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Summary
The BoG met in 2 sessions in order to discuss CE9 (decoder motion vector derivation) related contributions. The sessions were held on 7 July 2019 from 11:30 to 13:45 and from 15:00 to 17:00.
BoG Recommendations
Recommended for adoption
JVET-O0594 CE4-related: Prediction sample padding unification for BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]
Aspect 1: 
The padding of PROF is applied to BDOF (unification). The coding impact is: Y:-0.05% U:-0.01% V:0.00% for RA configuration. It is proposed that the BDOF padding operation uses the nearest integer sample position.
Aspect 1a of JVET-O0252, JVET-O0506, JVET-O0615 and JVET-0624 method 3 are identical 
Recommended for further study in CE
JVET-O0123 Non-CE4: Alignment of BDOF refinement process with PROF [J. Li, C. Lim (Panasonic)]
The sample refinement bdofOffset is clipped to the range of -2^13 to 2^13-1 as in the case of PROF.
JVET-O0210 Non-CE9: BDOF for chroma components [T. Chujoh, E. Sasaki, T. Ikai (Sharp)]
YUV4:2:2 are 0.01%/0.46%/0.52% with and without speedup the decoding time are 5% and 3%. 	
YUV4:4:4 are 0.00%/0.56%/0.95% with and without speedup the decoding time are 6% and 4%.
RGB4:4:4 are 0.15%/0.94%/1.51% with and without speedup the decoding time are 6% and 4%. 
Proposes to enable BDOF for chroma components. Vx and Vy calculation of Luma is reused to derive the chroma refinement. Another method to enable BDOF for chroma components would be to apply BDOF for each component independently (Without sharing of information). Compared to this approach, the proposal can reduce the decoding time by 1/3, from 12% to 4% (in 4:4:4 coding).
JVET-O0252 CE4-related: Alignment and simplification of PROF and BDOF [H. Huang, W.-J. Chien, V. Seregin, M. Karczewicz (Qualcomm)]
Aspect 1b: Refinement clip range of BDOF is changed to that of PROF, which is [–mvRefineThr, mvRefineThr-1]
Aspect 2: The additional part of Aspect 2 (w.r.t. JVET-O593) is to remove the shift operation in the bdofOffset calculation. The vx and vy precision is suggested to be changed to [-64 63].
Test Aspect 1b and Aspect 2 in CE.
JVET-O0281 CE4-related: Alignment of displacement bitdepths for BDOF and PROF [C.-Y. Lai, T.-D. Chuang, C.-Y. Chen, C.-W. Hsu, Y.-W. Huang, S.-M. Lei (MediaTek)]
The proposal is about modifying the range of both BDOF and PROF operations such that the clip range corresponds to [-32, 31] in 10bit coding scenario. 
The second aspect is to remove PROF offset clipping which is [-2^13 , 2^13-1]. 
JVET-O0577 Non-CE9: Bi-directional optical flow (BDOF) for chroma components [W. Chen, Y. He (InterDigital)]
Proposes to enable BDOF for chroma components. The reported simulation result shows that comparing to VTM-5.0, average BD rate savings for RA are {-0.02%, -0.39%, -0.49%}.
JVET-O0583 CE4-related: Prediction refinement with optical flow for chroma components for affine mode [Y. He, W. Chen (InterDigital)]
Proposes to enable PROF for chroma components. 4x4 sub-blocks for chroma PROF. 
On top of the adopted PROF, the following coding gains are reported: RA:{-0.04%, -0.46%, -0.62%} and LDB: {-0.01%, -0.26%, -0.39%}. 1% RA and 1% LDB decoding time increase on top of the adopted PROF method. 
JVET-O0593 CE4-related: Harmonization of BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]
PROF mv refinement (vx, vy) clip range is changed from [2^max(6,BD-6), 2^max(6,BD-6)-1] to  [2^max(5,BD-7), 2^max(5,BD-7)-1]. This would make the clip range when BD=10 bits [-32, 31], same as BDOF. Coding gain impact: 0.01 and 0.02 loss in RA and LDB. 
The precision of the refinement vector is reduced. in 10 bit scenario, the fixed 7 bit-shift is replaced by a variable bitshift operation depending on the internal bit-depth. On the other hand the shift amount is always 8 between the operation ranges of 8 bits to 10 bits. This BD dependent shift equation is identical to BDOF. At the end the precision of the mv refinement can be made same as to BDOF. 
JVET-O0594 CE4-related: Prediction sample padding unification for BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]
Aspect 3: Remove the 1-bit right shift operation and the sample clipping of PROF at the stage of final prediction computation. 
Recommended to revisit in track
JVET-O0570 Non-CE9: Unified gradient calculations in BDOF [H. Liu, L. Zhang, K. Zhang, Z. Deng, N. Zhang (Bytedance)]
Test 1: 
Do shift first for both spatial and temporal gradient calculation. Prediction samples are first downshifted by 6 bits (in 10 bit coding) and subtraction is performed afterwards to obtain the gradients. The test1 applies to both PROF and BDOF. The motivation is to be able to perform the subtraction operation in 16 bit logic. Moreover it is reported that the current PROF might have an overflow issue due to implementation of this operation in 16 bit SIMD logic.
Recommended to revisit test 1 in track after full tester and crosschecker results are available. 
JVET-O0573 Non-CE9: Restriction on motion vector refinement in BDOF [H. Liu, L. Zhang, K. Zhang, H.-C. Chuang, J. Xu (Bytedance)]
The contribution restricts the refinement motion vector values to 0, -2^N and 2^N. 
For BDOF 0.01 gain RA. For PROF and BDOF together 0.02 coding loss (the anchor is VTM5.0+PROF). 
According to this contribution the PROF mv refinement is obtained by rounding to nearest 2^N. for BDOF the division operation is modified slightly. 
2 multiplications per sample can be removed. On top of the adoption of JVET-O0304, this contribution would remove most of the remaining multiplications. 1 multiplication per 4x4 block would reportedly remain. 
One expert expressed concern about the interaction of this with JVET-O0304. 
One expert suggested that per sequence there is up to 0.09% luma coding loss.
One expert suggested that the benefit is overwhelming. The change is easy to understand by some.
The proponent of JVET-O0304 was in favor of this change.
JVET-O0664 CE4-related: Simplifications on PROF [H. Chen, H. Yang (Huawei)]
In the second aspect, the refinement offset is clipped within [-4092, 4091] to ensure the refined value is within 16-bit signed range.
Simulation results for aspect 2 reportedly show that the luma BD-rate -0.48% and -0.30% in RA and LB cases, respectively, when compared to VTM-5.0.
In current design, BDOF has no clipping since the offset is applied in the final prediction signal stage. In CE4-2.1a that PROF has overflow issue since it is applied in the prediction stage of each reference picture list.
If the uniform design of BDOF and PROF is adopted in this meeting cycle, there is no need to take action on this contribution. Otherwise, the bug-fix proposed in this contribution is recommended for adoption.
Recommendation: revisit after the offline discussion about the uniform design of BDOF and PROF.
Other BoG recommendations
JVET-O0594 CE4-related: Prediction sample padding unification for BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]
Aspect 2:
A misalignment between the spec changes proposed in the adopted PROF contribution and the software. 
According to the proponent the software should be aligned with the provided spec, since the bit-shift operation is aligned with BDOF in the spec, whereas the software uses a fixed shift operation that is 6 bits. This bitshift operation is actually always 6 bits between the operation range of 8 to 12 bits.
[bookmark: _GoBack]Recommendation (alignment of SW to spec): modify the software according to the provided spec. The gradient calculation should include the right shift operation of: >> max(6, BD-6).
Related contributions
JVET-O0123 Non-CE4: Alignment of BDOF refinement process with PROF [J. Li, C. Lim (Panasonic)]
This contribution proposes to align BDOF refinement process with that of PROF. The proposed method has coding impact of 0.00% luma BD-rate in RA over VTM-5.0 anchor.
Discussion:
Partial alignment.
Proposal suggests adding clipping operation to the final refinement equation. The amount of refinement bdofOffset is clipped to the range of -2^13 to 2^13-1. The reason to add the clipping to BDOF is to achieve refinement. 
No impact on coding gain or processing time.
It is questioned what is the benefit of having this clipping in PROF. The proponent suggests that alignment is more important, either removing the clipping from PROF or adding it to BDOF might be fine. 
JVET-O0252, O0281 and 0593 are related. 
Recommendation: test in CE.
JVET-O0210 Non-CE9: BDOF for chroma components [T. Chujoh, E. Sasaki, T. Ikai (Sharp)]
BDOF (bi-directional optical flow) applies only to luma component. This contribution discusses how to apply BDOF to chroma components. Currently, WD and VTM software support not only 4:2:0 format, but also 4:2:2, 4:4:4 and RGB formats. The impact on chroma components of those formats should not be ignored and considering the consistency with the range extensions, BDOF applied to chroma components should be also introduced to 4:2:0 format. Therefore, this contribution proposes a method to apply BDOF to chroma components efficiently by using optical flow vector obtained by luma component. As an experimental result on CTC, the average of encoding and decoding times increased 1% and 5% respectively, the average of coding gains for 4:2:0, Y/Cb/Cr are 0.01%0.43%/0.61% respectively. Compared to BDOF applied to each component independently, the coding efficiency is almost the same or a little better and the encoding and decoding times are 2% and 5& improved. If two speed up methods which are proposed in JVET-O0208 and JVET-O0211, are introduced, the average of decoding times can additionally improve 2% without coding loss. As experimental results of 4:2:2, 4:4:4 and RGB formats, the average coding gain of YUV4:2:2 are 0.01%/0.46%/0.52% respectively, the average coding gain of YUV4:4:4 are 0.00%/0.56%/0.95% respectively and the average of coding gains of RGB4:4:4 are 0.15%/0.94%/1.51%. According to the number of chroma samples, the coding gains have been improved.
Discussion:
Coding gains:
Y/Cb/Cr (4:2:0) are 0.01%0.43%/0.61%, decoding time 5% initial version, 3% with normative speedup. The coding result correspond to speedup version.
YUV4:2:2 are 0.01%/0.46%/0.52% with and without speedup the decoding time are 5% and 3%. 	
YUV4:4:4 are 0.00%/0.56%/0.95% with and without speedup the decoding time are 6% and 4%.
RGB4:4:4 are 0.15%/0.94%/1.51% with and without speedup the decoding time are 6% and 4%. 
The simulations are performed on range extension sequences. 
Crosscheck: JVET-O0702/679
When the vx and vy applied on 2x2 chroma blocks. Which might be just implementation issue. 
Early termination of BDOF is calculated on one of the components only (joint early termination). 
Speedups include: 
1. one of the speedup methods is early termination, that is suggested in JVET-O0208. 
2. Change the gradient derivation operation to speedup. That would affect also the luma BDOF. JVET-O0211. 
This contribution proposes to reuse the vx and vy calculation from Luma to derive the chroma refinement. Another method to enable BDOF for chroma components would be to apply BDOF for each component independently (Without sharing of information). Compared to this approach, the proposal can reduce the decoding time by 1/3, from 12% to 4% (in 4:4:4 coding).
Similar proposal: JVET-O0577. Also suggests reusing refinement among chroma.  
One expert suggested that even this contribution might have an overlap with CE-4 related BoG.
Proponent suggested that if 4:4:4 coding includes BDOF for all components, it might be preferable to enable chroma BDOF also for 4:2:0 with the argument of design consistency. 
Proponent of the JVET- O0577 suggested that there might be some visual quality artefacts due to application of BDOF only on luma. 
Recommendation: test in CE. 

JVET-O0211 Non-CE9: A speed up method of BDOF [T. Chujoh, T. Ikai (Sharp)]
BDOF (bidirectional optical flow) is a tool to improve the bi-prediction value by using optical flows between two predictions; however the computational complexity has not been negligible yet. In this contribution, a method to improve the processing speed of BDOF is proposed. In the current specification of deriving the gradient values of optical flow, 32-bit operation for each pixel is requested. By changing the order of subtraction and shift, 16-bit operations is realized. When SIMD (single instruction / multiple data) is used, the number of parallel operations become double and the speed of the processing is upped. As an experimental result on CTC, the average of encoding times became 1% faster and the average gains of coding efficiency were -0.01%/-0.05%/-0.02% for Y/Cb/Cr respectively.
Discussion:
This method is identical to JVET-O0570, method 1. 
This contribution is expected to have high overlap with CE4-BoG, which would be discussed in a joint session with other related contributions. 
The dynamic range of the prediction samples are 16 bits. During the calculation of the gradient , result of substruction operation is 17 bits before shifted down. 
The contribution proposes to change the order to shift operation. Therefore the substruction operation can be performed in 16 bits. 
The proponent suggests that the currently adopted PROF technique might have an overflow problem. The gradient calculation of PROF is done in the same way as in BDOF. 
Almost no impact on coding gain.
It is reported that there is no misalignment problem here, as PROF and BDOF use the same equation to calculate the gradients. 
In this contribution the results of changing BDOF is presented. Another contribution is reported to have the result of doing the same modification to both PROF and BDOF. 
See notes under: JVET-O0570.
JVET-O0252 CE4-related: Alignment and simplification of PROF and BDOF [H. Huang, W.-J. Chien, V. Seregin, M. Karczewicz (Qualcomm)]
In CE4-2.1, prediction refinement with optical flow for affine mode is tested. It’s reported the BD-rate performance for RA and LD respectively are {-0.48%, -0.09%, -0.07%} and {-0.32%, -0.04%, -0.37%} in test a. In this contribution, methods for alignment and simplification of PROF and BDOF are proposed. First, the padding process for gradient calculation in BDOF is aligned with that in PROF, which uses the nearest integer position. The range of MV in BDOF is modified for less bit representation. Second, the rounding operation in BDOF and PROF is removed for the refinement offset calculation. The clipping operation in PROF is also removed. Third, the motion offset in PROF is calculated from subblock MVs instead of CPMVs. It’s reported the overall BD-rate performance for RA and LD respectively are {-0.52%, -0.11%, -0.12%} and {-0.30%, -0.16%, -0.24%}. 
Discussion: 
3 Aspects. First 2 aspects are related to harmonization. 3rd aspect to be reviewed in CE4. 
Aspect 1a: 
The padding process of BDOF is changed to that PROF, which is nearest integer. (rounding).
Related contribution: JVET-O0615/O0594. The contributions are identical. 
According to JVET-O0594 the coding impact of this modification is: -0.05% -0.01% 0.00%.
See notes under: JVET-O0594.
Aspect 1b: 
Refinement clip range of BDOF is changed to that of PROF, which is [–mvRefineThr, mvRefineThr-1]
In VTM refineMV is 6 bits with sign. Proposal if to make it 5 bits with sign. On the other hand VTM5.0 is more symmetrical. The benefit is alignment. 
There is concensus on alignment although 1 non-proponent suggested alignment using symmetric clipping, whereas an other suggested alignment using full dynamic range. 
One non-proponent suggested that PROF multiplication is per pixel, given that there is no performance different, using 5 bit multiplication is preferred. 
One expert suggested this change might not be necessary. 
The combined coding result of aspect 1 is -0.06, 0.01, 0.00. 
On top of aspect 1a, the coding impact of aspect 1b is -0.01, 0.02, 0.00.
Revisit after the coding gain impact of aspect 1a is presented .
It is asserted that since the gradients are 11 bits, making this change would fit the multiplication result in 16 bits. 
Recommendation: study in CE aspect 1b. 
Aspect 2: 
Identical to JVET:O0593. 
See notes under JVET-O0593.
The additional part of Aspect 2 (w.r.t. JVET-O593) is to remove the shift operation in the bdofOffset calculation. 
It is commented that vx and vy calculations are also changed. The vx and vy precision is suggested to be changed to [-64 63], which is in conflict with JVET-O0593 where the vx and vy clip ranges were [-32 to 31]. 
Recommendation: test in CE aspect 2.
JVET-O0281 CE4-related: Alignment of displacement bitdepths for BDOF and PROF [C.-Y. Lai, T.-D. Chuang, C.-Y. Chen, C.-W. Hsu, Y.-W. Huang, S.-M. Lei (MediaTek)]
Presented.
Discussion:
Related to JVET-O0593.
The proposal is about modifying the range of both BDOF and PROF operations such that the clip range corresponds to [-32, 31] in 10bit coding scenario. 
The second aspect is to remove PROF offset clipping which is [-2^13 , 2^13-1]. 

Recommendation: test in CE. The aspects to be tested are identical to JVET-O0593.

JVET-O0506 Non-CE9: An improvement to extended predicted sample value derivation in BDOF [S. Sethuraman (Ittiam)]
In BDOF, in order to reduce the complexity of performing 2D separable interpolation to obtain extended predicted sample values around a sub-block, use of integer grid reconstructed reference sample values was proposed as an option in JVET-M0487 and was adopted. These extended samples are used for computing the horizontal or vertical boundary sample gradients. This method currently obtains the integer grid sample position by truncating the sub-pixel accurate sample position in the reference picture. In this proposal, the sub-pixel accurate sample position is rounded independently in each direction to obtain the nearest integer grid sample position. The proposed method offers a consistent coding gain improvement on all CTC classes over the earlier truncation based position determination method, with the lower resolution classes gaining as high as 0.27% BDRATE. The average BDRATE gain is 0.04% in CTC for RA with negligible impact to encoding or decoding times. It is requested that the proposed method of extended sample value determination to obtain boundary sample gradients be adopted into the next VTM.
Discussion: 
This contribution is related to BDOF boundary padding. Integer grid positions for are computed by rounding instead of truncation. 
JVET-O0615 is related. 
It is commented that there are overlapping contributions in the CE4-BoG. 
See notes under JVET-O0594.
JVET-O0553 Non-CE4: On prediction refinement with optical flow
In CE4-2.1 prediction refinement with optical flow (PROF) is tested. In this contribution two small changes are proposed. First, small-block level (4x4 or 8x8) PROF border extension is modified such that border extension is at bigger-sized sub-block such as 16x16 level or full block level when affine motion is not big, which is reportedly more friendly for SIMD implementation. Second, MV derivation is changed for better precision. The simulation results reportedly show that average BD rate savings for RA, LDB, LDP respectively are as follows.
Full block border extension + accurate delta MV on top of CE4-2.1.a: -0.50% (RA), -0.33% (LDB), -0.43% (LDP) over VTM-5 (-0.02%, -0.01%, -0.10% over CE4-2.1.a).
16x16 sub-block border extension + accurate delta MV on top of CE4-2.1.a: -0.50% (RA), -0.37% (LDB), -0.46% (LDP) over VTM-5 (-0.02% and -0.05%, -0.13% over CE4-2.1.a).
Full block border extension + accurate delta MV on top of CE4-2.1.c: -0.48% (RA), -0.40% (LDB), -0.43% (LDP) over VTM-5 (-0.02%, -0.05%, -0.10% over CE4-2.1.c).
16x16 sub-block border extension + accurate delta MV on top of CE4-2.1.c: -0.48% (RA), -0.40% (LDB), -0.46% (LDP) over VTM-5 (-0.02%, -0.05%, -0.13% over CE4-2.1.c).
Discussion: 
Adaptive subblock size for border extension. Depending on the sum of absolute value affine parameters, either 16x16 or 4x4 level padding is applied. Whereas in the case of 16x16 padding muiltiple refinement mvs are used to determine the padding sample positions.
The delta coding impact is 0.00% RA and -0.02% LDB. It is reported that applying 16x16 padding only would bring 0.7% loss in catrobot.
No action.

JVET-O0570 Non-CE9: Unified gradient calculations in BDOF [H. Liu, L. Zhang, K. Zhang, Z. Deng, N. Zhang (Bytedance)]
In Bi-Direction Optical Flow, the spatial gradient and the temporal gradient are derived in different ways, which makes the logic complex. This contribution proposes to unify the derivation methods of spatial and temporal gradients. Simulation results reportedly show that the proposed method has negligible impact on the coding performance.
Discussion: 
This contribution proposes to unify the calculations of temporal and spatial gradients in a similar way (in terms of the positions of the shift operations). 
Test 1: 
Do shift first for both spatial and temporal gradient calculation. Prediction samples are first downshifted by 6 (in 10 bit coding) and subtraction is performed afterwards to obtain the gradients. The test1 applies to both PROF and BDOF. The motivation is to be able to perform the subtraction operation in 16 bit logic. Moreover it is reported that the current PROF might have an overflow issue due to implementation of this operation in 16 bit SIMD logic. 
Further notes under JVET-O0211. Test 1 is identical to JVET-O0211. 

Test 2:
Do subtraction first for both spatial and temporal gradient calculation.
One expert stated that test 1 is preferable due to hardware friendliness. 
Several experts found test1 beneficial, on the condition that the coding gain is not impacted.
The proponent and the crosschecker do not have the complete results yet. 
Recommentation: revisit in track the test 1 when full results from tester and crosschecker are available.

JVET-O0573 Non-CE9: Restriction on motion vector refinement in BDOF [H. Liu, L. Zhang, K. Zhang, H.-C. Chuang, J. Xu (Bytedance)]
In Bi-Direction Optical Flow (BDOF), two multiplications per sample are required to derive a sample adjustment. This contribution proposes to restrict the motion vector refinement to be in a form of +2N or –2N (N is an integer). In this way, the two multiplications can be replaced by two shifts when calculating the sample adjustment. Simulation results reportedly show -0.01%, -0.05% and -0.02% BD-rate changing under RA configurations for Y, Cb and Cr component, respectively.
Discussion: 
The contribution restricts the refinement motion vector value of 0, -2^N and 2^N. 
For BDOF 0.01 gain RA. For PROF and BDOF together 0.02 coding loss (the anchor is VTM5.0+PROF). 
According to this contribution the PROF mv refinement is obtained by rounding to nearest 2^N. for BDOF the division operation is modified slightly. 
2 multiplications per sample can be removed. On top of the adoption of JVET-O0304, this contribution would remove most of the remaining multiplications. 1 multiplication per 4x4 block would reportedly remain. 
One expert expressed concern about the interaction of this with JVET-O0304. 
One expert suggested that per sequence there is up to 0.09%.
JVET-O508 was going in the other direction of increasing the precision of vx and vy. 
One expert suggested that the benefit is overwhelming. The change is easy to understand by some.
The proponent of JVET-O0304 was in favor of this change.
Recommendation: revisit in Track. 
JVET-O0577 Non-CE9: Bi-directional optical flow (BDOF) for chroma components [W. Chen, Y. He (InterDigital)]
The bi-directional optical flow (BDOF) tool is included in VTM-5. This contribution proposes to extend the BDOF to chroma components. The reported simulation result shows that comparing to VTM-5.0, average BD rate savings for RA are {-0.02%, -0.39%, -0.49%}.
Discussion:
Similar as JVET-O0210.
There are 2 differences. 
· Motion vector derived for luma is halved before using for chroma. 
· Chroma BDOF is not applied to 4xN CUs. 
The contribution only considers the case of 4:2:0.
In the VTM5.0 a CU with width equal 4 does not apply BDOF. This contribution skips only the Chroma BDOF for 4xN blocks (height equal to 4). It is suggested that the reduced decoding time can be due to this skipping. 
It might be more related to implementation, as this contribution does chroma BDOF on a 4x4 block level (combining 4 refinment motions in the SIMD implementation). 
Crosschecker: JVET-O0857. 
The proponent reported about visual quality improvement when PROF applies to chroma. 
The proponent suggested that there wouldn’t be latency issue as chroma refinement and luma refinement can be applied at the same time. 
One expert suggested that if PROF chroma application is tested in CE, this one should also be tested. 
Recommendation: test in CE. 
JVET-O0583 CE4-related: Prediction refinement with optical flow for chroma components for affine mode [Y. He, W. Chen (InterDigital)]
Based on the core experiment (CE) 4 test 2.1, this contribution proposes to extend the PROF to chroma components. The sub-block size for affine motion compensation of chroma component is set to 4x4, which is same as VTM-5.0. The simulation result reportedly shows that comparing to VTM-5.0, average BD rate for RA and LD respectively are {-0.53%, -0.56%, -0.69%} and {-0.33%, -0.30%, -0.75%}. Compared to luma PROF only test (CE4-2.1a), the additional BD rate for RA and LD respectively are {-0.04%, -0.46%, -0.62%} and {-0.01%, -0.26%, -0.39%}.
Discussion:
The proponent reports improvement in subjective quality. Still frame examples shown from Cactus. Reportedly the luma edges are aligned with chroma edges. 
Proposal suggests to always use 4x4 sub-block chroma PROF. 
On top of the adopted PROF, the following coding gains are reported: RA:{-0.04%, -0.46%, -0.62%} and LDB: {-0.01%, -0.26%, -0.39%}. 1% RA and 1% LDB decoding time increase on top of the adopted PROF method. 
In this contribution the delta mv calculated for the luma 4x4 subblock is be reused for chroma 4x4 sub-block.
The proponent suggested that if the framerate is reduced, artefacts could be observed. 
Recommendation: study in CE. 
JVET-O0593 CE4-related: Harmonization of BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]
Prediction refinement with optical flow (PROF) was proposed at the 14th JVET meeting and is now studied in core experiment (CE) 4 test 2.1. Similar to bidirectional optical flow (BDOF), the PROF provides sample-wise refinement on top of subblock based affine motion compensation based on optical flow model. In this contribution, two modifications are proposed to the existing PROF design in order to harmonize with the BDOF. In the first modification, the precisions of sample gradients and motion refinements used in the PROF are modified to be the same as that of the BDOF. In the second modification, it is proposed to modify the bi-prediction process of the PROF such that the PROF refinements are derived and applied during the combination of L0 and L1 prediction signals. It is reported that the performance impact of the proposed modifications is minor. Compared to the CE4-2.1 results, the overall {Y, U, V} BD-rate variations are {0.01%, -0.02%, -0.02%} and {0.02%, -0.03%, 0.34%} for the RA and LD configurations, respectively.
Discussion: 
Clarification: the aspect 1b of 252 does not provide full alignment of the refinement clip range without the proposed change in JVET-O0593. 
According to conrtribution PROF clip range is change from [2^max(6,BD-6), 2^max(6,BD-6)-1] to  [2^max(5,BD-7), 2^max(5,BD-7)-1]. This would make the clip range when BD=10 bits [-32, 31], same as BDOF. 
Coding gain impact: 0.01 and 0.02 loss in RA and LDB. 
The precision of the refinement vector is reduced. in 10 bit scenario, the fixed 7 bit-shift is replaced by a variable bitshift operation depending on the internal bit-depth. On the other hand the shift amount is always 8 between the operation ranges of 8 bits to 10 bits. This BD dependent shift equation is identical to BDOF. At the end the precision of the mv refinement can be made same as to BDOF. 
The rightshift amount is calculated as (13 – max(5, BD-7)) which is same as BDOF. One non-proponent suggested fixing this number to 8, as the result of the equation is always 8 between the operating range of 8 to 12 bits.
Recommendation: study in CE.
  
Same as JVET-O0281. 

JVET-O0594 CE4-related: Prediction sample padding unification for BDOF and PROF [X. Xiu, Y.-W. Chen, T.-C. Ma, H.-J. Jhu, X. Wang (Kwai Inc.)]

In this contribution, two methods are proposed to align the prediction sample padding schemes used for bidirectional optical flow (BDOF) and prediction refinement with optical flow (PROF). In the first method, the integer samples used to pad the prediction samples in the extended region of one BDOF/PROF block are obtained by flooring down the target fractional sample positions. In the second method, the integer samples that are closest to the target fractional samples are used for prediction sample padding. Simulation results reportedly show that the first method leads to {Y, U, V} BD-rate variations of {0.06%, 0.05%, 0.04%} and {0.06%, -0.01%, 0.23%} for RA and LD configurations, respectively. The second method results in {Y, U, V} BD-rate variations of {-0.05%, -0.07%, -0.04%} for RA configuration.
Discussion:
Aspect 1: 
Related to the padding operations of BDOF and PROF.
If the padding of BDOF is applied to PROF there is 0.06 loss in RA.
If the padding of PROF is applied to BDOF there coding impact is : -0.05% -0.01% 0.00%. Which is identical to aspect 1a of JVET-O0252. 
Recommendation: adopt. The BDOF padding operation will use the nearest integer position.
JVET-0624 method 3 is identical. The proposal JVET-O0506 is identical. JVET-O0615 is identical.
This part is only the partial solution, as if this part is adopted only by itself it would reduce the dynamic rage of the profOffset, which would cause coding loss. 
Aspect 2: 
A misalignment between the spec changes proposed in the adopted PROF contribution and the software. 
According to the proponent the software should be aligned with the provided spec, since the bit-shift operation is aligned with BDOF in the spec, whereas the software uses a fixed shift operation that is 6 bits. This bitshift operation is actually always 6 bits between the operation range of 8 to 12 bits.
The proponent of PROF suggested that aligning the software with the text is preferable. 
No change in behaviour between 8-12 bits. 
Recommendation (alignment of SW to spec): modify the software according to the provided spec. The gradient calculation should include the right shift operation of: >>max(6,BD-6).
Aspect 3:
Remove the 1-bit right shift operation operation and the sample clipping of PROF is removed. The 1-bit right shifting should be removed if the aspect 1 is adopted. Otherwise there would be coding gain impact. 
The removal of the sample refinement clipping has to purpose of alignment with BDOF, as BDOF does not have this clipping. 
Reportedly the bi-prediction equation of PROF is not same as BDOF. With combination with aspect 1, the mv refinement precision, clipping values as the final prediction equations of PROF would be aligned with BDOF. Aspects 1,2 and 3 are all proposing changes in PROF. 
The proponent suggested that with the application of Aspect 3, mvPrecision, refinement clip range and final prediction value calculation are all aligned with BDOF. 
Recommendation: study in CE. 

The proponents of JVET0594 (615), 593, 252, 281, are encouraged to have offline discussions to study each others contributions. At this stage it seems that due to the fact that PROF is a new adoption, the understanding of the proposals here might not be clear. 
An expert noted that adoption of JVET-O0594 would not completely align the BDOF and PROF equations. 
JVET-O0615 Non-CE9: Derivation of extended prediction samples for BDOF gradient calculation [Y. He, W. Chen (InterDigital)]
Recommend to revisit in the joint discussion.  
See notes under JVET-O0594.
JVET-O0624 CE4-related: Unified padding for BDOF and PROF [K. Zhang, L. Zhang, H. Liu, J. Xu, Y. Wang (Bytedance)]
In this contribution, three methods are proposed to unify the padding process prior to calculate gradients for PROF and BDOF. In method #1, the padding process for PROF is performed in each 16×16 unit instead of 4×4 to align with BDOF. In method #2, the padding method of PROF is aligned with that of BDOF. PROF accesses the above-left integer reference sample to perform padding, instead of the nearest integer reference sample. In method #3, the padding method of BDOF is aligned with that of PROF. BDOF accesses the nearest integer reference sample to perform padding, instead of the above-left integer reference sample. Three tests are conducted under CTC. Method #1 is verified in test #1, method #1 and #2 are combined in test #2, and method #1 and #3 are combined in test #3. Simulation results are reported as below:
Test #1: RA: -0.43%, -0.10%, -0.06%; LB: -0.30%, -0.12%, -0.15%.
Test #2: RA: -0.41%, -0.09%, -0.08%; LB:. -0.29%, -0.11%, -0.44%.
Test #3: RA: -0.47%, -0.11%, -0.05%; LB: -0.30%, -0.12%, -0.15%.
Discussion: 
The coding impact on top of adopted PROF solution is 0.05% loss in RA and 0.02% loss in LDB.
According to proposal the 16x16 subblock surroundings are padded for gradient calculation. Since each 4x4 subblock can have different refinement motion, the sample positions used for padding the 16x16 subblock are changing on a granularity of 4 samples. Multiple motion vectors are used to fetch the padded samples. 
Test 3: See notes under JVET-O0594.
Other tests no action.
JVET-O0664 CE4-related: Simplifications on PROF [H. Chen, H. Yang (Huawei)]
In CE4-2.1, Prediction refinement with optical flow (PROF) for affine mode was tested. It’s reported the luma BD-rate for RA and LD respectively are -0.48%, and -0.32% in test a. In this contribution, two simplified aspects for PROF are proposed. The first aspect is to apply PROF to affine coded block with uni-prediction for reducing the complexity of PROF. In the second aspect, the refinement offset is clipped within [-4092, 4091] to ensure the refined value is within 16-bit signed range.
Simulation results for aspect 1 reportedly show that the luma BD-rate -0.40% and -0.17% in RA and LB cases, respectively, when compared to VTM-5.0.
Simulation results for aspect 2 reportedly show that the luma BD-rate -0.48% and -0.30% in RA and LB cases, respectively, when compared to VTM-5.0.

Presentation deck not uploaded
The proponent claimed only the second aspect on the clipping needs to be discussed. 
In current design, BDOF has no clipping since the offset is applied in the final prediction signal stage. In CE4-2.1a that PROF has overflow issue since it is applied in the prediction stage of each reference picture list.
If the uniform design of BDOF and PROF is adopted in this meeting cycle, there is no need to take action on this contribution. Otherwise, the bug-fix proposed in this contribution is recommended for adoption.
Recommendation: revisit after the offline discussion about the uniform design of BDOF and PROF.
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