaptive loop filter
	ALF
	ALF virtual boundary processing for line buffer reduction; Exercise clipping values of non-linear ALF
	Semih Esenlik (Huawei), Kyohei Unno (KDDI)

	Inter coding
	Affine motion model
	AFF
	Include Affine AMVP and  Affine Merge; Control flags
	Chen Huanbang (Huawei)

	Inter coding
	Subblock-based temporal merging candidates
	SbTMVP
	 
Test SbTMVP off and test SbTMVP on when affine is off
	Na Zhang (Bytedance)

	Inter coding
	Adaptive motion vector resolution
	AMVR
	Include SIF
	M. Winken (HHI)

	Inter coding
	Bi-directional optical flow
	BDOF
	Test BDOF with different implicit on/off decision and subblock usages
	Ching-Yeh Chen (MediaTek)

	Inter coding
	Combined intra/inter prediction
	CIIP
	Test CIIP for different sizes and different combining weights
	Man-Shu Chiang (MediaTek)

	Inter coding
	Merge with MVD
	MMVD
	 
	Kiho Choi (Samsung)

	Inter coding
	Bi-predictive with CU weights
	BCW
	Test BCW with different BCW weights
	Ching-Yeh Chen (MediaTek)

	Intra coding
	Multi-reference line prediction
	MRLP
	 
	B. Bross (HHI)

	SCC coding
	Intra block copy mode
	IBC
	Test IBC feature with different options and and combination with CST and AMVR
	Xiaozhong Xu (Tencent)

	Intra coding
	Intra sub-partitioning
	ISP
	 
	S. de Luxan Hernandez (HHI)

	Inter coding
	Decoder motion vector refinement
	DMVR
	Exercise enabling conditions, MV wraparound and MV clip at picture boundary, Exercise corner cases of SAD variations
	Semih Esenlik (Huawei), Kyohei Unno (KDDI)

	Transform and quantization
	Sub-block transform
	SBT
	Different block sizes
	Zhao Yin (Huawei)

	In-loop filter
	Luma mapping with chroma scaling
	LMCS
	Exercise multiple APSes, slice level LMCS on/off
	Fangjun Pu (Dolby)

	Entropy coding
	Sign data hiding
	SDH
	 
	Fangjun Pu (Dolby)

	Inter coding
	Symmetric motion vector difference
	SMVD
	Long-term reference handling, mvd_l1_zero_flag handling
	Chen Huanbang (Huawei)

	Intra coding
	Block-based delta pulse code modulation  
	BDPCM
	 
	Gordon Clare, Felix Henry (Orange)

	Intra coding
	Matrix based intra prediction
	MIP
	 
	J. Pfaff (HHI)

	Transform and quantization
	Low frequency non-separable transform
	LFNST
	Various block sizes /shapes
	Moonmo Koo (LGE)

	Transform and quantization
	Transform tool set
	MTS_LFNST
	Tool on or off of MTS and LFNST together with implicit or explicit MTS
	Moonmo Koo (LGE), Mehdi Salehifar (LGE)

	Transform and quantization
	Joint coding of chroma residuals
	JCCR
	Exercise all modes of joint coding of chroma residuals (JCCR)
	H. Schwarz (HHI), J. Lainema (Nokia)

	Inter coding
	Temporal motion vector predictor
	TMVP
	 
	D.-Y. Kim (Chips&Media)

	Inter coding
	Motion vector compression
	MVCOMP
	MV compression for temporal storage (including corner cases)
	F. Bossen (Sharp Labs)

	In-loop filter
	Sampled adaptive offset
	SAO
	 
	Kiho Choi (Samsung)

	Inter coding
	Prediction refinement using optical flow
	PROF
	Various non-translational motion parameters for PROF
	Yuwen He (InterDigital)

	In-loop filter
	Deblocking
	DEBLOCKING
	Exercise luma adaptive deblock filter and long tap filter
	Kenneth Andersson (Ericsson), K. Misra (Sharp Labs)

	In-loop filter
	Chroma deblocking
	CDBF
	Perform chroma deblocking that includes use of filters of lengths (3,3), (3,1) and (1,3), Deblocking at 4 x 4 grid
	K. Misra (Sharp Labs), Semih Esenlik (Huawei)

	Inter coding
	Weighted prediction
	WP
	Various combinations with other inter tools
	Philippe Bordes (InterDigital)

	Intra coding
	Intra prediction
	IP
	Enable all modes, especially the wide-angle modes.
	Alexey Filippov (Huawei), J. Lainema (Nokia)

	Intra coding
	Luma intra prediction mode
	MPM
	Enable all conditions to generate MPM candidate
	Jin Heo(LGE)

	CTU partition
	CTU, CU  sizes
	CTU
	Exercise range of CTU, CU sizes
	Chih-Wei Hsu (MediaTek)

	CTU partition
	Trees and partitioning
	TREE
	Exercise range of sizes and depths of TREE, TT, QT
	A. Wieckowski (HHI)

	CTU partition
	Trees and partitioning
	QTBTT
	Exercise range of sizes and depths of TREE, TT, QT
	Chih-Wei Hsu (MediaTek)

	CTU partition
	Boundary partition
	BOUNDARY
	Boundary are sizes 8…120 samples, all combinations of QT and TREE 
	Han Gao (Huawei)

	Transform and quantization
	Transform
	TRANS
	min and max transform, min number of entropy coded coeff., max number of coeff.
	D.-Y. Kim (Chips&Media)

	Transform and quantization
	Quantization
	QUANT
	CU level delta QP, CU level Chroma delta QP, transform-quant bypass with DB
	Roman Chernayk (Huawei)

	Transform and quantization
	Scaling list
	SCALING
	Exercise multiple APSes, Quantization Matrices
	Philippe de Lagrange (InterDigital)

	Entropy coding
	Entropy coding
	ENTROPY
	CABAC initialization: QP sweep to ensure proper initialization for every QP value; disabling signaling of cabac_init_idc
	Jie Dong (Qualcomm), Frank Bossen (Sharp)

	Entropy coding
	Entropy coding
	ENTMAINTIER
	Max bins and bits, min bits for Main Tier
	D.-Y. Kim (Chips&Media), Karl Sharman ENT(Sony)

	Entropy coding
	Entropy coding
	ENTHIGHTIER
	Max bins and bits for High tier
	Karl Sharman (Sony)

	Inter coding
	All merge modes
	MERGE
	max number of merge candidates
	Wei-Jung Chien (Qualcomm)

	Intra coding
	Position dependent prediction combination (PDPC)
	PDPC
	Force clipping. Different PU sizes and shapes.
	Geert van der Auwera (Qualcomm)

	Entropy coding
	Wavefronts
	WPP
	 
	Ikai Tomohiro (Sharp)

	Transform and quantization
	Lossless and near-lossless, include transform skip
	LOSSLESS
	 
	Tung Nguyen (HHI)

	Inter coding
	Reference picture resizing
	RPR
	Multiple RPR scale factors, RPR cropping window and scaling window offsets
	Jiancong Luo (Alibaba), J. Samuelsson (Sharp Labs)

	In-loop filter
	CC-ALF
	CCALF
	Enable CC-ALF for all CTUs in the bit-stream, Slice-by-slice adaptation, CTU-by-CTU adaptation, Dynamic range exercise (including clip)
	Kiran Misra (Sharp)

	Inter coding
	Geometric Partitioning Mode
	GPM
	 
	Semih Esenlik (Huawei), Ru-Ling Liao (Alibaba)



[bookmark: _Ref31628989][bookmark: _Ref31632230]Table 2: Coding tools for Main 4:4:4 10 profile with 4:4:4 10b
	Categories
	Tool description
	Feature
Name
	Bitstream features
	Submitter

	Basic 4:4:4
	10-bit 4:4:4
	10b444
	No 4:4:4-specific coding tools enabled
	Xiaoyu Xiu (Kwai)

	SCC coding
	Adaptive Color Transform
	ACT
	
	(Xiaoyu Xiu) Kwai

	SCC coding
	Palette mode
	PALETTE
	
	M. G. Sarwer (Alibaba)

	Entropy
	Entropy coding for 4:4:4 main tier
	ENT444MAINTIER
	Max bins and bits for Main 444 Main Tier
	Karl Sharman (Sony)

	Entropy
	Entropy coding for 4:4:4 high tier

	ENT444HIGHTIER
	Max bins and bits for Main 444 High Tier
	Karl Sharman (Sony)




[bookmark: _Ref31629135][bookmark: _Ref31632277]Table 3: High-level syntax features for Main 10 profile with 4:2:0 10b 
	Feature
	Feature 
Name
	Bitstream features
	Submitter

	Filler data
	FILLER
	Filler data NAL units present
	Yang Wang (Bytedance)

	Decoding Capability Information
	DCI
	DPS present
	B. Choi (Tencent)

	Video parameter set
	VPS
	Single and multiple VPSs
	Lidong Xu (Intel)

	Sequence parameter set
	SPS
	Multiple SPSs
	Yang Wang (Bytedance)

	Video usability information
	PQ
	PQ EOTF
	Taonran Lu (Dolby)

	Video usability information
	HLG
	HLG EOTF
	S. Nemoto (NHK)

	Picture parameter set
	PPS
	Multiple PPSs
	Yang Wang (Bytedance)

	Mixed NUT
	MNUT
	Mixed NAL unit type within a picture
	Miska Hannuksela (Nokia)

	Extension of parameter set
	PSEXT
	Extension data in DPS, VPS, SPS, PPS, PH, SH
	M. M. Hannuksela (Nokia)

	Hypothetical reference decoder
	HRD
	HRD signalling, including HSS, DU, rept., Field(?)
	Sachin Deshpande (Sharp Labs), K. Kazui (Fujitsu)

	Adaptation parameter set
	APSALF
	Multiple APSs of each type (ALF)
	Vadim Seregin (Qualcomm)

	Adaptation parameter set
	APSLMCS
	Multiple APSs of each type (LMCS)
	Fangjun Pu (Dolby)

	Adaptation parameter set
	APSMULT
	Multiple APSs of each type (Scaling list)
	Chen-Yen (Jenny) Lai (MediaTek)

	Adaptation parameter set
	SUFAPS
	Suffix APS NAL units
	Karsten Suehring (HHI)

	Random access point
	RAP
	IRAP functionality
	R. Skupin (HHI)

	Picture output
	POUT
	Pic output flag, no output pic
	Sachin Deshpande (Sharp Labs)

	Gradual decoder refresh
	GDR
	GDR
	R. Sjöberg (Ericsson)

	Access unit delimiter
	AUD
	Access unit delimiter
	W. Wan (Broadcom)

	Picture order count
	POC
	POC derivation, POC reset, POC MSB present
	Miska Hannuksela (Nokia)

	Tiles
	TILE
	Pictures partitions in tiles with same and different tile size, slices in tiles, tiles in slices
	Miska Hannuksela (Nokia)

	Slices
	SLICE
	Raster-scan and rectangular slices
	Xiang Ma and Biao Wang (Huawei)

	Subpictures
	SUBPIC
	Various number of sub-pictures, sub-pictures of varying sizes, multiple tiles in some sub-pictures, mix of independent and non-independent subpictures, use of subpicture ID in PPS and in PH
	Xiang Ma and Biao Wang (Huawei)

	Picture header and slice header
	PHSH
	Signalling control of syntax elements in PH and SH, Bitstream with both picture header in slice header as well as picture header in its own NALU, Collocated picture for TMVP signaled in picture header
	Hendry (LG Electronics), J. Samuelson (Sharp Labs), 

	Temporal scalability
	TEMPSCAL
	Maximum number of temporal layers, varying number of temporal sub-layers
	V. Drugeon  (Panasonic)

	Spatial scalability
	ILRPL
	Inter-layer ref pic list
	Xiang Ma and Biao Wang (Huawei)

	Spatial scalability
	SPALSCAL
	Different resolution layers, including unusual scaling ratios
	Vadim Seregin (Qualcomm)

	Layered coding with OLS
	OLS
	Layered coding w/ and w/o inter-layer prediction, with 2 and 3 layers
	B. Choi (Tencent)

	Operating point information NAL unit
	OPI
	Use OPI NAL unit in bitstream to determine output
	Kashyap Kammachi-Sreedhar (Nokia)

	Reference picture lists
	RPL
	Reference list modification
	R. Sjöberg (Ericsson)

	Long term ref picture
	LTRP
	LTRP handling
	R. Sjöberg (Ericsson)

	Number of active ref pics
	ACTPIC
	Using default, using different num of active ref pic in slices
	Xiang Ma and Biao Wang (Huawei)

	Virtual boundaries
	VIRTUAL
	Loop filters on/off at non-tile/slice boundaries
	Jian-Liang Lin (MediaTek)

	Reference wraparound
	WRAP
	 
	Yong He, Edouard Francois (InterDigital)

	360 Video
	CUBEMAP
	Cube map layout and SEI
	Ya-Hsuan . Lee (MediaTek)

	360 Video
	ERP
	Equirectangular projection layout and SEI
	Ya-Hsuan  Lee (MediaTek)

	Conformance cropping window
	CROP
	Use of conformance cropping parameters, varying parameters, large offsets, odd offset values for 4:4:4, Cropping window signaling in both SPS and PPS
	Virginie Drugeon (Panasonic), J. Samuelsson (Sharp Labs)

	Bumping
	BUMP
	Bumping process
	Hendry (LGE)

	Decoded picture buffer
	DPB
	Sublayer DPB size signalling
	Sachin Deshpande (Sharp Labs)

	Field pictures
	FIELD
	frame-field information (SPS)
	H.-B. Teo (Panasonic)



[bookmark: _Ref31629277]Table 4: Additional chroma formats and bit depths for Main 10 and Main 4:4:4 10 profiles
	Tool description
	Feature 
Name
	Bitstream features
	Submitter

	8b 4:0:0
	8b400
	8-bit 4:0:0 in Main 10 profile
	Na Zhang (Bytedance)

	8b 4:2:0
	8b420
	8-bit 4:2:0 in Main 10 profile
	Na Zhang (Bytedance)

	8b 4:2:2
	8b422
	[bookmark: _Hlk43636993]8-bit 4:2:2 in Main 4:4:4 10 profile
	Xiaozhen Zheng (DJI)

	8b 4:4:4
	8b444
	8-bit 4:4:4 in Main 4:4:4 10 profile
	Xiaoyu Xiu (Kwai)

	10b 4:0:0
	10b400
	10-bit 4:0:0 in Main 10 profile
	Na Zhang (Bytedance)

	10b 4:2:2
	10b422
	10-bit 4:2:2 in Main 4:4:4 10 profile
	Masa Ikeda (Sony)




[bookmark: _Ref31630176]Table 5: Coding tools sets for Main 10 profile

	Submitter
	Xiaozhong Xu (Tencent)

	Feature Name
	CodingToolsSets

	Syntax element
	SET_A
	SET_B
	SET_C
	SET_D
	SET_E

	slice_type
	I
	I, P
	I
	I, P
	I, P, B

	bit_depth_minus8
	0
	0
	0
	0
	0

	separate_colour_plane_flag
	0
	0
	0
	0
	0

	ref_pic_resampling_enabled_flag
	0
	0
	0
	0
	1

	sps_log2_ctu_size_minus5
	0
	0
	1
	1
	1

	subpics_present_flag
	0
	0
	0
	0
	1

	bit_depth_minus8
	0
	0
	2
	2
	2

	sps_weighted_pred_flag
	0
	0
	0
	0
	1

	sps_weighted_bipred_flag
	0
	0
	0
	0
	1

	sps_max_luma_transform_size_64_flag
	0
	0
	0
	0
	1

	sps_sao_enabled_flag
	0
	0
	0
	0
	1

	sps_alf_enabled_flag
	0
	0
	0
	0
	1

	sps_transform_skip_enabled_flag
	0
	0
	0
	0
	1

	sps_bdpcm_enabled_flag
	0
	0
	0
	0
	1

	sps_temporal_mvp_enabled_flag
	0
	0
	0
	10
	1

	sps_sbtmvp_enabled_flag
	0
	0
	0
	1
	1

	sps_amvr_enabled_flag
	0
	0
	0
	0
	1

	sps_bdof_enabled_flag
	0
	0
	0
	0
	1

	sps_bdof_pic_present_flag
	0
	0
	0
	0
	1

	sps_smvd_enabled_flag
	0
	0
	0
	0
	1

	sps_dmvr_enabled_flag
	0
	0
	0
	0
	1

	sps_dmvr_pic_present_flag
	0
	0
	0
	0
	1

	sps_mmvd_enabled_flag
	0
	0
	0
	0
	1

	sps_isp_enabled_flag
	0
	0
	1
	1
	1

	sps_mrl_enabled_flag
	0
	0
	0
	1
	1

	sps_mip_enabled_flag
	0
	0
	0
	1
	1

	sps_mts_enabled_flag
	0
	0
	1
	1
	1

	sps_sbt_enabled_flag
	0
	0
	0
	1
	1

	sps_affine_enabled_flag
	0
	0
	0
	0
	1

	sps_bcw_enabled_flag
	0
	0
	0
	0
	1

	sps_ibc_enabled_flag
	0
	0
	0
	1
	1

	sps_ciip_enabled_flag
	0
	0
	0
	0
	1

	sps_fpel_mmvd_enabled_flag
	0
	0
	0
	0
	1

	sps_geo_enabled_flag
	0
	0
	0
	0
	1

	sps_lmcs_enabled_flag
	0
	0
	0
	0
	1

	sps_lfnst_enabled_flag
	0
	0
	0
	1
	1

	sps_ladf_enabled_flag
	0
	0
	0
	0
	1

	sps_scaling_list_enabled_flag
	0
	0
	0
	0
	1
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[bookmark: _Toc103501171][bookmark: _Toc111603009][bookmark: _Toc116461443][bookmark: _Toc116462378][bookmark: _Toc116463407][bookmark: _Toc116467646][bookmark: _Toc197321650][bookmark: _Toc261251381][bookmark: _Toc265074415][bookmark: _Toc265587324][bookmark: _Toc268684377][bookmark: _Toc310369664][bookmark: _Toc326647103][bookmark: _Toc327877308][bookmark: _Toc398206553][bookmark: _Toc398213950][bookmark: _Toc405878551][bookmark: _Toc409422953][bookmark: _Toc417472632][bookmark: _Toc462903795][bookmark: _Toc467175443][bookmark: _Toc469307517][bookmark: _Toc528230398]2.1	General
The following Recommendations and International Standards contain provisions which, through reference in this text, constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently valid ITU-T Recommendations.
[bookmark: _Toc382790597][bookmark: _Toc103501172][bookmark: _Toc111603010][bookmark: _Toc116461444][bookmark: _Toc116462379][bookmark: _Toc116463408][bookmark: _Toc116467647][bookmark: _Toc197321651][bookmark: _Toc261251382][bookmark: _Toc265074416][bookmark: _Toc265587325][bookmark: _Toc268684378][bookmark: _Toc310369665][bookmark: _Toc326647104][bookmark: _Toc327877309][bookmark: _Toc398206554][bookmark: _Toc398213951][bookmark: _Toc405878552][bookmark: _Toc409422954][bookmark: _Toc417472633][bookmark: _Toc462903796][bookmark: _Toc467175444][bookmark: _Toc469307518][bookmark: _Toc528230399]2.2	Identical Recommendations | International Standards
–	None.
[bookmark: _Toc382790598][bookmark: _Toc103501173][bookmark: _Toc111603011][bookmark: _Toc116461445][bookmark: _Toc116462380][bookmark: _Toc116463409][bookmark: _Toc116467648][bookmark: _Toc197321652][bookmark: _Toc261251383][bookmark: _Toc265074417][bookmark: _Toc265587326][bookmark: _Toc268684379][bookmark: _Toc310369666][bookmark: _Toc326647105][bookmark: _Toc327877310][bookmark: _Toc398206555][bookmark: _Toc398213952][bookmark: _Toc405878553][bookmark: _Toc409422955][bookmark: _Toc417472634][bookmark: _Toc462903797][bookmark: _Toc467175445][bookmark: _Toc469307519][bookmark: _Toc528230400]2.3	Paired Recommendations | International Standards equivalent in technical content
[bookmark: _Toc382790599]–	Recommendation ITU-T H.266 (in force), Versatile video coding.
–	ISO/IEC 23090-3: in force, Information technology – Coded representation of immersive media– Part 3: Versatile video coding.
–	Recommendation ITU-T H.266.2 (in force), Reference software for ITU-T H.266 Versatile video coding.
–	ISO/IEC 23090-16: in force, Information technology – Coded representation of immersive media – Part 16: Reference software for versatile video coding.

[bookmark: _Toc382790600][bookmark: _Ref82505616][bookmark: _Toc103501175][bookmark: _Toc111603013][bookmark: _Toc116461447][bookmark: _Toc116462382][bookmark: _Toc116463411][bookmark: _Toc116467650][bookmark: _Toc197269751][bookmark: _Toc197321654][bookmark: _Toc261251385][bookmark: _Toc265074419][bookmark: _Toc265587328][bookmark: _Toc268684381][bookmark: _Toc310369668][bookmark: _Toc326647107][bookmark: _Toc327877312][bookmark: _Toc398206557][bookmark: _Toc398213954][bookmark: _Toc405878555][bookmark: _Toc409422957][bookmark: _Toc417472636][bookmark: _Toc462903799][bookmark: _Toc467175447][bookmark: _Toc469307521][bookmark: _Toc528230402]3	Definitions
For the purposes of this Recommendation | International Standard, the terms, definitions, abbreviations and symbols specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 (particularly in clause 3) apply. The following terms are further clarified for purposes herein as follows.
[bookmark: _Ref57450726]3.1	bitstream: A Rec. ITU-T H.266 | ISO/IEC 23090-3 video bitstream.
3.2	decoder: A Rec. ITU-T H.266 | ISO/IEC 23090-3 video decoder, i.e., an embodiment of the decoding process specified by Rec. ITU-T H.266 | ISO/IEC 23090-3. The decoder does not include the display process, which is outside the scope of this Recommendation | International Standard.
3.3	encoder: An embodiment of a process, not specified in this Recommendation | International Standard (except in regard to identification of the reference software encoder), that produces a bitstream.
3.4	reference software decoder: The software decoder provided in Rec. ITU-T H.266.2 | ISO/IEC 23090-16.
3.5	reference software encoder: The software encoder provided in Rec. ITU-T H.266.2 | ISO/IEC 23090-16.
[bookmark: _Toc382790601][bookmark: _Toc103501176][bookmark: _Toc111603014][bookmark: _Toc116461448][bookmark: _Toc116462383][bookmark: _Toc116463412][bookmark: _Toc116467651][bookmark: _Toc197269752][bookmark: _Toc197321655][bookmark: _Toc261251386][bookmark: _Toc265074420][bookmark: _Toc265587329][bookmark: _Toc268684382][bookmark: _Toc310369669][bookmark: _Toc326647108][bookmark: _Toc327877313][bookmark: _Toc398206558][bookmark: _Toc398213955][bookmark: _Toc405878556][bookmark: _Toc409422958][bookmark: _Toc417472637][bookmark: _Toc462903800][bookmark: _Toc467175448][bookmark: _Toc469307522][bookmark: _Toc528230403]4	Abbreviations and acronyms
For the purposes of this Recommendation | International Standard, relevant abbreviations and acronyms are specified in clause 4 of Rec. ITU-T H.266 | ISO/IEC 23090-3.
[bookmark: _Toc382790602][bookmark: _Toc103501177][bookmark: _Toc111603015][bookmark: _Toc116461449][bookmark: _Toc116462384][bookmark: _Toc116463413][bookmark: _Toc116467652][bookmark: _Toc197269753][bookmark: _Toc197321656][bookmark: _Toc261251387][bookmark: _Toc265074421][bookmark: _Toc265587330][bookmark: _Toc268684383][bookmark: _Toc310369670][bookmark: _Toc326647109][bookmark: _Toc327877314][bookmark: _Toc398206559][bookmark: _Toc398213956][bookmark: _Toc405878557][bookmark: _Toc409422959][bookmark: _Toc417472638][bookmark: _Toc462903801][bookmark: _Toc467175449][bookmark: _Toc469307523][bookmark: _Toc528230404]5	Conventions
For the purposes of this Recommendation | International Standard, relevant conventions are specified in clause 5 of Rec. ITU-T H.266 | ISO/IEC 23090-3.
[bookmark: _Toc103501178][bookmark: _Toc111603016][bookmark: _Toc116461450][bookmark: _Toc116462385][bookmark: _Toc116463414][bookmark: _Toc116467653][bookmark: _Toc197269754][bookmark: _Toc197321657][bookmark: _Toc261251388][bookmark: _Toc265074422][bookmark: _Toc265587331][bookmark: _Toc268684384][bookmark: _Toc310369671][bookmark: _Toc326647110][bookmark: _Toc327877315][bookmark: _Toc398206560][bookmark: _Toc398213957][bookmark: _Toc405878558][bookmark: _Toc409422960][bookmark: _Toc417472639][bookmark: _Toc462903802][bookmark: _Toc467175450][bookmark: _Toc469307524][bookmark: _Toc528230405]6	Conformance testing for ITU-T H.266 | ISO/IEC 23090-3
[bookmark: _Toc474036851][bookmark: _Toc486130263][bookmark: _Toc103501179][bookmark: _Toc111603017][bookmark: _Toc116461451][bookmark: _Toc116462386][bookmark: _Toc116463415][bookmark: _Toc116467654][bookmark: _Toc197321658][bookmark: _Toc261251389][bookmark: _Toc265074423][bookmark: _Toc265587332][bookmark: _Toc268684385][bookmark: _Toc310369672][bookmark: _Toc326647111][bookmark: _Toc327877316][bookmark: _Toc398206561][bookmark: _Toc398213958][bookmark: _Toc405878559][bookmark: _Toc409422961][bookmark: _Toc417472640][bookmark: _Toc462903803][bookmark: _Toc467175451][bookmark: _Toc469307525][bookmark: _Toc528230406]6.1	Introduction
The following clauses specify normative tests for verifying conformance of video bitstreams as well as decoders. Those normative tests make use of test data (bitstream test suites) provided as an electronic annex to this Recommendation | International Standard and the reference software decoder specified in Rec. ITU-T H.266.2 | ISO/IEC 23008-5.
[bookmark: _Toc103501180][bookmark: _Toc111603018][bookmark: _Toc116461452][bookmark: _Toc116462387][bookmark: _Toc116463416][bookmark: _Toc116467655][bookmark: _Toc197321659][bookmark: _Toc261251390][bookmark: _Toc265074424][bookmark: _Toc265587333][bookmark: _Toc268684386][bookmark: _Toc310369673][bookmark: _Toc326647112][bookmark: _Toc327877317][bookmark: _Toc398206562][bookmark: _Toc398213959][bookmark: _Toc405878560][bookmark: _Toc409422962][bookmark: _Toc417472641][bookmark: _Toc462903804][bookmark: _Toc467175452][bookmark: _Toc469307526][bookmark: _Toc528230407]6.2	Bitstream conformance
Bitstream conformance for Rec. ITU-T H.266 | ISO/IEC 23090-3 is specified by clause C.4 of Rec. ITU‑T H.266 | ISO/IEC 23090-3.
[bookmark: _Toc103501181][bookmark: _Toc111603019][bookmark: _Toc116461453][bookmark: _Toc116462388][bookmark: _Toc116463417][bookmark: _Toc116467656][bookmark: _Toc197321660][bookmark: _Toc261251391][bookmark: _Toc265074425][bookmark: _Toc265587334][bookmark: _Toc268684387][bookmark: _Toc310369674][bookmark: _Toc326647113][bookmark: _Toc327877318][bookmark: _Toc398206563][bookmark: _Toc398213960][bookmark: _Toc405878561][bookmark: _Toc409422963][bookmark: _Toc417472642][bookmark: _Toc462903805][bookmark: _Toc467175453][bookmark: _Toc469307527][bookmark: _Toc528230408]6.3	Decoder conformance
Decoder conformance for Rec. ITU-T H.266 | ISO/IEC 23090-3 is specified by clause C.5 of Rec. ITU‑T H.266 | ISO/IEC 23090-3.
[bookmark: _Toc103501182][bookmark: _Toc111603020][bookmark: _Toc116461454][bookmark: _Toc116462389][bookmark: _Toc116463418][bookmark: _Toc116467657][bookmark: _Toc197321661][bookmark: _Toc261251392][bookmark: _Toc265074426][bookmark: _Toc265587335][bookmark: _Toc268684388][bookmark: _Toc310369675][bookmark: _Toc326647114][bookmark: _Toc327877319][bookmark: _Toc398206564][bookmark: _Toc398213961][bookmark: _Toc405878562][bookmark: _Toc409422964][bookmark: _Toc417472643][bookmark: _Toc462903806][bookmark: _Toc467175454][bookmark: _Toc469307528][bookmark: _Toc528230409]6.4	Procedure to test bitstreams
A bitstream that claims conformance with Rec. ITU-T H.266 | ISO/IEC 23090-3 shall pass the following normative test.
The bitstream shall be decoded by processing it with the reference software decoder. When processed by the reference software decoder, the bitstream shall not cause any error or non-conformance messages to be reported by the reference software decoder. This test should not be applied to bitstreams that are known to contain errors introduced by transmission, as such errors are highly likely to result in bitstreams that lack conformance to Rec. ITU-T H.266 | ISO/IEC 23090-3.
Successfully passing the reference software decoder test provides only a strong presumption that the bitstream under test is conforming to the video layer, i.e., that it does indeed meet all the requirements for the video layer (except Annexes C, D and E) specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 that are tested by the reference software decoder.
Additional tests may be necessary to more thoroughly check that the bitstream properly meets all the requirements specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 including the hypothetical reference decoder (HRD) conformance (based on Annexes C, D and E). These complementary tests may be performed using other video bitstream verifiers that perform more complete tests than those implemented by the reference software decoder.
Rec. ITU-T H.266 | ISO/IEC 23090-3 contains several informative recommendations that are not an integral part of that Recommendation | International Standard. When testing a bitstream for conformance, it may also be useful to test whether or not the bitstream follows those recommendations.
To check correctness of a bitstream, it is necessary to parse the entire bitstream and to extract all the syntax elements and other values derived from those syntactic elements and used by the decoding process specified in Rec. ITU‑T H.266 | ISO/IEC 23090-3.
A verifier may not necessarily perform all stages of the decoding process specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 in order to verify bitstream correctness. Many tests can be performed on syntax elements in a state prior to their use in some processing stages.
[bookmark: _Toc103501183][bookmark: _Toc111603021][bookmark: _Toc116461455][bookmark: _Toc116462390][bookmark: _Toc116463419][bookmark: _Toc116467658][bookmark: _Toc197321662][bookmark: _Toc261251393][bookmark: _Toc265074427][bookmark: _Toc265587336][bookmark: _Toc268684389][bookmark: _Toc310369676][bookmark: _Toc326647115][bookmark: _Toc327877320][bookmark: _Toc398206565][bookmark: _Toc398213962][bookmark: _Toc405878563][bookmark: _Toc409422965][bookmark: _Toc417472644][bookmark: _Toc462903807][bookmark: _Toc467175455][bookmark: _Toc469307529][bookmark: _Toc528230410]6.5	Procedure to test decoder conformance
[bookmark: _Toc103501184][bookmark: _Toc111603022][bookmark: _Toc398206566][bookmark: _Toc398213963][bookmark: _Toc462903808][bookmark: _Toc467175456][bookmark: _Toc528230411]6.5.1	Conformance bitstreams
A bitstream has values of general_profile_idc, general_tier_flag, and general_level_idc corresponding to a set of specified constraints on a bitstream for which a decoder conforming to a specified profile, tier, and level is required in Annex A of Rec. ITU-T H.266 | ISO/IEC 23090-3 to properly perform the decoding process.
[bookmark: _Toc103501185][bookmark: _Toc111603023][bookmark: _Toc398206567][bookmark: _Toc398213964][bookmark: _Toc462903809][bookmark: _Toc467175457][bookmark: _Toc528230412]6.5.2	Contents of the bitstream file
The conformance bitstreams are included in this Recommendation | International Standard as an electronic attachment. The following information is included in a single zipped file for each such bitstream.
· *.bit – bitstream as described in section 2.3 (mandatory)
· *.txt – description (mandatory)
· *.yuv.md5 – MD5  check sum of the complete decoded yuv file (mandatory)
· *.md5 – MD5sum of the bitstream file (mandatory)
· *.opl – output picture log as described in section 2.4 (mandatory) 
· *.cfg – config file used to generate bitstream with VTM encoder SW (optional, not applicable if VTM encoder release version not used)
[bookmark: _Toc103501186][bookmark: _Toc111603024][bookmark: _Toc398206568][bookmark: _Toc398213965][bookmark: _Toc462903810][bookmark: _Toc467175458][bookmark: _Toc528230413]6.5.3	Requirements on output of the decoding process and timing
Two classes of decoder conformance are specified:
–	output order conformance; and
–	output timing conformance.
The output of the decoding process is specified in clause 8 and Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3.
For output order conformance, it is a requirement that all of the decoded pictures specified for output in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3 shall be output by a conforming decoder in the specified order and that the values of the decoded samples in all of the pictures that are output shall be (exactly equal to) the values specified in clause 8 of Rec. ITU-T H.266 | ISO/IEC 23090-3.
For output timing conformance, it is a requirement that a conforming decoder shall also output the decoded samples at the rates and times specified in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3.
The display process, which ordinarily follows the output of the decoding process, is outside the scope of this Recommendation | International Standard.
[bookmark: _Toc103501187][bookmark: _Toc111603025][bookmark: _Toc398206569][bookmark: _Toc398213966][bookmark: _Toc462903811][bookmark: _Toc467175459][bookmark: _Toc528230414]6.5.4	Recommendations (informative)
[bookmark: _Ref77950926]This clause does not form an integral part of this Recommendation | International Standard.
In addition to the requirements, it is desirable that conforming decoders implement various informative recommendations specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 that are not an integral part of that Recommendation | International Standard. This clause discusses some of these recommendations.
It is recommended that a conforming decoder be able to resume the decoding process as soon as possible after the loss or corruption of part of a bitstream. In most cases it is possible to resume decoding at the next start code or slice header. It is recommended that a conforming decoder be able to perform concealment for the coding tree blocks or video packets for which all the coded data has not been received.
[bookmark: _Toc103501188][bookmark: _Toc111603026][bookmark: _Ref396653517][bookmark: _Toc398206570][bookmark: _Toc398213967][bookmark: _Toc462903812][bookmark: _Toc467175460][bookmark: _Toc528230415]6.5.5	Static tests for output order conformance
Static tests of a video decoder require testing of the decoded samples, and can be accomplished when the decoded samples at the output of the decoding process are available. It may not be possible to perform this type of test with a production decoder (due to the lack of an appropriate accessible interface in the design at which to perform the test). In that case this test should be performed by the manufacturer during the design and development phase. Static tests are used for testing the decoding process. The test will check that the values of the samples decoded by the decoder under test shall be identical to the values of the samples decoded by the reference decoder. A hash operation performed on the values of the samples of the decoded pictures produced by the decoder under test shall produce the same results as the hash values generated by reference decoder and provided in the yuv.md5 and .opl files associated with the bitstream.
[bookmark: _Ref77951037][bookmark: _Toc103501189][bookmark: _Toc111603027][bookmark: _Ref396653544][bookmark: _Toc398206571][bookmark: _Toc398213968][bookmark: _Toc462903813][bookmark: _Toc467175461][bookmark: _Toc528230416]6.5.6	Dynamic tests for output timing conformance
Dynamic tests are applied to check that all the decoded samples are output and that the timing of the output of the decoder's decoded samples conforms to the specification of clause 8 and Annex C of Rec. ITU‑T H.266 | ISO/IEC 23090-3, and to verify that the HRD models (as specified by the CPB and DPB specification in Annex C of Rec. ITU-T H.266 | ISO/IEC 23090-3) are not violated when the bits of the bitstream are delivered at the proper rate.
The dynamic test is often easier to perform on a complete decoding system, which may include a systems decoder, a video decoder and a display process. It may be possible to record the output of the display process and to check that display order and timing of decoded pictures are correct at the output of the display process. However, since the display process is not within the normative scope of Rec. ITU-T H.266 | ISO/IEC 23090-3, there may be cases where the output of the display process differs in timing or value even though the video decoder is conforming. In this case, the output of the video decoder itself (before the display process) would need to be captured in order to perform the dynamic tests on the video decoder. In particular the output order and timing of the decoded pictures shall be correct.
If buffering period and picture timing SEI messages are included in the test bitstream, HRD conformance shall be verified using the values of nal_initial_cpb_removal_delay, nal_initial_cpb_removal_offset, au_cpb_removal_delay_minus1 and pic_dpb_output_delay that are included in the bitstream.
If buffering period and picture timing SEI messages are not included in the bitstream, the following inferences shall be made to generate the missing parameters:
–	fixed_pic_rate_general_flag[ i ]  shall be inferred to be equal to 1.
–	low_delay_hrd_flag[ i ] shall be inferred to be equal to 0.
–	cbr_flag[ subLayerId ][ j ] shall be inferred to be equal to 0.
–	The frame rate of the bitstream shall be inferred to be equal to the frame rate value specified in the .txt file for the bitstream. If this is missing, then a frame rate of either 25 or 30000 ÷ 1001 can be inferred.
–	The bit rate of the bitstream shall be inferred to be equal to the maximum value for the level specified in Table 136 in Rec. ITU-T H.266 | ISO/IEC 23090-3.
–	CPB and DPB sizes shall be inferred to be equal to the maximum value for the level specified in Table 135 in Rec. ITU‑T H.266 | ISO/IEC 23090-3.
[bookmark: _Toc111603028]With the above inferences, the HRD shall be operated as follows.
–	The CPB is filled starting at time t = 0, until it is full, before removal of the first access unit. This means that the bp_nal_initial_cpb_removal_delay[ i ][ j ] shall be inferred to be equal to the total CPB buffer size divided by the bit rate divided by 90000 (rounded downwards) and bp_vcl_initial_cpb_removal_offset[ i ][ j ] shall be inferred to be equal to zero.
–	The first access unit is removed at time t = bp_nal_initial_cpb_removal_delay[ i ][ j ] ÷ 90000 and subsequent access units are removed at intervals based on the picture distance
–	Using these inferences, the CPB will not overflow or underflow and the DPB will not overflow.
[bookmark: _Toc103501190][bookmark: _Toc111603029][bookmark: _Toc398206572][bookmark: _Toc398213969][bookmark: _Toc462903814][bookmark: _Toc467175462][bookmark: _Toc528230417]6.5.7	Decoder conformance test of a particular profile, tier, and level
[bookmark: _Toc350299138][bookmark: _Toc350300630][bookmark: _Toc435843385][bookmark: _Toc474036077][bookmark: _Toc474036867][bookmark: _Toc486130279]In order for a decoder of a particular profile, tier, and level to claim output order conformance to Rec. ITU‑T H.266 | ISO/IEC 23090-3 as specified by this Recommendation | International Standard, the decoder shall successfully pass the static test specified in clause 6.5.5 with all the bitstreams of the normative test suite specified for testing decoders of this particular profile, tier, and level combination.
In order for a decoder of a particular profile, tier, and level to claim output timing conformance to Rec. ITU‑T H.266 | ISO/IEC 23090-3 as specified by this Recommendation | International Standard, the decoder shall successfully pass both the static test specified in clause 6.5.5 and the dynamic test specified in clause 6.5.6 with all the bitstreams of the normative test suite specified for testing decoders of this particular profile, tier, and level. Tables 1 through 5 specify the normative test suites. The profile, tier, and level combination are described in the tables or in the .txt file associated with the bitstream.  
[bookmark: _Toc103501191][bookmark: _Toc111603030][bookmark: _Toc116461456][bookmark: _Toc116462391][bookmark: _Toc116463420][bookmark: _Toc116467659][bookmark: _Toc197321663][bookmark: _Toc261251394][bookmark: _Toc265074428][bookmark: _Toc265587337][bookmark: _Toc268684390][bookmark: _Toc310369677][bookmark: _Toc326647116][bookmark: _Toc327877321][bookmark: _Toc398206573][bookmark: _Toc398213970][bookmark: _Toc405878564][bookmark: _Toc409422966][bookmark: _Toc417472645][bookmark: _Toc462903815][bookmark: _Toc467175463][bookmark: _Toc469307530][bookmark: _Toc528230418]6.6	Specification of the test bitstreams
[bookmark: _Toc398206574][bookmark: _Toc398213971][bookmark: _Toc462903816][bookmark: _Toc467175464][bookmark: _Toc528230419]General
Some characteristics of each bitstream listed in Table 1 are specified in this clause. In Table 1, the value "29.97" shall be interpreted as an approximation of an exact value of 30000 ÷ 1001 and the value "59.94" shall be interpreted as an approximation of an exact value of 60000 ÷ 1001.
[bookmark: _Toc398206575][bookmark: _Toc398213972][bookmark: _Toc462903817][bookmark: _Toc467175465][bookmark: _Toc528230420]Test bitstreams – Coding tools for 4:2:0 10b
 Chroma separate tree (CST) 
Test bitstream CST_A_MediaTek
Specification: All pictures are coded in I-slices with CST enabled. CST is tested with all possible luma and chroma block sizes, and luma-chroma block size combinations (e.g., luma block size is larger than, equal to, or smaller than the corresponding chroma block size).
Functional stage: Test the reconstruction process of I slices.
Purpose: Check that the decoder can properly decode I slices with CST enabled .

 Dependent quantization (DQ)
Test bitstream DQ_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream DQ_B_HHI
Specification:
Functional stage:
Purpose:
Test bitstream DQ_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream DQ_D_HHI
Specification:
Functional stage:
Purpose:
Test bitstream DQ_E_HHI
Specification:
Functional stage:
Purpose:
Test bitstream DQ_F_HHI
Specification:
Functional stage:
Purpose:

 Cross-component linear model (CCLM) 
Test bitstream CCLM_A_Huawei
Specification:
Functional stage:
Purpose:
Test bitstream CCLM_B_KDDI
Specification:
Functional stage:
Purpose:

 Multiple transform set (MTS)
Test bitstream MTS_A_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_B_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_C_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_D_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_E_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_F_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_G_LGE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_H_LGE
Specification:
Functional stage:
Purpose:

 Adaptive loop filter (ALF)
Test bitstream ALF_A_Huawei
Specification:
Functional stage:
Purpose:
Test bitstream ALF_B_Huawei
Specification:
Functional stage:
Purpose:
Test bitstream ALF_A_KDDI <rename, to avoid reuse of ALF_A with ALF_A_Huawei]  
Specification:
Functional stage:
Purpose:
Test bitstream ALF_A_Qualcomm <rename, to avoid reuse of ALF_A with ALF_A_Huawei]
Specification:
Functional stage:
Purpose:

 Affine motion model (AFF)
Test bitstream AFF_A_HUAWEI
Specification:
Functional stage:
Purpose:
Test bitstream AFF_B_HUAWEI
Specification:
Functional stage:
Purpose:

 Subblock-based temporal merging candidates (SbTMVP)
Test bitstream SbTMVP_A_Bytedance
Specification: SbTMVP is valid when affine is turned off
Functional stage: Inter prediction process
Purpose: Check that the decoder can properly decode PUs with SbTMVP on and affine off.
Test bitstream SbTMVP_B_Bytedance
Specification: SbTMVP is turned off
Functional stage: Inter prediction process
Purpose: Check that the decoder can properly decode PUs with SbTMVP off.
Adaptive motion vector resolution (AMVR)
Test bitstream AMVR_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream AMVR_B_HHI
Specification:
Functional stage:
Purpose:
Test bitstream AMVR_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream AMVR_D_HHI
Specification:
Functional stage:
Purpose:
Test bitstream AMVR_E_HHI
Specification:
Functional stage:
Purpose:
Test bitstream AMVR_F_HHI
Specification:
Functional stage:
Purpose:

 Bi-directional optical flow (BDOF)
Test bitstream BDOF_A_MediaTek
Specification: Bitstream exercises all possible implicit BDOF on/off conditions and subblock usages.
Functional stage: Inter prediction process
Purpose: Check the decoder can properly decoded CUs with BDOP enabled.

 Combined intra/inter prediction (CIIP)
Test bitstream CIIP_A_MediaTek
Specification: Bitstream exercises all possible inter direction, block sizes, and combining weights for CIIP.
Functional stage: Inter prediction process
Purpose: Check the decoder can properly decoded CUs with CIIP enabled .

 Merge with MVD (MMVD)
Test bitstream MMVD_A_Samsung 
Specification:
Functional stage:
Purpose:
Test bitstream MMVD_A_Samsung 
Specification:
Functional stage:
Purpose
Test bitstream MMVD_B_Samsung 
Specification:
Functional stage:
Purpose
Test bitstream MMVD_C_Samsung 
Specification:
Functional stage:
Purpose
Test bitstream MMVD_D_Samsung 
Specification:
Functional stage:
Purpose
Test bitstream MMVD_E_Samsung 
Specification:
Functional stage:
Purpose

 Bi-predictive with CU weights (BCW)
Test bitstream BCW_A_MediaTek
Specification: Bitstreams exercises all possible combining weights for BCW.
Functional stage: Inter prediction process
Purpose: Check the decoder can properly decoded CUs with BCW enabled.

 Multi-reference line prediction (MRLP)
Test bitstream MRLP_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream MRLP_B_HHI
Specification:
Functional stage:
Purpose:

 Intra block copy mode (IBC)
Test bitstream IBC_A_Tencent
Specification:
Functional stage:
Purpose:
Test bitstream IBC_B_Tencent
Specification:
Functional stage:
Purpose:
Test bitstream IBC_C_Tencent
Specification:
Functional stage:
Purpose:
Test bitstream IBC_D_Tencent
Specification:
Functional stage:
Purpose:

 Intra sub-partitioning (ISP)
Test bitstream ISP_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream ISP_B_HHI
Specification:
Functional stage:
Purpose:

 Decoder motion vector refinement (DMVR)
Test bitstream DMVR_A_Huawei
Specification:
Functional stage:
Purpose:
Test bitstream DMVR_A_KDDI <rename, to avoid reuse of DMVR_A with DMVR_A_Huawei]
Specification:
Functional stage:
Purpose:

 Sub-block transform (SBT)
Test bitstream SBT_A_Huawei
Specification:
Functional stage:
Purpose:

 Luma mapping with chroma scaling (LMCS)
Test bitstream LMCS_A_Dolby
Specification:
Functional stage:
Purpose:
Test bitstream LMCS_B_Dolby
Specification:
Functional stage:
Purpose:

 Sign data hiding (SDH)
Test bitstream SDH_A_Dolby
Specification:
Functional stage:
Purpose:

 Symmetric motion vector difference (SMVD)
Test bitstream SMVD_A_Huawei
Specification:
Functional stage:
Purpose:

 Block-based delta pulse code modulation  (DPCM)
Test bitstream DPCM_A_Orange
Specification:
Functional stage:
Purpose:

 Matrix based intra prediction (MIP )
Test bitstream MIP_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream MIP_B_HHI
Specification:
Functional stage:
Purpose:
Test bitstream MIP_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream MIP_D_HHI
Specification:
Functional stage:
Purpose:

 Low frequency non-separable transform (LFNST)
Test bitstream LFNST_A_GE
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_B_GE
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_A_HHI <rename, to avoid reuse of LFNST_A with LNFST_A_GE]
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_B_HHI <rename, to avoid reuse of LFNST_B with LNFST_B_GE]
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_D_HHI
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_E_HHI
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_F_HHI
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_G_HHI
Specification:
Functional stage:
Purpose:
Test bitstream LFNST_H_HHI
Specification:
Functional stage:
Purpose:

 Transform tool set (MTS_LFNST )
Test bitstream MTS_LFNST_A_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_B_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_C_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_D_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_E_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_F_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_G_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_H_GE
Specification:
Functional stage:
Purpose:
Test bitstream MTS_LFNST_I_GE
Specification:
Functional stage:
Purpose:
 Test bitstream MTS_LFNST_J_GE
Specification:
Functional stage:
Purpose:

Joint coding of chroma residuals (JCCR)
Test bitstream JCCR_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream JCCR_B_HHI
Specification:
Functional stage:
Purpose:
Test bitstream JCCR_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream JCCR_D_HHI
Specification:
Functional stage:
Purpose:
Test bitstream JCCR_E_Nokia
Specification:   Bitstream exercises all possible JCCR modes. In addition, different combinations for values of ph_joint_cbcr_sign_flag and sh_joint_cbcr_qp_offset syntax elements are included in the bitstream. Coded video contains three frames at resolution of 416x240.
Functional stage: TU reconstruction.
Purpose: Check that the decoder can properly decode TUs with different JCCR modes, different JCCR QP offsets and different JCCR signs. 
Test bitstream JCCR_F_Nokia
Specification: Bitstream exercises all possible JCCR modes. In addition, different combinations for values of ph_joint_cbcr_sign_flag and sh_joint_cbcr_qp_offset syntax elements are included in the bitstream. Coded video contains three frames at resolution of 1920x1080.
Functional stage: TU reconstruction.
Purpose: Check that the decoder can properly decode TUs with different JCCR modes, different JCCR QP offsets and different JCCR signs.

Temporal motion vector predictor (TMVP)
Test bitstream TMVP_A1_Chipsnmedia <rename as TMVP_A_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream TMVP_A2_Chipsnmedia <rename as TMVP_B_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream TMVP_A3_Chipsnmedia <rename as TMVP_C_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream TMVP_A4_Chipsnmedia <rename as TMVP_D_Chipsnmedia]
Specification:
Functional stage:
Purpose:

Motion vector compression (MVCOMP) 
Test bitstream MVCOMP_A_Sharp
Specification:
Functional stage:
Purpose:

Sampled adaptive offset (SAO)
Test bitstream SAO_A_Samsung
Specification:
Functional stage:
Purpose:
Test bitstream SAO_B_Samsung
Specification:
Functional stage:
Purpose:
Test bitstream SAO _C_Samsung
Specification:
Functional stage:
Purpose:

Prediction refinement using optical flow (PROF) 
Test bitstream PROF_A_InterDigital
Specification:
Functional stage:
Purpose:
Test bitstream PROF_B _InterDigital
Specification:
Functional stage:
Purpose:

Deblocking (DEBLOCKING)
Test bitstream DEBLOCKING_Ericsson <rename as DEBLOCKING_A_Ericsson]
Specification:
Functional stage:
Purpose:
Test bitstream DEBLOCKING_A_Sharp <rename, avoid reuse of  DEBLOCKING_A with DEBLOCKING_A_Ericcson]
Specification:
Functional stage:
Purpose:
Test bitstream DEBLOCKING_B_Sharp
Specification:
Functional stage:
Purpose:
Test bitstream DEBLOCKING_LUMA_4x4_GRID_Huawei <rename as DEBLOCKING]
Specification:
Functional stage:
Purpose:

Chroma deblocking (CDBF)
Test bitstream CDBF_Sharp
Specification:
Functional stage:
Purpose:

Weighted prediction (WP)
Test bitstream WP_A_InterDigital
Specification:
Functional stage:
Purpose:
Test bitstream WP_B_InterDigital
Specification:
Functional stage:
Purpose:

Intra prediction (IP) 
Test bitstream IP _A_Huawei
Specification:
Functional stage: 
Purpose:
Test bitstream IP_B_Nokia
Specification: Bitstream exercises all the intra prediction modes.
Functional stage: Intra sample prediction.
Purpose: Test intra sample reconstruction process, especially wide angle modes in non-square blocks.

Luma intra prediction mode (MPM)
Test bitstream MPM_A_LGE
Specification:
Functional stage:
Purpose:

CTU sizes (CTU, CU)
Test bitstream CTU_A_MediaTek
Specification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 128x128.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size is set to 128x128.
Test bitstream CTU_B_MediaTek
Specification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 64x64.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size is set to 64x64.
Test bitstream CTU_C_MediaTek
Specification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 32x32.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size is set to 32x32.

Trees and partitioning (TREE, QTBTT)
Test bitstream TREE_A_HHI
Specification:
Functional stage:
Purpose:
Test bitstream TREE_B_HHI
Specification:
Functional stage:
Purpose:
Test bitstream TREE_C_HHI
Specification:
Functional stage:
Purpose:
Test bitstream QTBTT_A_MediaTek
Specification: Bitstream exercises all possible range of CU sizes and depths for QTBTT partitions.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly for all exercise range of CU sizes and depth for QTBTT partitions.

Boundary partition (BOUNDARY)
Test bitstream BOUNDARY_A_Wuawei
Specification:
Functional stage:
Purpose:

Transform (TRANS)
Test bitstream TRANS_A1_Chipsnmedia <rename as TRANS_A_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream TRANS_A2_Chipsnmedia <rename as TRANS_B_Chipsnmedia]
Specification:
Functional stage:
Purpose:

Quantization (QUANT)
Test bitstream QUANT_CU_DQP_A_Huawei <rename as QUANT_A_Huawei]
Specification:
Functional stage:
Purpose:
Test bitstream QUANT_CU_DQP_B_Huawei <rename as QUANT_B_Huawei]
Specification:
Functional stage:
Purpose:
Test bitstream QUANT_TS_DBF_A_Huawei <rename as QUANT_C_Huawei]
Specification:
Functional stage:
Purpose:
Test bitstream QUANT_CU_DQP_B_Huawei <rename as QUANT_D_Huawei]
Specification:
Functional stage:
Purpose:

Scaling list (SCALING)
Test bitstream SCALING_A_InterDigital
Specification:
Functional stage:
Purpose:

Entropy coding (ENTROPY)
Test bitstream ENTROPY_A1_Chipsnmedia <rename as ENTROPY_A_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_A2_Chipsnmedia <rename as ENTROPY_B_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_A_Qualcomm <rename, to avoid reuse of  ENTROPY_A with ENTROPY_A_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_B_Qualcomm <rename, to avoid reuse of  ENTROPY_B with ENTROPY_B_Chipsnmedia]
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_C_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_D_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_E_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_F_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream ENTROPY_G_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_H_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_I_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_J_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_K_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_L_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_M_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_N_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_O_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_P_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_Q_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_R_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_S_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_T_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_U_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_V_Qualcomm
Specification:
Functional stage:
Purpose:
 Test bitstream ENTROPY_A_Sharp <rename, to avoid reuse of  ENTROPY_A with ENTROPY_A_Chipsnmedia]
Specification: 
Functional stage:
Purpose: 

Entropy coding (ENTMAINTIER)
 Test bitstream ENTMAINTIER_A_Sony
Specification:
Functional stage:
Purpose:

Entropy coding (ENTHIGHTIER)
 Test bitstream ENTHIGHTIER_A_Sony
Specification:
Functional stage:
Purpose:

All merge modes (MERGE)
Test bitstream MERGE_A1_Qualcomm <rename, to replace _A1_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_A2_Qualcomm <rename, to replace _A2_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_A3_Qualcomm <rename, to replace _A3_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_A4_Qualcomm <rename, to replace _A4_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_A5_Qualcomm <rename, to replace _A5_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_AA1_Qualcomm <rename, to replace _AA1_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_AA2_Qualcomm <rename, to replace _AA2_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_AA3_Qualcomm <rename, to replace _AA3_ with a single letter]
Specification:
Functional stage:
Purpose:
Test bitstream MERGE_AA4_Qualcomm <rename, to replace _AA4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_AA5_Qualcomm <rename, to replace _AA5_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_B1_Qualcomm <rename, to replace _B1_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_B2_Qualcomm <rename, to replace _B2_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_B3_Qualcomm <rename, to replace _B3_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_B4_Qualcomm <rename, to replace _B4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_B5_Qualcomm <rename, to replace _B5_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_C1_Qualcomm <rename, to replace _C1_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_C2_Qualcomm <rename, to replace _C2_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_C3_Qualcomm <rename, to replace _C3_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_C4_Qualcomm <rename, to replace _C4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_C5_Qualcomm <rename, to replace _C5_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_D1_Qualcomm <rename, to replace _D1_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_D2_Qualcomm <rename, to replace _D2_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_D3_Qualcomm <rename, to replace _D3_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_D4_Qualcomm <rename, to replace _D4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_D5_Qualcomm <rename, to replace _D5_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_E1_Qualcomm <rename, to replace _E1_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_E2_Qualcomm <rename, to replace _E2_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_E3_Qualcomm <rename, to replace _E3_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_E4_Qualcomm <rename, to replace _E4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_E5_Qualcomm <rename, to replace _E5_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_F1_Qualcomm <rename, to replace _F1_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_F2_Qualcomm <rename, to replace _F2_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_F3_Qualcomm <rename, to replace _F3_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_F4_Qualcomm <rename, to replace _F4_ with a single letter]
Specification:
Functional stage:
Purpose:
 Test bitstream MERGE_F5_Qualcomm <rename, to replace _F5_ with a single letter]
Specification:
Functional stage:
Purpose:

Position dependent prediction combination (PDPC)
Test bitstream PDPC_A_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream PDPC_B_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream PDPC_C_Qualcomm
Specification:
Functional stage:
Purpose:

Wavefronts (WPP)
Test bitstream WPP_A_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream WPP_B_Qualcomm
Specification:
Functional stage:
Purpose:

Lossless and near-lossless, include transform skip (LOSSLESS)
Test bitstream LOSSLESS_A_HHI
Specification: The coded slices are either I or B, and all blocks employ the transform skip mode and the regular residual coding stage for entropy coding.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly when the bitstream consists of transform skip mode and the regular residual coding stage operating at the lossless operation point.
Test bitstream LOSSLESS_B_HHI
Specification: The coded slices are either I or B, and most of the blocks employ the transform skip mode and the corresponding residual coding stage for entropy coding.
Functional stage: Test the parsing and reconstruction of slices.
Purpose: Check that a decoder can parse and reconstruct correctly when the bitstream consists of a high amount of transform skip mode but using the transform skip residual coding for entropy coding.

Reference picture resizing (RPR)
Test bitstream RPR_A_Alibaba
Specification:
Functional stage:
Purpose:
Test bitstream RPR_B_Alibaba
Specification:
Functional stage:
Purpose:
Test bitstream RPR_C_Alibaba
Specification:
Functional stage:
Purpose:

CC-ALF (CCALF)
Test bitstream CCALF_A_Sharp
Specification:
Functional stage:
Purpose:
Test bitstream CCALF_B_Sharp
Specification:
Functional stage:
Purpose:
Test bitstream CCALF_C_Sharp
Specification:
Functional stage:
Purpose:
Test bitstream CCALF_D_Sharp
Specification:
Functional stage:
Purpose:

Geometric Partitioning Mode (GPM)
Test bitstream GPM_A_Alibaba
Specification:
Functional stage:
Purpose:

Test bitstreams – Coding tools for 4:4:4 10b
10-bit 4:4:4 (10b)
Test bitstream 10b444_A_Kwai
Specification:
Functional stage:
Purpose:
Test bitstream 10b444_B_Kwai
Specification:
Functional stage:
Purpose:

Adaptive Color Transform (ACT)
Test bitstream ACT_A_Kwai
Specification:
Functional stage:
Purpose:
Test bitstream ACT_B_Kwai
Specification:
Functional stage:
Purpose:

Palette mode (PALETTE)
Test bitstream PALETTE_A_Alibaba
Specification:
Functional stage:
Purpose:
Test bitstream PALETTE_B_Alibaba
Specification:
Functional stage:
Purpose:
Test bitstream PALETTE_C_Alibaba
Specification:
Functional stage:
Purpose:
Test bitstream PALETTE_D_Alibaba
Specification:
Functional stage:
Purpose:

Test bitstreams – High-level syntax features for 4:2:0 10b 
Filler (FILLER)
Test bitstream FILLER_A_Bytedance 
Specification: Each picture includes associated Filler data NAL units.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when filler data NAL units are present in the bitstream.

Decoding Capability Indication (DCI)
Test bitstream DCI_A_Tencent 
Specification: The bitstream includes a DCI NAL unit.
Functional stage:  High level syntax processing
Purpose: Check that the decoder can properly decode when DCI NAL unit is present in the bitstream.
Test bitstream DCI_B_Tencent
Specification: The bitstream does not include a DCI NAL unit.
Functional stage:  High level syntax processing
Purpose: Check that the decoder can properly decode when DCI NAL unit is not present in the bitstream.

Video parameter set (VPS)
Test bitstream VPS_A_Intel
Specification:
Functional stage:
Purpose:

Sequence parameter set (SPS)
Test bitstream SPS_A_Bytedance
Specification: Multiple SPSs are signalled in the same CVS. SPS with SPS ID equal to 0 is used and the other SPSs are never referenced.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when multiple SPSs, including unreferenced ones, are contained in the same CVS.
Test bitstream SPS_B_Bytedance
Specification: Multiple SPSs are signalled in the bitstream. Different SPS IDs are used in the different CVSs.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when different CVSs use different SPSs with different SPS IDs.
Test bitstream SPS_C_Bytedance
Specification: Multiple SPSs are signalled in the bitstream and SPS with SPS ID equal to 0 is used in the bitstream. ALF and BCW are enabled in SPS for the first two CVSs and are disabled in SPS for the third CVS.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when the content of an SPS is replaced while using the same SPS ID in different CVSs.

Video usability information (VUI)
Test bitstream VUI_A_DLB  <rename, replace CDL with Dolby for consistency]
Specification:
Functional stage:
Purpose:
Test bitstream VUI_A_Dolby <rename, to avoid reuse of  VUI _A with VUI_A_Dolby above]
Specification:
Functional stage:
Purpose:
Test bitstream VUI_B_NHK 
Specification:
Functional stage:
Purpose:

Picture parameter set (PPS)
Test bitstream PPS_A_Bytedance
Specification: Multiple PPSs are signalled in the bitstream. PPS with PPS ID equal to 0 is used for each picture and the other PPSs are never referenced.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when multiple PPSs, including unreferenced ones, are contained in the same CVS.
Test bitstream PPS_B_Bytedance
Specification: Each picture uses an individual PPS with a different PPS ID.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when PPS IDs are switched for individual pictures in the bitstream.
Test bitstream PPS_C_Bytedance
Specification: Multiple PPSs are signalled in the bitstream. PPS with PPS ID equal to 0 is used for the first two CVSs. The content of the PPS is updated and used for all pictures in the second CVS.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when the content of a PPS is replaced while using the same PPS ID in different pictures.
Mixed NUT (NUT)
Test bitstream MNUT_A_Nokia
Specification:
Functional stage: High level syntax processing.
Purpose:

Extension of parameter set (PSEXT)
Test bitstream: PSEXT_A_Nokia
Specification: The extension flag of the following parameter sets is set to one. DCI, VPS, SPS, PPS, APS
Functional stage: Test the handling when the extension_flag is set to one and the related extension_data is absent for the following parameter sets. DCI, VPS, SPS, PPS, APS
Purpose: Check that the decoder can parse the extension_flag set to one and handle when the related extension_data is absentfor the following parameter sets. DCI, VPS, SPS, PPS, APS
 
Test bitstream: PSEXT_B_Nokia
Specification: The extension flag of the following parameter sets is set to one. DCI, VPS, SPS, PPS, APS
Functional stage: Test the handling when the extension_flag is set to one and the related extension_data has one or more bits for the following parameter sets. DCI, VPS, SPS, PPS, APS
Purpose: Check that the decoder can parse the extension_flag set to one and handle when the related extension_data has one or more bits for the following parameter sets. DCI, VPS, SPS, PPS, APS

Hypothetical reference decoder (HRD)
Test bitstream HRD_A_Sharp
Specification:
Functional stage:
Purpose:

Adaptation parameter set (APSALF, APSLMCS, APSMULT, SUFAPS)
Test bitstream APSALF_A_Qualcomm
Specification:
Functional stage:
Purpose:
Test bitstream APSLMCS_A_Dolby
Specification:
Functional stage:
Purpose:
Test bitstream APSLMCS_B_Dolby
Specification:
Functional stage:
Purpose:
Test bitstream APSLMCS_C_Dolby
Specification: 
Functional stage:
Purpose:
Test bitstream APSMULT_A_MediaTek
Specification: Multiple scaling list APSs (with scaling list APS ID equal to 0 and 1) are signalled in the bitstream. For each picture, the referenced scaling list APS ID is decided according to the picture's POC number.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when multiple scaling list APSs are contained in the same CVS.
Test bitstream APSMULT_B_MediaTek
Specification: Multiple scaling list APSs are signalled in the bitstream with the same scaling list APS ID. When a scaling list ASP is signalled, it will overwrite the exitsed scaling list ASP.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode when multiple scaling list APSs are contained in the same CVS, and they can be overwrited by each other.
Test bitstream SUFAPS _A_HHI
Specification:
Functional stage:
Purpose:

Random Access Point (RAP)
Test bitstream RAP_A_HHI
Specification:
Functional stage:
Purpose:

Picture output (POUT)
Test bitstream POUT_A_Sharplabs
Specification:
Functional stage:
Purpose:

Gradual decoder refresh (GDR )
Test bitstream GDR_A_Ericsson
Specification: Bitstreams starting with a GDR picture, both ph_recovery_poc_cnt equal to 0 and larger than 0
Functional stage:High level syntax processing.
Purpose: Check that the decoder can decode and handle GDR signaling.

Access unit delimiter (AUD)
Test bitstream: AUD _A_Broadcom
Specification: Pictures may or may not include associated Access Unit Delimiter (AUD) NAL units.  The first 10 pictures of this bitstream do not include AUD, the next 10 pictures included AUD, and finally the last 10 pictures do not include AUD.
Functional stage: High level syntax processing / picture boundary processing
Purpose: Check that the decoder can handle and transition between pictures with and without associated Access Unit Delimiter NAL units.

Picture order count (POC)
Test bitstream POC_A_Nokia
Specification:
Functional stage:
Purpose:

Tiles (TILE)
Test bitstream TILE_A_Nokia
Specification: Each picture contains a single tile and single slice.
Functional stage: Test the reconstruction process of tiles.
Purpose: Check that the decoder can properly decode single tile and single slice case.
Test bitstream TILE_B_Nokia
Specification: Each picture contains uniform tile partitioning along both horizontal and vertical directions with each tile containing single slice.
Functional stage: Test the reconstruction process of uniformly partitioned tiles.
Purpose: Check that the decoder can properly decode uniformly partitioned tiles.


Test bitstream TILE_C_Nokia
Specification: Each picture contains tile partitioning with one row and N columns with each tile containing single slice.
Functional stage: Test the reconstruction process when tile partitioning has one row and N columns.
Purpose: Check that the decoder can properly decode when tile partitioning has one row and N columns.


Test bitstream TILE_D_Nokia
Specification: Each picture contains tile partitioning with N rows and one column with each tile containing single slice.
Functional stage: Test the reconstruction process when tile partitioning has N rows and one column.
Purpose: Check that the decoder can properly decode when tile partitioning has N rows and one column.

Test bitstream TILE_E_Nokia
Specification: Each picture contains tile partitioning with M rows and N columns with each tile containing single slice.
Functional stage: Test the reconstruction process when tile partitioning has M rows and N columns.
Purpose: Check that the decoder can properly decode when tile partitioning has M rows and N columns.

Test bitstream TILE_F_Nokia
Specification: Each picture contains tile partitioning with M rows and N columns with each tile containing multiple slices.
Functional stage: Test the reconstruction process when tile partitioning has M rows and N columns with each tile containing multiple slices.
Purpose: Check that the decoder can properly decode when tile partitioning has M rows and N columns with each tile containing multiple slices.

Test bitstream TILE_G_Nokia
Specification: Each picture contains tile partitioning with M rows and N columns and the whole picture containing a single slice.
Functional stage: Test the reconstruction process when tile partitioning has M rows and N columns and the whole picture containing a single slice.
Purpose: Check that the decoder can properly decode when tile partitioning has M rows and N columns and the whole picture containing a single slice.

Slices (SLICE)
Test bitstream SLICE_A_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SLICE_B _Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SLICE_C _Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SLICE_D _Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SLICE_E_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SLICE_F_Wuawei
Specification:
Functional stage:
Purpose:

Subpictures (SUBPIC)
Test bitstream SUBPIC_A_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_B_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_C_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_D_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_E_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_F_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_G_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_H_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_I_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream SUBPIC_J_Wuawei
Specification:
Functional stage:
Purpose:

Picture header and slice header (PHSH)
Test bitstream PHSH _A_LGE
Specification:
Functional stage:
Purpose:
Test bitstream PHSH _A_Sharp
Specification:
Functional stage:
Purpose:

Temporal scalability (TEMPSCAL)
Test bitstream TEMPSCAL_A_Panasonic
Specification:
Functional stage:
Purpose:
Test bitstream TEMPSCAL_B_Panasonic
Specification:
Functional stage:
Purpose:
Test bitstream TEMPSCAL_C_Panasonic
Specification:
Functional stage:
Purpose:

Statial scalability (ILRPL, SPALSCAL)
Test bitstream ILRPL_A_Huawie
Specification:
Functional stage:
Purpose:
Test bitstream SPALSCAL_A_Qualcomm
Specification:
Functional stage:
Purpose:

Layered coding with OLS (OLS)
Test bitstream OLS_A_Tencent
Specification: The bitstream is encoded with two layers, disallowing inter-layer prediction.
Functional stage: High level syntax processing with multi-layers
Purpose: Check that the decoder can properly decode when two layers are independently coded, and extract a sub-bitstream.
Test bitstream OLS_B_Tencent
Specification: The bitstream is encoded with two layers, allowing inter-layer prediction.
Functional stage: High level syntax processing with multi-layers
Purpose: Check that the decoder can properly decode when two layers are coded with layer dependencies, and extract a sub-bitstream.
Test bitstream OLS_C_Tencent
Specification: The bitstream is encoded with three layers, allowing inter-layer prediction.
Functional stage: High level syntax processing with multi-layers
Purpose: Check that the decoder can properly decode when three layers are coded with layer dependencies, and extract a sub-bitstream.

Operating point information NAL unit (OPI)
Test bitstream OPI_A_Nokia
Specification: 
Functional stage:
Purpose:

Reference picture lists (RPL)
Test bitstream RPL_A_Ericsson
Specification: RPL in SPS, PH and SH. Active and inactive entries. Maximum RPL length
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode and handle reference picture lists with short term references.

Long term ref picture (LTRP)
Test bitstream LTRF_A_Ericsson
Specification: LTRP handling and picture marking
Functional stage: High level syntax processing.
Purpose: Check that the decoder can properly decode and handle reference picture lists with short and long term references.

Number of active ref pics (ACTPIC)
Test bitstream ACTPIC_A_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream ACTPIC_B_Wuawei
Specification:
Functional stage:
Purpose:
Test bitstream ACTPIC_C_Wuawei
Specification:
Functional stage:
Purpose:

Virtual boundaries (VIRTUAL)
Test bitstream VIRTUAL_A_MediaTek
Specification: Virtual boundaries are enabled and signalled in SPS with 3 vertical and 2 horizontal virtual boundaries.
Functional stage: High level syntax processing and in-loop filter process.
Purpose: Check that the decoder can properly decode and handle the virtual boundaries signalled in SPS.
Test bitstream VIRTUAL_B_MediaTek
Specification: Virtual boundaries are enabled and signalled in PH only for pictures with an odd POC value. When virtual boundaries are enabled in a picture, 2 vertical and 1 horizontal virtual boundaries are applied.
Functional stage: High level syntax processing and in-loop filter process.
Purpose: Check that the decoder can properly decode and handle the virtual boundaries signalled in PH.

Reference wraparound (WRAP)
Test bitstream WRAP_A_InterDigital
Specification:
Functional stage:
Purpose:
Test bitstream WRAP_B_InterDigital
Specification:
Functional stage:
Purpose:
Test bitstream WRAP_C_InterDigital
Specification:
Functional stage:
Purpose:
Test bitstream WRAP_D_InterDigital
Specification:
Functional stage:
Purpose:

360 Video (CUBEMAP, ERP)
Test bitstream CUBEMAP_A_MediaTek
Specification: A generalized cubemap projection SEI message is signalled in the bitstream with packing type equal to 2, mapping function equal to 2, and guard band flag equal to 0 to indicate that the coded pictures are 3x2-packed non-uniform cubemap projected pictures without guard bands.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can parse the generalized cubemap projection SEI message.
Test bitstream CUBEMAP_B_MediaTek
Specification: A generalized cubemap projection SEI message is signalled in the bitstream with packing type equal to 3, mapping function equal to 1, and guard band flag equal to 1 to indicate that the coded pictures are 6x1-packed equal-angular cubemap projected pictures with guard bands.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can parse the generalized cubemap projection SEI message.
Test bitstream CUBEMAP_C_MediaTek
Specification: A generalized cubemap projection SEI message is signalled in the bitstream with packing type equal to 4, mapping function equal to 0, and guard band flag equal to 1 to indicate that the coded pictures are 5x1-packed hemicubemap projected pictures with guard bands.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can parse the generalized cubemap projection SEI message.
Test bitstream ERP_A_MediaTek
Specification: An equirectangular projection SEI message is signalled in the bitstream with guard band flag equal to 1 to indicate that the coded pictures are equirectangular projected pictures with guard bands on the left and right sides.
Functional stage: High level syntax processing.
Purpose: Check that the decoder can parse the equirectangular projection SEI message.

Conformance cropping window (CROP)
Test bitstream CROP_A_Panasonic
Specification:
Functional stage:
Purpose:
Test bitstream CROP_B_Panasonic
Specification:
Functional stage:
Purpose:

Bumping (BUMP)
Test bitstream BUMP_A_LGE
Specification:
Functional stage:
Purpose:

Decoded picture buffer (DPB)
Test bitstream DPB_A_Sharplabs
Specification:
Functional stage:
Purpose:
Test bitstream DPB_B_Sharplabs
Specification:
Functional stage:
Purpose:

Field pictures (FIELD)
Test bitstream FIELD_A_Panasonic
Specification: Each picture includes a frame-field information SEI message indicating either it is top or bottom field coded.
Functional stage: Test field coding when sps_field_seq_flag is equal to 1.
Purpose: Check that a decoder can properly decode pictures coded in field coding.


Test bitstreams  –  Additional chroma formats and bit depths
8b 4:0:0 (8b400)
Test bitstream 8bit400_A_Bytedance <rename, replace 8bit with 8b]
Specification: 8-bit 4:0:0 bitstream at a low resolution
Functional stage: Additional chroma format and bit depth setting
Purpose: Check that the decoder can properly handle the chroma format of 4:0:0 and InternalBitDepth of 8.
Test bitstream 8bit400_B_Bytedance <rename, replace 8bit with 8b]
Specification: 8-bit 4:0:0 bitstream at a higher resolution
Functional stage: Additional chroma format and bit depth setting
Purpose: Check that the decoder can properly handle the chroma format of 4:0:0 and InternalBitDepth of 8.

8b 4:2:0 (8b420)
Test bitstream 8bit420_A_Bytedance <rename, replace 8bit with 8b]
Specification: 8-bit 4:2:0 bitstream at a low resolution
Functional stage: Additional bit depth setting
Purpose: Check that the decoder can properly handle the InternalBitDepth of 8.
Test bitstream 8bit420_B_Bytedance <rename, replace 8bit with 8b]
Specification: 8-bit 4:2:0 bitstream at a higher resolution
Functional stage: Additional bit depth setting
Purpose: Check that the decoder can properly handle the InternalBitDepth of 8.

8b 4:2:2 (8b422)
Test bitstream 8b422_A_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_B_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_C_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_D_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_E_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_F_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_G_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_H_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_I_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_J_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_K_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 8b422_L_Sony
Specification:
Functional stage:
Purpose:

8b 4:4:4 (8b444)
Test bitstream 8b444_A_KWAI
Specification:
Functional stage:
Purpose:

10b 4:0:0 (10b400)
Test bitstream 10b400_A_Bytedance
Specification: 10-bit 4:0:0 bitstream at a low resolution
Functional stage: Additional chroma format setting
Purpose: Check that the decoder can properly handle the chroma format of 4:0:0.
Test bitstream 10b400_B_Bytedance
Specification:10-bit 4:0:0 bitstream at a higher resolution
Functional stage: Additional chroma format setting
Purpose: Check that the decoder can properly handle the chroma format of 4:0:0.

10b 4:2:2 (10b422)
Test bitstream 10b422_A_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_B_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_C_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_D_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_E_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_F_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_G_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_H_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_I_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_J_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_K_Sony
Specification:
Functional stage:
Purpose:
Test bitstream 10b422_L_Sony
Specification:
Functional stage:
Purpose:


Test bitstream CodingToolsSets_A_Tencent
Specification:
Functional stage:
Purpose:

Test bitstream CodingToolsSets_B_Tencent
Specification:
Functional stage:
Purpose:
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