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_____________________________
Summary
There are 10 technical contributions in the complexity related category. These contributions are classified into the following 4 categories: 
· Small block size restrictions,
· Complexity analysis,
· Block size restrictions for PDPC,
· Complexity reduction of motion compensation and MV coding
BoG sessions were held 19:15 – 21:00 on 01/15 in Coliseum. 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 (SW)
· M0864 (BoG report on contributions related to complexity analysis and reduction):
· This contribution suggests an enhancement of tool to measure the memory bandwidth in VTM.
Open issues
Revisit in track
· M0065, M0169, M0245: BoG recommends revisiting these contributions preferably when additional hardware/software expertise is present (Track A or AHG16);
· M0045, M0122, M0238, M0814: BoG recommends revisiting these contributions preferably when additional hardware/software expertise is present (Track A or AHG16).

Contributions on complexity analysis and reduction: 
2.1. Small block size restrictions

JVET-M0245 AHG16-related: Chroma block coding and size restriction [C. Rosewarne, A. Dorrell (Canon)] [late]
Since the adoption of separate trees in intra, it is possible to apply different constraints in the chroma coding tree compared to the luma coding tree. This contribution proposes to restrict split options in the chroma coding tree for intra such that 2x2, 2x4, and 4x2 blocks do not occur. Moreover, since the remaining chroma blocks of width or height of two have minimum opposing dimension of eight, it is proposed to use a 2x8 or 8x2 coefficient group size instead of a 2x2 coefficient group size. The resulting BD-rate impact for AI is 0.05%, 0.29%, 0.40%, for RA is 0.02%	0.39%	0.42%, and for LDB is -0.01%	0.33%	0.50%, in Y, Cb, and Cr channels, respectively.
It was commented that is would be desirable to disable even more block sizes.
JVET-M0065 proposes the same restriction for dual tree without the the coefficient group change but suggest to restrict intra prediction modes to DC only in the single tree case. It was commented that restricting it to DC does not solve the data dependency.
It was noted that JVET-M0169 suggest to solve that problem by allowing parallel processing of small intra blocks. This would also allow to be applied to the single tree case. A comment was made that restricting sizes for the dual tree case and allowing parallel processing for the single tree case can introduce a design inconsistency. The handling of the worst case would matter for hardware designs in case of parallel processing.
Presentation of JVET-M0169:
Is was commented that disabling small block sizes would be simpler. It seems that experts in the rooms prefer the size restriction. Another comment was made that when disabling small block sizes, it should be done for the single and dual tree case in order to reduce the worst case. However, this would introduce a larger loss. It was commented that the parallel approach would solve the problem with less loss than just restricting the sizes.
The proponents were asked to put together a table with data listing the minimum allowed intra prediction size for dual and single tree cases together with coding efficiency results as a summary.
Besides implications on hardware design, the implication on software design should also be taken into account.
Draft text for JVET-M0169 is available but it seems that it needs to be studied by experts.
JVET-M0821 Crosscheck of JVET-M0245 (AHG16-related: Chroma block coding and size restriction) [T. Y. Zhou, T. Ikai (Sharp)] [late]

JVET-M0065 Non-CE3: Intra chroma partitioning and prediction restriction [T. Zhou, T. Ikai (Sharp)]
This contribution proposes to restrict intra chroma block partitioning in dual tree and intra chroma prediction modes in small blocks such as 2x2, 2x4, 4x2. Specifically, in this proposal, QT and MTT partitioning for small chroma blocks are disallowed in dual tree as a partition restriction. Also intra chroma prediction mode in small blocks is restricted where DC mode is always used without mode (intra_chroma_pred_mode) signalling. Two options with different threshold size are proposed.
Option1: 2x2 restriction
Option2: 2x2/2x4/4x2 restriction.
· Option1 (2x2 restriction): the overall BD-rate loss is 0.00%/0.04%/0.03% in IO, 0.01%/0.17%/0.17% in RA, 0.03%/0.27%/ -0.11% in LB.
· Option2 (2x2/4x2/2x4 restriction): the overall BD-rate loss is 0.03%/0.26%/0.38% in IO, 0.09%/0.63%/0.84% in RA, 0.00%/0.24%/ -0.43% in LB.
See notes under JVET-M0245.
JVET-M0442 Crosscheck of JVET-M0065 (Non-CE3: Intra chroma partitioning and prediction restriction) [K. Zhang (Bytedance)] [late]

JVET-M0169 CE3-related: Shared reference samples for multiple chroma intra CBs [Z.-Y. Lin, T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S.-M. Lei (MediaTek)]
This contribution presents a method to enable parallel generation of multiple chroma intra coding blocks (CBs) within a parallel region of size larger than or equal to 16 chroma samples. In the proposed method, parallel regions are first determined, and all of the chroma blocks within the same parallel region use the reference samples that belong to neighbouring blocks of the parallel region and are at the top and left boundaries of the parallel region for chroma intra prediction. It is reported that the proposed method results in 0.04%/0.23%/0.31%, 0.07%/0.43%/0.54%, and 0.07%/0.38%/0.27% Y/Cb/Cr BD-rates with 100%,  96%, and 101% of encoding time and 102%, 100%, and 102% of decoding time for VTM3.0-AI, VTM3.0-RA, and VTM3.0-LB, respectively. It is asserted that the worst case processing throughput for chroma intra prediction can be increased to 4X of that in VTM3.0.
See notes under JVET-M0245.
JVET-M0715 Crosscheck of JVET-M0169 (CE3-related: Shared reference samples for multiple chroma intra CBs) [X. Ma (Huawei)] [late] [miss]

Table 1. – Summary of contributions on small block size restrictions
	Contribution
	Coding performance
(Y, Cb, Cr)
	Block restriction
	Intra prediction loop (throughput)
	Other

	JVET-M0169
	AI: 0.04%, 0.23%, 0.31%
RA: 0.07%, 0.43%, 0.54%
LD: 0.07%, 0.38%, 0.27%
	None
	16 sample granularity
	Unchanged

	JVET-M0245
	AI: 0.05%, 0.29%, 0.40%
RA: 0.02%, 0.39%, 0.42%
LD: -0.01%, 0.33%, 0.50%
	Separate tree: Chroma 2x2/2x4/4x2
	16 sample granularity in separate tree case, 4 otherwise.
	CG:
2x8/8x2 for width/height 2 chroma blocks.

	JVET-M0065
	Option 1
AI: 0.00%, 0.04%, 0.03%
RA: 0.01%, 0.17%, 0.17%
LD: 0.03%, 0.27%, -0.11%
Option 2
AI: 0.03%, 0.26%, 0.38%
RA: 0.09%, 0.63%, 0.84%
LD: 0.00%, 0.24%, -0.43
	Option 1:
Separate tree: chroma 2x2

Option 2:
Separate tree:
chroma 2x2/2x4/4x2
	Option 1:
8 sample granularity in separate tree case, 4 otherwise.

Option 2:
16 sample granularity in separate tree case, 4 otherwise.
	Option 1:
Single tree: 2x2 intra use DC only.

Option 2:
Single tree:
2x2/2x4/4x2 intra use DC only.

	VTM-3.0 without small intra CU
	AI: 0.03%, 0.26%, 0.38%
RA: 0.33%, 0.55%, 0.78%
LD: 0.21%, 0.17%, 0.60%
	Chroma: 2x2,4x2,2x4
Luma: 4x4,4x8,8x4
	16 sample granularity
	



2.2. Complexity analysis
JVET-M0864 [AHG5] Enhancement of cache model by adopting block-based format [R. Hashimoto, S. Mochizuki (Renesas)] [late]
This contribution suggests an enhancement of tool to measure the memory bandwidth in VTM. In the general hardware implementation, the reference picture is not stored with raster scan order but stored with block-based address. The results with VTM 3.0 show block-based address can reduce memory bandwidth drastically and contributes considering the hardware implementation.
The contribution suggests to add the proposed model to VTM cache model measure tool. It was commented that this should be an additional model. This will be a configuration parameter. 
Recommendation (SW): Add it as additional model.
JVET-M0879 Crosscheck of JVET-M0864 ([AHG5] Enhancement of cache model by adopting block-based format) [T. Zhou, Y. Yasugi, T. Ikai (Sharp)] [late]

2.3. Block size restrictions for PDPC
JVET-M0045 Non-CE3: PDPC Restriction [S. Keating, K. Sharman (Sony)]
This document proposes disabling PDPC for small blocks as a potential simplification.  When disabled for 4x4 blocks the overall BD-rate loss is 0.05% (Y), 0.02% (U), 0.03% (V) but with a BD-rate improvement for class F of -0.17% (Y), -0.20% (U), -0.10% (V) for AI over VTM3.0.
It was noted results with CPR enabled would be interesting with regard to the gains in class F.
JVET-M0561 Crosscheck of JVET-M0045 (Non-CE3: PDPC Restriction) [J. Lee, H. Lee, S.-C. Lim, J. Kang (ETRI)] [late]

JVET-M0122 Non-CE3: On block size restrictions for PDPC [A. Filippov, V. Rufitskiy, J. Chen (Huawei)]
This document proposes block size restrictions for PDPC. In Tests 1-3, PDPC is disabled for small and large blocks that reportedly shows the following overall results (Test 3): 0.01% (Y), -0.03% (U), 0.00% (V) and 0.02% (Y), 0.07% (U), 0.04% (V) for AI and RA configurations, respectively. In Test 3a, PDPC is disabled for small blocks for the worst-case intra prediction modes that reportedly shows the following overall results (Test 3a): 0.02% (Y), -0.03% (U), -0.04% (V) and 0.01% (Y), 0.01% (U), -0.04% (V) for AI and RA configurations, respectively. For all the proposed tests, the running time is changed negligibly at both encoder and decoder sides for AI and RA configurations as compared with VTM-3.0.
For class A1 a BD-rate of -0.07% luma was reported. That might be due to the restriction of larger block sizes as noted under JVET-M0238.
JVET-M0880 Cross-check of contribution JVET-M0122, test 3.a (Non-CE3: On block size restrictions for PDPC) [F. Racapé (Technicolor)] [late]
JVET-M0806 Cross-check of contribution JVET-M0122 (Non-CE3: On block size restrictions for PDPC) [M. Schäfer, J. Pfaff (HHI)] [late]

JVET-M0238 Non-CE3: Modification of PDPC [J. Lee, H. Lee, S.-C. Lim, J. Kang, H. Y. Kim (ETRI)]
This contribution presents modification of position dependent intra prediction combination (PDPC). It includes two modifications which are large block size restriction and removal of interpolation. It is reported that the average luma BD-rate of the block size restriction and the removal of interpolation for AI case is - 0.01% and 0.01% compared to VTM 3.0, respectively.
The proposal asserts that PDPC does not give much benefit for large blocks (64xN, Nx64). 
JVET-M0678 Crosscheck of JVET-M0238 (Non-CE3: Modification of PDPC) [S. Keating (Sony)] [late]

JVET-M0814 Non-CE3: block size restriction on PDPC [L Li, J Heo, J Choi, S Yoo, J Choi, J Lim, S.Kim (LGE)] [late]
It is suggested to disable PDPC for small blocks (not apply w*h<=16) and large blocks (up to 32x32 for luma; 16x16 for chroma).
BoG recommends revisiting the block size restriction for PDPC preferably when additional hardware/software expertise is present (Track A or AHG16).
JVET-M0881 Crosscheck of JVET-M0814 (Non-CE3: block size restriction on PDPC) [A. Filippov, V. Rufitskiy (Huawei)] [late]

Table 2. – Summary of contributions on block size restrictions for PDPC
	Contribution
	Test #
	Restriction
	Compression performance (Y/U/V)

	JVET-M0045
	
	width + height <= 8
	AI: 0.05% / 0.02% / 0.03%
RA: 0.03% / 0.04% / 0.00%

	JVET-M0122
	1
	1. width + height <= 8
2. width + height > 64
	AI: 0.03% / 0.04% / 0.02%
RA: 0.03% / 0.03% / 0.07%

	
	2
	1. width + height <= 8
2. width + height > 64 (applicable only to blocks with worst-case intra-prediction modes)
	AI: 0.03% / 0.03% / 0.04%
RA: 0.02% / 0.06% / 0.05%

	
	3
	1. width + height <= 8
2. width + height > 64 
Both restrictions are applied only to blocks with worst-case intra-prediction modes
	AI: 0.01% / -0.03% / 0.00%
RA: 0.02% / 0.07% / 0.04%

	
	3a
	width + height <= 8 (applied only to blocks with worst-case intra-prediction modes)
	AI: 0.02% / -0.03% / -0.07%
RA: 0.01% / 0.01% / -0.04%

	JVET-M0238
	
	width + height > 64
	AI: -0.01% / -0.02% / 0.02%
RA: 0.00% / 0.08% / 0.10%

	JVET-M0814
	1
	width * height <= 16
	AI: 0.05% / 0.01% / 0.03%
RA: 0.03% / -0.05% / -0.01%

	
	2
	1. width * height <= 16
2. max(width, height)<=32 for luma, 
max(width, height)<=16 for chroma
	AI: 0.06% / -0.08% / -0.08%
RA: 0.05% / -0.08% / -0.05%

	
	3
	width * height <= 8 for chroma
	AI: 0.00% / 0.03% / 0.02%
RA: 0.00% / 0.06% /0.02%



2.4. Complexity reduction of motion compensation and MV coding
JVET-M0248 AHG16: Motion compensation with padded samples for small coding units [H. Liu, J. Chon, H.-C. Chuang, L. Zhang, K. Zhang, J. Xu (Bytedance)]
No presenter present.
JVET-M0607 Crosscheck of JVET-M0248 (AHG16: Motion compensation with padded samples for small coding units) [B. Wang (Huawei)] [late] [miss]

JVET-M0265 AHG16: Clean-up on MV Rounding [K. Zhang, L. Zhang, H. Liu, J. Xu, Y. Wang, P. Zhao, D. Hong (Bytedance)]
No presenter present.
JVET-M0563 Cross-check of JVET-M0265 (AHG16: Clean-up on MV Rounding) [X. Chen (HiSilicon)] [late] [miss]
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