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Abstract
This contribution suggests to support lossless coding for VVC. In this proposal, in order to adaptively control whether lossless coding or lossy coding, a flag is transmitted to bypass transform and quantization in CU level as HEVC, and several low level coding tools are disabled for lossless block. The mandatory low level coding tool restriction is described as below:
1. Disabling transform related coding tools and syntax signaling; MTS, LFNST, SBT and transform skip for lossless coded block.
2. Disabling JointCbCr and the syntax signaling for lossless coded block
3. Disabling LMCS in slice level and the syntax signaling 
4. Disabling sign data hiding for transform/quantization bypass block.

In order to support co-existence between the lossless coding and lossy coding at the CU-level, the following additional restrictions are suggested. 
1. Bypass ALF processing for lossless coded block.
2. Support residual coding for Size MxN(M= 64 or N = 64) when MaxTbSize of 64 is signaled in SPS.
A. Implicit TU tiling to 32 for lossless block
B. Extend coefficient scanning

Introduction
At the 15th JVET meeting in Gothenburg, the JVET-O1061 was proposed by three companies to support lossless functionality for VVC[1]. In JVET-O1061 include several aspect as below:
1. Transform/quantization bypass enable flag at PPS
2. Transform/quantization bypass flag for CU level
3. Disabling syntax signaling related transform; MTS, LFNST, SBT and transform skip.
4. Disabling Sign data hiding for transform/quantization bypass block.
5. Disabling LMCS for lossless is enabled in slice level
6. Disabling JointCbCr for transform/quantization bypass block.
7. Bypass ALF processing for transform/quantization bypass block.
8. Disable Coeffient Zero-out for transform/quantization bypass block.
9. Disabling syntax signaling related QP 

Proposal

In order to support lossless coding functionality for VVC, the handling method is suggested as below:
1. One flag (transform quantization bypass) is signaled to define whether lossless mode.
2. Disabling transform related coding tools and syntax signaling; MTS, LFNST, SBT and transform skip for lossless coded block.
3. Disabling JointCbCr and the syntax signaling for lossless coded block
4. Disabling LMCS in slice level and the syntax signaling when lossless is enabled.
5. Disabling sign data hiding for transform/quantization bypass block.
6. Disabling RDO process for LFNST/MTS in encoder side.

It is also proposed to support flexibility for lossless and lossy coding at CU level that the handling method regarding ALF and residual coding for large transform unit is suggested as following:
1. Bypass ALF processing for lossless coded block.
ALF is efficient coding tool in terms of Bd-rate saving and even visual quality improvement. In this contribution, to keep the ALF effectiveness for lossy coded block. Encoder enabled ALF and ALF is locally bypass for the lossless coded block. Current ALF process allows filtering even though cu_transquant_bypass_flag is equal to 1. In the otherhand DBF and SAO processing already considers transform/quantization bypassed block. 

	Subcluase 8.9.5.2 Coding tree block filtering process for luma samples
· The modified filtered reconstructed luma picture sample alfPictureL[ xCtb + x ][ yCtb + y ] is derived as follows:
· If pcm_loop_filter_disabled_flag and pcm_flag[ xCtb+ x ][ yCtb + y ] are both equal to 1, the following applies:
alfPictureL[ xCtb + x ][ yCtb + y ] = recPictureL[ hx, vy ]	(8‑1207)
· Othersiwe if cu_transquant_bypass_flag[ xCtb+ x ][ yCtb + y ] is equal to 1, the following applies:
alfPictureL[ xCtb + x ][ yCtb + y ] = recPictureL[ hx, vy ]	(8‑1207)
· Otherwise (pcm_loop_filter_disabled_flag is equal to 0 or pcm_flag[ x ][ y ] is equal 0), the following applies:
alfPictureL[ xCtb + x ][ yCtb + y ] = Clip3( 0, ( 1 << BitDepthY ) − 1, sum )	(8‑1208)
Subclause 8.8.5.4 Coding tree block filtering process for chroma samples
· The modified filtered reconstructed chroma picture sample alfPicture[ xCtbC + x ][ yCtbC + y ] is derived as follows:
· If pcm_loop_filter_disabled_flag and pcm_flag[ ( xCtbC + x ) * SubWidthC ][ ( yCtbC + y ) * SubHeightC ] are both equal to 1, the following applies:
alfPicture[ xCtbC + x ][ yCtbC + y ] = recPicturec[ hx, vy ]	(8‑1259)
· Otherwise, if cu_transquant_bypass_flag[ ( xCtbC + x ) * SubWidthC ][ ( yCtbC + y ) * SubHeightC ] is equal to 1, the following applies:
alfPicture[ xCtbC + x ][ yCtbC + y ] = recPicturec[ hx, vy ]	(8‑1259)
· Otherwise (pcm_loop_filter_disabled_flag is equal to 0 or pcm_flag[ x ][ y ] is equal 0), the following applies:
alfPicture[ xCtbC + x ][ yCtbC + y ] = Clip3( 0, ( 1 << BitDepthC ) − 1, sum )	(8‑1260)





2. Support residual coding for MxN(M= 64 or N = 64) when MaxTbSize is signaled 64 in SPS.
Current VTM-6.0 support maximum transform unit size up to 64x64 and the coefficient zeroing out is applied except top-left 32x32. The 64x64 lossless coded block is not allowed by the coefficient zeroing-out. It is asserted that implicit TU tiling or coefficient scanning extension up to 64x64 is applied in order to support 64x64 lossless block. 

A. Implicit TU tiling
The proposed method is that TU is split to the 32 implicitly when cu_transquant_bypass_flag is equal to 1. To support implicit TU tiling, the ISP prediction is allowed when the block size is smaller than or equal to 32x32. Because current implicit TU tiling design does not support ISP partitioning.

	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

		…
	

		if ( sps_isp_enabled_flag  &&  intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
		( cbWidth <= implicitTuTileSize &&  cbHeight <= implicitTuTileSize)  &&  
		( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

				intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

				if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1 )
	

					intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

		}
	


On the other hand, the implicit TU tiling process can support MIP coded block without additional decoding process. Hence, in this contribution, it is asserted that the MIP is allowed up to size 64x64 even though maximum TU size is transmitted to 32x32 in SPS. 

	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

		…
	

		if(  sps_mip_enabled_flag  && ( Abs( Log2( cbWidth ) − Log2( cbHeight ) ) <= 2 ) &&  
			cbWidth <= 64  &&  cbHeight <= 64 )
	

							intra_mip_flag[ x0 ][ y0 ]
	ae(v)

		}
	




	transform_tree( x0, y0, tbWidth, tbHeight , treeType, chType ) {
	Descriptor

		InferTuCbfLuma = 1
	

		if( IntraSubPartitionsSplitType = = ISP_NO_SPLIT  &&  !cu_sbt_flag ) {
	

			if( tbWidth  >  implicitTuTileSize| |  tbHeight > implicitTuTileSize) {
	

				verSplitFirst  =  ( tbWidth > implicitTuTileSize&& tbWidth > tbHeight ) ? 1 : 0
	

				trafoWidth  =  verSplitFirst ? (tbWidth / 2) : tbWidth
	

				trafoHeight  =  !verSplitFirst ? (tbHeight / 2) : tbHeight
	

				transform_tree( x0, y0, trafoWidth,  trafoHeight, chType )
	

				if( verSplitFirst )
	

					transform_tree( x0 + trafoWidth, y0, trafoWidth, trafoHeight, treeType, chType )
	

				Else
	

					transform_tree( x0, y0 + trafoHeight, trafoWidth, trafoHeight, treeType, chType )
	

			} else {
	

				transform_unit( x0, y0, tbWidth, tbHeight, treeType, 0, chType )
	

			}
	

		} else if( cu_sbt_flag ) {
	

			if( !cu_sbt_horizontal_flag ) {
	

				trafoWidth  =  tbWidth * SbtNumFourthsTb0 / 4
	

				transform_unit( x0, y0, trafoWidth, tbHeight, treeType , 0, 0 )
	

				transform_unit( x0 + trafoWidth, y0, tbWidth − trafoWidth, tbHeight, treeType, 1, 0 )
	

			} else {
	

				trafoHeight  =  tbHeight * SbtNumFourthsTb0 / 4
	

				transform_unit( x0, y0, tbWidth, trafoHeight, treeType , 0, 0 )
	

				transform_unit( x0, y0 + trafoHeight, tbWidth, tbHeight − trafoHeight, treeType, 1, 0 )
	

			}
	

		} else if( IntraSubPartitionsSplitType = = ISP_HOR_SPLIT ) {
	

			trafoHeight = tbHeight / NumIntraSubPartitions
	

			for( partIdx = 0; partIdx < NumIntraSubPartitions; partIdx++ )
	

				transform_unit( x0, y0 + trafoHeight * partIdx, tbWidth, trafoHeight, treeType, partIdx, 0 )
	

		} else if( IntraSubPartitionsSplitType = = ISP_VER_SPLIT ) {
	

			trafoWidth = tbWidth / NumIntraSubPartitions
	

			for( partIdx = 0; partIdx < NumIntraSubPartitions; partIdx++ )
	

				transform_unit( x0 + trafoWidth * partIdx, y0, trafoWidth, tbHeight, treeType, partIdx, 0 )
	

		}
	

	}
	



The variable of implicitTuTileSize is derive as follows:
	mplicitTuTileSize = cu_transquant_bypass_flag[ x0 ][ y0 ] ? 32 : MaxTbSizeY

B. Extend coefficient scanning
The alternative method to support 64x64 TU. The coefficient zero-out is disabled when cu_transquant_bypass_flag is equal to 1. 

	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

	     if( ( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
           ( cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
            &&  cIdx = = 0  &&  log2TbWidth > 4 )
	

	         log2ZoTbWidth = 4
	

	     Else
	

	         log2ZoTbWidth = Min( log2TbWidth, 5 + cu_transquant_bypass_flag[x0][y0])
	

	     MaxCcbs = 2 * ( 1 << log2TbWidth ) * ( 1<< log2TbHeight )
	

	     if( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
           ( cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
           &&  cIdx = = 0  &&  log2TbHeight > 4 )
	

	         log2ZoTbHeight = 4
	

	     Else
	

	         log2ZoTbHeight = Min( log2TbHeight, 5 + cu_transquant_bypass_flag[x0][y0])
	



Experimental result
In this test, RDO process for LFNST/MTS is disabled in encoder side.
1) Test 1 : Proposed mandatory low-level coding tool restriction.
	　
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM6
	0
	
	VTM6
	0
	

	Class A1
	2.2
	2.2
	-0.01%
	2.3
	2.3
	0.31%

	Class A2
	1.7
	1.7
	0.00%
	1.9
	1.9
	0.11%

	Class B
	2.1
	2.1
	-0.01%
	2.3
	2.3
	0.04%

	Class C
	2.1
	2.1
	0.00%
	2.6
	2.6
	0.02%

	Class D
	1.9
	1.9
	-0.01%
	2.8
	2.8
	0.00%

	Class E
	2.9
	2.9
	0.00%
	　
	　
	　

	Class F
	5.5
	5.5
	-0.01%
	39.4
	39.4
	0.10%

	TGM
	0.0
	0.0
	0.00%
	0.0
	0.0
	0.00%

	Overall
	2.2
	2.2
	0.00%
	2.3
	2.3
	0.10%

	Enc Time[%]
	40%
	54%

	Dec Time[%]
	72%
	75%



2) Test 2: Proposed mandatory low-level coding tool restriction.+ Implicit TU tiling to 32x32 for lossless block.
	　
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM6
	0
	
	VTM6
	0
	

	Class A1
	2.2
	2.2
	-0.01%
	2.3
	2.3
	0.31%

	Class A2
	1.7
	1.7
	0.00%
	1.9
	1.9
	0.11%

	Class B
	2.1
	2.1
	-0.01%
	2.3
	2.3
	0.04%

	Class C
	2.1
	2.1
	0.00%
	2.6
	2.6
	0.02%

	Class D
	1.9
	1.9
	-0.01%
	2.8
	2.8
	0.00%

	Class E
	2.9
	2.9
	0.00%
	　
	　
	　

	Class F
	5.5
	5.5
	0.00%
	39.4
	39.4
	0.10%

	TGM
	12.3
	12.3
	-0.01%
	112.6
	112.6
	0.00%

	Overall
	2.2
	2.2
	0.00%
	2.3
	2.3
	0.10%

	Enc Time[%]
	41%
	55%

	Dec Time[%]
	72%
	74%




3) Test 3: Proposed mandatory low-level coding tool restriction.+ Locally ALF bypass for lossless block.
	　
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM6
	0
	
	VTM6
	0
	

	Class A1
	2.2
	2.2
	0.00%
	2.3
	2.3
	0.00%

	Class A2
	1.7
	1.7
	0.00%
	1.9
	1.9
	0.00%

	Class B
	2.1
	2.1
	0.00%
	2.3
	2.3
	0.00%

	Class C
	2.1
	2.1
	0.00%
	2.6
	2.6
	0.00%

	Class D
	1.9
	1.9
	0.00%
	2.8
	2.8
	0.00%

	Class E
	2.9
	2.9
	0.00%
	　
	　
	　

	Class F
	5.5
	5.5
	0.00%
	39.4
	39.4
	0.00%

	TGM
	12.3
	12.3
	0.00%
	112.6
	112.6
	0.00%

	Overall
	2.2
	2.2
	0.00%
	2.3
	2.3
	0.00%

	Enc Time[%]
	41%
	55%

	Dec Time[%]
	72%
	74%



Additional experimental result.
4) Test 4: Support implicit TU tiling for MIP
It is introduced that implicit TU tiling support MIP. It is not only for lossless coding mode. Hence the MIP is allowed up to 64x64 regardless of maxTbSize which is transmitted in SPS and implicit TU tiling is supported when the maxTbSize is smaller than MIP coded block size. The additional test is on top of VTM-6.0 with maxTbSize is 32. 

	
	　All Intra Main10 

	
	　Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	0.03%
	0.00%
	89%
	97%

	Class A2
	0.00%
	-0.08%
	-0.02%
	91%
	91%

	Class B
	0.00%
	0.02%
	0.04%
	80%
	88%

	Class C
	0.00%
	0.01%
	0.00%
	95%
	87%

	Class E
	-0.05%
	-0.02%
	-0.16%
	108%
	84%

	Overall 
	-0.02%
	0.00%
	-0.02%
	91%
	89%

	Class D
	0.00%
	0.00%
	-0.01%
	82%
	86%

	Class F
	0.02%
	-0.02%
	-0.06%
	93%
	84%



	
	　Random access Main10 

	
	　Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.10%
	-0.20%
	-0.33%
	101%
	88%

	Class A2
	0.00%
	-0.10%
	-0.03%
	102%
	96%

	Class B
	-0.01%
	-0.12%
	0.00%
	95%
	87%

	Class C
	-0.02%
	-0.06%
	-0.01%
	102%
	89%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.03%
	-0.11%
	-0.08%
	99%
	90%

	Class D
	0.00%
	-0.07%
	0.01%
	101%
	94%

	Class F
	0.02%
	0.13%
	-0.06%
	104%
	94%



5) Test 5: Coefficient scanning extension up to 64x64 for lossless coded block.
In order to prevent loss from coefficient zero-out, this contribution suggest to support implicit TU tiling. This is alternatively solved using simply coefficient scanning extension up to 64x64 for lossless block. In this contribution, the extended coefficient scanning is suggested and it is tested over initial lossless software in AhG18.

	　
	All Intra
	Random Access

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM6
	0
	
	VTM6
	0
	

	Class A1
	2.2
	2.2
	-0.05%
	2.3
	2.3
	-0.01%

	Class A2
	1.7
	1.7
	0.00%
	1.9
	1.9
	-0.24%

	Class B
	2.1
	2.1
	0.00%
	2.3
	2.3
	-0.01%

	Class C
	2.1
	2.1
	0.00%
	2.6
	2.6
	0.00%

	Class D
	1.9
	1.9
	0.00%
	2.8
	2.8
	0.00%

	Class E
	2.9
	2.9
	0.00%
	　
	　
	　

	Class F
	5.5
	5.5
	0.04%
	39.4
	39.4
	0.02%

	TGM
	12.3
	12.3
	-0.01%
	112.6
	112.6
	-0.12%

	Overall
	2.2
	2.2
	-0.05%
	2.3
	2.3
	-0.05%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	98%
	98%
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