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Summary
One session was held between 15:00 ~ 20:15 on January 12, 2019, for discussing 12 technical contributions in two categories, BDOF (7 contributions) and DMVR (5 contributions).
Recommendations
Recommended for adoption 
JVET-M0063 Non-CE9: An improvement of BDOF
Generalization of BDOF bit-depth restriction for internal bit-depths other than 10 bit. 
No impact on CTC.
8-bit coding scenario: -0.32/-0.32/-0.31% change in BD-rate (Y/CB/CR)
12-bit coding scenario: -0.46/-0.03/0.08% change in BD-rate (Y/CB/CR)
Recommended for study in CE (BDOF) 
JVET-M0073 Non-CE9: On early termination for BIO
JVET-M0249 Non-CE9: Modifications on Bi-Directional Optical Flow 
JVET-M0284 CE9-related: BDOF Modifications to Enable 64x64 VPDU
Regarding hardware implementation of BDOF, at least, there are two or three problems.
One is a buffering latency of SAD calculation for early termination before BDOF.
Second is huge number of memory access with large CU.
Third is memory access limitation to enable VPDU.
Creating a new CE to solve above problems. 
Recommended for study in CE (DMVR) 
JVET-M0077 CE9-related: Relaxation of block size restriction for DMVR
-0.81/-0.90/-1.00% % change in BD-rate (Y/U/V) with 111/119% enc/dec time. 
JVET-M0078 CE9-related: Combination of JVET-M0077 and CE9.2.5
Study early termination aspect of M0078 (which is also described in M0062) separately if MRSAD version of DMVR is included. 
JVET-M0148 Non-CE9: Simplifications to DMVR search pattern and interpolation for refinement 
First part proposes to replace 25 sample search space with 13 total points.
Approximately: 0.08/0.1/0.09% BD-rate change (Y/U/V) w.r.t. to the anchor that is used (CE9.2.1g). 
Second part proposes simplification in complexity of bilinear interpolation of DMVR CE9.2.1g version
0.04/0.03/0.04 BD-rate change (Y/U/V) w.r.t the anchor that is used (CE9.2.1g).
JVET-M0516 Non-CE9.2.1.e: Non-local-mean-based MRSAD and Row-subsampled Search Pattern for DMVR 
Solution 1: proposes Non-local mean value calculation for MRSAD
0.07% Luma BD-rate increase with same enc/dec times.
Solution 2: proposes 15 point row-subsampled search pattern. 
0.17% Luma BD-rate increase with about 2% reduction in dec time
Solution 3: proposes to disable DMVR for 4xN and 8x8 DMVR.
0.06% Luma BD-rate increase with about 3% reduction in dec time
Solution 4: proposes to disable DMVR for 4xN and 8x8 DMVR, and also remove padding, such that the worst case memory BW is kept constant. 
0.04% Luma BD-rate increase with about 3% reduction in dec time
Recommended for revisit in track
JVET-M0223 Non-CE9: Co-existence analysis for DMVR with BDOF
JVET-M0316 CE9-related: simplification of BDOF
JVET-M0517 Non-CE9: Methods for BDOF complexity reduction
Recommended for adoption: JVET-M0063 (Generalization of BDOF bit-depth restriction for internal bit-depths other than 10 bit) 
Recommended for study in CE (BDOF): JVET-M0073, JVET-M0249, JVET-M0284. 
Recommended for study in CE (DMVR): JVET-M0077, JVET-M0078, JVET-M0148, JVET-M0516.  
Recommended for revisit in track: JVET-M0223, JVET-M0316, JVET-M0517.
[bookmark: _Ref518893163]BDOF (7)
JVET-M0063 Non-CE9: An improvement of BDOF [T. Chujoh, T. Ikai (Sharp)]
BDOF (bi-directional optical flow) is a method to improve bi-directional prediction efficiency by using gradient information. Current specification of working draft has been designed to perform all operations within 32-bit on CTC. In this contribution, a specification corresponding to the bit-depth other than 10-bit on CTC is proposed. Since 10-bit profile shall support 8-bit coding, this specification is needed. The changes are to replace some fixed shift values to bit-depth variables. The operations within 32-bit can be kept. As a result of experiments in which the 8-bit sequence was coded with 8-bit, 0.32% gain on average has been improved.
Discussion:
It is asserted by the proponent that BIO gradient calculations are still within 32 bits if 8 bit or 12 bit internal bitdepth is used.
No change in BD-rate performance in CTC. Also algorithm is same in CTC conditions. 
8-bit coding scenario: -0.32% Luma and -0.32%/-0.31% Cb/Cr coding gain is observed.
12-bit coding scenario: -0.46% Luma and -0.03%/0.08% Cb/Cr coding gain is observed.
8-bit results have been crosschecked by the crosschecker. 
Q: is there a bug for bit-depth 12? 
A: yes.
One expert commented that this looks like a bug, and supported fixing it.
Related contribution: JVET-M0517.
BoG Recommendation: BoG recommends adoption.

JVET-M0652 Crosscheck of JVET-M0063 (Non-CE9: An improvement of BDOF) [K. Choi (Samsung)] [late] [miss]

JVET-M0073 Non-CE9: On early termination for BIO [K. Kondo, M. Ikeda, T. Suzuki (Sony)]
In this contribution, it is mentioned that the sum of absolute difference (SAD) to early exit in bi-optical flow (BIO) increases hardware complexity, and the solutions are introduced. The SAD calculation is processed in CU level but it may increase the memory size up to CTU level. To avoid memory size up, the SAD calculation is divided into the virtual pipeline data unit (VPDU). Simulation results reportedly show 0.00%, 0.01% and -0.01% BD-rate for Y, U and V component in Random Access (RA) configuration.
Discussion:
Related contributions: JVET-M0249, JVET-M0284.	
Solution 1: splits the SAD computation region into 64x64, 32x32 and 16x16 regions. 
64x64: 0.00/0.01/-0.01 % change in BD-rate, 1/1% enc/dec time increase.
32x32: 0.00/0.01/-0.00 % change in BD-rate, 1/1% enc/dec time increase.
16x16: -0.01/0.00/-0.02 % change in BD-rate, 1/1% enc/dec time increase.
Solution 2: Disable early termination for blocks that has one side bigger than 64.
0.00/0.01/-0.01 % change in BD-rate, 0/1% enc/dec time increase.
Solution 3: Disable BDOF for blocks that has one side bigger than 64.
0.16/0.14/0.09% change in BD-rate, 99/97% enc/dec time.
Q: does this proposal only change the first step (CU-based) early termination? 
A: yes.
Q: in solution 1 can the SAD calculation region still cross VPDU boundary?
A: 128x16 blocks are also split along one dimension, which can happen only at picture boundary. 
	
Recommendation: (see under M0284)

JVET-M0813 Cross-check of JVET-M0073: Non-CE9: On early termination for BDOF [S. Bandyopadhyay (InterDigital)] [late] [miss]	

JVET-M0241 CE9-related: A simple gradient calculation at the CU boundaries for BDOF [H. Lee, J. Kang, S.-C. Lim, J. Lee, H. Y. Kim (ETRI)]
In this contribution, an alternative simple gradient calculation is proposed for the samples on CU boundaries without interpolation of the prediction samples in the extended area. After CU boundary samples are directly copied into the extended area, the gradients for the samples on the CU boundaries are calculated with the same gradient filter as that for the samples inside CU. It is reported that the average luma BD-rate is reportedly 0.11% with encoding times of 99% and decoding times of 98% for RA configuration compared to VTM-3.0. Compared to CE9.1.1.c, it is reported that average luma BD-rate is reportedly 0.01% with encoding times of 100% and decoding times of 100% for RA configuration.
Discussion:
Compared to VTM3.0: 0.11/0.01/-0.01% BD-rate change with 98/98% enc/dec time. 
The main difference with 9.1.1b is that 9.1.1b use integer reference samples, but this proposal uses the interpolated samples to pad the extended region before gradient calculation. 
9.1.1b was providing approximately 0.06% loss. 
BoG recommendation: Further study outside CE.

JVET-M0568 Crosscheck of JVET-M0241 (CE9-related: A simple gradient calculation at the CU boundaries for BDOF) [T. Chujoh (Sharp)] [late]

JVET-M0249 Non-CE9: Modifications on Bi-Directional Optical Flow [H. Liu, L. Zhang, K. Zhang, J. Xu, Y. Wang, P. Zhao, D. Hong (Bytedance)]
In current VVC, Bi-directional Optical Flow (BDOF) could be performed for large CUs like 128x128, 128x64 and 64x128 CUs, which requires large memory. Meanwhile, in early termination stage of BDOF, Sum of Absolute Difference (SAD) between two reference blocks shall be calculated, which increases the worst-case computational complexity. This contribution proposes to modify BDOF in two aspects: first, when a CU contains more than N (e.g., N = 4096 or 1024) pixels, it is split into multiple sub-blocks and BDOF is performed for each sub-block; second, SAD is calculated only for some pixels instead of all pixels. Simulation results reportedly show negligible impact on compression performance.
Discussion:
Solution 1: splitting a BDOF region into subblocks.
· Test 1: subblock size is 4096 (resulting sub-block). 0.00/0.00/-0.01 Y/CB/Cr BD-rate with 101/100% enc/dec time. 
· Test 2: subblock size is 1024 (resulting sub-block). -0.01/0.03/0.01 Y/CB/Cr BD-rate with 100/100% enc/dec time. 
Solution 2: using 4 corners only to calculate SAD in a 4x4 sub-block. 0.01/0.03/-0.02 Y/CB/Cr BD-rate with 100/99% enc/dec time.
The difference between this proposal and the proposal M0073 is that this proposal splits the BDOF application region and the M0073 only splits the early termination region.
Q: Regarding solution 2, are the number of operations increased? 
A: No, the number of operations are reported to be decreased by around 75%.
Regarding solution 2, One expert suggested that 4 corner calculation might not be SIMD friendly. 
Regarding solution 2, The SAD calculation is not a huge proportion of the total BDOF computation. 
Crosschecker confirms the results and that the description is same as implementation
Recommendation for solution 1: (See under M0284)
Recommendation for solution 2: Study in CE regarding BDOF complexity reduction.



.
JVET-M0731 Crosscheck of JVET-M0249 (Non-CE9: Modifications on Bi-Directional Optical Flow) [T.-H. Li, Y.-C. Yang (Foxconn)] [late] [miss]

JVET-M0284 CE9-related: BDOF Modifications to Enable 64x64 VPDU [H. Chen, X. Ma, S. Esenlik, H. Yang, J. Chen (Huawei)]
{Chaired by T. Chujoh}
In this contribution, four solutions in order to enable 64x64 square VPDU (Virtual Pipeline Data Unit).are proposed.
Proponent recommend the solution 2.
It is splitting BDOF application region into 2 or 4 smaller sub-regions, if the region crosses a 64x64 VPDU boundary, 
The experimental results show on average, 0.02%/0.03%/0.01%, loss, and Enc./Dec.Time /102%/103%.
Several people asked what the problem is.
The page 3 on their power point explains the problem.
Accessing bottom and right boundary areas of VPDU is a problem.
One non-proponent supported soultion2.
General discussion about JVET-M0073, M0249 and M0284.
Regarding hardware implementation of BDOF, at least, there are two or three problems.
One is a buffering latency of SAD calculation for early termination before BDOF.
Second is huge number of memory access with large CU.
Third is memory access limitation to enable VPDU.
Participants of BoG understood those problems about BDOF.
BoG recommendation: Creating a new CE to solve above problems. 

{Further discussion chaired by S. Esenlik}
It is suggested by experts that the CE shall list the pros and cons of each approach and which problem is solved by individual proposals and which cannot be solved. 
The complexity of each approach should be evaluated in CE.
It is recommended that the solution (potentially a combined one) that can solve all of the above mentioned 3 problems is desirable. 

JVET-M0486 Cross-check of JVET-M0284: CE9-related: BDOF Modifications to Enable 64x64 VPDU [S Bandyopadhyay (InterDigital)] [late] [miss]

JVET-M0316 CE9-related: simplification of BDOF [J. Li, R.-L. Liao, C. S. Lim (Panasonic)]
This contribution simplifies BDOF in VTM3.0 by removing up to 98% multiplications operations. Experimental result shows 0.15% luma BD-rate change in RA and 5% decoding time reduction.
Discussion:
0.15/0.11/0.08% BD-rate reduction with 99/95% enc/dec time. 
The proposal reports one advantage of reducing the accumulator sizes to be restricted to 16 bits. 
All multiplication operations are reported to be removed by the proposal. 
The simulation results are crosschecked by the crosschecker. 
BoG Recommendation: Revisit it track. 
JVET-M0701 Cross-check of JVET- M0316 (CE9-related: simplification of BDOF) [J. Zhao (LGE)] [late]
JVET-M0517 Non-CE9: Methods for BDOF complexity reduction [S. Sethuraman (Ittiam)]
In this proposal, a decimated set of positions from the original 6x6 positions are employed for each 4x4 block of samples when obtaining sample value differences and sample gradient sums across corresponding L0 and L1 positions and the impact of BDRATE gain of BDOF is studied. Specifically, a 2x vertical decimation is used so that only positions on alternate lines are considered. This can nearly halve the number of multiplications and additions required for the computation of the flow vector. The BDRATE impact with this change is very minimal (~0.05%). Other decimation configurations such as quincunx down-sampling are also studied where the BDRATE impact is shown to be negligible.
In addition, given that certain steps of BDOF require working at 32-bit intermediate precision at the individual sample or sample gradient level, some bit-depth related modifications are proposed in this contribution. Also, the impact of restricting the product terms from performing a 11-bit x 11-bit multiplication to an 8-bit x 8-bit multiplication is studied. Two methods of realizing the bit-depth restriction for the multiplication are presented. The results show that selectively losing a combination of some least significant bits and performing signed saturation of the intermediate terms that sacrifice some information in the most significant bits, it is possible to replace the 11-bit x 11-bit multiplications with 8-bit x 8-bit multiplications while having a negligible impact on coding efficiency.
It is proposed that both these simplifications be considered for adoption as part of BDOF.
Discussion:
Related to M0316
First solution: decimated optical flow calculations
Alternate rows: 0.05/0.01/0.02% Bd-rate change with no enc/dec time change
Quincunx: 0.01/-0.01/-0.01% with 101/101% enc/dec time.
It is reported by proponent that the increase in dec time is due to non-optimal implementation.

Second solution: bit-depth reduction for registers/accumulators
Method-1: 0.25/0.09/0.04% BD-rate change with 103/102 enc/dec time.
Method-2: -0.01/0.01/0.01% BD-rate change with 103/103 enc/dec time.
Same comment here that implementation might not be optimized. 
One expert suggested that method-2 looks promising but it must be checked whether there is a side effect. 
Proponent suggested that the 0.25% loss in method 1 might not justify the reduction in complexity. 
If this proposal and also M0316 are studied in CE, the CE should describe how the reduction in complexity is computed. 
Other experts seconded this. 
BoG recommendation: Revisit in track together with M316.
JVET-M0796 Crosscheck of JVET-M0517 (Non-CE9: Methods for BDOF Complexity Reduction) [C.-C. Chen, W.-J. Chien (Qualcomm)] [late] [miss]

DMVR (5)
JVET-M0077 CE9-related: Relaxation of block size restriction for DMVR [K. Unno, K. Kawamura, S. Naito (KDDI)]
This contribution presents relaxation method of block size restriction for decoder-side motion vector refinement (DMVR). The CE9.2 base software (same as CE9.2.1a) restricts DMVR for blocks larger than 1024 pixels. In this contribution, it is proposed that only central 1024 pixels region is used for DMVR in case of block size is larger than 1024 pixels. And it is also proposed that DMVR is restricted in case of block size is larger than 4096 pixels to meet VPDU constraints (same as CE9.2.6). BD-rate for luma is 0.81% compared with VTM-3.0.
Discussion:
W.r.t. VTM3.0, -0.81/-0.90/-1.00% with 111/119% enc/dec time. 
It was reported that the 4096 constraint is used to obey VPDU constraint. 
Q: what is the BD-rate gain compared to Sub-block approach?
A: not now. 
This proposal seems to be alternative to the sub-block approach of DMVR.
One expert suggested that pre-fetch cache access is increased in this proposal compared to sub-block approach.
This proposal has the advantage of not requiring to apply deblocking at sub-block boundaries, since no sub-block boundary is created. 

BoG recommendation: Study in CE if one is established for DMVR. 
   
JVET-M0567 Crosscheck of JVET-M0077 (CE9-related: Relaxation of block size restriction for DMVR) [T. Chujoh (Sharp)] [late]

JVET-M0078 CE9-related: Combination of JVET-M0077 and CE9.2.5 [K. Unno, K. Kawamura, S. Naito (KDDI), T. Chujoh, T. Ikai (Sharp)]
The cross checker reports that the source code provided by KDDI who proposes JVET-M0077 has been carefully analysed and has been found to be consistent with the description in JVET-M0077. The cross checker could reproduce the results reported in JVET-M0077. The difference from measured encoder and decoder run time ratios to those reported in JVET-M0077 is acceptable.

This contribution is straightforward combination of M0077 and CE9.2.5 contribution (M0062). 
One expert suggested that it would be preferable to apply MRSAD based early termination as in M0062, if DMVR is included in VTM. The expert clarified: The early termination should use the same cost function (SAD/MRSAD) that is used by DMVR. 
BoG Recommendation: Study early termination aspect of M0078 (which is also described in M0062) separately if MRSAD version of DMVR is included.  
JVET-M0636 Cross-check of JVET-M0078 (CE9-related: Combination of JVET-M0077 and CE9.2.5) [Y. Kato, K. Abe, T. Toma (Panasonic)] [late] [miss]

JVET-M0148 Non-CE9: Simplifications to DMVR search pattern and interpolation for refinement [S. Sethuraman (Ittiam)]
In this proposal, two simplifications to the DMVR studied in CE9.2 are proposed. The first simplification is related to changing the refinement range from a square shaped pattern to a rhombus shaped pattern with the same +/-2 refinement range in order to facilitate simultaneous evaluation of cost at all 13 positions in order to get the best timing in hardware. Along with this simplification, for the purposes of average decoder time reduction, a 2-stage search pattern is proposed. Also, to counter the BDRATE drop due to the reduced number of refinement positions, the parametric 2-D error surface concept of JVET-K0041 is extended to consider a 1-D parametric error surface. These changes together result in a 0.08% BDRATE drop relative to CE9.2.1g.
The second simplification is related to the bilinear interpolation performed for DMVR. Currently, bilinear interpolation is performed at 1/16th of a pixel precision for the fractional part of the merge MV in the horizontal and vertical directions. This requires 10-bit x 4-bit multiplications for horizontal interpolation, and 14-bit x 4-bit multiplications for the vertical interpolation. Integer grid samples based refinement proposed in JVET-K0275 obviates the need for such interpolation and has an average BDRATE drop of ~0.15% when compared to using bilinear interpolation. In this proposal, a multiplication-free interpolation option is proposed that uses quarter-pixel accuracy when performing 1-D interpolation and half-pixel accuracy when performing 2-D interpolation and retains 0.11% BDRATE gain over integer grid samples based refinement.
The combination results of these two are presented with three different cost functions of which two of them facilitate a row-level pipeline between interpolation for refinement and the cost evaluations at the refinement positions.
Discussion:
First part proposes to replace 25 sample search space with 13 total points. 2-pass approach is also possible where 5+5 samples are evaluated. Additionally 1-D parametric displacement function is applied for sub-pel refinement.
Approximately: 0.08/0.1/0.09% BD-rate change w.r.t. to the anchor that is used (CE9.2.1g). 
Second part proposes simplification in complexity of bilinear interpolation of DMVR CE9.2.1g version. It is suggested to round the initial motion vector to closest integer or hal-pel sample position as well as 1/4 pel (which lies only on the horizontal or vertical line connecting 2 integer samples).
0.04/0.03/0.04 BD-rate change w.r.t the anchor that is used (CE9.2.1g).

Results for combination are also presented.
BoG recommendation: Study in CE.  
JVET-M0506 Crosscheck of JVET-M0148 (Non-CE9: Simplifications to DMVR search pattern and interpolation for refinement) [X. Chen (HiSilicon)] [late] [miss]

JVET-M0223 Non-CE9: Co-existence analysis for DMVR with BDOF [S. Sethuraman (Ittiam)]
BDOF was adopted into VTM at the last meeting and offered 1.17% luma average BDRATE gain over VTM3.0 and smaller gains in chroma as it does not apply to chroma. DMVR which relies on symmetric bilateral matching of the bi-predictive patches is shown to provide an additional 1.13% luma average BDRATE gain (with similar gains in chroma) over VTM3.0 in the CE9.2 results. Hence, these two decoder-side inter prediction refinement tools can offer a total of 2.30% average BDRATE gain with higher gains for UHD content. The method proposed in CE9.2 is one architecture for co-existence of DMVR and BDOF where final MC has a dependency on DMVR, and BDOF has a dependency on final MC samples which create timing issues for hardware designs. 
In this proposal, two alternative architectures are proposed for better co-existence of DMVR and BDOF. In the first architecture, the optical flow vectors are solved using the same interpolation performed for DMVR. However, the final correction is applied using these computed optical flow vectors and the gradients computed from final MC samples, with only the non-available boundary sample gradients coming from the interpolated samples used for refinement. This improves concurrency between flow computation and final MC and in conjunction with DMVR improvements suggested in JVET-M0148 can improve the overall timing for bi-prediction involving both DMVR and BDOF. However, this new architecture needs to forego the error surface based sub-pixel delta-MV for performing the final MC for luma. With flow vector calculations using slightly different interpolated samples, this method results in a 0.13% drop in BDRATE, implying that the combination of DMVR and BDOF still offer an average BDRATE gain of -2.17%, -1.56%, -1.67% over VTM3.0 minus BDOF.  In the second architecture, in order to fit both DMVR and BDOF in a row-level pipeline with DCTIF based interpolation and fit it all in a single sub-PU pipeline slot, BDOF determines the optical flow vectors for a sub-PU without depending on the delta-MV from DMVR. A decision is made between DMVR vs. BDOF for luma inter prediction and a gradient based correction applied according to this decision. This architecture results in an average BDRATE gain of -0.66%, -0.95%, -1.09% over VTM3.0.
Discussion:
Q: about the second architecture which path is the critical path? 
A: probably DMVR is 1/3 of BDOF if multiplications of BDOF are counted are as additions.
The reported benefit is to remove additional buffers and to improve the timing in architecture-2. 
Proponent suggests that if the CE9.2 architecture is acceptable, these new architecture would not be necessary. The goal of the contribution is to show alternative designs for DMVR and BDOF coexistence in case CE9.2 is not acceptable.
Information in the presentation shows BDOF gain aprrox. -1.17% in VTM3.0, DMVR has -1.41%, and jointly -2.30%, implying that overlap is 0.28%. 
Proponent reported that DMVR provides higher coding gain with less computation but with higher memory footprint.
Architecture-1 proposes shared motion compensation for DMVR and BDOF optical flow estimation with the goal of reducing the internal memory requirement.
-1.00/-1.25/-1.35 with 109/117% enc/dec time. 
Variant of Architecture-1 proposes a common MC (which is DCTIF in single pass) that is used for both BDOF and DMVR, affectively eliminating Bilinear interpolation for refinement.

Architecture 2, is proposing application of DMVR search and flow vector estimation to happen in parallel. At the end decision between application of DMVR and BDOF is taken based delta-MV from DMVR and the cost reduction of DMVR. 
-0.66/-0.95/-1.09 with 103/116% enc/dec time. This one is using additional elements proposed in M0148 (13 point search pattern and PR-MRSAD which jointly bring 0.14% drop). 

BoG Recommendation: Revisit in track if CE9.2 is not acceptable.
JVET-M0797 Crosscheck of JVET-M0223 (Non-CE9: Co-existence Analysis for DMVR with BDOF) [C.-C. Chen, W.-J. Chien (Qualcomm)] [late] [miss]

JVET-M0516 Non-CE9.2.1.e: Non-local-mean-based MRSAD and Row-subsampled Search Pattern for DMVR [C.-C. Chen, W.-J. Chien, M. Karczewicz (Qualcomm)]
This proposal presents a modified MRSAD with non-local mean and a row-subsampled search pattern to reduce the computational complexity of DMVR. The former is the same MRSAD as for CE9.2.1.e, except that the mean value of MRSAD is replaced by a constant shared over all searched blocks. This constant is the mean value of the block at the center of the search area. The latter is to confine the searching granularity of integer-interval motion vector refinement from 1-pel interval to 2-pel interval for vertical motion vector component. With row-subsampled MRSAD as in CE9.2.1.e, only the samples with even row indices on the search area are involved in the process of motion vector refinement, and thus the search area size is reduced by half. In addition, DMVR with 8x8/4xN CUs disabled were tested on top of the proposed methods with or without pre-fetching extra samples for motion compensation. As reported from the experimental results, non-local mean and row-subsampling search provide 1.05% and 0.95% of Y BD-rate saving relative to the VTM-3.0 anchor, respectively. The number becomes 0.87% when both are combined. When 8x8/4xN CUs are disabled with and without extra pre-fetched samples, the Y BD-rate savings are reported to be 1.06% and 1.08%, respectively. All the methods are combined to produce 0.84% of Y BD-rate saving.

Discussion:
6 solutions are proposed in the contribution 2 of which are straightforward combination of individual items. Solutions are implemented using the CE9.2.1e software. The reported results are deltas to CE9.2.1e results. 
Solution 1: proposes Non-local means calculation for MRSAD
0.07% Luma BD-rate increase with same enc/dec times.
Solution 2: proposes 15 point row-subsampled search pattern. 
0.17% Luma BD-rate increase with about 2% reduction in dec time
One expert suggested that this method reduces the internal memory requirement. 
Solution 3: proposes to disable DMVR for 4xN and 8x8 DMVR.
0.06% Luma BD-rate increase with about 3% reduction in dec time
Solution 4: proposes to disable DMVR for 4xN and 8x8 DMVR, and also remove padding, such that the worst case memory BW is kept constant. 
0.04% Luma BD-rate increase with about 3% reduction in dec time
BoG recommendation: study the 4 aspects in CE. 

JVET-M0577 Crosscheck of JVET-M0516 (Non-CE9.2.1.e: Non-local-mean-based MRSAD and Row-subsampled Search Pattern for DMVR) [S. Esenlik (Huawei)] [late] [miss]
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