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Abstract
Documents describes Exploration Experiments (EEs) planned to be performed between JVET-B and JVET-C meetings in order to get better understanding of technologies considered for inclusion to the next version of JEM, analyse and verify their performance, complexity and interaction with existing JEM tools.
 
Introduction 
JVET group coordinated experiments have been planned and following principles were agreed:
· "Exploration experiments" (EEs) are the coordinated experiments on coding tools which are deemed to be interesting but require more investigation and could potentially become part of the main branch of JEM by the next meeting.
· A description of each experiment is to be approved at the meeting at which the experiment plan is established. This should include the issues that were raised by other experts when the tool was presented, e.g., interference with other tools, contribution of different elements that are part of a package, etc. 
· Software for each tool investigated in EE is provided in a separate branch of the JEM software repository.
· During the experiment, further improvements can be made.
· To promote the tool to the JEM at the next meeting, we would like see comprehensive cross-checking done, with analysis of the software, and understanding of the tool.
· As part of the experiment description, it should be captured whether performance relative to JEM as well as HM (with all other tools of JEM disabled) should be reported by the next meeting.

List of Experiments
Quad-tree plus binary-tree (QTBT)
JVET-B0023 Quadtree plus binary tree structure integration with JEM tools [J. An, H. Huang, K. Zhang, Y.-W. Huang, S. Lei (MediaTek)]
Brief description of the technology. At JVET-A meeting, it was decided to put QTBT in a separate branch, because of the interaction with other tools. Integration with all JEM1.0 tools from main branch based on HM16.6 has been done by JVET-B meeting. Two tools (NSST and RSAF) are implemented but have minor issue expected to be fixed shortly. Also all adopted JEM modification can be ported to QTBT branch of JEM in ~4 weeks after completion JEM2.0. After that QTBT branch of JEM would become equivalent to the main branch plus QTBT and ready for comparison.
 
	QTBT high level parameters
	I slices
	P and B slices

	CTUSize
	128x128
	128x128

	
	Luma
	Chroma
	

	MinQTSize
	16x16
	4x4
	16x16

	MaxBTSize
	32x32
	–
	128x128 (init)

	MaxBTDepth
	4
	0
	4

	MinBTSize
	4
	–
	4


 
Questions recommended to be answered during EE tests. What is the performance of QTBT on top of HEVC? What is the performance of QTBT on top of JEM2.0. It is suggested that the software should be able to support the capability to enable and disable each individual tool.
Tester: J. An (MediaTek). Cross-checker: To be announced by T3 (May, 5).
Non Square TU Partitioning
JVET-B0047 Non Square TU Partitioning [K. Rapaka, J. Chen, L. Zhang, W. –J. Chien, M. Karczewicz] [late]
Brief description of the technology. Non-square TU partitioning for intra and inter prediction modes was proposed. Two partition types (2NxN and Nx2N) are added for intra mode. For non-square partitions, a binary split is allowed at root level (level 0) for intra and inter prediction modes. Further TU splitting process follows the HEVC mechanism. Minimum TU size is 4x8. It is reported that the proposed method provides 1.5%, 1.0%, 0.7%, 0.8% BD-rate saving for AI, RA, LDB and LDP configurations respectively over HM 16.6.
Questions recommended to be answered during EE tests. Provide performance results on top of JEM. Compare Non-square TU partitioning performance with QTBT. 
Tester: K. Rapaka (Qualcomm). Cross-checker: To be announced by T3 (May, 5).
NSST and PDPC index coding 
JVET-B0051 Further improvement of intra coding tools [S.-H. Kim, A. Segall (Sharp)] [late]
Brief description of the technology. The contribution proposes 
(1) an alternative method for signalling the NSST index (NSST_idx).  Specifically, instead of using two binarization methods based on intra prediction mode and partition size, the proposal codes NSST_idx with a unified binarization method and adjusts the context model to reflect the statistics of the index based on the intra prediction mode and partition size. 
(2) to remove the bit-stream restriction disallowing NSST and PDPC to be enabled in the same CU or PU, as it is asserted that the combination has negligible impact on decoder complexity. Possible to replace the bit-stream restriction with an encoder restriction in the CTC if preferred by the group..
Questions recommended to be answered during EE tests. Report performance and complexity of modifications (1) and (2) separately. Study potential interaction with TU based NSST (i.e. JVET-B0059)
Tester: S.-H. Kim (Sharp). Cross-checker: To be announced by T3 (May, 5).
De-quantization and scaling for next generation containers 
JVET-B0054 De-quantization and scaling for next generation containers [J. Zhao, A. Segall, S.-H. Kim, K. Misra (Sharp)] [late]
Brief description of the technology. This contribution proposes a change in the de-quantization and scaling process in JEM 1.0.  For background, the change is motivated by recent work in MPEG, where it has been shown that next generation containers, such as ST-2084, re-shape quantization noise as a function of brightness.  For current standards, this requires encoders to compensate by spatially varying the QP in an inverse manner.  Here, it is proposed that a next generation standards decoder could infer the needed compensation without significant QP signaling.  This is accomplished by adapting the scaling of AC coefficients based on function f() of the DC coefficient and reconstructed prediction mean.  Experiments performed using sequences under study in MPEG (and now JCT-VC) show a gain of 2.0% for both AI and RA configuration when the QP granularity is 16x16. 
Decoder infers QP adjustment based on average luma values and LUT that is signaled infrequently (e.g., once per sequence). Remains compatible with current Delta QP signalling. For case of luma, only AC coefficients are affected, and not the DC coefficients. 
Experiments need to be performed using ST-2084 test materials (separate test set, including HDR CTC in JCTVC-W1020). 
Questions recommended to be answered during EE tests. 
· How complex is the function f() in the proposal?
· How much overhead is required for delta QP signaling at different granularities?
· What is performance of tool for SDR content in an ST-2084 container?
· Compare with other techniques studied in HDR JCTVC activity.
Tester: S.-H. Kim (Sharp). Cross-checker: To be announced by T3 (May, 5).
Improvements on adaptive loop filter  
JVET-B0060 Improvements on adaptive loop filter [Marta Karczewicz, Li Zhang, Wei-Jung Chien (Qualcomm)] [late]
Brief description of the technology. Several improvements to the adaptive loop filter (ALF) in HM16.6 JEM-1.0 are proposed. Three main introduced modifications are: classification with the diagonal gradients taken into consideration, geometric transformations of filter coefficients and prediction from fixed filters. In addition, some cleanups of the software are also included and this proposal avoids use of temporal prediction in I frames. With the proposed methods, the coding performance of HM16.6 JEM-1.0 is improved by 1.1% and 1.1% on average for all intra (AI) and random access (RA) configurations respectively when all the tools are enabled and by 1.5% and 1.5% on average for AI and RA configurations when only ALF is enabled. 
Questions recommended to be answered during EE tests. Simulation results are only provided for the combination of changes. Some of the changes are inherently grouped together, but some could be separated. Specifically, the following test results are requested to be provided:
1) The whole proposal
2) The whole proposal with prediction from fixed filters disabled: to check the impact of fixed filters 
3) The whole proposal without the alignment between chroma filter shape and luma filter shape: to check the impact of the cleanup to the chroma filter shape
Tester: Li Zhang (Qualcomm). Cross-checker: To be announced by T3 (May, 5).
Modification of Merge candidate derivation 
JVET-B0058 Modification of merge candidate derivation [W. -J. Chien, J. Chen, S. Lee, M. Karczewicz (Qualcomm)] [late]
Brief description of the technology. In this contribution, modifications to the merge candidate derivation are proposed, including higher motion resolution, POC based merge candidate pruning, simplification of the advanced temporal motion vector predictor, and derivation of the spatial-temporal motion vector predictor. With the proposed modifications, additional 0.6%, 0.6%, and 2.3% BD rate reduction over HM16.6 is achieved for random access, low delay B, and low delay P configurations, respectively. Higher precision motion resolution was adopted to JEM, but remain aspects are planned to be studied in EE.
Questions recommended to be answered during EE tests. Four different modifications are proposed but only combined performance results are available. Individual tool performance numbers need to be provided. 
Tester: W. -J. Chien  (Qualcomm). Cross-checker: To be announced by T3 (May, 5).
TU-level non-separable secondary transform 
JVET-B0059 TU-level non-separable secondary transform [X. Zhao, A. Said, V. Seregin, M. Karczewicz, J. Chen, R. Joshi (Qualcomm)] [late]
Brief description of the technology. In this contribution, a TU-level non-separable secondary transform (NSST) is proposed. Compared to the current CU-level NSST design in JEM-1.0 software, the proposed method speeds up the encoder by reducing the number of rate-distortion checks and using transform-domain distortion estimation. With the proposed TU-level NSST, average 44% overall encoder run-time reduction is achieved over JEM-1.0 for all intra (AI), and average BD-rate improvement of 0.1% is achieved for luminance component for both AI and random access (RA) configurations. 
A new Hypercube-Givens Transform (HyGT) is used in the computation of the secondary transform is also proposed. Butterfly like. 
With introduced modification NSST is applied not for all sub-groups of transform coefficients but for only four top-left square region only. TU index is not coded and NSST is not applied in TUs with less than 2 non-zero coefficients.
Questions recommended to be answered during EE tests. What is performance and complexity impact recently introduced Hypercube-Givens Transform (HyGT)? How much performance change comes from restricting NSST to only four top-left coefficients sub-groups? Is this performance effect the same at low and high bit-rates? Additionally to JEM CTC tests with QP =1, 5, 9, 13 recommended to be performed. What is the performance impact of restriction of NSST only for TUs with no less than 2 non-zero coefficients? Interaction with JVET-B0051 should be studied.
Tester: X. Zhao (Qualcomm). Cross-checker: To be announced by T3 (May, 5).
Software and communication channel
A separate branch under the experimental section will be created for each new tool include in the EE. The proponent of that tool is the gatekeeper for that separate software branch. (This differs from the main branch of the JEM, which is maintained by the software coordinators.)
New branches may be created which combine two or more tools included in the EE document or the JEM. Requests for new branches should be made to the software coordinators.
Cross-check 
Don’t need to formally name cross-checkers in the EE document. To promote the tool to the JEM at the next meeting, we would like see comprehensive cross-checking done, with analysis of the software, and understanding of the tool.

Test conditions
JEM common test condition should be used (unless otherwise noted in test description)
Time line
T1= 2 weeks after JVET-B meeting: To revise EE description and questions to be answered. Questions should be discussed and agreed on JVET reflector.
T2 = JEM2.0 SW release + 4 weeks = April 4: Integration of all tools into separate EE branch of JEM is completed and announced to JVET reflector.
	Initial study by cross-checkers can begin.
	Proponents may continue to modify the software in this branch until T3
	3rd parties encouraged to study and make contributions to the next meeting with proposed changes
T3: JVET-C meeting start – 3 weeks = May 5: Any changes to the exploration branches software must be frozen, so the cross-checkers can know exactly what they are cross-checking. An SVN tag should be created at this time and announced on the JVET reflector. Name of the cross-checker and list of specific tests for each tool under study in EE will be announced in JVET reflector by this time.
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