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Summary
There are 13 technical contributions in the CE7 related category. These contributions are classified into the following three categories: 

· Rice parameter related 
· Complexity reduction and simplification
· Coding efficiency 
The first BoG session was held 1900 – 2345 on Jan 14 2019 in Saba. 
The second BoG session was held 1300 – 1400 on Jan 17 2019 in Saba. 
Section 1 of this document summarizes the BoG’s recommendations. Section 2 of this document contains detailed notes on BoG discussion. 
Recommendations
Recommended adoptions to VTM
· JVET-M0470, CE7-related: Golomb-Rice/exponential Golomb coding for abs_remainder and dec_abs_level syntax elements
· In VTM 3.0, worst case is 33 bits for abs_gt3_level_flag, and 35 bits for dec_abs_level for escape codes of coefficient levels, in comparison with is 32 bits for both syntax elements in HEVC.
· Two aspects in this proposal: the first aspect uses a constant transition prefix code length of 6, and eliminates a LUT; the second aspect uses HEVC Rext extended precision scheme to limit worst case code length to 32 bits 
· Performance: 0.00%/0.01%/0.02% for AI/RA/LB
· Proposed aspects seemed to be straightforward and aligned with HEVC. It also would solve a software issue that currently exists in VTM 3 that could cause decoder crash.
· JVET-M0251 (Non-CE7: Last position coding for large block-size transforms) and JVET-M0257 (CE7-related: coefficient scanning and last position coding for TUs of greater than 32 width or height)
· Three contributions in this BoG tried to address the coefficient coding issues due to high frequency zeroing: M0250, M0251 (which is a superset of M0250), and M0257
· Propose to scan only the portions of the transform blocks that have not been zeroed out
· JVET-M0257 and JVET-M0251 are identical from spec text point of view, but simulation results are slightly different due to some difference in encoder implementation
· M0257: 0.00% AI, -0.01% RA, -0.01% LB 
· M0251: 0.01% AI, 0.01% RA, full set of LB results not yet available at time of discussion 
· Recommend to adopt M0251/M0257. Use M0257’s encoder implementation (better performance) 
· JVET-M0305 CE7-related: Joint coding of chrominance residuals 
· The proposal adds a chroma residual coding mode where the Cr residual is not signaled, and is derived from the Cb residual by reverting the signs of the Cr residual. 
· The proposed method is applied to intra and inter coded blocks. 
· At the encoder side, the Cb and -Cr residuals are averaged together. In the proposed mode, that average residual is coded. RD decision is made to select between the conventional chroma coding method and this proposed method (in which case the average residual thus computed is coded). The mode flag is sent when the cbfs for both Cb and Cr are 1.
	Overall 
	Y
	U
	V
	Ave-UV

	AI 
	-0.29 %
	-0.79 %
	-2.16 %
	-1.48 %

	RA
	-0.19 %
	-1.44 %
	-2.00 %
	-1.72 %

	LD-B
	-0.08 %
	-2.38 %
	-4.83 %
	-3.61 %

	LD-P
	-0.11 %
	-2.46 %
	-5.08 %
	-3.77 %


· This proposal achieves similar gains for all sequence classes and all coding configurations. 
· This method is simpler than an LM chroma mode that predicts Cr from Cb that was previously proposed, and achieves similar coding performance as that previous LM chroma mode. This complexity reduction of this proposed method compared to the previous LM chroma mode could be especially beneficial for the decoder.
· It seems that such coding gain was usually not available from coefficient coding methods. 
· Low QP results (provided in a v3 of the contribution) were discussed at the second BoG session. The chroma gains are reported to be somewhat lower than those of CTC, but the gains in luma are similar to (AI case) or higher than (RA and LB cases) those of CTC
· Recommend to adopt
Recommended CE tests 
· JVET-M0198, JVET-M0469 and JVET-M0558: CE on coefficient coding:
· JVET-M0198, CE7-related: Unified Rice parameter derivation for coefficient level coding
· JVET-M0469, CE7-related: unified Rice parameter derivation for coefficient coding 
· JVET-M0558: CE7-related: Template based Rice parameter derivation
· JVET-M0107: CE7-related: reduced local neighborhood usage for transform coefficients coding 
· JVET-M0489: CE7-related: Reduced context models for transform coefficients coding 
· JVET-M0491: CE7-related: Reduced maximum number of context-coded bins for transform coefficient coding
· CE on coefficient coding
· JVET-M0278: CE on screen content coding 
· JVET-M0279: CE on screen content coding
· JVET-M0278: non-CE7: Residual rearrangement for transform skipped blocks
· JVET-M0279: Non-CE7: Sign coding for transform skip
[bookmark: _GoBack]Open issues
Revisit in track
Regarding JVET-M0198, JVET-M0469 and JVET-M0558, during the BoG discussion, the pros and cons of the proposed approach vs the current design in VVC draft 3 were discussed. The approaches of JVET-M0198 and JVET-M0558 seemed to be more hardware friendly, whereas the current coefficient coding method in VVC draft 3 seemed to be more software implementation friendly. 
Request to revisit during BoG report and ask for opinions in terms of hardware vs. software implementations from the bigger group. 

xxxx

Categorization of CE7-related contributions: 

Rice parameter related contribution (4)
JVET-M0198 CE7-related: Unified Rice parameter derivation for coefficient level coding [Y. Piao, K. Choi (Samsung)]
This contribution proposes a unified solution for rice parameter derivation of bypass-coded level in coefficient coding. Instead of two different rice parameter derivation methods for remaining level and fully bypass-coded level, the rice parameter is derived similar to the one for completely bypass-coded level by referring to neighboring coefficient levels with consideration of corresponding base level. Proposed unification changes the performance only 0.00% and -0.01% BD-rate in AI and RA configurations, respectively. 

In coefficient coding in VTM 3, two different rice parameter derivation methods are reportedly used. In the 3rd scanning pass and 4th scanning pass, an HEVC-like derivation process is used; in the 5th scanning pass, a JEM-like derivation process is used. 
If either HEVC-like or JEM-like processes are directly applied to replace the alternative process, then significant coding loss is reported. 
This contribution proposes a template-based rice parameter derivation method to replace the HEVC-like and JEM-like derivation processes currently used in all of 3rd, 4th and 5th passes in VTM 3. This proposed template based method is similar to the JEM-like derivation method but some modifications are made to consider baseLevel. 
The proposed method is claimed to be more hardware friendly because it enables some level of parallelism when deriving rice parameters for positions located on certain diagonal lines within a 4x4 subblock. 
With the proposed method, there is no performance loss. 
It was questioned if this increases complexity for software implementation, because the proposed method increases the number of evaluations of the coefficient values in the neighboring positions (i.e., the template). In VTM 3, such evaluation of the template is not needed in the 3rd and 4th scanning passes, and in the proposed method, the template will need to be evaluated once in each of the 3rd and 4th scanning passes. 
It was agreed by several hardware implementers that the proposed method enables a parallelism that may be used in implementation. 
The proponent requested adoption because it was claimed that this was a straightforward unification with no performance loss and hardware implementation benefits.
It was remarked that two other contributions in this category are closely related to this contribution, and that BoG recommendations should be made by considering all contributions together. 
Recommendation: to put JVET-M0198, JVET-M0469 and JVET-M0558 into CE on coefficient coding.

JVET-M0668 Crosscheck of JVET-M0198 (CE7-related: Unified rice parameter derivation for coefficient level coding) [M. Coban (Qualcomm)] [late] [miss]

JVET-M0469 CE7-related: unified Rice parameter derivation for coefficient coding [M. Karczewicz, M. Coban (Qualcomm)]
This contribution proposes a unified Rice parameter derivation for coding of abs_remainder and dec_abs_level syntax elements by introducing HEVC style Rice parameter derivation that is used for coding of abs_remainder syntax element for coding of dec_abs_level syntax element instead of current local template- based Rice parameter derivation. The simulations results show -0.02% AI, -0.04% RA, -0.01% LB BD-Rate versus the VTM-3.0 anchor for common test conditions for Rice parameter derivation method.

This contribution is similar to JVET-M0198 because it tries to unify the rice parameter derivation processes. The difference is that this contribution uses an HEVC-like process. 
This contribution includes an aspect of CE7.4 (the only aspect in CE7.4) that moves abs_level_gt3_fag into the first scanning pass. This aspect of CE7.4 was adopted at this meeting. That adoption gives a small performance gain.
Besides the aspect of unifying the rice parameter derivation process, the proposal further includes a second aspect that allows partial coded last coefficient in 1st coding pass. 
The proposed method adds a rice parameter update process in code pass #2, but it reduces the size of the table used to calculate ZeroLevel (from ZeroPos[3][32] to ZeroPos[3][4]). 
The proposed method includes a change to when the first scanning pass stops (from less than 4 coded bins to less than 2 coded bins). 
Two parts of the simulation results are provided in the proposal. 
The first part of the simulation results (where only the first aspect and CE7.4 are used) has a small performance gain compared to VTM 3 anchors, but that is primarily due to the inclusion of the adopted CE7.4 aspect. When compared to the CE7.4 anchors, the proposed method has a small average coding loss of 0.06%/0.02%/0.03% for AI/RA/LB.
The second part of the simulation results (where both first and second aspects and CE7.4 are used) has a small performance gain compared to VTM 3 anchors, but that is primarily due to the inclusion of the adopted CE7.4 aspect. When compared to the CE7.4 anchors, the proposed method has a small average coding loss of 0.05%/0.03%/0.01% for AI/RA/LB.
It was questioned if the proposal included results that didn’t include the aspect of CE7.4, and the answer was that it did not. 
The proponent suggested to adopt the first aspect.
It was remarked that this proposed aspect has a coefficient-to-coefficient dependency, but given this is bypass coding, this dependency is claimed to be not problematic. 
It was remarked that JVET-M0558 was a related proposal and should be reviewed together. 
Recommendation: to put JVET-M0198, JVET-M0469 and JVET-M0558 into CE on coefficient coding. 

JVET-M0647 Crosscheck of JVET-M0469 (CE7-related: unified Rice parameter derivation for coefficient coding) [H. Schwarz (Fraunhofer HHI)] [late] [miss]

JVET-M0470 CE7-related: Golomb-Rice/exponential Golomb coding for abs_remainder and dec_abs_level syntax elements [M. Coban, M. Karczewicz (Qualcomm)]
This contribution proposes a constant Golomb-Rice to exponential Golomb transition point unary code length for all Rice parameters and HEVC-RExt style binarization for exponential Golomb part of the abs_remainder and dec_abs_level syntax elements to limit the worst-case code length to 32 bits. The simulations results show 0.00% AI, 0.01% RA, 0.02% LB BD-Rate versus the VTM-3.0 anchor for common test conditions.

This contribution investigates escape codes for coding coefficient levels. HEVC worst case code length is 32 bits, which is desirable for hardware and software implementations. VTM 3 worst case is 33 bits for abs_gt3_level_flag, and 35 bits for dec_abs_level. 
There are two aspects in this proposal. The first aspect uses a constant transition prefix code length of 6, and eliminates a LUT. The second aspect uses HEVC Rext extended precision scheme to limit worst case code length to 32 bits (this second aspect already exists in the reference software, the only update is the value of the transition length from 3 to 5). 
In terms of performance, the proposal reports 0.00%/0.01%/0.02% for AI/RA/LB. There is some small gain for class F in RA, and some small loss for class F in LB. 
It was remarked that this is straightforward and aligned with HEVC. It also would solve a software issue that currently exists in VTM 3 that could cause decoder crash. 
Recommendation: adopt into VVC.

JVET-M0831 Cross-check of JVET-M0470 (CE7-related: Golomb-Rice/exponential Golomb coding for abs_remainder and dec_abs_level syntax elements) [K. Sharman, S. Keating (Sony)] [late]

JVET-M0558 CE7-related: Template based Rice parameter derivation [M. Karczewicz (Qualcomm)] [late]
This contribution proposes a unified template-based Rice parameter derivation for coding of abs_remainder and dec_abs_level syntax elements by introducing template-based Rice parameter derivation that is used for coding of dec_abs_level syntax element for coding of abs_remainder syntax element instead of current local HEVC style Rice parameter derivation. The simulations results show 0.00% AI, -0.01% RA, 0.01% LB BD-Rate versus the VTM-3.0 anchor for common test conditions for Rice parameter derivation method.

The proponent said that this contribution is very similar to JVET-M0198, and unifies rice parameter derivation process using template-based method.
It was claimed that different from JVET-M0198, this proposal does not introduce a new LUT. Instead, the same LUT is used, and 1 is subtracted from the number that was looked up.
There is another minor difference between this proposal and JVET-M0198 in deriving cRiceParam.
The simulation results are the same as JVET-M0198, and both proposals have no performance loss against VTM 3.
The proponent confirmed that this competes with JVET-M0469, which is from the same proponent. 
The proponent prefers the method in JVET-M0469.
A participant suggested to conduct CE tests for all three related contributions. It was suggested to also test low QP results besides the CTC and implementation aspects in the CE. In terms of implementation aspects, hardware implementation friendliness and software implementation issues may be investigated. 
Recommendation: to put JVET-M0198, JVET-M0469 and JVET-M0558 into CE on coefficient coding. 

There was a request to revisit during BoG report and ask for opinions in hardware vs. software implementations. Agreed. 
JVET-M0660 Crosscheck of JVET-M0558 [Y. Piao, K. Choi (Samsung)] [late]

Complexity reduction and simplification (6)

JVET-M0107 CE7-related: reduced local neighborhood usage for transform coefficients coding [F. Le Léannec, Y. Chen (Technicolor)]
This contribution proposes to reduce the usage of local neighborhood for context modelling, in the transform coefficient entropy coding process.
In VTM-3.0, the CABAC context modelling for the regular coded bins par_flag, gt1_flag, and gt2_flag is based on the sum of absolute values of partially reconstructed coefficients in a local neighborhood of current coefficient. In this contribution the local neighborhood is replaced by a single CABAC context in some block regions in chroma TBs, to reduce the complexity of coefficient coding and the number of contexts. 
Three complexity reduction methods are proposed. Method 1 discards 12 contexts and gives 0.00%/0.19%/0.14% (Y/Cb/Cr) BD-rate loss over VTM-3.0 (RA). Method 2 discards 24 contexts and provides -0.01%/0.29%/0.23% loss in RA configuration. Method 3 additionally reduces the size of the local neighborhood of lowest frequency coefficient in luma TBs, leading to 33 contexts reduction, and the results are 0.02%/0.24%/0.22% (Y/Cb/Cr) BD-rate loss in RA configuration.
When combined with an improved context-based coding of the intra/inter CU mode, the 3 methods respectively provide BD-rates of -0.07%/0.21%/0.14%, -0.09%/0.29%/0.24%, and -0.07%/0.33%/0.21% in RA configuration.

There are three proposed methods in the contribution. The first and second methods are for chroma, and the third method is for luma. 
The first method uses single context to code the gt1_flag, par_flag and gt2_flag bins, for chroma coeffs with (x+y>0). This first method reduces 12 contexts. 
The second method is an additional change on top of the first method. The second method removes local neighborhood in both chroma TB regions (x+y>0 and x+y=0), and uses single context for bins (gt1_flag, par_flag and gt2_flag) in each chroma TB region. This method reduces 24 contexts in total (12 contexts on top of the first method).
The third method is used on top of the first and second methods. In luma TB region (x+y=0), the neighborhood for bins gt1, par and gt2 is reduced from VTM 3 to using just the below and right coeffs, and context offset (sumAbs1 − numSig) is clipped between 0 and 1. This method saves 33 contexts in total (9 contexts on top of the second method).
There is a fourth method in this proposal unrelated to coefficient coding, and was therefore treated as informational during the BoG discussion. 
The performance results and reduction of contexts are summarized below (grayed out cells are for information only).
	Proposed method
	Nb contexts/VTM-3.0
	RA (Y/Cb/Cr)

	1
	-12
	0.00%/0.19%/0.14%

	2
	-24
	-0.01%/0.29%/0.23%

	3
	-33
	0.02% / 0.24% / 0.22%

	1 + 4
	-10
	-0.07% / 0.21% / 0.14%

	2 + 4
	-22
	-0.09% / 0.29% / 0.24%

	3 + 4
	-31
	-0.07% / 0.33% / 0.21%


It was noted that low QP results are not yet available.
Currently, there are 240 contexts for coefficient coding in VTM 3, so this proposal reduces that number by ~14%.
It was remarked that the encoding/decoding time increase was of concern. The proponent responded that the run time was not reliable. The cross checker also did not have reliable run time results. 
It was remarked that the run time increase could be due to the change caused in quantization process due to the change in coefficient coding process, for example, if more condition checks are performed, the run time could increase. The proponent responded that the proposal did not include more checks than the VTM 3.0, and that the run time increase was more likely due to unreliable timing. 
It was remarked that we should consider JVET-M0489 because it is related. 
On Jan 17, at the second BoG session, results from the proponent with reliable timing and additional cross check results for method 2 and method 3 (which is a superset of method 2) from Qualcomm, HHI, and LGE were discussed.
Partial results from the proponent showed no run time change (at most 1% which is considered noise) for both method 2 and method 3. 
Partial cross check results from Qualcomm showed no run time change for both method 2 and method 3. 
Complete cross check results from HHI also showed no run time change (except very small change in the noise range) for both method 2 and method 3.
Partial cross check results from LGE showed no run time change for both method 2 and method 3.
It was remarked that in terms of software implementation, no issue had been identified for method 2. For method 3, there seemed to be some issues, because it adds a special treatment of the luma DC coefficient, but only saves 9 contexts additionally. 
Method 2 is applied to chroma coefficient coding, it was reported to save 24 contexts, which is about 10% of the total number of contexts used in coefficient coding. 
The proponent commented that method 2 (applied to chroma only) does not only reduce # of contexts, but also has a complexity reduction aspect, because it avoids computing the number of significant coefficients in the local template. 
Method 3 additionally changes the luma DC coefficient context modeling. It treats the DC coefficient differently compared to all other coefficients. 
It was remarked that we should first figure out if the number of contexts in VVC presents a problem. 
It was remarked that there was an adoption of transform skip being applied to more block sizes (JVET-M0464). Given that adoption, it seems reasonable to study the performance of the proposed methods on top of the changes that were already adopted with regards to transform skip. 
One participant commented that method 2 is more preferred and may be adopted now at the BoG. 
It was remarked that method 2 has small loss for class F. 
Recommendation: See notes in JVET-M0489. Further study all 4 methods in CE on coefficient coding 
JVET-M0781 Cross-Check of JVET-M0107 (CE7-related: reduced local neighborhood usage for transform coefficients coding) [M. Gao (Tencent)] [late] [miss]

JVET-M0250 Non-CE7: Simplified CSBF coding for large block-size transforms [J. Choi, J. Heo, S. Yoo, J. Choi, L. Li, J. Lim, S. Kim (LGE)]
This contribution proposes a simplified design of coded_sub_block_flag (CSBF) coding. The proposed method can remove unnecessary CSBF coding processes for the high-frequency zeroing region. Experimental results for AI configuration show 0.00%, 0.00%, and 0.02% BD-rates on Y, Cb, and Cr components, respectively, with 98% decoding time compared to VTM3.0. For RA configuration, BD rate changes are observed to be -0.01% (Y), 0.00% (Cb), and 0.04% (Cr) with 99% decoding.

This proposal removes unnecessary CSBF coding in the region where high-frequency coefficients are zeroed out, which includes some parts of transform blocks with at least one of width or height equal to 64. 
The performance loss is reported to be minor. 
It was remarked that there are related contributions to be considered together. 
See notes under M0257
JVET-M0760 Crosscheck of JVET-M0250 (Non-CE7: Simplified CSBF coding for large block-size transforms) [Z.-Y. Lin (MediaTek)] [late] [miss]
JVET-M0251 Non-CE7: Last position coding for large block-size transforms [J. Choi, J. Heo, S. Yoo, J. Choi, L. Li, J. Lim, S. Kim (LGE)]
In this proposal, the binarization of last significant coefficient position is modified to reduce the maximum number of context coded bins. Specifically, the number of context coded bins for large block (i.e., 64×64, 64×N, N×64) in worst case scenario is reduced from 11 to 9. Experimental results show 0.01%, 0%, and -0.02% BD-rate reductions on Y, Cb, and Cr components, respectively, compared to VTM3.0 in all-intra configuration, and 0.01%, -0.01%, and -0.01% BD-rate reductions in random access configuration.

This contribution is implemented on top of JVET-M0250. It additionally slightly changes the derivation of maximum possible codeword length of the prefix last_sig_coeff_x_prefix or last_sig_coeff_y_prefix by considering high-frequency zeroing. 
The AI and RA results showed little performance loss. But the full set of LB results are not yet available at the time of presentation. The proponent said that the partial results showed no loss. 
It was remarked that there are related contributions to be considered together.
See notes under M0257
JVET-M0646 Crosscheck of JVET-M0251 (Non-CE7: Last position coding for large block-size transforms) [H. Schwarz (Fraunhofer HHI)] [late] [miss]

JVET-M0257 CE7-related: coefficient scanning and last position coding for TUs of greater than 32 width or height [M. Coban, M. Karczewicz (Qualcomm)]
This document proposes to limit the coefficient scans to non-zero out region (i.e., upper left non-zero width x non-zero height region) of transform units (TU) with greater than 32 width or height.  The scans within the non-zero out region are identical to corresponding non-zero width by non-zero height TUs. The simulations results show 0.00% AI, -0.01% RA, -0.01% LB BD-Rate versus the VTM-3.0 anchor for common test conditions.

This contribution addresses the same issues of high frequency zeroing as JVET-M0250 and JVET-M0251. It proposes to scan only the portions of the transform blocks that have not been zeroed out. Conceptually, this contribution tries to achieve the same goals as JVET-M0250 and JVET-M0251, but using slightly different encoder implementations.
From spec text point of view, the proposals JVET-M0257 and JVET-M0251 (which also includes JVET-M-0250) are identical. 
The results are slightly different, and it was explained that was due to the difference in encoder implementation. 
This proposal reported very small gains in terms of performance.
It was remarked that this proposed change is straightforward and reasonable. 
It was further remarked that the encoder implementation in JVET-M0257 is preferred. 
Recommendation: adopt JVET-M0251 and JVET-M0257 into VVC. The WD text and the software implementation will be provided according to JVET-M0257.

JVET-M0761 Crosscheck of JVET-M0257 (CE7-related: coefficient scanning and last position coding for TUs of greater than 32 width or height) [Z.-Y. Lin (MediaTek)] [late]

JVET-M0489 CE7-related: Reduced context models for transform coefficients coding [M. Gao, X. Li, X. Zhao, S. Liu (Tencent)]
This contribution proposes to reduce the context models for transform coefficients, which was firstly proposed in JVET-L0316. The proposed method can save 54 context models and the BD-Rate increase is reported as 0.04%, 0.01% and 0.00% for AI, RA and LD, respectively.

This contribution targets reduction of number of contexts in coefficient coding.
In VTM 3: 
· 90 contexts are used to code sig_coeff_flag, this contribution reduces that number to 60. 
· 96 contexts are used to code parity flags and greater flags, this contribution reduces that number to 72 contexts. 
The proposed context reduction is achieved by merging some current context models together.
In terms of performance, the total reduction of 54 contexts results in 0.04%/0.01%/0.00% for AI/RA/LB for luma. There was some encoding/decoding time increase, but the timing results were reported to be unreliable. The cross checker also did not have reliable timing results.  
When discussing this contribution in combination with JVET-M0107, it was remarked that these two contributions aim at reducing contexts but the modifications are not exactly the same, and some are done to the same syntax elements (e.g. rem_abs_gt1_flag, and rem_abs_gt2_flag) but others on different syntax elements. 
It was remarked that the run time increase was of concern, and could be due to the same hypothetical reasons as noted for JVET-M0107. 
It was further remarked that there could be implementation complexity increase due to additional operations to derive context model indices, which could be the direct cause for run time increase. 
The proponents of M0107 and M0489 agreed to provide software to HHI and Qualcomm to cross check. 
It was remarked that the only concern about these two contributions is potential increase in complexity (which was likely reflected in run time increase). 
The proponents agreed to provide new simulation results to be collected on computing platforms that can produce reliable run time results for AI and RA. The cross checkers (HHI and Qualcomm) will do the same. 
If it is confirmed that there is no complexity increase in terms of run time, then these two contributions may be recommended for adoption. 
The proponent was not present at the BoG discussion. 
According to offline discussion, it seemed that the proponent would like to further study in CE. 
Recommendation: revisit (possibly on Wed) further study in CE.

JVET-M0697 Cross-check of JVET-M0489 "CE7-related: Reduced context models for transform coefficients coding" [Y. Chen, F. Le Léannec (Technicolor)] [late] [miss]

JVET-M0491 CE7-related: Reduced maximum number of context-coded bins for transform coefficient coding [M. Gao, X. Li, X. Zhao, S. Liu (Tencent)]
In the transform coefficient coding of VTM-3.0, the averaged maximum number of context-coded bins per 4x4 sub-block is 32. In this contribution, to further reduce the averaged maximum number of context-coded bins per 4x4 sub-block, it is proposed to reduce the maximum number of context-coded bins for 4x4 sub-blocks in high frequency region such that the averaged maximum number of context-coded bins per 4x4 sub-block is 30. It is reported that 0.04%, 0.03% and 0.08% luma BD-rate increase over VTM-3.0 is observed for AI, RA and LD configurations, respectively.

In VVC, for a 4x4 coefficient sub-block, the maximum number of context-coded bins is set to 32 regardless of the frequency position of the 4x4 sub-block, but it was observed that sub-block in low frequency region usually have more non-zero coefficients than sub-block in high frequency region. 
This proposal uses different maximum numbers of context-coded bins for 4x4 sub-blocks for different frequency position. It reduces the maximum number of context coded bins for 4x4 sub-blocks from 32 to 30. 
In terms of performance, the proposal reported 0.04%/0.03%/0.08% for AI/RA/LB for luma. 
It was remarked that a similar approach was tested in CE, and that was not adopted. 
It was requested by the proponent to test this in CE, which was supported by a non-proponent.
Recommendation: test in CE on coefficient coding.

JVET-M0684 Crosscheck of JVET-M0491 (CE7-related: Reduced maximum number of context-coded bins for transform coefficient coding) [Y.-C. Lin (MediaTek)] [late] [miss]

Coding efficiency (3)
JVET-M0278 Non-CE7: Residual rearrangement for transform skipped blocks [S. Yoo, J. Choi, J. Heo, J. Choi, L. Li, J. Lim, S. Kim (LGE)]
In this contribution, reordering residuals for intra predicted blocks is proposed. When a block is coded with an intra prediction mode, the residuals of the block have the similar direction of the predicted angle and the levels of the non-zero residuals become greater as it is far from the reference samples if the block is not transformed. On the other hand, general residual coding is designed for the transformed blocks so that the statistics of each syntax element may go undesirable when the transform-skipped block is coded, which degrades the coding efficiency. Therefore, it is proposed to flip a residual block horizontally or vertically according to the intra mode. The experimental result reportedly shows that the proposed scheme changes luma BD-rate by -0.03%, -0.02%, and 0.01% in AI, RA, and LDB, respectively, in the common test conditions. Especially, in Class F and SCC test sequences, which have more benefit the from transform skip, it changes the luma BD-rate by -0.94% and -1.38% in all intra configuration, respectively.

Vertical or horizontal flipping of the residual block is performed depending on the intra prediction mode
Two categories of modes: 
· Top-reference modes : VER_IDX -3 to 80
· Left-reference modes : -14 to HOR_IDX + 3, Planar mode, DC mode
It was noted that this method is only applied to transform skip mode. In current VTM 3.0, such block sizes include luma 4x4, chroma size smaller or equal to 4x4. 
It was remarked that the flipping decision is inferred from the intra prediction mode, and no RD decision is necessary.
It was remarked that we might increase the block sizes for which the transform skip mode can be applied as an outcome of this meeting, in which case further gain might be obtained with the proposed method. 
It was remarked that since this is only for transform skip mode, it should be further studied with other methods that target transform skip mode, for example, together with JVET-M0464. 
Recommendation: further study with other transform skip mode related tests in screen content coding CE.

JVET-M0683 Crosscheck of JVET-M0278 (Non-CE7: Residual rearrangement for transform skipped blocks) [Y.-C. Lin (MediaTek)] [late] [miss]

JVET-M0279 Non-CE7: Sign coding for transform skip [S. Yoo, J. Choi, J. Heo, J. Choi, L. Li, J. Lim, S. Kim (LGE)]
An efficient sign coding for transform skip mode is proposed in this contribution. It is observed that the signs of coefficients in the transform skip block have high correlation each other than those of transformed coefficients. Therefore, it is proposed to have a flag that indicates whether all of the signs in the current block are identical or not, before the signs of each coefficient are coded. The proposed method has BD-bitrate changes, 0.00%, 0.00%, 0.04%, for AI, RA, and LDB, respectively. Especially, it is observed that the proposed scheme has -0.30% and -0.81% of bit savings in Class F and Class SCC in all intra configuration, respectively.

The signs of coefficients in a transform skip block have high correlation each other than those of transformed coefficients.
A flag, one_sign_flag, per CG is coded. The value of 1 indicates that all residuals in the CG share the same sign (positive or negative), the value of 0 indicates that sign information of each nonzero coefficient is coded in the same way as in VTM 3.0. 
The proposed flag is coded using 1 CABAC context. 
The proposed flag is coded only if number of non-zero coefficients is greater than or equal to a threshold, set to 5 in this proposal.
It was noted that this proposed method is only applied to transform skip mode. 
It was noted that currently the proposed method is only applied to 4x4 luma or chroma size of 4x4 or smaller. 
It was remarked that the proposed method does not include solution for larger block size, if transform skip mode is allowed to be applied to other block sizes as an outcome of this meeting, the proposed method needs to be redesigned for these other block sizes. The proponent responded that the proposed design does not need to change for different block sizes, because the method is CG based. 
Therefore, even though we don’t have sufficient information to know whether the block sizes for which transform skip mode is allowed will change or not, the proposed method will not be affected by that decision. 
Recommendation: study the proposed method in screen content coding CE 
JVET-M0649 Crosscheck of JVET-M0279 (Non-CE7: Sign coding for transform skip) [F. Henry, G. Clare (Orange)] [late] [miss]

JVET-M0305 CE7-related: Joint coding of chrominance residuals [J. Lainema (Nokia)]
This document proposes a chrominance residual coding mode where a single joint residual block is used to describe the residuals of both Cb and Cr blocks in the same transform unit. When joint residual mode is active, the indicated joint residual is added to the Cb prediction block and deducted from the Cr prediction block. Bitstream syntax and decoding process for the joint residual follow those of the Cb residual in VTM-3.  In the encoder side the algorithm uses average of the positive Cb residual and negative Cr residual as the input to the transform and quantization process.
It is reported that the proposed tool provides in AI configuration -0.29 %, -0.79 %, -2.16 % BD-rate impact for Y, U and V components, respectively. In RA configuration the BD-rate impacts are -0.19 %, -1.44 % and -2.00 %, in LD-B the BD-rate impacts are -0.08 %, -2.38 % and -4.83 %, and in LD-P configuration the BD-rate impacts are -0.11 %, -2.46 % and -5.08 % for Y, U and V components, respectively.
It is further reported that the decoder runtimes are practically not affected in AI and RA, and somewhat improved in LD-B and LD-P configurations. The decoding process for the joint residual mode is asserted to be less complex than decoding individual residuals for the chrominance channels. Reported encoder runtimes are 2-3 % higher than the anchor runtimes, but it is noted that the encoder used in the experiments did not try to make “smart decisions” to speed-up the process.

The proposal achieves the following coding gain under the CTC: 
	Overall 
	Y
	U
	V
	Ave-UV

	AI 
	-0.29 %
	-0.79 %
	-2.16 %
	-1.48 %

	RA
	-0.19 %
	-1.44 %
	-2.00 %
	-1.72 %

	LD-B
	-0.08 %
	-2.38 %
	-4.83 %
	-3.61 %

	LD-P
	-0.11 %
	-2.46 %
	-5.08 %
	-3.77 %



This proposal achieves similar gains for all sequence classes and all coding configurations. 
It is applied to intra and inter coded blocks. 
It was remarked that the encoding time increase is primarily due to the additional RD decision that selects if this mode is applied or not. 
At the encoder side, the Cb and -Cr residuals are averaged together. In the proposed mode, that average residual is coded. RD decision is made to select between the conventional chroma coding method and this proposed method (in which case the average residual thus computed is coded). The mode flag is sent when the cbfs for both Cb and Cr are 1. 
It was remarked that this method is simpler than an LM chroma mode that predicts Cr from Cb that was previously proposed, and that this method achieves similar coding performance as that previous LM chroma mode. This complexity reduction of this proposed method compared to the previous LM chroma mode is especially beneficial to the decoder.
The proponent suggested to adopt it. 
It was remarked that the cross check report was made available on Jan 10, 2019. 
Several non-proponents supported adoption to VTM because the gain was nice for the complexity, and it was remarked that such coding gain was usually not available from coefficient coding methods. 
It was remarked that draft text was made available as part of the contribution package. 
It was questioned if similar gains can be obtained when the input video is represented in other colour spaces. 
It was remarked that low QP simulation results should be provided, suggested QP values are {12, 17, 22, 27}. Shorter tests using the first 100 frames of the test set are suggested to be tested for all configurations. 
The low-QP simulation results were provided in the v3 version of M0305. RA results are still missing for some class A sequences. Based on the data available, for the low-QP tests, the gains in chroma are reported to be somewhat lower than those of CTC, but the gains in luma are similar to (AI case) or higher than (RA and LB) those of CTC.

	 
	Y
	U
	V
	AveUV

	AI
	-0.29%
	0.38%
	-0.69%
	-0.16%

	(Partial) RA
	-0.21%
	-0.66%
	-1.71%
	-1.18%

	LB
	-0.20%
	-0.91%
	-2.91%
	-1.91%


It was remarked that the low QP results were requested to sanity check those operating points, and that the data indicate that there did not seem to be problems in those operating points. 
Recommendation: revisit after low-QP simulation results are made available, and adopt into VVCVTM if the low QP results are found to be adequate. 

JVET-M0688 Cross-check of JVET-M0305, "CE7-related: Joint coding of chrominance residuals" [C. Gisquet (Canon)] [late] [miss]
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