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Abstract
This document describes Exploration Experiments (EEs) planned to be performed between 24td and 25th JVET meetings to evaluate enhanced compression tools beyond VVC capability.
[bookmark: _Hlk70348237]Introduction
EE focus is to evaluate individual coding technologies and their combinations. Contributions improving compression efficiency further is highly encouraged.
EE related discussions shall happen on JVET and JVET-CE reflectors.
EE tests should be implemented on top the ECM software, ECM-3.0 is used as an anchor in the tests.
Tests shall be performed according to the CTC described in JVET-X2017 with an additional TGM 4:2:0 optional class. TGM tests are required for testing SCC tools.
AI and RA test configurations are required for intra tool testing, while RA and LB test configurations are required for inter tool testing. LP configuration is optional. In LB and LP configurations, the sequences length is reduced to 5 seconds for all classes.
If encoder modification is included in EE tests, such encoder optimization, if applicable, introduced to the anchor should be tested.
Timeline
T1 = 2 weeks (October 29, 2021) after JVET meeting: ECM is released
T2 = T1 + 1 week (November 5, 2021): EE description is finalized
T3 = T2 + 2 weeks (November 19, 2021): Initial software release for EE tests
T4 = JVET meeting start – 3 weeks (December 21, 2021): Software in EE branches is frozen 
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	5 In-loop filtering
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Kwai
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Tools description
Partitioning
Test 1.1: Unsymmetric partitioning methods (JVET-X0068)
Asymmetric Binary Tree (ABT) partitioning
Four new asymmetric binary tree splitting modes are added to the multi-type tree structure of VVC, to allow new splitting configurations. These added split modes are shown on Figure 1.
According to the added split modes, a coding unit with size S is divided into 2 sub-CU with sizes S/4 and 3.S/4, either in the horizontal or in the vertical direction.
[image: Logo

Description automatically generated]
Figure 1. Split modes supported in the proposed QTBT+TT+ABT framework
Unsymmetric Quad-Tree (UQT) partitioning
Four types of UQT are proposed. UQT-H1 and UQT-H2 split a CU with dimension W×H into four child-Cus with dimensions {W×H/8, W×H/2, W×H/4, W×H/8} and {W×H/8, W×H/4, W×H/2, W×H/8}, respectively. UQT-V1 and UQT-V2 split a CU with dimension W×H into four child-Cus with dimensions {W/8×H, W/2×H, W/4×H, W/8×H} and {W/8×H, W/4×H, W/2×H, W/8×H}, respectively.
List of tests to be performed
	#
	Test
	Tester

	1.1a
	ABT
	ByteDance
Kai Zhang
InterDigital
Fabrice Le Léannec

	1.1b
	UQT
	ByteDance
Kai Zhang
InterDigital
Fabrice Le Léannec

	1.1c
	ABT + UQT
	ByteDance
Kai Zhang
InterDigital
Fabrice Le Léannec


Intra prediction
Test 2.1: Extended MRL candidate list (JVET-X0142)
In the current ECM-2.0 software, MRL candidate list is set to be {1, 2}. In this test, extended MRL candidate list is extended to be {1, 3, 5, 7, 12}. Subset of {1, 3, 5, 7, 12} as MRL candidate list will also be tested. MRL candidate list for TIMD mode is set to be {1, 3}.
Different number of candidates will also be tested and how often the farther away candidates are really used will be examined.
List of tests to be performed
	#
	Test
	Tester

	2.1a
	Extended MRL candidate list
	Qualcomm
Keming Cao

	2.1b

	Extended MRL with the reduced number candidates
	Qualcomm
Keming Cao


Inter prediction
Test 3.1: GPM with intra and inter prediction (JVET-X0166)
Geometric partitioning mode (GPM) with intra and inter is investigated. In the method, the following four modifications are introduced into the previous EE solution (JVET-W0110):
· Restrict GPM intra-intra partitioning
· Direct motion vector and intra prediction mode (IPM) storage on the GPM-blending area
Additionally, DIMD and neighboring mode based IPM derivation, combination of GPM-intra and GPM-MMVD, TIMD-based IPM derivation and combination of GPM-intra and GPM-TM will be tested.
List of tests to be performed
	#
	Test
	Tester

	3.1a
	GPM with inter and intra prediction
	KDDI
Yoshitaka Kidani
LGE
Hyeongmun Jang
Bytedance
Zhipin Deng

	3.1b
	3.1a + DIMD and neighboring mode based IPM derivation + combination of GPM-intra and GPM-MMVD
	KDDI
Yoshitaka Kidani
LGE
Hyeongmun Jang
Bytedance
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	3.1c
	3.1b + TIMD-based IPM derivation
	KDDI
Yoshitaka Kidani
LGE
Hyeongmun Jang
Bytedance
Zhipin Deng

	3.1d
	3.1c + combination of GPM-intra and GPM-TM
	KDDI
Yoshitaka Kidani
LGE
Hyeongmun Jang
Bytedance
Zhipin Deng


Test 3.2: Modified pairwise candidates (JVET-X0119)
In this test, the pairwise candidate is removed from the regular merge list and derived during the reordering process of merge candidate list (AMRC). In addition, each merge candidate, in the non-reordered subgroup, is replaced by a pairwise between the first candidate and this candidate.  
List of tests to be performed
	#
	Test
	Tester

	3.2
	Modified pairwise candidates
	Canon
Guillaume Laroche


Test 3.3: TMVP improvement (JVET-X0091)
In the contribution, the derivation process of TMVP merge candidate is modified. In the first method, when constructing the merge candidate list of non-subblock merge modes, the TMVP is conditionally added to the list according to the motion information of neighboring spatial blocks. And, the reference picture of the TMVP merge candidate is selected from any one of reference pictures in the reference picture list according to a pre-defined rule. The selected reference picture is the one whose scaling factor is the closet to 1. Moreover, in the second method, after the reference picture of TMVP is selected, the template matching method is used to decide the scaling factor and inter prediction direction of the TMVP.
List of tests to be performed
	#
	Test
	Tester

	3.3a
	TMVP improvement method 1
	Alibaba
Ru-Ling Liao

	3.3b
	TMVP improvement method 1 + method 2
	Alibaba
Ru-Ling Liao


Test 3.4: MV candidate type-based ARMC (JVET-X0133)
In this test, MV candidate type-based ARMC is investigated. In the method, the merge candidates in at least one of candidate types, e.g., TMVP, NA-MVP, SbTMVP, etc., are reordered based on the ARMC TM cost values. The reordered candidates are then added into the merge candidate list. Some candidate types add more merge candidates to perform the reordering and the selection. Combinations with other proposals are also tested.
List of tests to be performed
	#
	Test
	Tester

	3.4
	MV candidate type-based ARMC
	Qualcomm
Yao-Jen Chang
Alibaba
Ru-Ling Liao


Test 3.5: Template matching based merge candidate list construction (TM-MCLC) (JVET-X0087)
With TM-MCLC, adjacent MVPs, non-adjacent MVPs and HMVPs candidates are put into the merge candidate list in an ascending order of template matching costs. Moreover, non-adjacent MVPs is further extended with more spatial and non-adjacent temporal positions.  
List of tests to be performed
	#
	Test
	Tester

	3.5a
	Template matching based merge candidate list construction
	Bytedance
Lei Zhao

	3.5b
	Template matching based merge candidate list construction (Test 3.5a) + Modified pairwise candidates (Test 3.2)
	Bytedance
Lei Zhao
Canon
Guillaume Laroche


Test 3.6: Combination of the ARMC related methods
The following combinations of the ARMC related methods will be tested.
List of tests to be performed
	#
	Test
	Tester

	3.6a
	MV candidate type-based ARMC (Test 3.4) + TMVP improvement from Test 3.3
	Qualcomm
Yao-Jen ChangAlibaba
Ru-Ling Liao

	3.6b
	MV candidate type-based ARMC (Test 3.4) + Modified pairwise candidates (Test 3.2)
	Qualcomm
Yao-Jen Chang
Canon
Guillaume Laroche

	3.6c
	MV candidate type-based ARMC (Test 3.4) + MV candidates from Test 3.5
	Qualcomm
Yao-Jen Chang
Bytedance
Lei Zhao

	3.6d
	MV candidate type-based ARMC (Test 3.4) + TMVP improvement from Test 3.3 + Modified pairwise candidates (Test 3.2) + MV candidates from Test 3.5
	Qualcomm
Yao-Jen Chang
Canon
Guillaume Laroche
Bytedance
Lei Zhao
Alibaba
Ru-Ling Liao


Test 3.7: Increased number of TM merge candidates (JVET-X0134)
In this test, the number of TM merge candidates and the TM operations are investigated to optimize the current TM merge mode.
List of tests to be performed
	#
	Test
	Tester

	3.7
	Increased number of TM merge candidates
	Qualcomm
Yao-Jen Chang


Test 3.8: Alternative template matching (JVET-X0146) 
In this test, an alternative template matching method is investigated. The template matching cost is calculated based on the prediction hypothesis of current block and the neighboring reconstructed samples. The alternative template matching method is used to design an additional merge mode which is signaled at block level.   
List of tests to be performed
	#
	Test
	Tester

	3.8
	Alternative template matching merge mode
	Qualcomm
Han Huang


Test 3.9: Template matching-based reordering for extended MMVD design (JVET-X0085)
Template matching based reordering method for extended MMVD (TMR-EMMVD) is tested with the following aspects:
· MMVD refinement positions are reordered based on template costs
· Additional positions are added along new angles.
· After the reordering process, selected positions are kept as available positions, consequently for MMVD index coding.
Additionally, the similar concept is also extended to Affine MMVD.
List of tests to be performed
	#
	Test
	Tester

	3.9a
	TM based reordering for MMVD 
	Bytedance
Mehdi Salehifar

	3.9b
	TM based reordering for MMVD and affine MMVD
	Bytedance 
Mehdi Salehifar

	3.9c
	TM based reordering for MMVD (Test 3.9a) + MVD sing prediction (Test 3.10)
	Bytedance 
Mehdi Salehifar
Qualcomm
Yan Zhang

	3.9d
	TM based reordering for MMVD and affine MMVD (Test 3.9b) + MVD sign prediction (Test 3.10)
	Bytedance 
Mehdi Salehifar
Qualcomm
Yan Zhang


Test 3.10: MVD sign prediction (JVET-X0132)
In this test, the MVD sign prediction method is tested with its application to several existing coding tools including:
· MVD sign prediction applied to translational inter AMVP mode
· MVD sign prediction applied to translational inter SMVD mode
· MVD sign prediction applied to affine inter AMVP mode
· MVD sign prediction applied to inter MMVD mode
· MVD sign prediction applied to affine MMVD mode
List of tests to be performed
	#
	Test
	Tester

	3.10
	MVD sign prediction
	Qualcomm
Yan Zhang


Test 3.11: Non-adjacent spatial neighbor for affine merge mode (JVET-X0151)
Non-adjacent spatial neighbor for affine merge mode (NSAM) is tested improving the efficiency of affine merge mode. With the NSAM, the motion information of non-adjacent spatial neighbors is utilized to derive additional inherited and constructed affine merge candidates. The derived candidates are then inserted into the existing candidate list of affine merge mode.
List of tests to be performed
	#
	Test
	Tester

	3.11
	Non-adjacent spatial neighbor for affine merge mode 
	Kwai
Wei Chen


Test 3.12: History-parameter-based affine model inheritance (JVET-X0088)
A method of history-parameter-based affine model inheritance (HAMI) is tested. With HAMI, affine parameters of previously affine-coded block are stored in a History-Parameter Table (HPT). New affine merge and AMVP candidates as well as new regular merge candidates can be constructed with affine parameters fetched from HPT and base MVs fetched from neighbouring blocks, and put into the sub-block-based merge candidate list, the affine AMVP candidate list and the regular merge candidate list, respectively. Pruning is applied to avoid redundant candidates.
List of tests to be performed
	#
	Test
	Tester

	3.12a
	History-parameter-based affine model inheritance
	Bytedance 
Kai Zhang

	3.12b
	History-parameter-based affine model inheritance (Test 3.12a) + Non-adjacent spatial neighbor for affine merge mode (Test 3.11) 
	Bytedance
Kai Zhang
Kwai
Wei Chen

	3.12c
	3.12b with TM disabled
	Bytedance
Kai Zhang
Kwai
Wei Chen



Test 3.13: Modifications of IBC merge/AMVP list construction (JVET-X0089)
[bookmark: OLE_LINK57][bookmark: OLE_LINK62][bookmark: _Hlk69046473]In the test, IBC merge/AMVP list construction process is modified with three aspects:
1) Only if a block vector (BV) candidate is valid, it can be inserted into the IBC merge/AMVP candidate list; 
2) More BV candidates, such as those from neighboring blocks and pairwise average candidates, can be added into the IBC merge/AMVP list; 
3) ARMC-TM is extended to IBC merge list. 
List of tests to be performed
	#
	Test
	Tester

	3.13
	Modifications of IBC merge/AMVP list construction
	Bytedance 
Na Zhang


Transform and coefficients coding
Test 4.1: Sign prediction (JVET-X0120)
In ECM-2.0, if the number of signs (in the top-left 4x4 block) is larger than the allowable limit, first maxNumPredSigns signs in raster scan order are predicted. However, the raster scan order may not optimal for all TB. Usually, signs of large transform coefficient are relatively easy to predict since the impact of sign error of large transform coefficients on the reconstructed block are relatively higher.  In this test, the maximum maxNumPredSigns are selected based on the qIdx values. The qIdx of the level depends of the DQ state and can be computed as follows:
 qIdx = (abs(level) << 1) - (state & 1);
In this test, performance of extending sign prediction area of a TB to maximum 32x32 block will be also tested. 
List of tests to be performed
	#
	Test
	Tester

	4.1a
	QIdx based signs selection
	Alibaba
Jie Chen

	4.1b
	Extension of sign prediction area
	Alibaba
Jie Chen

	4.1c
	QIdx based signs selection + extension of sign prediction area
	Alibaba
Jie Chen


Test 4.2: Enhanced sign prediction (JVET-X0150)
Methods are tested further improving the performance of the sign prediction. Firstly, the sign prediction is extended to the LFNST mode. Secondly, transform coefficient positions are adaptively selected for the sign prediction by maximizing their impacts on reconstructed border samples.
List of tests to be performed
	#
	Test
	Tester

	4.2a
	Sign prediction with adaptive coefficient selection
	Kwai
Xiaoyu Xiu

	4.2b
	Sign prediction with adaptive coefficient selection + extension of sign prediction to LFNST
	Kwai
Xiaoyu Xiu


Test 4.3: Combination of JVET-X0120 and JVET-X0150
Following variations of joint tests will be performed.
List of tests to be performed
	#
	Test
	Tester

	4.3a
	Test 4.1c + extension of sign prediction to LFNST (Test 4.2b)
	Alibaba
Jie Chen
Kwai
Xiaoyu Xiu

	4.3b
	Extension of sign prediction area (4.1b) + Sign prediction with adaptive coefficient selection with extension of sign prediction to LFNST (4.2b)
	Alibaba
Jie Chen
Kwai
Xiaoyu Xiu


Test 4.4: Adaptive intra MTS (JVET-X0135)
A variable number of MTS candidates for intra coded blocks depending on the position of last significant coefficient is tested.
List of tests to be performed
	#
	Test
	Tester

	4.4a
	Adaptive intra MTS
	Qualcomm
Bappaditya Ray

	4.4b
	Adaptive intra MTS – encoder only (non-normative)
	Qualcomm
Bappaditya Ray

	4.4c
	Adaptive intra MTS – with parameter signalling
	Qualcomm
Bappaditya Ray

	4.4d
	Intra MTS without adaptivity (fixed number of candidates)
	Qualcomm
Bappaditya Ray


In-loop filtering
Test 5.1: Edge-based classifier for CCSAO (JVET-X0105)
This method extends the cross-component SAO (CCSAO) with the edge-based classifier. Similar to the SAO edge classifier, for the new CCSAO edge-based classifier, the sample differences are computed and compared with a given threshold to classify the samples into different classes. The CCSAO edge-based classifier may be used to filter both the luma and chroma components. 
List of tests to be performed
	#
	Test
	Tester

	5.1
	Edge-based classifier for CCSAO
	Qualcomm 
Anand Meher Kotra
Kwai 
Che-Wei Kuo


Test 5.2: Adaptive filter shape selection for ALF (JVET-X0086)
In the current ALF design of ECM, the online-trained luma filters only have one fixed shape. In this method, a CTB-level adaptive filter shape selection (AFSS) method for ALF is tested. With AFSS, a filter shape index that is associated with luma filters is signalled for each APS. Each CTB selects the best luma filter shape from the available APSs. 
List of tests to be performed
	#
	Test
	Tester

	5.2a
	Adaptive filter shape selection for ALF 
	Bytedance
Wenbin Yin
Qualcomm
Nan Hu
Alibaba
Mohammed Golam Sarwer

	5.2b
	Adaptive filter shape selection for ALF with reduced filter length
	Bytedance
Wenbin Yin
Qualcomm
Nan Hu
Alibaba
Mohammed Golam Sarwer
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