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Abstract
This contribution first reports and fixes a BDPCM-related software bug in the AHG18 lossless software. The bug fix achieves {-2.80%, -1.63%} rate reduction for {class F, TGM} in AI and {-1.18%, -0.55%} for {class F, TGM} in RA.
In VVC draft 6 and in the lossless software, when BDPCM mode is selected, transform-skip (TS) residual coding is used. This contribution allows BDPCM mode to select the residual coding method based on the value of cu_transquant_bypass_flag. In the proposed method, if cu_transquant_bypass_flag = 1, BDPCM mode selects transform residual coding, otherwise BDPCM mode selects TS residual coding. This contribution also proposes to remove signaling the position of last coefficient from the transform residual coding if cu_transquant_bypass_flag = 1.   
Following results are reported (Anchor is the VTM-6.0 lossless + Bug fix):
· Test 1: remove signaling the position of last significant coefficient 
· -0.51% (AI) and -0.44%(RA) BD-rate saving in CTC test conditions in lossless coding
· Test 2: select transform residual coding for BDPCM mode
· -1.28% (AI) and -0.26%(RA) BD-rate saving in lossless coding 
· Test 3: combine test 1 and test 2
· –1.71% (AI) and -0.70xx%(RA) BD-rate saving in lossless coding 
As an alternative, this contribution also proposes a SPS level flag to signal residual coding method of the BDPCM mode. 
In version2 of the contribution, TS residual coding of VTM-6.0 lossless software is replaced by CE7-1.3.b alternative method proposed in JVET-P0072[2]. Following results are reported (Anchor is the VTM-6.0 lossless + Bug fix):
· Test 4: TS residual coding of VTM-6.0 is replaced by CE7-1.3.b-alt
· -0.96% (AI) and -x.xx%(RA) BD-rate saving in lossless coding 
· Test 5: Test 1 + test 4
· -1.33% (AI) and -x.xx%(RA) BD-rate saving in lossless coding 

Introduction
The JVET AHG18 released a lossless software based on VTM-6.0-lossless [1]. That software introduced a coding unit (CU) level flag called cu_transquant_bypass_flag. cu_transquant_bypass_flag = 1, means that transform and quantization of the prediction residual signal of that CU is skipped and the residual of that CU is coded directly in a lossless manner. 
Similar to lossy coding, two types of residual coding techniques are used in lossless coding mode [1]. If block differential pulse code modulation (BDPCM) is selected, transform skip (TS) residual coding is used. Otherwise, transform residual coding is used. 

Proposed methods
BDPCM related bug-fix 
In the lossless software released by AHG18[1], the inverse BDPCM and forward BDPCM functions were never being called when cu_transquant_bypass_flag = 1. This proposal fixes that bug.
Removing last coefficient coding 
In VVC6 transform residual coding method, the position of the last significant coefficient is signaled at the beginning of the residual block. In the proposed method, if cu_transquant_bypass_flag = 1, the position of the last coefficient is not signalled and inferred to be the bottom-right position of the transform block. In case of  cu_transquant_bypass_flag = 0, signaling of the last coefficient position is same as VVC 6.
It should be mentioned here that in VVC6 transform residual coding, the coded_sub_block_flag of the first and last sub-block are not signaled and inferred to be 1. In the proposed method, if cu_transquant_bypass_flag = 1, the coded_sub_block_flag of all of the sub-blocks are signaled, however, if the coded_sub_block_flag of all of the previously coded sub-blocks are zeros, the coded_sub_block_flag of first subblock is inferred to be 1. If cu_transquant_bypass_flag = 0, coded_sub_block_flag signaling is same as VVC6. 
Selecting residual coding method for lossless BDPCM mode
VVC6 supports two residual coding methods, transform residual coding and transform-skip (TS) residual coding method. In VVC6, BDPCM mode always use TS residual coding. This contribution proposes to select residual coding method for BDPCM mode based on cu_transquant_bypass_flag. If cu_transquant_bypass_flag = 1, BDPCM use transform residual coding, otherwise, BDPCM use TS residual coding. 

if (bdpcm) {
     if (cu_transquant_bypass_flag)
            residual_coding
     else
            residual_ts_coding; 
} 
There are two ways to implement this. 
Method 1: Always select transform residual coding when cu_transquant_bypass_flag = 1
In VVC6, if BDPCM mode is selected, transform_skip_flag  is not present and infered to 1.  In the VTM-6.0-lossless software, transform_skip_flag is also not present when cu_tansquant_bypass_flag is 1. If BDPCM mode is selected, TS residual coding is used; otherwise, transform residual coding is used. In the propsoed method, if  cu_transquant_bypass_flag = 1, trasnform residual coding is always used regardless the value of BDPCM flag.  Table 1 shows the part of the TU syntax of the method 1.

[bookmark: _Ref20040515]Table 1: Part of TU syntax table of method 1
		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

			if( !transform_skip_flag[ x0 ][ y0 ] | | cu_transquant_bypass_flag)
	

				residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

			Else
	

				residual_ts_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ] )
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 1 )
	

		if( tu_cbf_cr[ x0 ][ y0 ]  &&  
		!( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_joint_cbcr_residual_flag[ x0 ][ y0 ] )) {
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 2 )
	

		}
	



Method 2: SPS level signaling: 
In this method, we introduce an SPS flag, sps_bdpcm_transform_residual_coding_flag, to signal the residual coding method used by a luma BDPCM block. Table 2 shows the part of the SPS syntax of the proposed method. 
[bookmark: _Ref20040653]Table 2:  part of SPS syntax of the proposed method
		sps_transform_skip_enabled_flag
	u(1)

		if( sps_transform_skip_enabled_flag )
	

			sps_bdpcm_enabled_flag
	u(1)

		if(sps_bdpcm_enabled_flag && transquant_bypass_enabled_flag)
	

			sps_bdpcm_transform_residual_coding_flag 
	u(1)



Following is the semantic of the sps_bdpcm_transform_residual_coding_flag .
· sps_bdpcm_transform_residual_coding_flag equal to 1 specifies that if the intra_bdpcm_flag is equal to 1  to the current luma block at the location (x0,y0) , then the current  luma block at the location (x0, y0) uses transform residual coding.
· sps_bdpcm_transform_residual_coding_flag equal to 0 specifies that if the intra_bdpcm_flag is equal to 1  to the current luma block at the location (x0,y0) , then the current  luma block at the location (x0, y0) uses transform-skip residual coding.
When sps_bdpcm_transform_residual_coding_flag is not present, it is inferred to be equal to 0. 
This flag is signalled when transquant_bypass_enabled_flag is 1. Table 3 shows the part of the transform unit (TU) syntax of the proposed method. 

[bookmark: _Ref20163551]Table 3: part of the TU syntax of method 2
		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

			if( !transform_skip_flag[ x0 ][ y0 ]  | | (sps_bdpcm_transform_residual_coding_flag && BdpcmFlag[ x0 ][ y0 ]  )
	

				residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

			Else
	

				residual_ts_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ] )
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 1 )
	

		if( tu_cbf_cr[ x0 ][ y0 ]  &&  
		!( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_joint_cbcr_residual_flag[ x0 ][ y0 ] )) {
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 2 )
	

		}
	



Simulation results
The proposed last coefficient coding and method 1 of the residual coding are implemented on top of VTM-6.0-lossless [1] software. The SPS level signaling of the selection of residual coding method is high level syntax changes only and practically can achieve identical performance as method 1. Table 4 shows the performance impact of the BDPCM bug-fix described in section 2.1. In Table 4, anchor is the VTM-6.0-Lossless and reference is VTM-6.0-lossless + Bug Fix. In Table 4, both anchor and reference are tested under CTC test condition. It should be noted here that in CTC test condition BDPCM is enabled only in class F and TGM sequences. It is noted that the ratios given in the Table 4 represent the compression ratios between raw bit-rate to coded bit-rate.

[bookmark: _Ref20038632]Table 4: Results of bug-fix. (Anchor: before bug fix, test: after bug-fix) ( LDB results will be added) 
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless (CTC)
	VTM-6.0-Lossless + Bug-fix(CTC)
	
	VTM-6.0-Lossless (CTC)
	VTM-6.0-Lossless + Bug-fix(CTC)
	
	VTM-6.0-Lossless (CTC)
	VTM-6.0-Lossless + Bug-fix(CTC)
	

	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%
	2.3
	2.3
	0.00%

	Class C
	2.1
	2.1
	0.00%
	2.6
	2.6
	0.00%
	2.6
	2.6
	0.00%

	Class D
	1.9
	1.9
	0.00%
	2.8
	2.8
	0.00%
	2.7
	2.7
	0.00%

	Class E
	2.9
	2.9
	0.00%
	 
	 
	 
	3.3
	3.3
	0.00%

	Class F
	5.5
	5.7
	-2.80%
	39.4
	40.1
	-1.18%
	60.7
	61.3
	-0.87%

	TGM
	12.3
	12.5
	-1.63%
	112.6
	113.3
	-0.55%
	142.4
	142.8
	-0.29%

	Overall
	2.2
	2.2
	0.00%
	2.3
	2.3
	0.00%
	2.6
	2.6
	0.00%

	Enc Time[%]
	100%
	101%
	100%#NUM!

	Dec Time[%]
	99%
	103%
	100%#NUM!



Following tests are performed (All of them included the BDPCM bug fix described above). 
· Test 1 (Remove last coefficient coding): In this test, the position of the last coefficient is not signalled if cu_transquant_bypass_flag = 1 (as described in section 2.2). BDPCM uses same residual coding as VVC6. Both anchor and test1 are tested under CTC test conditions. Table 5 shows the simulation results of the proposed method. 
· Test 2 (BDPCM uses transform residual coding): In this test, method 1 described in section 2.3.1 is tested. The performance of this method is different from VVC6 only if BDPCM mode is enabled ( i.e. sps_bdpcm_enabled_flag = 1). In current CTC conditions, BDPCM is enabled only in Class F and TGM sequences and all other sequences BDPCM mode is disabled. In order to show the performance impact of the proposed method, at first we compared CTC test conditions vs BDPCM on ( for all sequences) condition. Table 6 shows the result of VTM-6.0 lossless software (with bug-fix) where,
· Anchor: VTM-6.0 lossless software with BDPCM on for class F and TGM sequences only.
· Test: VTM-6.0 lossless software with BDPCM on for all sequences. 
Table 7 shows the simulation results of the proposed method 1 described in section 2.3.1. In Table 7, in anchor BDPCM on for class F and TGM sequences only and in the test settings, BDPCM is enabled for all sequences. 

The difference of coding gain between Table 6 and Table 7 is the net coding gain of the proposed BDPCM residual coding method. From Table 6 and Table 7 it is shown that the proposed BDPCM residual coding method can also achieve -0.85% (AI) ( = 1.28-0.43) coding gain without introducing any additional processing module.       
· Test 3: Test 3 combined both test 1 and test 2. The simulation results shown in Table 8.  
· Test 4: In test 4, the TS residual coding of VTM-6.0 lossless software is replaced by TS residual coding method proposed in CE7-1.3.b alternative method [2].  The simulation results are given in Table 9.
· Test 5: Test 5 is the combined test of test 1 and test 4.  The simulation results are given in Table 10. 


[bookmark: _Ref20169000]Table 5: results of test 1 ( both anchor and test 1 are tested under CTC test conditions) (LDB results will be added)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix + Remove Last Coeff(CTC)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix + Remove Last Coeff(CTC)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix + Remove Last Coeff(CTC)
	

	Class A1
	2.2
	2.2
	-0.35%
	2.3
	2.3
	-0.35%
	 
	 
	 

	Class A2
	1.7
	1.8
	-0.42%
	1.9
	1.9
	-0.35%
	 
	 
	 

	Class B
	2.1
	2.1
	-0.46%
	2.3
	2.3
	-0.49%
	2.3
	2.3
	-0.38%

	Class C
	2.1
	2.1
	-0.49%
	2.6
	2.6
	-0.51%
	2.6
	2.6
	-0.51%

	Class D
	1.9
	2.0
	-0.41%
	2.8
	2.8
	-0.46%
	2.7
	2.8
	-0.47%

	Class E
	2.9
	3.0
	-0.84%
	 
	 
	 
	3.3
	3.3
	-0.56%

	Class F
	5.7
	5.7
	-0.01%
	40.1
	40.0
	-0.02%
	61.3
	61.0
	-0.03%

	TGM
	12.5
	12.4
	0.80%
	113.3
	112.6
	0.68%
	142.8
	141.8
	0.75%

	Overall
	2.2
	2.2
	-0.51%
	2.3
	2.3
	-0.44%
	2.6
	2.7
	-0.47%

	Enc Time[%]
	104%
	104%
	103%

	Dec Time[%]
	99%
	100%
	99%
















[bookmark: _Ref20227455]Table 6: results of CTC test condition versus BDPCM always on ( anchor: BDPCM on only in class F & TGM; test: BDPCM on in all sequences) 
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix(CTC + BDPCM ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix(CTC + BDPCM ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug-fix(CTC + BDPCM ON)
	

	Class A1
	2.2
	2.2
	-0.14%
	2.3
	2.3
	-0.08%
	 
	 
	 

	Class A2
	1.7
	1.8
	-0.30%
	1.9
	1.9
	-0.13%
	 
	 
	 

	Class B
	2.1
	2.1
	-0.24%
	2.3
	2.3
	-0.07%
	2.3
	2.3
	-0.09%

	Class C
	2.1
	2.1
	-0.60%
	2.6
	2.6
	-0.19%
	2.6
	2.6
	-0.23%

	Class D
	1.9
	2.0
	-1.53%
	2.8
	2.8
	-0.34%
	2.7
	2.8
	-0.32%

	Class E
	2.9
	3.0
	-0.92%
	 
	 
	 
	3.3
	3.3
	-0.54%

	Class F
	5.7
	5.7
	0.00%
	40.1
	40.1
	0.00%
	61.3
	61.3
	0.00%

	TGM
	12.5
	12.5
	0.00%
	113.3
	113.3
	0.00%
	142.8
	142.8
	0.00%

	Overall
	2.2
	2.2
	-0.43%
	2.3
	2.3
	-0.12%
	2.6
	2.6
	-0.25%

	Enc Time[%]
	100%
	101%
	103%

	Dec Time[%]
	101%
	101%
	101%



  
[bookmark: _Ref20227461]Table 7: Simulation results of the proposed method ( anchor: BDPCM on only in class F & TGM; test: BDPCM on in all sequences) ( LB results will be included)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  BDPCM use regular residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  BDPCM use regular residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  BDPCM use regular residual coding(CTC + BDPCM-ON)
	

	Class A1
	2.2
	2.2
	-0.67%
	2.3
	2.3
	-0.26%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.14%
	1.9
	1.9
	-0.25%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.31%
	2.3
	2.3
	-0.24%
	2.3
	2.3
	-0.27%

	Class C
	2.1
	2.1
	-1.38%
	2.6
	2.6
	-0.31%
	2.6
	2.6
	-0.33%

	Class D
	1.9
	2.0
	-2.54%
	2.8
	2.8
	-0.50%
	2.7
	2.8
	-0.45%

	Class E
	2.9
	3.0
	-1.85%
	 
	 
	 
	3.3
	3.4
	-0.99%

	Class F
	5.7
	5.7
	0.05%
	40.1
	40.2
	0.04%
	61.3
	61.2
	0.07%

	TGM
	12.5
	12.5
	0.05%
	113.3
	113.4
	-0.01%
	142.8
	142.8
	0.03%

	Overall
	2.2
	2.2
	-1.28%
	2.3
	2.3
	-0.26%
	2.6
	2.7
	-0.47%

	Enc Time[%]
	97%
	101%
	103%

	Dec Time[%]
	96%
	100%
	101%




Table 8: Simulation results of test 3 ( anchor: BDPCM on only in class F & TGM; test: BDPCM on in all sequences) ( RA and LB results will be includedupdated)

	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  LastCoeff + BDPCM use regular residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  LastCoeff + BDPCM use regular residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  LastCoeff + BDPCM use regular residual coding(CTC + BDPCM-ON)
	

	Class A1
	2.2
	2.3
	-1.00%
	2.3
	2.3
	-0.60%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.52%
	1.9
	1.9
	-0.59%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.74%
	2.3
	2.3
	-0.73%
	
	
	

	Class C
	2.1
	2.1
	-1.84%
	2.6
	2.6
	-0.81%
	2.6
	2.6
	-0.84%

	Class D
	1.9
	2.0
	-2.89%
	2.8
	2.8
	-0.97%
	2.7
	2.8
	-0.93%

	Class E
	2.9
	3.0
	-2.38%
	 
	 
	 
	3.3
	3.4
	-1.51%

	Class F
	5.7
	5.7
	0.08%
	40.1
	40.0
	0.03%
	61.3
	60.9
	0.07%

	TGM
	12.5
	12.3
	1.02%
	113.3
	112.5
	0.79%
	142.8
	141.8
	0.81%

	Overall
	2.2
	2.2
	-1.71%
	2.3
	2.3
	-0.70%
	
	
	

	Enc Time[%]
	101%
	104%
	

	Dec Time[%]
	93%
	98%
	





[bookmark: _Ref20849003]Table 9:  Simulation results of test 4. TS residual coding of anchor is replaced by CE7-1.3.b-alt residual coding ( anchor: BDPCM on only in class F & TGM; test: BDPCM on in all sequences) ( RA and LB results will be includedupdated)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  CE7-1.3balt residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  CE7-1.3balt residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  CE7-1.3balt residual coding(CTC + BDPCM-ON)
	

	Class A1
	2.2
	2.2
	-0.33%
	2.3
	2.3
	-0.12%
	 
	 
	 

	Class A2
	1.7
	1.8
	-0.95%
	
	
	
	 
	 
	 

	Class B
	2.1
	2.1
	-0.68%
	2.3
	2.3
	-0.14%
	
	
	

	Class C
	2.1
	2.1
	-1.04%
	2.6
	2.6
	-0.28%
	2.6
	2.6
	-0.31%

	Class D
	1.9
	2.0
	-2.22%
	2.8
	2.8
	-0.47%
	2.7
	2.8
	-0.43%

	Class E
	2.9
	3.0
	-1.93%
	 
	 
	 
	3.3
	3.4
	-0.80%

	Class F
	5.7
	5.7
	-0.68%
	40.1
	40.3
	-0.25%
	
	
	

	TGM
	12.5
	12.5
	-0.58%
	113.3
	113.7
	-0.26%
	142.8
	143.0
	-0.07%

	Overall
	2.2
	2.2
	-0.96%
	
	
	
	
	
	

	Enc Time[%]
	97%
	
	

	Dec Time[%]
	99%
	
	




[bookmark: _Ref20848985]Table 10:  Simulation results of test 5 ( anchor: BDPCM on only in class F & TGM; test: BDPCM on in all sequences) ( RA and LB results will be included)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  Last Coefficient Coding + BDPCM use CE7-1.3balt residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  Last Coefficient Coding + BDPCM use CE7-1.3balt residual coding(CTC + BDPCM-ON)
	
	VTM-6.0-Lossless + Bug-fix(CTC)
	VTM-6.0-Lossless + Bug Fix +  Last Coefficient Coding + BDPCM use CE7-1.3balt residual coding(CTC + BDPCM-ON)
	

	Class A1
	2.2
	2.2
	-0.65%
	
	
	
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.30%
	
	
	
	 
	 
	 

	Class B
	2.1
	2.1
	-1.08%
	2.3
	2.3
	-0.62%
	
	
	

	Class C
	2.1
	2.1
	-1.44%
	2.6
	2.6
	-0.77%
	2.6
	2.6
	-0.81%

	Class D
	1.9
	2.0
	-2.50%
	2.8
	2.8
	-0.93%
	2.7
	2.8
	-0.89%

	Class E
	2.9
	3.0
	-2.34%
	 
	 
	 
	3.3
	3.4
	-1.28%

	Class F
	5.7
	5.7
	-0.69%
	40.1
	40.2
	-0.28%
	
	
	

	TGM
	12.5
	12.4
	0.19%
	113.3
	113.0
	0.41%
	142.8
	141.9
	0.68%

	Overall
	2.2
	2.2
	-1.33%
	
	
	
	
	
	

	Enc Time[%]
	102%
	
	

	Dec Time[%]
	97%
	
	




Conclusion
This contribution proposes to remove the signaling the position of last coefficient from the transform residual coding when a block is losslessly coded.  It also proposes to select transform residual coding method if both BDPCM and cu_transquant_bypass_flag is 1. It is shown that removing last coefficient coding can achieve -0.51%(AI) and -0.44% (RA) coding gain. The BDPCM residual coding method can also achieve -0.85%(AI) and -0.14% (RA) coding gain without introducing any additional processing module.  
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Spec changes Test 1 (Remove last coefficient coding)
Following are the spec changes for test 1. 

Residual coding syntax

	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 )
	

		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 )
	

	    if (cu_transquant_bypass_flag){
	

	       LastSignificantCoeffX = (1 << log2TbWidth) -– 1
	

	       LastSignificantCoeffY = (1 << log2TbHeight) -– 1
	

	    }
	

	     else{
	

		     if( log2TbWidth > 0 )
	

			   last_sig_coeff_x_prefix
	ae(v)

		    if( log2TbHeight > 0 )
	

			   last_sig_coeff_y_prefix
	ae(v)

		     if( last_sig_coeff_x_prefix > 3 )
	

			   last_sig_coeff_x_suffix
	ae(v)

		    if( last_sig_coeff_y_prefix > 3 )
	

			   last_sig_coeff_y_suffix
	ae(v)

	    }
	

		log2TbWidth = log2ZoTbWidth
	

		log2TbHeight = log2ZoTbHeight
	

		remBinsPass1 = ( ( 1 << ( log2TbWidth + log2TbHeight ) ) * 7 ) >> 2
	

		log2SbW = ( Min( log2TbWidth, log2TbHeight ) < 2  ?  1  :  2 )
	

		log2SbH = log2SbW
	

		if( log2TbWidth + log2TbHeight > 3 ) {
	

			if( log2TbWidth < 2 ) {
	

				log2SbW = log2TbWidth
	

				log2SbH = 4 − log2SbW
	

			} else if( log2TbHeight < 2 ) {
	

				log2SbH = log2TbHeight
	

				log2SbW = 4 − log2SbH
	

			}
	

		}
	

		numSbCoeff = 1 << ( log2SbW + log2SbH )
	

		lastScanPos = numSbCoeff
	

		lastSubBlock = ( 1  <<  ( log2TbWidth + log2TbHeight − ( log2SbW + log2SbH ) ) ) − 1
	

		do {
	

			if( lastScanPos  = =  0 ) {
	

				lastScanPos = numSbCoeff
	

				lastSubBlock− −
	

			}
	

			lastScanPos− −
	

			xS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ lastSubBlock ][ 0 ]
	

			yS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ lastSubBlock ][ 1 ]
	

			xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ lastScanPos ][ 0 ] 
	

			yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ lastScanPos ][ 1 ]
	

		} while( ( xC  !=  LastSignificantCoeffX )  | |  ( yC  !=  LastSignificantCoeffY ) )
	

		if( lastSubBlock  = =  0  &&  log2TbWidth  >=  2  &&  log2TbHeight  >=  2  && 
		!transform_skip_flag[ x0 ][ y0 ]  &&  lastScanPos  >  0 ) 
	

			LfnstDcOnly = 0 
	

		if( ( lastSubBlock > 0  &&  log2TbWidth >= 2  &&  log2TbHeight >= 2 )  | | 
		( lastScanPos > 7  &&  ( log2TbWidth = = 2  | |  log2TbWidth = = 3 )  && 
		log2TbWidth = = log2TbHeight ) ) 
	

			LfnstZeroOutSigCoeffFlag = 0
	

		QState = 0
	

		inferSbCbf = 1
	

		for( i = lastSubBlock; i  >=  0; i− − ) {
	

			startQStateSb = QState
	

			xS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ i ][ 0 ]
	

			yS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ i ][ 1 ]
	

			inferSbDcSigCoeffFlag = 0  (!cu_transquant_bypass_flag)
	

	         signalcbf = cu_transquant_bypass_flag ? (i > 0 ||  !inferSbCbf) : ( i < lastSubBlock )  &&        ( i > 0 )
	

			if( ( i < lastSubBlock )  &&  ( i > 0 ) signalcbf) {
	

				coded_sub_block_flag[ xS ][ yS ]
	ae(v)

				inferSbDcSigCoeffFlag = 1
	

			}
	

			if( coded_sub_block_flag[ xS ][ yS ])
	

				inferSbCbf = 0
	

			firstSigScanPosSb = numSbCoeff
	

			lastSigScanPosSb = −1
	

			firstPosMode0 = ( i  = =  lastSubBlock  ? lastScanPos : numSbCoeff − 1 )
	

			firstPosMode1 = −1
	

			for( n = firstPosMode0; n  >=  0  &&  remBinsPass1 >= 4; n− − )  {
	

				xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

				yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

				if( coded_sub_block_flag[ xS ][ yS ]  &&  ( n > 0  | |  !inferSbDcSigCoeffFlag )  &&  
				( xC != LastSignificantCoeffX  | |  yC != Last SignificantCoeffY | |  cu_transquant_bypass_flag ) )  {
	

					sig_coeff_flag[ xC ][ yC ]
	ae(v)

					remBinsPass1− −
	

					if( sig_coeff_flag[ xC ][ yC ] )
	

						inferSbDcSigCoeffFlag = 0
	

				}
	

				if( sig_coeff_flag[ xC ][ yC ] ) {
	

					abs_level_gtx_flag[ n ][ 0 ]
	ae(v)

					remBinsPass1− −
	

					if( abs_level_gtx_flag[ n ][ 0 ] ) {
	

						par_level_flag[ n ]
	ae(v)

						remBinsPass1− −
	

						abs_level_gtx_flag[ n ][ 1 ]
	ae(v)

						remBinsPass1− −
	

					}
	

					if( lastSigScanPosSb  = =  −1 )
	

						lastSigScanPosSb = n
	

					firstSigScanPosSb = n
	

				}
	

				AbsLevelPass1[ xC ][ yC ] = sig_coeff_flag[ xC ][ yC ] + par_level_flag[ n ] + 
										abs_level_gtx_flag[ n ][ 0 ] + 2 * abs_level_gtx_flag[ n ][ 1 ]
	

				if( dep_quant_enabled_flag )
	

					QState = QStateTransTable[ QState ][ AbsLevelPass1[ xC ][ yC ] & 1 ]
	

				if( remBinsPass1 < 4 )
	

					firstPosMode1 = n −– 1
	

			}
	

			for( n = numSbCoeff − 1; n  >=  firstPosMode1; n− − ) {
	

				xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

				yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

				if( abs_level_gtx_flag[ n ][ 1 ] )
	

					abs_remainder[ n ]
	ae(v)

				AbsLevel[ xC ][ yC ] = AbsLevelPass1[ xC ][ yC ] +2 * abs_remainder[ n ]
	

			}
	

			for( n = firstPosMode1; n >= 0; n− − ) {
	

				xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

				yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

				dec_abs_level[ n ]
	ae(v)

				if(AbsLevel[ xC ][ yC ] > 0 )
	

					firstSigScanPosSb = n
	

				if( dep_quant_enabled_flag )
	

					QState = QStateTransTable[ QState ][ AbsLevel[ xC ][ yC ] & 1 ]
	

			}
	

			if( dep_quant_enabled_flag  | |  !sign_data_hiding_enabled_flag )
	

				signHidden = 0
	

			else
	

				signHidden = ( lastSigScanPosSb − firstSigScanPosSb > 3  ?  1  :  0 )
	

			for( n = numSbCoeff − 1; n  >=  0; n− − ) {
	

				xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

				yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

				if( ( AbsLevel[ xC ][ yC ] > 0 )  &&  
				( !signHidden  | |  ( n  !=  firstSigScanPosSb ) ) )
	

					coeff_sign_flag[ n ]
	ae(v)

			}
	

			if( dep_quant_enabled_flag )  {
	

				QState = startQStateSb
	

				for( n = numSbCoeff − 1; n  >=  0; n− − ) {
	

					xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

					yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

					if( AbsLevel[ xC ][ yC ] > 0 )
	

						TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] =
							( 2 * AbsLevel[ xC ][ yC ]  −  ( QState > 1 ? 1 : 0 ) ) *
							( 1  −  2 * coeff_sign_flag[ n ] )
	

					QState = QStateTransTable[ QState ][ par_level_flag[ n ] ]
	

			} else {
	

				sumAbsLevel = 0
	

				for( n = numSbCoeff − 1; n  >=  0; n− − ) {
	

					xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

					yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

					if( AbsLevel[ xC ][ yC ] > 0 )  {
	

						TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ]  = 
							AbsLevel[ xC ][ yC ] * ( 1 − 2 * coeff_sign_flag[ n ] )
	

						if( signHidden )  {
	

							sumAbsLevel  +=  AbsLevel[ xC ][ yC ]
	

							if( ( n  = =  firstSigScanPosSb )  &&  ( sumAbsLevel % 2 )  = =  1 ) )
	

								TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ]  =  
									−TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ]
	

						}
	

					}
	

				}
	

			}
	

		}
	

	}
	






Spec changes Test 2 (BDPCM uses regular residual coding with signaling method 1)
Following are the spec changes for test 2.

[bookmark: _Ref350100895][bookmark: _Toc415475848][bookmark: _Toc423599123][bookmark: _Toc423601627]Transform unit syntax

	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

		if( ( treeType = = SINGLE_TREE  | |  treeType = = DUAL_TREE_CHROMA  ) && 
				ChromaArrayType != 0 ) {
	

			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 ) ) ) {
	

				tu_cbf_cb[ x0 ][ y0 ]
	ae(v)

				tu_cbf_cr[ x0 ][ y0 ]
	ae(v)

			}
	

		}
	

		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 ) ) )  &&  
			   ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA  | |  
			      tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ]  | |  
			      CbWidth[ chType ][ x0 ][ y0 ] > MaxTbSizeY  | |  
			      CbHeight[ chType ][ x0 ][ y0 ] > MaxTbSizeY ) )  | |  
			( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
			( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_cbf_luma[ x0 ][ y0 ]
	ae(v)

			if (IntraSubPartitionsSplitType != ISP_NO_SPLIT )
	

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

		}
	

		if( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
		treeType = = SINGLE_TREE  &&  subTuIndex = = NumIntraSubPartitions − 1 ) )
	

			xC = CbPosX[ chType ][ x0 ][ y0 ]
	

			yC = CbPosY[ chType ][ x0 ][ y0 ]
	

			wC = CbWidth[ chType ][ x0 ][ y0 ] / SubWidthC
	

			hC = CbHeight[ chType ][ x0 ][ y0 ] / SubHeightC
	

		} else
	

			xC = x0
	

			yC = y0
	

			wC = tbWidth / SubWidthC
	

			hC = tbHeight / SubHeightC
	

		}
	

		if( ( CbWidth[ chType ][ x0 ][ y0 ]  >  64  | |  CbHeight[ chType ][ x0 ][ y0 ]  >  64  | |  
		  tu_cbf_luma[ x0 ][ y0 ]  | |  tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] )  &&
		treeType  !=  DUAL_TREE_CHROMA ) {
	

			if( cu_qp_delta_enabled_flag  &&  !IsCuQpDeltaCoded ) {
	

				cu_qp_delta_abs
	ae(v)

				if( cu_qp_delta_abs )
	

					cu_qp_delta_sign_flag
	ae(v)

			}
	

		}
	

		if( ( tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] ) {
	

			if( cu_chroma_qp_offset_enabled_flag  &&  !IsCuChromaQpOffsetCoded) {
	

				cu_chroma_qp_offset_flag
	ae(v)

				if( cu_chroma_qp_offset_flag  &&  chroma_qp_offset_list_len_minus1 > 0 )
	

					cu_chroma_qp_offset_idx
	ae(v)

			}
	

		}
	

		if( sps_joint_cbcr_enabled_flag  &&  ( ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA
		  &&  ( tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] ) )  | |  
		( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_cbf_cr[ x0 ][ y0 ] ) ) )
	

			tu_joint_cbcr_residual_flag[ x0 ][ y0 ]
	ae(v)

		if( tu_cbf_luma[ x0 ][ y0 ]   &&  treeType  !=  DUAL_TREE_CHROMA
		 &&  ( tbWidth  <=  32 )  &&  ( tbHeight  <=  32 ) 
		 &&  ( IntraSubPartitionsSplit[ x0 ][ y0 ]  = =  ISP_NO_SPLIT )  &&  ( !cu_sbt_flag ) ) {
	

			if( sps_transform_skip_enabled_flag  &&  !BdpcmFlag[ x0 ][ y0 ]  &&
			tbWidth  <=  MaxTsSize && tbHeight  <=  MaxTsSize )
	

				transform_skip_flag[ x0 ][ y0 ]
	ae(v)

			if( ( ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTER && 
			sps_explicit_mts_inter_enabled_flag )  
			| | ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA && 
			sps_explicit_mts_intra_enabled_flag ) )  &&  ( !transform_skip_flag[ x0 ][ y0 ] ) )
	

				tu_mts_idx[ x0 ][ y0 ]
	ae(v)

		}
	

		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

			if( !transform_skip_flag[ x0 ][ y0 ] | | cu_transquant_bypass_flag )
	

				residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

			else
	

				residual_ts_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ] )
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 1 )
	

		if( tu_cbf_cr[ x0 ][ y0 ]  &&  
		!( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_joint_cbcr_residual_flag[ x0 ][ y0 ] )) {
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 2 )
	

		}
	

	}
	






Spec changes Test 2 (BDPCM uses regular residual coding with signaling method 2)
Following are the spec changes for test 2.

[bookmark: _Toc415475860][bookmark: _Toc423599135][bookmark: _Toc423601639]Sequence parameter set RBSP semantics
An SPS RBSP shall be available to the decoding process prior to it being referred, included in at least one access unit with TemporalId equal to 0 or provided through external means, and the SPS NAL unit containing the SPS RBSP shall have nuh_layer_id equal to the nuh_layer_id of PPS NAL unit that refers to it.
All SPS NAL units with a particular value of sps_seq_parameter_set_id in a CVS shall have the same content.
.
.
.

sps_bdpcm_enabled_flag equal to 1 specifies that intra_bdpcm_flag may be present in the coding unit syntax for intra coding units. sps_bdpcm_enabled_flag equal to 0 specifies that intra_bdpcm_flag is not present in the coding unit syntax for intra coding units. When not present, the value of sps_bdpcm_enabled_flag is inferred to be equal to 0.

sps_bdpcm_transform_residual_coding_flag equal to 1 specifies that if the intra_bdpcm_flag is equal to 1  to the current luma block at the location (x0,y0) , then the current  luma block at the location (x0, y0) uses transform residual coding. sps_bdpcm_transform_residual_coding_flag equal to 0 specifies that if the intra_bdpcm_flag is equal to 1  to the current luma block at the location (x0,y0) , then the current  luma block at the location (x0, y0) uses transform-skip residual coding.
When sps_bdpcm_transform_residual_coding_flag is not present, it is inferred to be equal to 0. 
sps_joint_cbcr_enabled_flag equal to 0 specifies that the joint coding of chroma residuals is disabled. sps_joint_cbcr_enabled_flag equal to 1 specifies that the joint coding of chroma residuals is enabled.



[bookmark: _Toc415475819][bookmark: _Toc423599094][bookmark: _Toc423601598]Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

		sps_decoding_parameter_set_id
	u(4)

		sps_video_parameter_set_id
	u(4)

		sps_max_sub_layers_minus1
	u(3)

		sps_reserved_zero_5bits
	u(5)

		profile_tier_level( sps_max_sub_layers_minus1 )
	

		gdr_enabled_flag
	u(1)

		sps_seq_parameter_set_id
	ue(v)

		chroma_format_idc
	ue(v)

		if( chroma_format_idc  = =  3 )
	

			separate_colour_plane_flag
	u(1)

		pic_width_max_in_luma_samples
	ue(v)

		pic_height_max_in_luma_samples
	ue(v)

		subpics_present_flag
	u(1)

		if( subpics_present_flag ) {
	

			max_subpics_minus1
	u(8)

			subpic_grid_col_width_minus1
	u(v)

			subpic_grid_row_height_minus1
	u(v)

			for( i = 0; i < NumSubPicGridRows; i++ )
	

				for( j = 0; j < NumSubPicGridCols; j++ )
	

					subpic_grid_idx[ i ][ j ]
	u(v)

			for( i = 0; i  <=  NumSubPics; i++ ) {
	

				subpic_treated_as_pic_flag[ i ]
	u(1)

				loop_filter_across_subpic_enabled_flag[ i ]
	u(1)

			}
	

		}
	

		bit_depth_luma_minus8
	ue(v)

		bit_depth_chroma_minus8
	ue(v)

		min_qp_prime_ts_minus4
	ue(v)

		log2_max_pic_order_cnt_lsb_minus4
	ue(v)

		if( sps_max_sub_layers_minus1 > 0 )
	

			sps_sub_layer_ordering_info_present_flag
	u(1)

		for( i = ( sps_sub_layer_ordering_info_present_flag ? 0 : sps_max_sub_layers_minus1 );
			i  <=  sps_max_sub_layers_minus1; i++ ) {
	

			sps_max_dec_pic_buffering_minus1[ i ]
	ue(v)

			sps_max_num_reorder_pics[ i ]
	ue(v)

			sps_max_latency_increase_plus1[ i ]
	ue(v)

		}
	

		long_term_ref_pics_flag
	u(1)

		inter_layer_ref_pics_present_flag
	u(1)

		sps_idr_rpl_present_flag
	u(1)

		rpl1_same_as_rpl0_flag
	u(1)

		for( i = 0; i < !rpl1_same_as_rpl0_flag ? 2 : 1; i++ ) {
	

			num_ref_pic_lists_in_sps[ i ]
	ue(v)

			for( j = 0; j < num_ref_pic_lists_in_sps[ i ]; j++)
	

				ref_pic_list_struct( i, j )
	

		}
	

		if( ChromaArrayType != 0 )
	

			qtbtt_dual_tree_intra_flag
	u(1)

		log2_ctu_size_minus5
	u(2)

		log2_min_luma_coding_block_size_minus2
	ue(v)

		partition_constraints_override_enabled_flag
	u(1)

		sps_log2_diff_min_qt_min_cb_intra_slice_luma
	ue(v)

		sps_log2_diff_min_qt_min_cb_inter_slice
	ue(v)

		sps_max_mtt_hierarchy_depth_inter_slice
	ue(v)

		sps_max_mtt_hierarchy_depth_intra_slice_luma
	ue(v)

		if( sps_max_mtt_hierarchy_depth_intra_slice_luma  !=  0 ) {
	

			sps_log2_diff_max_bt_min_qt_intra_slice_luma
	ue(v)

			sps_log2_diff_max_tt_min_qt_intra_slice_luma
	ue(v)

		}
	

		if( sps_max_mtt_hierarchy_depth_inter_slices  !=  0 ) {
	

			sps_log2_diff_max_bt_min_qt_inter_slice
	ue(v)

			sps_log2_diff_max_tt_min_qt_inter_slice
	ue(v)

		}
	

		if( qtbtt_dual_tree_intra_flag ) {
	

			sps_log2_diff_min_qt_min_cb_intra_slice_chroma
	ue(v)

			sps_max_mtt_hierarchy_depth_intra_slice_chroma
	ue(v)

			if ( sps_max_mtt_hierarchy_depth_intra_slice_chroma  !=  0 ) {
	

				sps_log2_diff_max_bt_min_qt_intra_slice_chroma
	ue(v)

				sps_log2_diff_max_tt_min_qt_intra_slice_chroma
	ue(v)

			}
	

		}
	

		sps_max_luma_transform_size_64_flag
	u(1)

		if( ChromaArrayType != 0 ) {
	

			same_qp_table_for_chroma
	u(1)

			for( i = 0; i < same_qp_table_for_chroma ? 1 : 3; i++ ) {
	

				num_points_in_qp_table_minus1[ i ]
	ue(v)

				for( j = 0; j <= num_points_in_qp_table_minus1[ i ]; j++ ) {
	

					delta_qp_in_val_minus1[ i ][ j ]
	ue(v)

					delta_qp_out_val[ i ][ j ]
	ue(v)

				}
	

			}
	

		}
	

		sps_weighted_pred_flag
	u(1)

		sps_weighted_bipred_flag
	u(1)

		sps_sao_enabled_flag
	u(1)

		sps_alf_enabled_flag
	u(1)

		sps_transform_skip_enabled_flag
	u(1)

		if( sps_transform_skip_enabled_flag ){
	

			sps_bdpcm_enabled_flag
	u(1)

		    if(sps_bdpcm_enabled_flag && transquant_bypass_enabled_flag)
	

			   sps_bdpcm_transform_residual_coding_flag 
	u(1)

	    }
	

		sps_ref_wraparound_enabled_flag
	u(1)

		if( sps_ref_wraparound_enabled_flag )
	

			sps_ref_wraparound_offset_minus1
	ue(v)

		sps_temporal_mvp_enabled_flag
	u(1)

		if( sps_temporal_mvp_enabled_flag )
	

			sps_sbtmvp_enabled_flag
	u(1)

		sps_amvr_enabled_flag
	u(1)

		sps_bdof_enabled_flag
	u(1)

		sps_smvd_enabled_flag
	u(1)

		sps_dmvr_enabled_flag
	u(1)

		if( sps_bdof_enabled_flag | | sps_dmvr_enabled_flag)
	

			sps_bdof_dmvr_slice_present_flag
	u(1)

		sps_mmvd_enabled_flag
	u(1)

		sps_isp_enabled_flag
	u(1)

		sps_mrl_enabled_flag
	u(1)

		sps_mip_enabled_flag
	u(1)

		if( ChromaArrayType != 0 )
	

			sps_cclm_enabled_flag
	u(1)

			if( sps_cclm_enabled_flag  &&  chroma_format_idc  = =  1 ) [Ed. (JC): should sps_cclm_colocated_chroma_flag also be signalled for 422 case since it’s used in the decoding process, to be confirmed]
	

			sps_cclm_colocated_chroma_flag
	u(1)

		sps_mts_enabled_flag
	u(1)

		if( sps_mts_enabled_flag ) {
	

			sps_explicit_mts_intra_enabled_flag
	u(1)

			sps_explicit_mts_inter_enabled_flag
	u(1)

		}
	

		sps_sbt_enabled_flag
	u(1)

		if( sps_sbt_enabled_flag )
	

			sps_sbt_max_size_64_flag
	u(1)

		sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			sps_affine_type_flag
	u(1)

			sps_affine_amvr_enabled_flag
	u(1)

			sps_affine_prof_enabled_flag
	u(1)

		}
	

		if( chroma_format_idc = = 3 )
	

			sps_palette_enabled_flag
	u(1)

		sps_bcw_enabled_flag
	u(1)

		sps_ibc_enabled_flag
	u(1)

		sps_ciip_enabled_flag
	u(1)

		if( sps_mmvd_enabled_flag )
	

			sps_fpel_mmvd_enabled_flag
	u(1)

		sps_triangle_enabled_flag
	u(1)

		sps_lmcs_enabled_flag
	u(1)

		sps_lfnst_enabled_flag
	u(1)

		sps_ladf_enabled_flag
	u(1)

		if ( sps_ladf_enabled_flag ) {
	

			sps_num_ladf_intervals_minus2
	u(2)

			sps_ladf_lowest_interval_qp_offset
	se(v)

			for( i = 0; i < sps_num_ladf_intervals_minus2 + 1; i++ ) {
	

				sps_ladf_qp_offset[ i ]
	se(v)

				sps_ladf_delta_threshold_minus1[ i ]
	ue(v)

			}
	

		}
	

		sps_scaling_list_enabled_flag
	u(1)

		hrd_parameters_present_flag
	u(1)

		if( general_hrd_parameters_present_flag ) {
	

			num_units_in_tick
	u(32)

			time_scale
	u(32)

			sub_layer_cpb_parameters_present_flag
	u(1)

			if( sub_layer_cpb_parameters_present_flag )
	

				general_hrd_parameters( 0,  sps_max_sub_layers_minus1 )
	

			else
	

				general_hrd_parameters( sps_max_sub_layers_minus1, sps_max_sub_layers_minus1 )
	

		}
	

		vui_parameters_present_flag
	u(1)

		if( vui_parameters_present_flag )
	

			vui_parameters( )
	

		sps_extension_flag
	u(1)

		if( sps_extension_flag )
	

			while( more_rbsp_data( ) )
	

				sps_extension_data_flag
	u(1)

		rbsp_trailing_bits( )
	

	}
	




Transform unit syntax

	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

		if( ( treeType = = SINGLE_TREE  | |  treeType = = DUAL_TREE_CHROMA  ) && 
				ChromaArrayType != 0 ) {
	

			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 ) ) ) {
	

				tu_cbf_cb[ x0 ][ y0 ]
	ae(v)

				tu_cbf_cr[ x0 ][ y0 ]
	ae(v)

			}
	

		}
	

		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 ) ) )  &&  
			   ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA  | |  
			      tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ]  | |  
			      CbWidth[ chType ][ x0 ][ y0 ] > MaxTbSizeY  | |  
			      CbHeight[ chType ][ x0 ][ y0 ] > MaxTbSizeY ) )  | |  
			( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
			( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_cbf_luma[ x0 ][ y0 ]
	ae(v)

			if (IntraSubPartitionsSplitType != ISP_NO_SPLIT )
	

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

		}
	

		if( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
		treeType = = SINGLE_TREE  &&  subTuIndex = = NumIntraSubPartitions − 1 ) )
	

			xC = CbPosX[ chType ][ x0 ][ y0 ]
	

			yC = CbPosY[ chType ][ x0 ][ y0 ]
	

			wC = CbWidth[ chType ][ x0 ][ y0 ] / SubWidthC
	

			hC = CbHeight[ chType ][ x0 ][ y0 ] / SubHeightC
	

		} else
	

			xC = x0
	

			yC = y0
	

			wC = tbWidth / SubWidthC
	

			hC = tbHeight / SubHeightC
	

		}
	

		if( ( CbWidth[ chType ][ x0 ][ y0 ]  >  64  | |  CbHeight[ chType ][ x0 ][ y0 ]  >  64  | |  
		  tu_cbf_luma[ x0 ][ y0 ]  | |  tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] )  &&
		treeType  !=  DUAL_TREE_CHROMA ) {
	

			if( cu_qp_delta_enabled_flag  &&  !IsCuQpDeltaCoded ) {
	

				cu_qp_delta_abs
	ae(v)

				if( cu_qp_delta_abs )
	

					cu_qp_delta_sign_flag
	ae(v)

			}
	

		}
	

		if( ( tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] ) {
	

			if( cu_chroma_qp_offset_enabled_flag  &&  !IsCuChromaQpOffsetCoded) {
	

				cu_chroma_qp_offset_flag
	ae(v)

				if( cu_chroma_qp_offset_flag  &&  chroma_qp_offset_list_len_minus1 > 0 )
	

					cu_chroma_qp_offset_idx
	ae(v)

			}
	

		}
	

		if( sps_joint_cbcr_enabled_flag  &&  ( ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA
		  &&  ( tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] ) )  | |  
		( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_cbf_cr[ x0 ][ y0 ] ) ) )
	

			tu_joint_cbcr_residual_flag[ x0 ][ y0 ]
	ae(v)

		if( tu_cbf_luma[ x0 ][ y0 ]   &&  treeType  !=  DUAL_TREE_CHROMA
		 &&  ( tbWidth  <=  32 )  &&  ( tbHeight  <=  32 ) 
		 &&  ( IntraSubPartitionsSplit[ x0 ][ y0 ]  = =  ISP_NO_SPLIT )  &&  ( !cu_sbt_flag ) ) {
	

			if( sps_transform_skip_enabled_flag  &&  !BdpcmFlag[ x0 ][ y0 ]  &&
			tbWidth  <=  MaxTsSize && tbHeight  <=  MaxTsSize )
	

				transform_skip_flag[ x0 ][ y0 ]
	ae(v)

			if( ( ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTER && 
			sps_explicit_mts_inter_enabled_flag )  
			| | ( CuPredMode[ chType ][ x0 ][ y0 ] = = MODE_INTRA && 
			sps_explicit_mts_intra_enabled_flag ) )  &&  ( !transform_skip_flag[ x0 ][ y0 ] ) )
	

				tu_mts_idx[ x0 ][ y0 ]
	ae(v)

		}
	

		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

			if( !transform_skip_flag[ x0 ][ y0 ] ]  | | (sps_bdpcm_transform_residual_coding_flag && BdpcmFlag[ x0 ][ y0 ] )
	

				residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

			else
	

				residual_ts_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )
	

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ] )
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 1 )
	

		if( tu_cbf_cr[ x0 ][ y0 ]  &&  
		!( tu_cbf_cb[ x0 ][ y0 ]  &&  tu_joint_cbcr_residual_flag[ x0 ][ y0 ] )) {
	

			residual_coding( xC, yC, Log2( wC ), Log2( hC ), 2 )
	

		}
	

	}
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