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Abstract
This BoG met on 22 Mar 2019 from 18:20 to 21:10 and 23 Mar 2019 from 09:00 to 19:05 to review the CE6-related and Non-CE6 contributions of the 14th JVET meeting. In total, 26 contributions have been reviewed, which are categorized as follows:
1. Implicit MTS and Transform Derivation for ISP and SBT (9 proposals)
2. MTS Designs – Modification of Signalling and Transform Kernels (9 proposals)
3. Secondary Transform (4 proposals)
4. Other Proposals (4 proposals)
Based on the review of CE6-related and non-CE6 proposals and discussions, the BoG recommends:
· To adopt
· one of the five candidates proposing simplifications and/or unifications for implicit MTS and transform derivation for ISP (in Section 1.1), and
· JVET-N0105 proposing to remove intra mode dependency in context selection of secondary transform modes.
· To have CE tests based on:
· JVET-N0424 and JVET-N0491 proposing new MTS designs and fast encoder methods. It has been shown that encoder time can be reduced about 10% with a coding gain loss less than 0.1%, and
· JVET-N0555 proposing to normatively set all primary coefficients to zeros when a secondary transform is used.
· To revisit:
· JVET-N0388 proposing to replace implicit MTS by creating a new mode in MTS that uses the same transform derivation in the current MTS,
· JVET-N0121 proposing an editorial change,
· JVET-N0364 proposing to reduce the worst-case in terms of number of multiplies per coefficient,
· JVET-N0363 proposing to change the metric used to estimate RD in intra mode selection, and
· JVET-N0808 proposing to add a high-level syntax for setting maximum transform size.
BoG Recommendations
The following BoG recommendations were made for each category.
1.1 Implicit MTS and Transform Derivation for ISP and SBT
BoG recommends to adopt one of the following five candidates:
	Proposal(s)
	Coding gains (AI / RA / LDB) 
	Comments

	(1) Change Implicit MTS to unify with current transform derivation in ISP
JVET-N0089, JVET-N0161, JVET-N0338

	Implicit MTS: 
    -0.24% / -0.04% / -0.03%
CTC: 
     0.00% (No impact)
	- replaces the shape-dependent derivation in implicit MTS with the mode-dependent one in ISP
- more complex than current design

- keeps the current ISP design

	(2) Simplify both Implicit MTS and transform derivation in ISP
JVET-N0172, JVET-N0375, JVET-N0419, JVET-N0420
	Implicit MTS: 
  -0.11% / -0.02% / 0.02%
CTC: 
  -0.01% / 0.00% / 0.01%    
	- removes the shape dependency in implicit MTS by using DST-7 whenever size is <= 16
- removes the mode-dependency in ISP by using DST-7 whenever size is <=16 and >=4
- simple HEVC-like design

	(3) Same as above (2) except
2-pt DST-7 is added for ISP in JVET-N0420
JVET-N0419, JVET-N0420
	Implicit MTS: 
  -0.11% / -0.02% / 0.02%
CTC: 
 -0.04% / -0.02% / -0.02% 


	- removes the shape-dependency by using DST-7 whenever size is <=16
- removes the mode-dependency in ISP by using DST-7 whenever size is <=16
- simple HEVC-like design
- design consistency: allows ISP to use DST-7 in Nx2 and 2xN
- 4 bytes of additional memory
- does not change the overall worst-case


The following proposal only provided test results on VTM 4.0.1
	Proposal(s)
	Coding gains (AI / RA / LDB) 
	Comments

	(4) JVET-N0375
	CTC: 
    -0.01% / 0.00% / 0.01%

	- keeps the current implicit MTS 
- removes mode-dependency in by using DST-7 whenever size is <=16 (same as (2) in the above table)

	(5) JVET-N0375
	CTC: 
   -0.01% / -0.01% / -0.04%
	- keeps the current implicit MTS 
- removes mode-dependency in by using DST-7 whenever size is <=8









None of the above methods have a negative impact on encode and decode times, based on provided results from the proponents. 
· AI results for candidate (1) over VTM-4.0:
		Candidate (1) has no impact on CTC, so the corresponding results are omitted.
	
	All Intra

	
	Over VTM-4.0 with MTS=0 and ImplicitMTS=1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	0.12%
	0.15%
	102%
	101%

	Class A2
	-0.18%
	0.12%
	0.03%
	101%
	98%

	Class B
	-0.27%
	0.21%
	0.17%
	101%
	99%

	Class C
	-0.22%
	-0.02%
	0.08%
	102%
	99%

	Class E
	-0.33%
	0.03%
	-0.04%
	101%
	99%

	Overall 
	-0.24%
	0.10%
	0.09%
	101%
	99%

	Class D
	-0.29%
	-0.06%
	0.09%
	103%
	100%

	Class F 
	-0.09%
	-0.08%
	-0.01%
	103%
	100%


· AI results for candidate (2) over VTM-4.0:
	
	All Intra

	
	Over VTM-4.0 with MTS=0 and ImplicitMTS=1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.22%
	-0.40%
	-0.33%
	101%
	96%

	Class A2
	-0.12%
	-0.33%
	-0.42%
	101%
	98%

	Class B
	-0.12%
	-0.40%
	-0.36%
	101%
	96%

	Class C
	0.05%
	-0.37%
	-0.16%
	101%
	95%

	Class E
	-0.18%
	-0.43%
	-0.53%
	101%
	99%

	Overall 
	-0.11%
	-0.39%
	-0.35%
	101%
	96%

	Class D
	0.04%
	-0.20%
	-0.12%
	101%
	94%

	Class F 
	-0.02%
	-0.30%
	-0.10%
	100%
	96%
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	All Intra 

	
	Over VTM-4.0 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.03%
	0.00%
	100%
	100%

	Class A2
	-0.03%
	0.07%
	-0.08%
	100%
	102%

	Class B
	-0.01%
	0.00%
	0.05%
	100%
	98%

	Class C
	0.04%
	-0.11%
	-0.04%
	100%
	101%

	Class E
	-0.06%
	-0.13%
	-0.12%
	100%
	96%

	Overall 
	-0.01%
	-0.04%
	-0.03%
	100%
	99%

	Class D
	0.01%
	-0.03%
	-0.19%
	100%
	101%

	Class F 
	0.05%
	-0.05%
	-0.19%
	100%
	99%


· AI results for candidate (3) over VTM-4.0:
	
	All Intra

	
	Over VTM-4.0 with MTS=0 and ImplicitMTS=1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.22%
	-0.40%
	-0.33%
	101%
	96%

	Class A2
	-0.12%
	-0.33%
	-0.42%
	101%
	98%

	Class B
	-0.12%
	-0.40%
	-0.36%
	101%
	96%

	Class C
	0.05%
	-0.37%
	-0.16%
	101%
	95%

	Class E
	-0.18%
	-0.43%
	-0.53%
	101%
	99%

	Overall 
	-0.11%
	-0.39%
	-0.35%
	101%
	96%

	Class D
	0.04%
	-0.20%
	-0.12%
	101%
	94%

	Class F 
	-0.02%
	-0.30%
	-0.10%
	100%
	96%



	
	All Intra 

	
	Over VTM-4.0 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.02%
	-0.04%
	100%
	102%

	Class A2
	-0.06%
	-0.01%
	-0.10%
	100%
	102%

	Class B
	-0.04%
	-0.08%
	-0.05%
	100%
	100%

	Class C
	-0.01%
	-0.12%
	-0.10%
	100%
	100%

	Class E
	-0.11%
	-0.15%
	-0.23%
	100%
	98%

	Overall 
	-0.04%
	-0.08%
	-0.10%
	100%
	100%

	Class D
	-0.01%
	-0.18%
	-0.22%
	100%
	103%

	Class F 
	0.03%
	-0.13%
	-0.05%
	101%
	103%


· AI results for candidate (4) over VTM-4.0.1:
Candidate (4) has no impact on implicit MTS, so the corresponding results are omitted.

	
	All Intra 

	
	Over VTM-4.0.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.01%
	-0.10%
	100%
	100%

	Class A2
	-0.03%
	-0.01%
	-0.10%
	100%
	100%

	Class B
	-0.01%
	-0.02%
	-0.04%
	100%
	100%

	Class C
	0.02%
	0.00%
	0.03%
	100%
	100%

	Class E
	-0.05%
	-0.11%
	-0.12%
	100%
	100%

	Overall 
	-0.01%
	-0.03%
	-0.06%
	100%
	100%

	Class D
	0.01%
	-0.01%
	-0.09%
	100%
	100%

	Class F 
	0.02%
	-0.06%
	-0.10%
	101%
	100%



· AI results for candidate (5) over VTM-4.0.1:
Candidate (5) has no impact on implicit MTS, so the corresponding results are omitted.
	
	All Intra 

	
	Over VTM-4.0.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.08%
	0.02%
	100%
	100%

	Class A2
	-0.02%
	-0.04%
	-0.04%
	100%
	100%

	Class B
	-0.01%
	0.05%
	-0.02%
	100%
	100%

	Class C
	0.02%
	-0.02%
	-0.01%
	100%
	100%

	Class E
	-0.04%
	-0.05%
	-0.17%
	100%
	100%

	Overall 
	-0.01%
	0.01%
	-0.04%
	100%
	100%

	Class D
	-0.01%
	-0.01%
	-0.06%
	100%
	100%

	Class F 
	0.00%
	-0.06%
	0.04%
	101%
	100%



· BoG recommends to revisit JVET-N0388 with additional results answering the questions in the review of JVET-N0388 below (i.e., results for an implicitMTS-like transform selection implemented via encoder only changes).
JVET-N0388 Non-CE6: Shape Adaptive Transform Selection for ISP, SBT and MTS [K. Naser, T. Poirier, F. Le Léannec (Technicolor)]
The proposal is motivated by unification and simplification. Implicit MTS is incorporated into explicit MTS as a new mode replacing DCT-8, DCT-8 combination. It includes shape-dependent scheme into explicit MTS design. The ImplicitMTS transform pair is embedded within the MTS design, so that it becomes an encoder option with signaling. In a first test (test1), ImplicitMTS is only applied to ISP, but not SBT. In a second test (test2), ImplicitMTS applies also to SBT transform selection.
Reported PSNR-Y, U, V BD-rates variations compared to VTM4.0 anchor are as follows. 
For test1, 0.00%, 0.02%, -0.01% in AI, 0.00%, -0,01%, -0.02% in RA and 0.00%, 0.04%, 0.22% in LDB configurations. 
For test2, 0.00%, 0.02%, -0.01% in AI, 0.13%, 0.01%, -0.08% in RA and 0.17%, 0.16%, 0.00% in LDB configurations. Encoding and decoding times are reportedly not impacted.

	tu_mts_idx
	transform type
	binarization

	
	horizontal
	Vertical
	MTS & TS enabled
	MTS enabled
	TS enabled

	0
	SKIP
	SKIP
	0
	-
	0

	1
	DCT-II
	DCT-II
	10
	0
	1

	2
	DST-VII
	DST-VII
	110
	10
	-

	3
	DCT-VIII
	DST-VII
	1110
	110
	-

	4
	DST-VII
	DCT-VIII
	11110
	1110
	-

	5
	ImplicitMTS
	ImplicitMTS
	11111
	1111
	-


One question is: what are the coding results when this method is used to replicate the current implicit MTS in VTM-4.0? Would signaling only shape-adaptive mode in the above table introduce too much signalling overhead? 
Current shape-adaptive design can be explicitly signaled in this design.
The method introduces no loss on CTC with the proposed unification. A CE may be useful to answer the above questions. 
BoG recommendation: Revisit in Track A.
1.2 MTS Designs – Modification of Signalling and Transform Kernels
No adoptions are recommended by the BoG in this category.
· BoG recommends to study JVET-N0424 and JVET-N0491 in a CE.
JVET-N0424 CE6-related: An Explicit MTS Design with Fast Encoder [C.-H. Hung, H. E. Egilmez, N. Hu, V. Seregin, M. Karczewicz (Qualcomm)]
This contribution proposes to replace DCT-8 in MTS by identity transform (IDT) or DCT-2 in intra-CUs based on a pre-defined transform length T. Also, a fast encoding method is introduced. Over VTM-4.0, with common test configuration, the proposed methods lead to minor losses of 0.04%, 0.03% and 0.04% luma BD-rate with 90%, 98% and 100% encoding time in AI, RA and LDB at similar decoding time.
This contribution looks for a good encode-time and coding gain trade-off. 
It was commented that the encoder-only changes studied in CE6 and other proposals have to be compared with this proposal.
BoG recommendation: To study in a CE to test separate components proposed in this contribution:
	- Normative changes only (using combinations of IDT, DST-7 and DCT-2, DST-7 for different T).
	- Encoder-only changes (2 methods separately).
   - Combined normative and encoder-only changes.
JVET-N0491 CE6-related: Transform Candidate Ordering [C. Hollmann, D. Saffar, J. Ström, P. Wennersten (Ericsson)]
This contribution proposes a modification of the transform selection in the MTS tool. It consists of three changes: removing the combination (DCT-8, DCT-8), replacing the size-32 DCT-8 with the existing DCT-2, and adding an algorithm to sort the combinations (DST-7, DCT-8) and (DCT-8, DST-7) based on block characteristics. 
Two different configurations are tested: The default CTC configuration where at most 3 candidates besides (DCT-2, DCT-2) are tested for intra-predicted blocks and at most 4 candidates for inter-predicted blocks, and a configuration where at most 2 candidates are tested for both intra and inter. When comparing the CTC configuration with the anchor [T1], a gain of -0.04% / -0.01% / -0.04% AI/RA/LD is reported with unchanged encoder and decoder run times. When comparing the variant of testing 2 candidates to an anchor testing 2 candidates [T3], the reported gain is -0.07% / -0.02% / -0.03% AI/RA/LD without significant run time changes. A third test comparing the proposed software with 2 candidates to the CTC anchor [T2] reportedly shows a loss of 0.06% / 0.03% / 0.02% AI/RA/LD with a reported encoder run time reduction to 87% / 98% / 97% AI/RA/LD.
This contribution proposes to have a mode-dependent for intra MTS and shape-dependent candidate ordering for inter MTS. Both encoder and binarization of the MTS modes are changed based on the proposed re-ordering. 
It is commented that it would be good to see the results for encoder-only candidate reordering and compare that with the normative variant.
BoG recommends to study in a CE.

· BoG recommends to revisit only the editorial change proposed in JVET-N0121.
 JVET-N0121 Non-CE6: MTS simplification [T. Tsukuba, Y. Yagasaki, T. Suzuki (Sony)]
This contribution proposes to use the flipped version of DST-7 to implement DCT-8. By this way, the hardware implementation and specification text can be simplified. 
A hardware expert commented that this design may not be helpful for a more efficient design, and additional logical building blocks may be required. 
The coding loss is large for this simplification (in class A1 and A2 is particularly which is about 0.1%). The average loss is 0.09% for AI. 
If necessary, it is suggested to make proper modifications on JVET-M0497 to accommodate this method.
BoG recommendation: Revisit in Track A if the proposed text change is needed (to be checked by the Draft Text editor). Further study the method.

· BoG recommends to revisit JVET-N0364.
JVET-N0364 Non-CE6: Further cost reduction for primary transform [X. Zhao, X. Li, S. Liu (Tencent)]
This contribution proposes to reduce the worst-case in number of multiplications for 32x64 DCT-2. With the adoption of secondary transform (JVET-N0193) the worst-case has changed.
Currently the worst-case in VTM-4.0 is matched with HEVC. 
A non-proponent has pointed out that even with this proposal, the worst-case would still be the same due to DST-7/DCT-8.
It is not clear whether this proposal is reducing the worst-case problem.
BoG recommendation: Revisit in Track A.

1.3 Secondary Transform
· BoG recommends to adopt JVET-N0105.
JVET-N0105 CE6-related: RST binarisation [C. Rosewarne, J. Gan (Canon)]
A context selection dependency related to intra mode is removed. It is a straightforward simplification.
CE6-3.1 tests the reduced secondary transform in VTM-4.0. The binarisation of the related syntax element, nsst_mode, has a dependency on intra prediction mode and uses context coding for each bin. This proposal removes the dependency on intra prediction mode and applies bypass coding to the second bin. As a consequence, the number of required contexts for nsst_mode is reduced from eight to two. Relative to the VTM-4.0 anchor, the resulting BD-rate impact for AI is -1.55%, -0.50%, -0.95%, for RA is -0.82%, -1.31%, -1.83%, and for LDB is -0.32%, -0.25%, -0.51%, in Y, Cb, and Cr channels, respectively.
BoG recommendation: Adopt (if similar results are achieved on top of CE6-3.1d).

· BoG recommends to study JVET-N0555 in a CE.
JVET-N0555 CE6-related: Simplification of the Reduced Secondary Transform [M. Siekmann, M. Winken, H. Schwarz, D. Marpe, T. Wiegand (HHI)] [late]
This contribution proposes to introduce zero-out for the primary transform coefficients, and the loss is almost negligible (AI 0.06% loss) and encoder time is decreased. 
Figure 1 shows an example of current design where blue region is restricted to be zero, and the rest of the regions can be non-zero (colored in green and orange). 
Figure 2 shows an example of the proposed method where only orange region can have non-zero coefficients.
[image: ]
Figure 1. RST8x8 with 64x16 transform matrix. Orange: secondary coefficients, Blue: enforced non-significant coefficients, Green: unaltered primary-only transform coefficients.
[image: ]
Figure 2. Proposed method. Also, all primary transform coefficients are inferred to be zero when RST is applied.

[image: ]
It was commented that it is a cleaner design compared to the adopted version.
BoG recommendation: To study in a CE.
1.4 Other Proposals
· BoG recommends to revisit JVET-N0363 and JVET-N0808.
JVET-N0363 CE6-related: Modified encoder decision for transform skip [X. Zhao, X. Li, S. Liu (Tencent)]
This contribution proposes to change the estimate of RD cost in intra mode selection.
Instead of using “SATD + λ x modeBits” in VTM-4.0 it is proposed to use “min(SAD,SATD) + λ x modeBits”.
The method leads to 0.00% AI, 0.02% RA gains for on average, and 0.39% AI and 0.36% RA coding gains are achieved for screen content (class TGM). 
Compared to VTM-4.0 with IBC off, 1.80% AI and 1.21% RA coding gains are achieved for screen content (class TGM).
Coding gain of proposed method versus VTM-4.0 under CTC.
	
	All Intra Main10 
	Random Access Main 10
	Low delay B Main10 

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	-0.02%
	-0.01%
	100%
	97%
	0.00%
	0.00%
	-0.01%
	101%
	100%
	
	
	
	
	

	Class A2
	0.00%
	0.14%
	-0.02%
	102%
	102%
	-0.01%
	0.07%
	0.06%
	100%
	100%
	
	
	
	
	

	Class B
	0.00%
	0.00%
	0.02%
	100%
	101%
	0.00%
	-0.11%
	-0.11%
	101%
	100%
	
	
	
	
	

	Class C
	-0.01%
	-0.11%
	0.01%
	101%
	101%
	-0.05%
	-0.14%
	-0.13%
	101%
	101%
	-0.05%
	0.26%
	-0.01%
	99%
	99%

	Class E
	-0.01%
	0.01%
	-0.04%
	99%
	99%
	 
	
	 
	 
	 
	-0.03%
	0.77%
	0.78%
	103%
	104%

	Overall 
	0.00%
	0.00%
	-0.01%
	100%
	100%
	-0.02%
	-0.06%
	-0.06%
	101%
	100%
	
	
	
	
	

	Class D
	0.00%
	-0.07%
	-0.08%
	102%
	103%
	-0.06%
	-0.26%
	-0.16%
	102%
	102%
	-0.01%
	0.14%
	-0.51%
	101%
	100%

	Class F
	-0.14%
	-0.09%
	-0.17%
	100%
	100%
	-0.18%
	-0.19%
	-0.31%
	101%
	101%
	-0.24%
	-0.38%
	-0.67%
	99%
	100%

	Class TGM
	-0.39%
	-0.24%
	-0.23%
	98%
	99%
	-0.36%
	-0.32%
	-0.30%
	101%
	100%
	-0.25%
	-0.34%
	-0.26%
	102%
	101%



It is also suggested to test “SAD + λ x modeBits”.
BoG recommendation: Revisit in Track A. 


JVET-N0808 Non-CE6: Joint proposal on configurable max transform size of JVET-N0362 and JVET-N0227 [X. Zhao, X. Li, S. Liu (Tencent), L. Li, M. Koo, J. Heo, J. Lim, S. Kim (LGE)] [late]
This joint proposal introduces a high-level syntax to set maximum transform size. 
Concerns raised:
· It is suggested to test an encoder-only version of this contribution.
· A comparison with an RQT-like solution is encouraged.
· A comparison with restricting maximum CTU size is encouraged.
The reported results are as follows for different maximum transform size configurations.
Coding performance of using max transform size 64
	
	All Intra Main10 
	Random Access Main 10
	Low delay B Main10 

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	103%
	100%
	0.00%
	0.00%
	0.00%
	101%
	101%
	 
	 
	 
	 
	 

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	101%
	0.00%
	0.00%
	0.00%
	100%
	100%
	 
	
	 
	 
	 

	Class B
	0.00%
	0.00%
	0.00%
	101%
	100%
	0.00%
	0.00%
	0.00%
	100%
	100%
	0.00%
	0.00%
	0.00%
	101%
	102%

	Class C
	0.00%
	0.00%
	0.00%
	103%
	103%
	0.00%
	0.00%
	0.00%
	102%
	102%
	0.00%
	0.00%
	0.00%
	99%
	101%

	Class E
	0.00%
	0.00%
	0.00%
	99%
	100%
	 
	
	 
	 
	 
	0.00%
	0.00%
	0.00%
	100%
	100%

	Overall 
	0.00%
	0.00%
	0.00%
	101%
	101%
	0.00%
	0.00%
	0.00%
	101%
	100%
	0.00%
	0.00%
	0.00%
	100%
	101%

	Class D
	0.00%
	0.00%
	0.00%
	101%
	101%
	0.00%
	0.00%
	0.00%
	101%
	103%
	0.00%
	0.00%
	0.00%
	102%
	104%

	Class F
	0.00%
	0.00%
	0.00%
	99%
	101%
	0.00%
	0.00%
	0.00%
	101%
	102%
	0.00%
	0.00%
	0.00%
	100%
	102%



Coding performance using max transform size 32
	
	All Intra Main10 
	Random Access Main 10
	Low delay B Main10 

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	1.08%
	5.17%
	4.16%
	102%
	107%
	2.85%
	3.09%
	4.20%
	101%
	100%
	 
	 
	 
	 
	 

	Class A2
	0.47%
	2.64%
	1.87%
	102%
	105%
	1.08%
	2.07%
	1.91%
	100%
	100%
	 
	
	 
	 
	 

	Class B
	0.29%
	2.37%
	3.05%
	100%
	102%
	0.78%
	1.74%
	2.35%
	101%
	99%
	1.36%
	1.93%
	3.41%
	101%
	102%

	Class C
	0.07%
	0.40%
	0.28%
	101%
	103%
	0.28%
	0.40%
	-0.01%
	103%
	101%
	0.41%
	0.84%
	0.89%
	104%
	102%

	Class E
	0.50%
	2.81%
	3.74%
	100%
	103%
	 
	
	 
	 
	 
	1.30%
	3.94%
	6.33%
	103%
	101%

	Overall 
	0.44%
	2.52%
	2.54%
	101%
	104%
	1.12%
	1.72%
	2.00%
	101%
	100%
	1.03%
	2.07%
	3.30%
	103%
	102%

	Class D
	0.06%
	0.29%
	0.13%
	102%
	107%
	0.03%
	0.03%
	0.31%
	106%
	103%
	0.03%
	0.40%
	-0.16%
	104%
	100%

	Class F
	0.18%
	0.93%
	1.00%
	100%
	103%
	0.37%
	0.71%
	0.91%
	103%
	102%
	0.68%
	0.66%
	1.39%
	102%
	98%



Coding performance of using max transform size 16
	
	All Intra Main10 
	Random Access Main 10
	Low delay B Main10 

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	6.41%
	22.34%
	18.58%
	103%
	118%
	10.16%
	17.92%
	19.27%
	101%
	104%
	 
	 
	 
	 
	 

	Class A2
	3.26%
	10.33%
	7.67%
	101%
	116%
	4.68%
	8.69%
	7.43%
	96%
	103%
	 
	
	 
	 
	 

	Class B
	2.55%
	10.34%
	12.84%
	101%
	113%
	3.87%
	9.09%
	11.49%
	97%
	102%
	5.44%
	8.83%
	14.52%
	98%
	106%

	Class C
	0.93%
	3.29%
	3.09%
	100%
	107%
	1.74%
	2.89%
	3.00%
	98%
	102%
	2.53%
	3.46%
	4.36%
	94%
	100%

	Class E
	3.82%
	11.95%
	12.33%
	101%
	114%
	 
	
	 
	 
	 
	5.15%
	12.76%
	17.10%
	100%
	100%

	Overall 
	3.16%
	11.04%
	10.68%
	101%
	113%
	4.72%
	9.12%
	9.97%
	98%
	103%
	4.40%
	8.02%
	11.78%
	97%
	103%

	Class D
	0.76%
	2.50%
	2.13%
	102%
	106%
	0.64%
	1.48%
	1.51%
	101%
	105%
	1.05%
	1.15%
	3.04%
	98%
	103%

	Class F
	1.27%
	4.33%
	4.48%
	100%
	110%
	2.06%
	3.59%
	4.01%
	100%
	104%
	3.02%
	3.67%
	4.69%
	100%
	102%



BoG recommendation: Revisit in Track A.

BoG Review of all CE6-related and Non-CE6 Proposals
2.1 Implicit MTS and Transform Derivation for ISP and SBT
JVET-N0089 CE6-related: Unified implicit MTS between ISP mode and regular intra mode [M.-S. Chiang, C.-W. Hsu, Y.-W. Huang, S.-M. Lei (MediaTek)]
This proposal unifies implicit MTS and transform selection in ISP:
· Shape-dependent transform selection is removed from implicit MTS by using the mode-dependent scheme.
· 0.24% AI, 0.04% RA and 0.03% LDB coding gains is achieved on top of implicit MTS design (MTS=0, MTSImplicit = 1).
A non-proponent commented that mode-dependent scheme may not be desired if the coding gain is not large enough, and such scheme was not accepted during 11th meeting. This proposal is more complex than the current design. A mode-dependent design for explicit MTS may further improve the performance proposed in earlier meetings. 
A unification may be desirable.
JVET-N0565 Crosscheck of JVET-N0089 (CE6-related: Unified implicit MTS between ISP mode and regular intra mode) [Y. Sun, F. Chen, L. Wang (Hikvision)] [miss] [late]	
JVET-N0160 CE6-related: Simplification on transform selection for Intra Sub-Partitions [X. Cao, L. Xu, F. Chen, L. Wang (Hikvision)]
This contribution proposes several simplifications for transform selection in ISP.
Methods 1 and 2 require more conditional checks as compared to the current design. Method 3 is a simplification and is similar to shape-dependent design in implicit MTS.
Method 3 is a simplification, and the loss is high for a simplification (AI loss is 0.05%).
BoG recommendation: no action.
JVET-N0535 Crosscheck of JVET-N0160 (Non-CE6: Simplification on transform selection for Intra Sub-Partitions) [X. Zhao (Tencent)] [miss] [late]

JVET-N0161 CE6-related: Implicit transform selection based on intra mode [X. Cao, F. Chen, L. Wang (Hikvision)]
This contribution proposes mode-dependent transform selection for implicit MTS. 
Three unification methods are proposed: 
One of the methods is the same as JVET-N0089.
As compared to JVET-N0089, different even/odd angular mode conditions (requiring more conditional checks) are used DST-7 and DCT-2, and 0.01% additional gain is achieved.
BoG recommendation: Discuss the variant that is same as JVET-N0089 in Track A for a potential adoption.
JVET-N0731 Cross-check of JVET-N0161 (Non-CE6: Implicit transform selection based on intra mode) [S. De-Luxán-Hernández (HHI)] [miss] [late]

JVET-N0172 Non-CE6: Unification of Implicit Transform Core Selection [H. Gao, S. Esenlik, B. Wang, A. M. Kotra, J. Chen (Huawei)]
Two methods are proposed to unify transform selection in implicit MTS and ISP. 
Method 1: proposes using DST-7 only whenever the size is less than 32. There are cases where DST-7 and DCT-2 combinations are used (e.g., 16x32 (DST-7 x DCT-2) ). 
- AI gain 0.11% for implicit MTS part (non-CTC) and 0.01% gain under CTC.
Method 2: proposes a “ratio adaptive” method and is not attractive due to its loss.

JVET-N0338 Non-CE6: Unified transform selection for implicit MTS [T.-C. Ma, X. Xiu, Y.-W. Chen, X. Wang (Kwai Inc.)]
This contribution proposes the same method in JVET-N0089.
- The reported AI gain is 0.24% (over non-CTC : MTS=0 and MTSImplicit = 1).

JVET-N0375 Non-CE6: Simplification on implicit transform selection in ISP mode [S.-C. Lim, J. Kang, J. Lee, H. Lee, H. Y. Kim (ETRI)]
Proposal is the same as JVET-N0172 (Method 1) and the variant in JVET-N0420 without 2-pt DST-7.The results are provided over VTM-4.0.1 (which has a fast encoder method for ISP). 
Method 2 applies the same method that applies DST-7 for samples of length less than or equal to 8. AI gain 0.01%, RA 0.01% and LDB 0.04%.
The cross-checker commented that the reported results are consistent with the tests on VTM-4.0.

JVET-N0678 Crosscheck of JVET-N0375 (Non-CE6: Simplification on implicit transform selection in ISP mode) [J. Lainema (Nokia)] [miss] [late]

JVET-N0388 Non-CE6: Shape Adaptive Transform Selection for ISP, SBT and MTS [K. Naser, T. Poirier, F. Le Léannec (Technicolor)]
The proposal is motivated by unification and simplification. 
 Implicit MTS is incorporated into explicit MTS as a new mode replacing DCT-8, DCT-8 combination. It includes shape-dependent scheme into explicit MTS design. 

	tu_mts_idx
	transform type
	binarization

	
	horizontal
	Vertical
	MTS & TS enabled
	MTS enabled
	TS enabled

	0
	SKIP
	SKIP
	0
	-
	0

	1
	DCT-II
	DCT-II
	10
	0
	1

	2
	DST-VII
	DST-VII
	110
	10
	-

	3
	DCT-VIII
	DST-VII
	1110
	110
	-

	4
	DST-VII
	DCT-VIII
	11110
	1110
	-

	5
	ImplicitMTS
	ImplicitMTS
	11111
	1111
	-



One question is: what are the coding results when this method is used to replicate the current implicit MTS in VTM-4.0? Would signaling only shape-adaptive mode in the above table introduce too much signalling overhead? 
Current shape-adaptive design can be explicitly signaled in this design.
The method introduces no loss on CTC with the proposed unification. A CE may be useful to answer the above questions. 
BoG Recommendation: Revisit in Track A
JVET-N0804 Crosscheck of JVET-N0388 (Non-CE6: Shape Adaptive Transform Selection for ISP, SBT and MTS) [M. Salehifar (LGE)] [miss] [late]

JVET-N0419 Non-CE6: A Simplification of Implicit MTS [H. E. Egilmez, A. Said, N. Hu, C.-H. Hung, V. Seregin, M. Karczewicz (Qualcomm)]
The same implicit MTS design in JVET-N0172 is proposed.
JVET-N0420 Non-CE6: A Simplification of Implicit Transform Selection in Intra-subblock Partitioning [H. E. Egilmez, A. K. Ramasubramonian, A. Said, N. Hu, V. Seregin, G. Van der Auwera, M. Karczewicz (Qualcomm)]
The same transform selection condition in JVET-N0419 is proposed for ISP. In addition, 2-pt DST-7 is introduces for design consistency and support DST-7 in 2xN and Nx2 blocks in ISP.
The reported AI coding gain is 0.04%. Compared to the method not having 2-pt DST-7, 0.03% AI and 0.01%RA gains are achieved. 
Two additional multiplications are needed as compared to using 2-pt DCT-2 and 4 bytes of additional memory is required. The overall worst-case in terms of multiplications per coefficients are the same as the VTM-4.0.

JVET-N0730 Cross-check of JVET-N0420 (Non-CE6: A Simplification of Implicit Transform Selection in Intra-subblock Partitioning) [S. De-Luxán-Hernández (HHI)] [miss] [late]

2.2 MTS Designs - Modification of Signaling and Transform Kernels
JVET-N0121 Non-CE6: MTS simplification [T. Tsukuba, Y. Yagasaki, T. Suzuki (Sony)]
This contribution proposes to use the flipped version of DST-7 to implement DCT-8. By this way, the hardware implementation and specification text can be simplified. 
A hardware expert commented that this design may not be helpful for a more efficient design, and additional logical building blocks may be required. 
The coding loss is large for this simplification (in class A1 and A2 is particularly which is about 0.1%). The average loss is 0.09% for AI. 
If necessary, it is suggested to make proper modifications on JVET-M0497 to accommodate this method.
BoG recommendation: Further study the method, and if necessary, make specification text changes (to be checked by Draft Text editor).

JVET-N0747 Crosscheck of JVET-N0121 (Non-CE6: MTS simplification) [S. Iwamura (NHK)]	[miss] [late]

JVET-N0122 CE6/CE8-related: Alternative implementation of residual rearrangement for transform skipped blocks [T. Tsukuba, M. Ikeda, T. Suzuki (Sony)] [placeholder] [late]
This contribution proposes an implementation of residual rotation for transform skip. The proponent confirmed that the method should produce exactly the same rotation in the VTM-4.0 (which is not enabled in CTC).
BoG recommendation: Further study.

JVET-N0123 Non-CE6/CE8: Chroma Transform Skip [T. Tsukuba, M. Ikeda, T. Suzuki (Sony)]
It is encouraged to further study to have transform skip for chroma blocks.
This contribution is presented in CE8 BoG. For the decision, please refer to the BoG report on CE8 (JVET-N0780).
JVET-N0534 Crosscheck of JVET-N0123 (AHG13/Non-CE6/CE8: Chroma Transform Skip) [X. Zhao (Tencent)] [miss] [late]

JVET-N0190 Non-CE6: Modifications on sub-block transform [J. Jung, D. Kim, G. Ko, J. Son, J. Kwak (WILUS)]
A restriction to SBT is proposed and following change is reflected in the proposal:
	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex ) {
	Descriptor

		if( treeType = = SINGLE_TREE  | |  treeType = = DUAL_TREE_LUMA ) {
	

			if( ( IntraSubPartitionsSplitType =  = ISP_NO_SPLIT  &&  !( cu_sbt_flag  &&  
			   ( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |  
			      ( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) ) )  | |  
			( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
			( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_cbf_luma[ x0 ][ y0 ]
	ae(v)

				InferTuCbfLuma  =  InferTuCbfLuma  &&  !tu_cbf_luma[ x0 ][ y0 ]
	

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	}
	

		
	



There is no significant coding efficiency difference with respect to VTM-4.0, and some loss for chroma in LDB is observed (for class F ~%0.7 loss). Overall luma gain for LDB is 0.03% and no gain for RA. 
BoG recommendation: No action. Further study is encouraged. 
JVET-N0713 Crosscheck of JVET-N0190 (Non-CE6: Modifications on sub-block transform) [X. Zhao (Tencent)] [miss] [late]

JVET-N0364 Non-CE6: Further cost reduction for primary transform [X. Zhao, X. Li, S. Liu (Tencent)]
This contribution proposes to reduce the worst-case in number of multiplications for 32x64 DCT-2. With the adoption of secondary transform (JVET-N0193) the worst-case has changed.
Currently the worst-case in VTM-4.0 is matched with HEVC. 
A non-proponent has pointed out that even with this proposal, the worst-case would still be the same due to DST-7/DCT-8.
It is not clear whether this proposal is reducing the worst-case problem.
BoG recommendation: Revisit in Track A.
JVET-N0424 CE6-related: An Explicit MTS Design with Fast Encoder [C.-H. Hung, H. E. Egilmez, N. Hu, V. Seregin, M. Karczewicz (Qualcomm)]
This contribution looks for a good encode-time and coding gain trade-off. 
It was commented that the encoder-only changes studied in CE6 and other proposals have to be compared with this proposal.
BoG recommendation: Have a CE on this proposal with separate components proposed in this contribution:
	- Normative changes only (using combinations of IDT, DST-7 and DCT-2, DST-7 for different T).
	- Encoder-only changes (2 methods separately).
   - Combined normative and encoder-only changes.
JVET-N0519 Crosscheck of JVET-N0424 (CE6-related: An Explicit MTS Design with Fast Encoder) [P. Philippe (Orange bcom)] [miss] [late]

JVET-N0445 Non-CE6: MTS kernel derivation for efficient memory usage [S. Shrestha, A. Kumar, B. Lee (Chosun Univ.), Y. Lee, J. Park (Humax)]
This contribution is about memory reduction in MTS. 6 elements in 32-pt DST-7/DCT-8 are changed. 
A non-proponent commented that the proposed method needs additional processing to reconstruct full matrices, and it is desired not to have this additional processing.
BoG recommendation: No action.
JVET-N0668 Crosscheck of JVET-N0445 (Non-CE6: MTS kernel derivation for efficient memory usage) [J. Kim (??)] [miss] [late]

JVET-N0485 Non-CE6: Efficient separable Multi-Transform-Selection (MTS) without zero-out [A. Said, H.E. Egilmez, Y.-H. Chao, V. Seregin, M. Karczewicz (Qualcomm)]
This contribution proposes alternatives to the zero-out technique that are (i) conceptually, self-contained and transform-only solutions, not requiring any other non-transform related changes in a codec design and (ii) are slightly more complex as compared to the zero-out technique. 
In a nutshell, the proposal combines two techniques:
· For the 64-point DCT-2 only, a DCT-4 factorization using the same DCT-2 “partial-butterfly” that is part of the VTM code is proposed, and an additional low-complexity computation reducing (besides the DCT-2 one level partial butterfly) the matrix dimensions and number of multiplications by half. This is a well-known alternative computation of the DCT-2 and is not an approximation.
· For supporting the DCT-8 and DST-7, we use the Transform Adjustment method of JVET-M0538, which approximates those transforms using the DCT-2 as main computational engine. Since those transforms use the DCT-2, they are independent of how it is computed, so it can be readily used together with the DCT-4 factorization. 
It was commented by a non-proponent that DST-7 with larger sizes had lower gains (on VTM-3.0) without zero-out where the maximum MTS size is 32.
-The proponent responded that part of the gain of this method is due to extending the MTS size to 64. The adjustment is designed to approximate DST-7 on size 16 and not trained based on data.
A non-proponent commented that encoder still chooses zero-out.
-The proponent commented that the proposed method is compatible with zero-out.
A non-proponent commented that the method causes additional latency. Particularly, the latency impact is important for the encoder.
-A proponent commented that latency at the decoder is not a problem and it can be pipelined. 
-A proponent commented that the worst case is increased from 32 to 36 in terms of number of multiplies per coefficient with this proposal.
- A hardware expert commented that 64-length DCT-2 implementation can be a problem in terms of the transposition buffer memory.
This method uses different transform type (an approximation of DST-7) for different block sizes.
Summary of coding gains: 
Over VTM-4.0 CTC: 
- For AI: average 0.25% AI gain (for Class A1: 0.61%, Class A2: 0.27% gains) with %100 encode and 95% decode time.
- For RA: average 0.18% RA gain (for Class A1: 0.40%, Class A2: 0.12% gains) with %101 encode and 99% decode time.
Over VTM-4.0 CTC with inter MTS enabled: 
	    For AI: average 0.25% gain (for Class A1: 0.61% Class A2: 0.27% gains).
       For RA: average 0.22% gain (for Class A1: 0.49%, Class A2: 0.15% gains).
BoG recommendation: No action.
JVET-N0762 Crosscheck of JVET-N0485 (Non-CE6: Efficient separable Multi-Transform-Selection (MTS) without zero-out) [P. Philippe (Orange bcom)] [miss] [late]

JVET-N0491 CE6-related: Transform Candidate Ordering [C. Hollmann, D. Saffar, J. Ström, P. Wennersten (Ericsson)]
This contribution proposes to have a mode-dependent for intra MTS and shape-dependent candidate ordering for inter MTS. Both encoder and binarization of the MTS modes are changed based on the proposed re-ordering. 
It is commented that it would be good to see the results for encoder-only candidate reordering and compare that with the normative variant.
BoG recommendation: To study in a CE.

2.3 Secondary Transform
JVET-N0105 CE6-related: RST binarisation [C. Rosewarne, J. Gan (Canon)]
A context selection dependency related to intra mode is removed. It is a straightforward simplification.
BoG recommendation: Adopt (if similar results are achieved on top of CE6-3.1d).

JVET-N0365 CE6-related: MPM based non-separable secondary transform [X. Zhao, X. Li, S. Liu (Tencent)]
Two methods are proposed to use secondary transform only for MPM modes:
- Method 1: uses secondary for all MPMs that saves 9% of encoder time with 0.3% AI loss.
- Method 2: uses secondary transform for angular MPMs that saves 16% of encoder time with 0.5% AI loss. Since the change is normative, this variant saves 2Kbytes of memory.
BoG recommendation: No action.

JVET-N0518 Crosscheck of JVET-N0365 (CE6-related: MPM based non-separable secondary transform) [P. Philippe (Orange bcom)] [miss] [late]

JVET-N0509 CE6-Related: NSST with 8 Coefficients Computation [K. Naser, G. Rath, P. de Lagrange (Technicolor)] [late]
This contribution investigates the trade-off between coding gains and memory. It was commented that by the proponent of the adopted CE6-3.1d that the loss is high for such reduction in memory (5KBytes). 
BoG recommendation: No action. Further study is encouraged to seek for a better trade-off.
JVET-N0695 Crosscheck of JVET-N0509 (CE6-Related: NSST with 8 Coefficients Computation) [P. Hanhard (InterDigital)] [miss] [late]

JVET-N0555 CE6-related: Simplification of the Reduced Secondary Transform [M. Siekmann, M. Winken, H. Schwarz, D. Marpe, T. Wiegand (HHI)] [late]
This contribution proposes to introduce zero-out for the primary transform coefficients, and the loss is almost negligible (AI 0.06% loss) and encoder time is decreased. 
It was commented that it is a cleaner design compared to the adopted version.
BoG recommendation: To study in a CE.





2.4 Other Contributions
JVET-N0363 CE6-related: Modified encoder decision for transform skip [X. Zhao, X. Li, S. Liu (Tencent)]

This contribution proposes to change the estimate of RD cost in intra mode selection.
Instead of using “SATD + \lambda x modeBits” in VTM-4.0 it is proposed to use “min(SAD,SATD) + \lambda x modeBits”.
The method leads to 0.00% AI 0.02% RA gains for on average, and 0.39% AI and 0.36% RA coding gains are achieved for screen content (class TGM). 
Compared to VTM-4.0 with IBC off, 1.80% AI and 1.21% RA coding gains are achieved for screen content (class TGM).

It is also suggested to test “SAD + \lambda x modeBits”.
BoG recommendation: Revisit in Track A. 

JVET-N0667 Cross-check of JVET-N0363 (CE6-related: Modified encoder decision for transform skip) [X. Cao (Hikvision)] [miss] [late]

JVET-N0362 Non-CE6: Configurable max transform size in VVC [X. Zhao, X. Li, S. Liu (Tencent)]
No need for presentation since every aspect of this contribution is covered in the joint proposal JVET-N0808.
JVET-N0729 Cross-check of JVET-N0362 (Non-CE6: Configurable max transform size in VVC) [S. De-Luxán-Hernández (HHI)] [miss] [late]

JVET-N0227 Maximum transform size signaling in HLS [L. Li, M. Koo, J. Nam, J. Heo, J. Lim, S. Kim (LGE)]
No need for presentation since every aspect of this contribution is covered in the joint proposal JVET-N0808.

JVET-N0808 Non-CE6: Joint proposal on configurable max transform size of JVET-N0362 and JVET-N0227 [X. Zhao, X. Li, S. Liu (Tencent), L. Li, M. Koo, J. Heo, J. Lim, S. Kim (LGE)] [late]
This joint proposal introduces a high-level syntax to set maximum transform size. 
Concerns raised:
· It is suggested to test an encoder-only version of this contribution.
· A comparison with an RQT-like solution is encouraged.
· A comparison with restricting maximum CTU size is encouraged.
BoG recommendation: Revisit in Track A.
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