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Abstract
This document reports the work of the JVET ad hoc group on draft text and test model algorithm description editing (AHG2) between the 12th meeting in Macao, CN (3–12 October 2018) and the 13th meeting in Marrakech, MA (9–18 January 2019).
Mandates
At the 12th JVET meeting, AHG2 on draft text and test model algorithm description editing was established with the following mandates:
· Produce and finalize JVET-L1001 Versatile Video Coding (Draft 3).
· Produce and finalize JVET-L1002 Test Model 3 (VTM 3) Algorithm and Encoder Description.
· Gather and address comments for refinement of these documents.
· Coordinate with Test model software development AhG to address issues relating to mismatches between software and text.
[bookmark: _Ref400623991]Background
At the 12th JVET meeting, it was decided to include more coding features for intra picture-prediction, inter-picture prediction, transform coefficient coding, transform, adaptive loop filtering and a tile group based high-level syntax in the third draft of Versatile Video Coding (VVC D3) and the VVC Test Model 3 (VTM3) encoding. Draft reference software to implement the VVC decoding process and VTM3 encoding method has also been developed.
The normative decoding process for Versatile Video Coding is specified in the VVC draft 3 text specification document [1]. The VVC Test Model 3 (VTM 3) Algorithm and Encoder Description document provides an algorithm description as well as an encoder-side description of the VVC Test Model 3, which serves as a tutorial for the algorithm and encoding model implemented in the VTM3.0 software [2].
An issue tracker (https://jvet.hhi.fraunhofer.de/trac/vvc) was used to facilitate the reporting of errata with the VVC documents.
JVET-L1001 VVC specification (Draft 3)
Nine versions of JVET-L1001 were published by the Editing AHG between the 12th meeting in Macao, CN (3–12 October 2018) and the 13th meeting in Marrakech, MA (9–18 January 2019).
JVET-L1001 has been established based on JVET-K1001 and now contains the following:
· Fixed bug #92 missing MV clipping in interplolation process.
· Incorporated JVET-L0664: disabling 5x5 ALF for luma component.
· Incorporated JVET-L0082/JVET-L0083: reduction of bits for ALF coefficients.
· Incorporated JVET-L0147: subsampling of ALF classifiers.
· Incorporated SAO as found in HEVC.
· Incorporated deblocking filter as found in HEVC with the following modifications:
· adapt processing to dual tree CTU partitioning,
· replace RQT based transfrom block processing with implicit TU split for large blocks (JVET-K0307, JVET-K0237, JVET-K0369, JVET-K0232, JVET-K0315),
· replace prediction blocks with coding subblocks (JVET-L0074),
· only apply deblocking on transfrom block / coding subblock edges if CU is aligned on 8x8 grid in the respecitive direction.
· Incorporated JVET-L0410: tc table fix
· Incorporated JVET-L0414: luma adaptive deblocking filter.
· Fixed bug #97 mismatch between agreed ALF text JVET-K0564 and draft by removing alf_chroma_ctb_present_flag.
· Incorporated JVET-L0285: 8-bit transform matrix.
· Incorporated JVET-L0118: MTS index fix.
· Incorporated JVET-L0059: remove dependency on number non-zero coeff. for MTS index signalling.
· Incorporated JVET-L0362: QP signalling.
· Incorporated JVET-L0428: delta QP and chroma QP offset for dual tree.
· Incorporated JVET-K0251: increase maximum QP value from 51 to 63 (including fix from JVET-L0553).
· Incorporated JVET-L0217: fix relation between QT/BT/TT syntax elements.
· Incorporated JVET-L0678: QT/BT/TT syntax overriding in tile group header.
· Incorporated JVET-L0081: BT/TT constraint.
· Incorporated JVET-L0191: cclm simplification using min and max values.
· Incorporated JVET-L0136: cclm with line buffer restriction.
· Incorporated JVET-L0340: multi-directional cclm.
· Incorporated JVET-L0053/JVET-L0272: modified chroma direct mode.
· Incorporated JVET-L0628: intra 4-tap interpolation filter.
· Incorporated JVET-L0165: intra 6 MPMs.
· Incorporated JVET-L0283: multi-line intra prediction.
· Incorporated JVET-L0279: unification of intra angular prediction.
· Incorporated PCM mode from HEVC and JVET-L0209: PCM mode with dual tree partition.
· Incorporated JVET-L0694: combination of affine mode and subblock temporal merging candidate modifications including:
· JVET-L0142/JVET-L0366/JVET-L0632: affine merge candidate list (CE4 4.2.6.d as modifed in L0632).
· JVET-L0369: moving subblock temporal merging candidate into affine merge candidate list (CE4 4.2.8).
· JVET-L0045: line buffer reduction for affine inherited candidates, location 1 (CE4 4.1.11.a).
· JVET-L0047: modification of affine control point motion vector storage (method 1).
· JVET-L0271: Simplification of affine motion vector predictor candidate list construction (CE4 4.1.6.a).
· Incorporated JVET-L0265: change chroma subblock size to 4x4 instead of 2x2 for affine motion compensation.
· Incorporated JVET-L0198: fix subblock size to 8x8 for subblock TMVP (JVET-L0468/JVET-L0104).
· Incorporated JVET-L0198: use first spatial neighbouring MV for collocated subblock TMVP position
· Incorporated JVET-L0055: restrict subblock TMVP to CUs with width >= 8 and height >=8.
· Fixed bug #120 clipping in vertical subblock TMVP location goes beyond the current CTU row.
· Incorporated JVET-L0274: reduce number of context coded bins (CE7 7.1.3.b).
· Incorporated missing context derivation for all CABAC-coded syntax elements.
· Incorporated JVET-L0361: context modeling of CU split modes.
· Incorporated JVET-L0194: use one context for the first bin of merge_idx and bypass coding for the others.
· Incorporated JVET-L0266: History-based motion vector prediction.
· Incorporated JVET-L0158: Reset the HMVP FIFO list for each CTU row.
· Incorporated JVET-L0104: Prohibit 4x4 bi-prediction for inter CU.
· Incorporated JVET-L0054: Merge with MVD (MMVD) (CE4 4.5.4.b).
· Incorporated JVET-L0100: Combined inter merge / intra prediction (CIIP).
· Incorporated JVET-L0090: Pairwise average merging candidates.
· Incorporated JVET-L0646: Bi-prediction with CU weights.
· Incorporated JVET-L0256: Bidirectional optical flow (BDOF).
· Incorporated JVET-L0231: Horizontal MV wrap-around.
· Fixes and cleanups:
· fixed minor typos,
· resolved open issues from editors notes,
· reordered SPS flags to be more aligned with VTM, 
· put all skip/merge related CU syntax in a merge_data( ) syntax structure (editorial),
· fixed order of merge syntax by moving merge_idx and after combined merge/intra syntax,
· conditioned combined merge/intra syntax on sps_ciip_enabled_flag.
· Incorporated JVET-L0124: Triangular inter-picture prediction mode.
· Incorporated JVET-L0293: Current picture referencing (CPR).
· Fixed bug #142 corrected order of derivation process for subblock-based temporal merging base motion data.
· Fixed bug #137 wrong CCLM parameter derivation condition.
· Fixed issues related to triangular partitions.
· Incorporated JVET-L0064: Agreement in principle on the need of CRA and its signalling in NAL unit header
· Incorporated JVET-L0248: A restriction on the TemporalId values of the current picture and the active PPS
· Incorporated JVET-L0249: POC signalling and derivation
· Incorporated JVET-L0449: POC LSB in the tile group headers for all picture types
· Incorporated JVET-L0686: Tiling and tiling grouping; removed traditional slices
· Incorporated JVET-L0696: Interoperability point and constraint flags
The following items have been discussed within the AHG:
· Deblocking over SubCUs: There have been two different understandings of the decision from the last meeting how deblocking over SubPU boundaries is performed: "Recommendation: Apply the same logic to VVC (both ATMVP and affine) sub-blocks (on 8x8 grid) as to PU in HEVC deblocking. This means check the deblocking motion conditions for ATMVP and affine motion sub-block boundaries as if they were PUs in HEVC"
1. All edges on a 8x8 sample grid can be deblocked, irrespective of the type of the edge (i.e. CU, SubCU, TU edge).
2. Only Sub-CU and TU edges of a CU that is aligned on the 8x8 grid in one direction can be deblocked in the respective direction.
The current draft and the VTM-3.0 macro L0074_SUBBLOCK_DEBLOCKING follow understanding 2. However, it needs to be discussed which solution is preferred. The following document was identified to be related:
JVET-M0339 CE11-related: subblock boundary filter at 8x8 Grid [H. Jang, J. Nam, S. Kim, J. Lim (LGE)]

· Interaction of CPR with other newly adopted inter tools: There have been six items discussed which are related to CPR interaction with newly adopted inter tools. They are summarized as follows.
1. In current draft spec, when the first merge candidate of the current CU is coded in CPR mode, (0, 0) motion vector is used for the derivation of the collocated block, while in VTM-3.0, the next merge candidate will be examined. It was recommended to change the software to match the spec. Related contribution JVET-M0409.
2. For CPR to work with newly adopted pairwise average merging candidates, two options were discussed:
Option 1. Disallow any combination involves CPR
Option 2. Integrate CPR-CPR combination in drat text. 
Both current draft spec and VTM-3.0 implemented Option 2. 
3. For CPR interaction with Affine motion, neither current draft spec nor VTM-3.0 allows the combination of both being enabled at the same time. Bitstream conformance check is used in both VTM-3.0 and the current draft spec. The generation of merge candidate excludes CPR neighbors, while the generation of motion vector predictor (AMVP mode) includes CPR neighbors.
4. For CPR interaction with MMVD partition, neither current draft spec nor VTM-3.0 allows the combination of both being enabled at the same time. Bitstream conformance check is used in both VTM-3.0 and the current draft spec. The generation of MMVD base motion vector excludes CPR neighbors.
5. For CPR interaction with Triangular partition, neither current draft spec nor VTM-3.0 allows the combination of both being enabled at the same time. Bitstream conformance check is used in both VTM-3.0 and the current draft spec. The generation of partition motion vector excludes CPR neighbors.
6. For CPR interaction with CIIP, neither current draft spec nor VTM-3.0 allows the combination of both being enabled at the same time. Bitstream conformance check is used in both VTM-3.0 and the current draft spec. The generation of inter-merge motion vector includes CPR neighbors.
· Max. number of HMVP candidates is 6 but never used and thus can be reduced to 5. The following document was identified to be related:
JVET-M0436 AHG2: Regarding HMVP Table Size [J. Zhao, S. Kim (LGE)]

JVET-M0432 CE2-related: Combination of CE2.2.3.d and affine inheritance from motion data line buffer [G. Li, X. Xu, X. Li, S. Liu (Tencent), J. Zhao, S. Kim (LGE)]
· Open bug tracker issues (tickets): The following tickets needs discussion:
1. #128 incorrect modulo value used in adjacent mode calculations. Is there a mismatch between VTM and spec?
2. #132 Mismatch between specification and software in the order of syntax elements for intra prediction
3. #135 DCT2 transform matrix down-sampling might be wrong in the spec
JVET-L1002 VVC Test Model 3 (VTM 3) Algorithm and Encoder Description
Two versions of JVET-L1002 was published by the Editing AHG between the 12th meeting in Macao, CN (3–12 October 2018) and the 13th meeting in Marrakech, MA (9–18 January 2019).
JVET-L1002 has been established based on JVET-K1002. It provides the algorithm description for majority of coding tools in VVC, including the following:
· Adaptive Loop Filter with the following new adoptions
· JVET-L0082: 10 b coeffs (instead of 11)
· JVET-L0147: Subsampled Laplacian calculation
· JVET-L0083: Reduction of bits for ALF coefficient fractional part
· JVET-L0392: minor BF
· JVET-L0664: Remove the signaling of 5x5 as a special case for luma
· JVET-L0081: 64x64 luma size virtual pipeline data units (VPDUs)
· Affine related modifications, including
· JVET-L0265: set the chroma subblock size to 4x4 instead of 2x2
· JVET-L0271: CE4.1.6: Simplification of affine AMVP candidate list construction
· JVET-L0045: line buffer reduction for affine mode
· JVET-L0632/L0142: affine merge refinement
· JVET-L0369/L0055	: moving ATMVP into the affine merge list
· JVET-L0293: CPR mode
· JVET-L0646: bi-prediction with weighted averaging
· JVET-L0256: bi-directional optical flow 
· JVET-L0231: horizontal wrap-around motion compensation 
· JVET-L0377: Rounding alignment of Adaptive Motion Vector Resolution
· JVET-L0198/L0468/L0104: fixed subblock size of 8x8 for SbTMVP mode 
· JVET-L0104: disallow 4x4 bi-prediction
· JVET-L0191: CCLM parameter derivation
· JVET-L0136/JVET-L0085: CCLM with line buffer restriction 
· JVET-L0338/JVET-L0340: Multi-directional LM (MDLM) 
· JVET-L0053/JVET-L0272: chroma DM based on center position
· JVET-L0279: unification of angular intra prediction
· JVET-L0165: intra 6 MPM
· JVET-L0059: simplification on MTS kernel derivation
· JVET-L0111: transform skip condition on transform block size
· JVET-L0285: 8-bit transform matrices
· JVET-L0118: unified MTS signaling
· JVET-L0553: quantization semantics fix
· JVET-L0274: coefficient coding
· JVET-L0628: mode dependent intra smoothing
· JVET-L0283: multiple reference line intra prediction
· JVET-L0414: DF strength dependent on reconstructed luma level
· JVET-L0410: Deblocking tC table
· JVET_L0124/L0208: triangle partition mode 
· JVET-L0100: combined intra and inter prediction 
· Modified merge list generation process, including
· Spatial MVP and Temporal MVP derivation
· JVET-L0266: History-based MVP from an FIFO table
· JVET-L0090: Pairwise average MVP
· JVET-L0054: merge with MVD (MMVD)
At this moment, general encoder description and some other features such as High Level Syntax, tiling mechanism and miscellaneous small coding features (such PCM mode and Delta QP signaling) have yet to be added to the document.
Recommendations
The AHG recommends to:
· Approve the edited JVET-L1001 and JVET-L1002 documents as JVET outputs,
· Continue to edit the VVC draft and Test Model documents to ensure that all agreed elements of VVC are fully described,
· Compare the VVC documents with the VVC software and resolve any discrepancies that may exist, in collaboration with the software AHG,
· Encourage the use of the issue tracker to report issues with the text of both the VVC specification draft and the algorithm and encoder description,
· Continue to improve the editorial consistency of VVC WD and Test Model documents,
· Ensure that, when considering the addition of new feature to VVC, properly drafted text for addition to the VVC Test Model and/or the VVC Working Draft is made available in a timely manner.
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