	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
14th Meeting: Geneva, CH, 19–27 March 2019
	Document: JVET-N0809-v31



	Title:
	[bookmark: _GoBack]BoG report on CE4 related contributions for inter prediction and motion vector coding

	Status:
	Input document to JVET

	Purpose:
	Report

	Author(s) or
Contact(s):
	Haitao Yang
	Email:
	haitao.yang@huawei.com

	Source:
	BoG


_____________________________
Summary
Two sessions were planned for BoG meeting, first one from 1615 to 2230 on Mar. 21, and second one from 0915 to 1515 on Mar. 22. 44 contributions have been reviewed. 
JVET-N0334, JVET-N0335, JVET-N0336 and JVET-N0235 were identified as appropriate to be discussed in CE4 BoG by proponents, though not marked clearly in the title. 
JVET-N0086 was identified to be more closely related CE9 during the discussion, and was recommended to be reviewed in CE9 BoG.
Recommendations
Recommended adoptions
Normative change
N0085/N0335: unified MV rounding by setting the rounding offset to (1 << (shift – 1)) – 1.
N0127: MMVD enabling signaling in SPS.
N0265: simplification of HMVP candidate derivation in AMVP list construction, POC checking in HMVP table is replaced by reference index checking.
N0267/N0385/N0486: single HMVP table for all CUs inside the shared merge list region for IBC. No update of the table within the share merge list region.
N0286: by-pass coding of bins except for the first bin in BCW index coding.
N0332: disable MVD scaling for MMVD in case LTRP is used.
N0334: MV clipping for MMVD, DMVR and CPMV of constructed affine merge candiadatescandidates.
N0448/M0380: implicitly infer the number of MMVD base merge candidate to be 1 as MaxNumMergeCand being equal to 1. mmvd_merge_flag is not signaled in this case.
N0483: disable sub-block transform when triangle mode is used.
SW change
N0449: adopt the encoder speed up for MMVD, by reducing the number of offsets from 8 to 6. Add an encoder parameter to control. It is not applied to CTC by default.
Bugfix
N0168: bugfix of cost calculation in AMVR mode.
N0334: align with the text on MV wrap around for regular inter mode and affine inter mode.
N0462: align text with SW on the context modeling of inter_pred_idc. 
Recommended CE4 tests from following contributions
N0309: switched half-pel interpolation filter.
Revisit in track
N0213: remove TMVP candidates in the list construction of both merge and AMVP. Revisit together with CE4.1.5, with additional simulation results.
N0240: conversion of bi-prediction motion to uni-prediction motion before MVD derivation in MMVD for small blocks. Revisit after text review.
N0235: discuss whether parsing CU level syntax depends on the constructed reference picture list is a real problem or not in track.
N0447: harmonized design of triangle merge candidate number and regular merge candidate number.

CE4 related contributions
JVET-N0084 CE4-related: Motion compression for HMVP buffers and MV line buffer [Y.-L. Hsiao, T.-D. Chuang, C.-W. Hsu, C.-Y. Chen, Y.-W. Huang, S.-M. Lei (MediaTek)]
This contribution proposes to utilize the same mantissa-exponent representation for temporal motion vector predictors (TMVPs) to reduce the number of bits stored in the history motion vector predictor (HMVP) buffers and motion vector (MV) line buffer. With motion compression for regular merge HMVP buffer and intra block copy (IBC) HMVP buffer, in total 320 bits are reduced. With motion compression for MV line buffer, 32 bits are reduced per 4x4 luma block, and 30720 bits are reduced in case of 4K video. Results are summarized as follows.
Proposed motion compression for HMVP buffers
VTM4.0-RA: {Y-BD-rate=0.02%, EncT=100%, DecT=100%}
VTM4.0-LB: {Y-BD-rate=0.01%, EncT=100%, DecT=99%}
Proposed motion compression for MV line buffer
VTM4.0-RA: {Y-BD-rate=0.09%, EncT=100%, DecT=100%}
VTM4.0-LB: {Y-BD-rate=0.02%, EncT=100%, DecT=100%}
It is commented that MV compression introduces addition operations for compression and decompression. In case of HMVP, the motion candidates in HMVP table need to be accessed for each inter CU, additional operations for accessing HMVP table at CU basis may be a burden.
For MV compression in line buffer, 0.09% loss for RA is observed. About 4K bytes could be saved for 4K picture. It is commented that this is not attractive according to the coding performance loss. In contrast to MV compression to temporal motion which alleviate the burden of memory bandwidth, applying MV compression to line buffer may have less benefits.
No action.
JVET-N0085 CE4-related: MV rounding unification [T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S.-M. Lei (MediaTek)]
In VTM4.0, two kinds of motion vector (MV) rounding methods, rounding to zero and rounding away from zero are used. The rounding to zero is used in the spatial/temporal MV scaling in inter mode motion vector predictor (MVP) derivation and regular merging candidate list generation. The rounding away from zero is used in inherited affine merging candidate derivation, affine subblock MV derivation, pair-wise merging candidate derivation, and MV precision rounding in adaptive motion vector difference resolution (AMVR). In this proposal, two unification methods of MV rounding are tested. The MV rounding in VTM4.0 are unified to either rounding to zero or rounding away from zero. Simulation results reportedly show that, for rounding to zero, the average luma BD-rates are -0.01% and -0.06% in RA and LB cases, respectively. For rounding away from zero, the average luma BD-rates are 0.01% and -0.01% in RA and LB cases, respectively. Therefore, it is proposed to unify the MV rounding process to rounding to zero.
One expert suggest MV rounding away from zero, to be unified with sample rounding. Some other experts suggest this kind of unification is not necessary.
One expert suggest more tests, including LDP results and BDOF off results. Some other experts suggest additional tests is not necessary.
There is a consensus to unify the MV rounding. Support from multiple experts to adopt the unified MV rounding towards zero, setting the offset to (1 << (shift – 1)) – 1.
Recommendation: adopt the unified MV rounding towards zero, setting the offset to (1 << (shift – 1)) – 1. JVET-N0335 proposed the same decoder change. Adopt the encoder modification on MV rounding towards zero.

JVET-N0578 Cross-check of JVET-N0085: CE4-related: MV rounding unification [X. Xiu (Kwai Inc.)] [miss] [late]

JVET-N0086 CE4-related: Reduction of interactions between bi-prediction coding tools [C.-C. Chen, M.-S. Chiang, C.-W. Hsu, Y.-W. Huang, S.-M. Lei (MediaTek)]
Recommend to be reviewed in CE9.

JVET-N0539 Crosscheck of JVET-N0086: CE4-related: Reduction of interactions between bi-prediction coding tools [X. Xu (Tencent)] [miss] [late]

JVET-N0586 Cross-check of JVET-N0086: CE4-related: Reduction of interactions between bi-prediction coding tools [H. Wang (Qualcomm)] [miss] [late]

JVET-N0087 CE4-related: Simplification of triangle merging candidate list derivation on top of CE4-4.1c [T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S.-M. Lei (MediaTek)]
No need for discussion because of the adoption of JVET-N0340.

JVET-N0126 CE4-related: Signaling MMVD syntax elements [S. Jeong, M. W. Park, K. Choi (Samsung)]
This contribution proposes to disallow MMVD in skip modes. Instead of this, when MMVD merge mode is enabled, cu_cbf is signalled, whereas the normal merge mode does not signal cu_cbf and infers it as 1. 
The proposal tries to reduce signaling overhead of MMVD in case of low bitrate compression, which is also addressed by the adoption of CE4-1.2.a. 
No action.

JVET-N0127 CE4-related: MMVD enabling signaling in SPS [S. Jeong, M. Park, K. Choi (Samsung)]
In this contribution, MMVD enabling signaling in SPS is proposed. This flag enables MMVD on and off at the sequence level. If this flag is turned off, all methods associated with the MMVD will not work and all types of MMVD flags will not be signaled. The flag of sps_fpel_mmvd_enabled_flag is also not signaled.
Recommendation: adopt.

JVET-N0165 CE4-related: On spatial candidate list construction [L. Xu, F. Chen, L. Wang (Hikvision)]
Firstly, this contribution proposes a candidate list reorder method for regular merge regular AMVP, Triangle merge, IBC merge, ATMVP，IBC AMVP, affine merge and affine AMVP. Instead of using the left candidate in the front, the proposed method will take the above candidates in front in candidate list construction order. Compared with VTM4.0, the results reportedly show that the proposed swapping method achieves 0.13%, and 0.04% BD rate reduction for, LB, and RA configurations, respectively, while brings negligible increase of encoding and decoding complexity.
Secondly, this contribution proposes a spatial candidate list simplification method for regular merge regular AMVP, Triangle merge, IBC merge, IBC AMVP, affine merge and affine AMVP. The proposed method removes checking the above left candidate (B2). Compared with VTM4.0, the results reportedly show that the proposed method only gets 0.01% and 0.02% BD loss for, LB, and RA configurations, respectively when removing B2 from the regular merge lists.
The first modification firstly check above position instead of left position. Coding gain for this modification is 0.04% and 0.13% for RA and LDB, respectively.
It is commented that some encoder algorithm of block partition may have a bias to some specific shape of CUs, which may be the reason of coding gains here.
The second part suggests not checking the top-left (B2) position in either merge list construction or AMVP list construction. It is noted JVET-N0268 propose not checking B2 position for affine merge and AMVP.
It is asked what benefits could be obtained by doing this. The complexity of list construction could be reduced. Max number of prunings in merge list construction is reduced from 9 to 7.
Suggest further study the reason why there is a coding gain by doing the first part. Check the impact of encoder algorithms on the performance.
JVET-N0656 Crosscheck of JVET-N0165 (Non-CE4: On spatial candidate list construction) [S. H. Wang (PKU)] [miss] [late]

JVET-N0166 CE4-related: Advanced Multi-hypothesis Inter Prediction for bandwidth reduction in B frame [Y. Sun, F. Chen, L. Wang (Hikvision)]
This contribution presents advance multi-hypothesis inter prediction (AMHP) proposed in JVET-M0167 for bandwidth reduction in B frame, AMHP is a multi-hypothesis prediction for uni-prediction of AMVP mode. By limiting the motion information of AMHP block, AMHP can be used in small block size in B frame to reduce the bandwidth cost. Experimental results reportedly show 0.06%, 0.12%, 0.16% BD-rate under RA condition, 0.06%, 0.13%, -0.02% BD-rate with 101% and 103% encoding and decoding time under LDB condition.
The proposal aims at reducing memory bandwidth. Replace bi-prediction for small inter CUs by AMHP mode.

JVET-N0699 Crosscheck of JVET-N0166 (Non-CE4: Advanced multi-hypothesis inter prediction for bandwidth reduction in B frame) [M.-S. Chiang (MediaTek)] [miss] [late]

JVET-N0167 CE4-related: Advanced Multi-hypothesis Inter Prediction [Y. Sun, F. Chen, L. Wang (Hikvision)]
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK19]This contribution presents advance multi-hypothesis inter prediction (AMHP), AMHP is a multi-hypothesis prediction for uni-prediction of AMVP mode. By limiting the motion information of AMHP block, AMHP can be used in P frame and won’t increase the bandwidth. Experimental results reportedly show –0.03%, -0.00%, -0.06% BD-rate with 101% and 101% encoding and decoding time under RA condition, –0.02%, 0.09%, -0.13% BD-rate with 101% and 102% encoding and decoding time under LDB condition and –0.82%, -1.11%. -1.12% BD-rate with 102% and 100% encoding and decoding time under LDP condition.
For LDP case, two prediction of an inter CU is obtained from the same reference picture. The two motion vectors are bundled together, and therefore the memory bandwidth increase is not as high as doing bi-prediction.
It is commented that CIIP is allowed in P frame, which introduced multi-hypothesis there. 
Coding gain for LDP is interesting.
It is commented that an encoder could do LDB and constrain the reference picture and the difference of two motion vectors to mimic the proposed method to potentially get similar coding gain with similar complexity.

JVET-N0700 Crosscheck of JVET-N0167 (Non-CE4: Advanced multi-hypothesis inter prediction) [M.-S. Chiang (MediaTek)] [miss] [late]

JVET-N0168 CE4-related: AMVR cost calculation modification in motion estimation stage [Y. Sun, F. Chen, L. Wang (Hikvision)]
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In VTM4.0, AMVR cost calculation double calculate MVD bits and omit mvp_flag cost, which influence the MV decision in motion estimation stage. Experimental results reportedly show -0.02%, -0.10%, -0.07% BD-rate increases, -0.00%, -0.00%, -0.16% BD-rate increases and 0.01%, -0.14%, -0.16% BD-rate increases for Y, Cb, and Cr components respectively, compared to VTM-RA, VTM-LDB and VTM-LDP configurations.
Recommendation: adopt (SW).

JVET-N0200 Non-CE4: Simplification of inter MVP list generation for 4x4 block [J. Li, C.-W. Kuo, C. S.Lim (Panasonic)]
Withdrawn.

JVET-N0557 Crosscheck of JVET-N0200 (Non-CE4: Simplification of inter MVP list generation for 4x4 block) [Y. Yasugi (Sharp)] [miss] [late]

JVET-N0203 Non-CE4: Modification of the temporal merging candidate for the inter merge mode [G. Lee, G. Kim, S. Cha, D. Nam, J. Han (Sejong University)]
In this contribution, when the merge mode is used, if the reference picture of the collocated block is in the reference picture list of the current picture, then it is considered as target picture. If the reference picture list of the current picture does not include the reference picture of the collocated block, then the picture related to the index 0 in the reference picture list is set to the target picture as in VTM 4.0. The target picture is used to make the temporal merge candidate, where the collocated MV is scaled based on the difference between POCs of the target picture and the reference picture of the collocated block.
When the proposed method is applied, simulation results reportedly show that the average 0.02%, -0.18% and -0.22% BD-rate changes are achieved on top of VTM 4.0 for RA, LDB and LDP configurations, respectively, under the common test conditions. There is no change in the encoding and decoding running times.
The proposed method requires additional checking to determine the target reference picture when deriving TMVP. 
The coding gain for LDB and LDP seems comes from GOP structure and picture level bi allocation.
Suggest further study to identify the source of coding gain.

JVET-N0567 Crosscheck of JVET-N0203 (Non-CE4: Modification of the temporal merging candidate for the inter merge mode) [H. Lee, S. -C. Lim, J. Lee, J. Kang (ETRI)] [miss] [late]

JVET-N0213 CE4-related: Remove TMVP merge and AMVP candidate for the specified blocksizes​ [S. H. Wang (PKU), X. Zheng (DJI), S. S. Wang, S. W. Ma (PKU)] [placeholder] [late]
This contribution proposes to remove unnecessary Temporal Motion Vector Prediction (TMVP) derivation process in inter prediction process. In this contribution, the complexity and procedure of TMVP has been analyzed and 4 tests have been conducted. 
[bookmark: OLE_LINK369][bookmark: OLE_LINK370][bookmark: OLE_LINK399][bookmark: OLE_LINK400][bookmark: OLE_LINK401]Test (a): Remove TMVP merge candidate for the block size with samples <= 32, and remove TMVP for AMVP mode with 4x4 block size: -0.02% and 0.04% for RA and LDB, respectively.
Test (b): Remove TMVP merge candidate for the block size with samples <= 64, and remove TMVP for AMVP mode with 4x4 block size: -0.03% and 0.02% for RA and LDB, respectively.
Test (c): Remove 4x4 TMVP for merge and AMVP modes: -0.01% and 0.01% for RA and LDB, respectively.
Test (d): Remove both 8x4/4x8 TMVP candidate from merge and AMVP for the block size with samples <= 32: 0.00% and 0.03% for RA and LDB, respectively.
The proposal is related to CE4.1.5. Compared with CE test, TMVP candidate is removed from AMVP list as well. 
It is commented the performance loss may be larger if subblock merge list is not used. The proposed method should be tested when affine motion compensation is turned off.
Recommendation: revisit the proposed method together with CE4.1.5, with additional simulation results.

JVET-N0650 Crosscheck of JVET-N0213 (CE4-related: Remove TMVP merge and AMVP candidate for the specified block sizes​) [G. Li (Tencent)] [miss] [late]

JVET-N0240 Non-CE4: Simplification of merge MVD derivation [G. Ko, D. Kim, J. Jung, J. Son, J. Kwak (WILUS)]
This contribution presents a simplification of merge motion vector difference (MVD) derivation by changing the processing order. In the current VVC, merge MVD derivation may include the motion vector (MV) scaling for bi-prediction. However, the scaled MV may not be utilized if the current block is 4x4 block, since bi-prediction is switched to uni-prediction for 4x4 blocks. The proposed method performs the bi- to uni-prediction switching before the MVD derivation, and this may reduce the redundant MV scaling operations compared to the current VVC. It reportedly shows 0.00%/0.00%/-0.01% (Y/U/V) average BD-rate change with RA configuration and 0.00%/0.09%/0.13% (Y/U/V) average BD-rate change with LDB configuration.
It is proposed to perform the conversion of bi-prediction motion to uni-prediction motion before MVD derivation in MMVD for small blocks, since the derived MVD will not be used anyway.
Recommendation: revisit in track after text review.

JVET-N0572 Crosscheck of JVET-N0240 (Non-CE4: Simplification of merge MVD derivation) [Y.-W. Chen (Kwai Inc.)] [miss] [late]

JVET-N0265 CE4-related: Simplification of HMVP in AMVP mode [H. Huang, W.-J. Chien, M. Karczewicz (Qualcomm)]
This contribution proposes to simplify the HMVP insertion process in AMVP mode. One loop in the HMVP insertion process is removed, and POC check is replaced by reference index check. The Y, U, V BD-rate changes are 0.00%, -0.01%, 0.01% in RA and -0.02%, 0.01%, -0.05% in LDB.
Recommendation: adopt.

JVET-N0267 Non-CE4: shared merge list without double HMVP tables [L. Zhang (Bytedance)]
Due to the adoption of shared merge list, two HMVP tables need to be maintained. Whenever there is a shared merge node, the HMVP table is copied to another temporary HMVP table. Such a design needs more complex logic to handle the HMVP tables. Meanwhile, the HMVP table size is doubled. To solve this problem, it is proposed to use a single HMVP table as that for non-shared merge node cases. Simulation results reportedly show that the proposed method achieves 0.01% and 0.02% BD rate reduction for RA and LDB Main10 configurations, respectively. For class F under LDB configuration, there is 0.28% BD gain observed.
In VTM4.0, shared HMVP table is used for CUs in merge inside the shared merge list region. But HMVP table for AMVP mode is still updated. 
It is proposed to use the shared HMVP table for AMVP as well. And no update of the table within the share merge list region.
Method 2 in JVET-N0486 propose the same modification. Method 1 proposes updating HMVP table using the last inter CU, but shows slightly worse performance compared with method 2.
JVET-N0385 propose the same modification.
Recommendation: adopt.
JVET-N0542 Crosscheck of JVET-N0267: Non-CE4: shared merge list without double HMVP tables [X. Xu (Tencent)] [miss] [late]

JVET-N0277 Non-CE4: Parallel friendly pair-wise merge candidate derivation [K. Zhang (Bytedance)]
In VTM-4.0, the pair-wise average merge candidate can only be derived after the merge candidate list prior to it has been constructed. In this contribution, two solutions are proposed to make the pairwise average merge candidate more friendly for parallel coding. In solution 1, the pairwise average merge candidate is always derived with motion information from the left and above neighbouring blocks. In solution 2, the pairwise average merge candidate is always derived with motion information from the left and above neighbouring blocks, and temporal motion vector prediction. Simulation results reportedly show 0.02% and -0.01% BD-rate changing under RA and LB configurations, respectively, in solution 1; 0.00% and -0.01% BD-rate changing in solution 2.
The proposed method tries to reduce the worst case complexity of list construction. 
It is commented the current design of merge list construction does not have a problem.

JVET-N0560 Crosscheck of JVET-N0277 (Non-CE4: Parallel-friendly pairwise average merge candidate derivation) [T. Hashimoto (Sharp)] [miss] [late]

JVET-N0286 CE4-related: Simplified coding of the BPWA index [F. Le Léannec, Y. Chen, T. Poirier, A. Robert (Technicolor)]
This contribution proposes to simplify the coding of the BPWA index (aka GBi index). In VTM-4.0, this index is coded as a series of 2 to 4 bins, which are all context-based coded. Here, only the first bin, which indicates the default bi-prediction weights (1/2, 1/2), is context-based coded. The other bins are bypass-coded.
The proposed simplification reportedly brings 0.00% luma BD-rate in RA and 0.00% luma BD-rate in LDB, over VTM-4.0 anchor.
Recommendation: adopt.
JVET-N0517 Crosscheck of JVET-N0286 (CE4-related: Simplified coding of the BPWA index) [S.-T. Hsiang (MediaTek)] [miss] [late]

JVET-N0287 CE4-related: Simplified coding of the MVP index [F. Le Léannec, Y.Chen, T. Poirier, A. Robert (Technicolor)]
This contribution proposes to simplify the coding of the motion vector prediction index in AMVP mode. This syntax element, called mvp_l0_flag and mvp_l1_flag in JVET-M1001, is context-based coded in VTM-4.0. This contribution proposes to code it in bypass mode. 
The proposed simplification reportedly brings 0.02% Luma BD-rate loss in RA and 0.02% Luma BD-rate in LDB, over VTM-4.0 anchor.

JVET-N0602 Crosscheck of JVET-N0287 (CE4-related: Simplified coding of the MVP index) [Y. Han, W.-J. Chien (Qualcomm)] [miss] [late]

JVET-N0309 Non-CE4: Switched half-pel interpolation filter [A. Henkel, B. Bross, M. Winken, P. Keydel, H. Schwarz, D. Marpe, T. Wiegand (HHI)]
This contribution proposes a switched luma interpolation filter for the half-pel position.  Results for two variants thereof are presented:  In a first test, one alternative half-pel interpolation filter can be used.  In a second test, there are two alternative half-pel interpolation filters.  The switching between the used luma half-pel interpolation filters is done at CU level.  In order to reduce the signaling overhead, the switching is dependent on the used motion vector accuracy.  For that purpose, the Adaptive Motion Vector Resolution (AMVR) scheme is extended to also support half-pel luma motion vector accuracy.  Only in case of this half-pel motion vector accuracy mode, an alternative half-pel interpolation filter can be used and it is indicated by an additional syntax element which interpolation filter is used.  In skip or merge mode with a spatial merging candidate, the value of this syntax element is also inherited from the neighbouring block.
The proposed alternative filters show strong low-pass feature.
It is firstly proposed to extend AMVR to support ½-pel MV resolution. This bring coding gain of 0.07% for RA with encoder run time 106%.
Additionally, the proposed low-pass filter is applied to ½-pel MV resolution. 
For test 1, one 6-tap alternative interpolation filter is signaled, -0.31% coding gain for RA, with encoder run time 110%.
For test 2, two 8-tap alternative interpolation filter are signaled, -0.37% coding gain for RA, with encoder run time 114%.
The selection of alternative filters is signaled to the decoder for a regular inter mode. The filter index can be inherited from spatial neighbor blocks when the current block use merge mode.
Recommendation: further study in CE.

JVET-N0707 Crosscheck of JVET-N0309 (Non-CE4: Switched half-pel interpolation filter) [N. Hu (Qualcomm)] [miss] [late]

JVET-N0332 Non-CE4: MVD scaling issue for LTRPs [Y.-W. Chen, X. Xiu, T.-C. Ma, X. Wang (Kwai Inc.)]
In this proposal, it is proposed to disable the motion vector difference (MVD) scaling process for MMVD when a picture refers to a long-term reference picture as a reference for inter prediction. It is suggested to consider the LTRP in refining the specification for MVD scaling process for MMVD. The simulation results reportedly show that the propose modification introduces no coding performance for VTM-4.0 under CTC.
The proposed method is a fix of the current MMVD design in case LTRP is used.
Recommendation: adopt.

JVET-N0680 Crosscheck of JVET-N0332 (Non-CE4: MVD scaling issue for LTRPs) [G. Ko, D. Kim, J. Jung, J. Son, J. Kwak (WILUS)] [miss] [late]

JVET-N0334 CE2/4/9-related: Overflow prevention in motion field storage [X. Xiu, Y.-W. Chen, T.-C. Ma, X. Wang (Kwai Inc.)]
It is reported that in the VVC working draft 4, the motion vectors (MVs) derived by merge mode with motion vector difference (MMVD) and decoder side motion vector refinement (DMVR) and the control-point motion vectors (CPMVs) derived by constructed affine merge candidates may exceed the range of the valid MV/CPMV values, i.e., 18-bit. In this contribution, it is proposed to clip those problematic MVs/CPMVs to prevent the 18-bit overflow for the MV storage in the VVC. 
Additionally, in the current working draft, MV clipping is applied to regular inter non-merge mode and affine non-merge mode to ensure the calculated MVs/CPMVs after the addition of the MV/CPMV predictors and the MV/CPMV differences are within the 18-bit dynamic range. However, such clipping operations are missing in the VTM-4.0 reference software. The contribution proposes to change the software to be aligned with the working draft.
Simulation results show the proposed changes have no impact on the BD-rate performance under common test condition (CTC).
The first part of MV clipping is a fix of the current design.
The second part align the SW with the text.
Recommendation: adopt the first part. Adopt the second part (SW).

JVET-N0681 Crosscheck of JVET-N0334 (CE2/4/9-related: Overflow prevention in motion field storage) [P. Hanhart (InterDigital)] [miss] [late]

JVET-N0335 CE2/4-related: unification of MV rounding [X. Xiu, Y.-W. Chen, T.-C. Ma, X. Wang (Kwai Inc.)]
See notes in JVET-N0085.

JVET-N0621 Crosscheck of JVET-N0335 (CE2/4-related: unification of MV rounding) [C.-M. Tsai (MediaTek)] [miss] [late]

JVET-N0336 CE2/4-related: On motion field storage reduction for spatial motion prediction [X. Xiu, Y.-W. Chen, T.-C. Ma, X. Wang (Kwai Inc.)]
In this contribution, two methods are proposed to reduce the size of motion field storage for spatial motion prediction. In the first method, except the motion vector (MV) candidates of history-based motion vector prediction (HMVP), all the MVs of 4×4 subblocks and the control-point motion vectors (CPMVs) of affine coding units (CUs) are converted into one 8-bit mantissa and 4-bit exponent representation prior to the storage. In the second method, only the MVs that stored in line-buffer, i.e., the MVs from neighboring 4×4 subblocks from top CTUs, are represented based on 7-bit mantissa and 4-bit exponent format while all the other MVs and CPMVs in local buffer are still stored in the original bit-depth. It is asserted that for 4K video, both the proposed methods can reduce the size of motion field storage by > 30%. Simulation results show the negligible impact of the proposed methods on BD-rate performance.
The difference from JVET-N0084 is compressing MV into 11 bit instead of 10.

JVET-N0515 Crosscheck of JVET-N0336 (CE2/4-related: On motion field storage reduction for spatial motion prediction) [Y.-L. Hsiao (MediaTek)] [miss] [late]

JVET-N0340 CE4-related: An improved method for triangle merge list construction [X. Wang, Y.-W. Chen, X. Xiu, T.-C. Ma (Kwai Inc.)]
Discussed in Track B.

JVET-N0587 Cross-check of JVET-N0340: CE4-related: An improved method for triangle merge list construction [H. Wang (Qualcomm)] [miss] [late]

JVET-N0373 Non-CE4: HMVP unification between the Merge and MVP list [H. Lee, J. Kang, S.-C. Lim, J. Lee, H. Y. Kim (ETRI)]
This contribution proposes two unification methods of using HMVP candidates in the both merge candidates list and MPV candidates list construction. 1) Same as AMVP, the HMVP candidates, from the first entry to the last entry in the HMVP table, are added in the merge list without redundant check. Also, 2) at most 5 HMVP candidates can be checked in MVP list construction. The proposal 1) achieved 0.04% and 0.01% loss in terms of average Luma BD-rate in RA and LDB, respectively. And the proposal 2) achieved 0.00% and -0.02% gain in terms of average Luma BD-rate in RA and LDB, respectively. Both proposal 1) and proposal 2) achieved 0.04% and 0.01% loss in terms of average Luma BD-rate in RA and LDB, respectively. It is asserted by the proponent that the methods have marginal impact on the BD-rate performance while a unification of using HMVP candidates in the merge and MVP list is achieved.
The first part of the proposal removes pruning when in HMVP candidate derivation for regular merge mode, and reverse the scan order when fetching a candidate from HMVP table.
The second part of the proposal set the max number constraint to 5 instead of 4 when checking HMVP candidate in AMVP mode. 

JVET-N0674 Crosscheck of JVET-N0373 (Non-CE4: HMVP unification between the Merge and MVP list) [R. Yu (Ericsson)] [miss] [late]

JVET-N0380 CE4-related: Fix of MMVD signalling [G. Li, X. Li, X. Xu, S. Liu (Tencent)]
See notes in JVET-N0448.

JVET-N0385 CE4-related: modification of HMVP update process inside the shared merging candidate list region [X. Xu, X. Li, G. Li, S. Liu (Tencent)]
See notes in JVET-N0267.

JVET-N0606 Crosscheck of JVET-N0385 (Non-CE4: modification of HMVP update process inside the shared merging candidate list region) [N. Zhang, H. Liu (Bytedance)] [miss] [late]

JVET-N0400 CE4-related: Signaling of maximum number of triangle candidates [X. Li, G. Li, X. Xu, S. Liu (Tencent)]
See notes in JVET-N0447.

JVET-N0647 Crosscheck of JVET-N0400 (CE4-related: Signaling of maximum number of triangle candidates) [Y.-J. Chang (Qualcomm)] [miss] [late]

JVET-N0434 Non-CE4: Unified context model of AMVR and Affine AMVR [Y.-C. Yang, P.-H. Lin (Foxconn)]
This contribution proposes a unified context model method for adaptive motion vector resolution (AMVR) and Affine adaptive motion vector resolution (Affine AMVR). In the current VTM-4.0, up to 4 context models in amvr_flag and 2 context models in amvr_precision_flag are supported and are selected according to inter_affine_flag; To reduce the number of context models, a unified context model in amvr_flag is proposed for both AMVR and Affine AMVR, instead of separate context set for AMVR and Affine AMVR. Compared to VTM4.0, 0.00%/-0.08%/-0.06% YUV-BD rate with 100/100% coding time change are observed in RA condition, and -0.01%/0.15%/-0.12% YUV-BD rate with 100/100% coding time change are observed in LB condition.
It is proposed to reduce the number of context models for coding amvr_flag in regular inter mode from 3 to 1. And further use the same single context model for amvr_flag in both affine AMVR mode and regular AMVR mode.
It is suggested to provide separate results for the first part of the modification, reducing the number of contexts only.
JVET-N0439 CE4-related: supplementary information regarding CE4-4.4 [L. Zhang, K. Zhang, H. Liu, J. Xu, Y. Wang (Bytedance)]
No need for discussion because of the adoption of JVET-N0340.

JVET-N0447 Non-CE4: On triangle merge mode [Y.-J. Chang, C.-C. Chen, W.-J. Chien, M. Karczewicz (Qualcomm)]
In current VTM, the maximum number of triangle merge candidates in uni-prediction candidate list is specified as five without an indicator in higher-level syntax. This contribution proposes to add a tile group syntax element to allow the maximum number of triangle merge candidates to be in the range of 2 to 5, inclusive. As the maximum number of triangle merge candidates specified as 2, it is further proposed to skip the signaling of the merge candidate index for the second triangle block, i.e., merge_triangle_idx1, because merge_triangle_idx1 must be an opposite index of the merge candidate index for the first triangle block, i.e., merge_triangle_idx0. Compared to VTM-4.0 with the number of triangle merge candidates specified as 2, the proposed signaling skip method shows -0.06%/-0.17%/-0.12% YUV-BDrate with 100/100% encoder/decoder runtime for RA configuration, and -0.17%/-0.22%/-0.19% YUV-BDrate with 100/99% encoder/decoder runtime for LB configuration.
It is proposed to signal the number of TPM candidates in tile group header as five_minus_max_num_subblock_merge_cand. The number of candidates is proposed to be in the range of 2 to 5.
It is further proposed to skip signaling the candidate index for the second partition of a CU in TPM mode when the number of TPM candidates is set to 2 in tile group header.
It is commented that if the coding gain of TPM when setting then number of candidates to 2 is too small, an encoder may never set it to 2 in practical applications and we do not need to bother to design for this case. It is reported, when the number of TPM candidates is set to 2, the coding performance of TPM is reported to be -0.11% for RA and -0.32% for LDB.
It is noted that there are other contributions on this topic, JVET-N0400, JVET-N0500.
JVET-N0400 adds a syntax in tile group header, max_num_merge_cand_minus_max_num_triangle_cand, to indicate the number of TPM candidates. The number of candidates is proposed to be in the range of 2 to the max number of regular merge candidate. By this design, the range of TPM candidates depends on the max number of merge candidates.
In addition, it is proposed to parse merge_triangle_flag only when TPM list size is larger than or equal to 2. In case the number is set to 2, the TPM index for the second partition is actually not signaled to the decoder.
JVET-N0500 proposes two methods. Method 1 is the same as N0447 regarding signaling the number of TPM candidates in tile group header.
Method 2 do not introduce additional syntax for signaling the number of TPM candidates. Instead, a mapping table with 6 entries is introduced to set the number according to the max number of merge candidates.
The discussion on this topic is chaired by K. Zhang as recorded below.
One proponent mentioned it was recorded in the meeting notes at the last meeting that regular merge list and sub-block merge list do not need to be with the same size.
Another expert also thinks that it is better not to mix the two merge lists.
One proponent thinks that triangular merge list is different from sub-block merge list because it uses the information from regular merge list.
One experts suggested to consider whether a unified solution is needed to solve the problem for triangular merge and MMVD when the max size of regular merge list is less than 2.
The proponent of JVET-N0400 mentioned than JVET-N0380 addresses the MMVD issue.
The proponent of JVET-N0447 mentioned than JVET-N0448 addresses the MMVD issue.
A clarification about the adoption of JVET-N0340 was discussed. In JVET-N0340, it was whether the size of TPM list can be larger than the size of the regular merge list. The answer from the proponent of N0340: 
The size of TPM list cannot be larger than the size of the regular merge list in JVET-N0340.
It is commented that the TPM list size should be signaled as TPMsize_minus2 and the TPM list can be padded if the regular merge list size is 1. Some other experts had concerns on the redundancy.
Some consensus have been achieved:
1 The size of the TPM list should be a variable, and the decoder should know the variable explicitly or implicitly.
2. Some specific operations are needed if the TPM list size is 2. 
There are 6 candidate solutions to address the problem.
Three proposals: JVET-N0500, JVET-N0447 and JVET-N0400.
It is agreed by three proponents, that the TPM list size should be signaled as Max_TPMsize_minus2.
And there are two options.
1) The number of candidates is proposed to be in the range of 2 to the max number of regular merge candidate.
2) The number of candidates is proposed to be in the range of 2 to 5.

Three candidate options (but without proposals) in the discussion:
1: The TPM list size should be signaled as Max_TPMsize_minus2 and the TPM list can be padded if needed. e.g. the padding method should follow VTM-4.
2: The TPM list size should be signaled as Max_TPMsize_minus2 and the regular merge list should always be constructed with 6 candidates, independent of max_size_merge_list.
3: Signal the TPM list size separately. Allow the maximum TPM list number to be 1.If the max TPM list number is 1, the two TPM partitions will share the same candidate. The signaling of TPM index is also changed.
Revisit in Track B
JVET-N0622 Crosscheck of JVET-N0447 on triangle merge mode [X. Li (Tencent)] [miss] [late]

JVET-N0448 Non-CE4: On MMVD signaling [Y.-J. Chang, W.-J. Chien, C.-C. Chen, M. Karczewicz (Qualcomm)]
In current VTM, the maximum number of MMVD merge candidates is specified as two. These MMVD merge candidates directly uses 2 available merge candidates derived in normal merge candidate list, and are used as MV basis for MV refinement in MMVD. However, it is ambiguous in the current VVC design if the maximum number of normal merge candidates is specified as 1, i.e, MaxNumMergeCand = 1. Therefore, this contribution presents three categories of solutions to address this issue. First category is to derive max(2, MaxNumMergeCand) normal merge candidates if MMVD_Flag is enabled, and derive MaxNumMergeCand normal merge candidates if MMVD_Flag is disabled. Second category is to set MaxNumMergeCand as 2 if the maximum number of MMVD merge candidates is specified as 2. Third category is to set the maximum number of MMVD merge candidates as 1 if MaxNumMergeCand = 1. A tile group flag max_num_mmvd_merge_base_cand could be added in category 2 and category 3 to indicate the number of MMVD merge candidates. The proposed solutions were experimented on top of VTM-4.0.1 with MaxNumMergeCand specified as 1. The solution in category 1 shows -0.92%/-0.89%/-0.92% YUV-BDrate with 96/99% encoder/decoder runtime for RA configuration. The CU-level solution in category 3 shows 0.01%/-0.01%/-0.01% YUV-BDrate with 92/99% encoder/decoder runtime for RA configuration. 
Three methods proposed,
Method 1. If MaxNumMergeCand = 1, 2 normal merge candidates are derived to be MMVD merge candidates as MMVD_Flag enabled in the CU.
Method 2. Signal max_num_mmvd_merge_base_cand which could be 1 or 2, and disallow MaxNumMergeCand = 1 as MaxNumMmvdBaseMergeCand = 2. There are two variations of method 2.
Method 3.1. Set MaxNumMmvdBaseMergeCand = 1 as MaxNumMergeCand = 1.
Method 3.2. Set MaxNumMmvdBaseMergeCand = min(2, MaxNumMergeCand). In case MaxNumMmvdBaseMergeCand is 1, mmvd_merge _flag is not signaled.
Crosschecker prefers method 1.
Method 1 adds an additional base motion vector and does searching of offsets ant the encoder side, instead of adding more regular merge candidates. It is commented that of method 1 should be compared with adding more merge candidates in terms of performance and encoder complexity trade off.
It is noted that an encoder could choose adding more merge candidates while turning off MMVD with current design.
It is noted JVET-N0380 is the same as method 3.2.
Recommendation: adopt method 3.2.

JVET-N0449 CE4-related: Simplification on MMVD distance table [Y. Zhang, Y.-J. Chang, C.-C. Chen, W.-J. Chien, M. Karczewicz (Qualcomm)]
This contribution proposes to simplify MMVD by removing MMVD candidates with the largest two distance offsets in the distance table. Both encoder-only change method and normative change method are tested. With the above mentioned changes on top of VTM-4.0, the reported average Y BD-rate numbers are 0.00% in RA and -0.02% in LDB for encoder-only change method and 0.00% in RA and -0.03% for normative change method. The encoder runtime is 97% in RA and 97% in LDB for encoder-only change method and 97% in RA and 98% in LDB for normative change method.
It is noted that larger offsets may benefits coding performance for video with larger resolution. It seems that there is no desire to drop out larger offsets.
Recommendation (SW): adopt the encoder speed up for MMVD, by reducing the number of offsets from 8 to 6. Add an encoder parameter to control. It is not applied to CTC by default.

JVET-N0670 Crosscheck of JVET-N0449 (CE4-related: Simplification on MMVD distance table) [T.-H. Li, Y.-C. Yang (Foxconn)] [miss] [late]

JVET-N0462 Non-CE4: Mismatch between text specification and reference software on inter prediction mode [J. Nam, H. Jang, N. Park, J. Lim, S. Kim (LGE)]
There is a mismatch between text specification and reference software in the derivation of context increment for inter_pred_idc syntax. This contribution investigated two approaches: 1) text specification is aligned to reference software and 2) reference software aligned to text specification. It has been observed some coding loss when software is aligned to text specification.
Recommendation (bugfix of text): align text with SW on the context modeling of inter_pred_idc. 
It is commented that this kind of bugfix should be reported in bug tracking system.

JVET-N0471 Non-CE4: Simplication of decoding process for SMVD reference indices [H. Lee, J. Kang, S.-C. Lim, J. Lee, H. Y. Kim (ETRI)]
Method 2 was discussed. See notes in JVET-N0235.
Method 1 proposes directly using the first reference picture in list 0 and list1 as the target reference picture for SMVD, and check whether the two target reference pictures are symmetric or not. SMVD is only used when they are symmetric.
It is commented that the performance of the proposed method may be affected if a different GOP structure is used. 

JVET-N0476 Non-CE4: Constraints of picture size in VVC [Y.-W. Chen, X. Xiu, T.-C. Ma, X. Wang (Kwai Inc.)]
In current VVC, the picture width and height have to be multiple of 4 (the smallest CU size). However, when a picture with resolution (8M+4) x (8N+4) is input to the VTM-4.0, the encoder crashes because ALF only supports 4x4 SIMD filtering and (8M+4) x (8N+4) picture results in 2xN/Nx2 chroma region which triggers the encoder crash. It could be fixed easily by supporting 2xN/Nx2 ALF filtering. Another issue is that the merge sharing node of the 4x4 block located at the bottom-right corner of a picture may have region located outside the picture and it may result in undefined operations for MVP derivation. To solve the issue, it is proposed that the picture width and picture height are not necessarily equal to the minimum CU width/height. Instead, the picture width and height are both constrained to be multiples of 8 which is aligned with HEVC; alternatively, to provide more flexibility, the picture width is constrained to be multiples of 8 and picture height is constrained to be multiples of 4. Another solution is that when a boundary of a merge sharing node is located outside a picture, applying a truncation to the boundary to move the boundary of the merge sharing node to be aligned with a picture boundary. The proposed modifications do not bring impact to the coding performance under CTC.
The reported encoder crash is caused by SIMD implementation of ALF. It is suggested to report this in bug tracking system of VTM.
The suggested modification of shared merge list cross picture boundary seems not necessary, since another fix proposed in JVET-M0507 has already been adopted.

JVET-N0483 Non-CE4: Simplification of triangle partition and SBT combination [R.-L. Liao, Y. Ye, J. Chen (Alibaba)]
In this contribution, it is proposed to disable sub-block transform when triangle mode is used. It is reported that, under the CTC, the overall impact for {Y, U, V} is {0.00%, -0.01%, -0.03%} for RA and {0.00%, 0.33%, -0.17%} for LDB.
The proposal is for encoder simplification. But there is no impact on encoder run time.
Proponent claimed that the proposed method benefit a real encoder by simplifying the design.
It is commented that the proposed method may reduce the visual artefact. 
It is commented that SBT could create more edges, and this proposal could reduce the chance of the visual artefact without RD performance impact.
It is commented CE11-2.1 is trying to solve the problem.
Recommendation: adopt.

JVET-N0598 Crosscheck of JVET-N0483: Non-CE4: Simplification of triangle partition and SBT combination [C.-H. Hung, W.-J. Chien (Qualcomm)] [late]

JVET-N0486 CE4-related: Simplification for share merge list and HMVP harmonization process [S. H. Wang (PKU), X. Zheng (DJI), S. S. Wang, S. W. Ma (PKU)]
See notes in JVET-N0267.

JVET-N0643 Crosscheck of JVET-N0486 (CE4-related: Simplification for shared merge list and HMVP harmonization process) [Y.-C. Lin (MediaTek)] [miss] [late]

JVET-N0487 CE4-related: Further simplification of triangle prediction merging candidate list derivation [X.W. Meng (PKU), X. Zheng (DJI), S.S. Wang, S.W. Ma (PKU)]
No need for discussion because of the adoption of JVET-N0340.

JVET-N0499 CE4-related: Simplification for merge list derivation in triangular prediction mode on top of test CE4-4.6.b [T. Solovyev, S. Esenlik, S. Ikonin, J. Chen (Huawei)]
No need for discussion because of the adoption of JVET-N0340.

JVET-N0500 Non-CE4: Restrictions on triangular merge list size [T. Solovyev, S. Esenlik, S. Ikonin, J. Chen (Huawei)] [late]
See notes in JVET-N0447.

JVET-N0525 CE4-related: CE4-4.5 pruning reduction in TPM using regular merge candidates [A. Robert, T. Poirier, F. Le Léannec, F. Galpin (Technicolor)] [late]
No need for discussion because of the adoption of JVET-N0340.

JVET-N0235 CE2-related: Symmetric MVD signalling [J. Luo, Y. He (InterDigital)]
The SMVD is only allowed when the reference picture list satisfied a certain condition. This contribution proposes to signal a flag in SPS and a flag in tile group header respectively to enable/disable symmetric MVD (SMVD). The flag signaled in tile group header can avoid the CU parsing depending on the construction of reference list. It also gives encoder the freedom of switching off SMVD in tile group level. Simulation results show that on average no change in BD rate and complexity comparing to VTM-4.0
It is proposed to add an SPS flag indicting the usage of SMVD.
In additional, a tile group header control flag is proposed for solving a problem when parsing SMVD flag.
It is commented that the reference picture list need to be constructed and then the control variable for parsing SMVD flag can be derived.
It is commented that same problem exists in paring BCW index. The reference picture list need be constructed first.
It is commented that there is a benefit to remove this kind of dependency.
It is proposed signal a flag to indicate whether the two reference pictures used by SMVD exist or not. Meanwhile, the decoder would identify the two reference pictures.
It is commented that it is not guaranteed the flag is consistent with the derivation at the decoder side.
There is a constraint in this contribution to remove possible inconsistency.
It is commented that the constraint is not as safe as the decoder derivation. 
JVET-N0471 proposes similar mechanism. Method 2 propose signaling two reference indices for SMVD in tile group header. SPS and tile group header control flag is also proposed in method 2.
Recommendation: discuss whether parsing CU level syntax depends on the reference picture list construction is a real problem or not in track. 

JVET-N0618 Crosscheck of JVET-N0235 on improvements on bi-directional optical flow [X. Li (Tencent)] [miss] [late]
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