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Abstract
When separate tree is used, the coding information CuPredMode[x][y], cqtDepth[x][y], CbWidth[x][y], CbHeight[x][y], CbPosX[x][y] and CbPosY[x][y] of location (x,y) may be different for luma and chroma CBs. However, VVC draft 5 does not discern these parameters for luma and chroma. To fix this problem, it is proposed to extend these parameters with channel type in VVC spec, e.g., CuPredMode[chType][x][y]. Besides, the first four of the six parameters are used in the neighbor-based context modeling of pred_mode_ibc_flag, split_qt_flag, mtt_split_cu_vertical_flag and split_cu_flag, thus requiring line buffer to store these parameters for luma and chroma separately.
[bookmark: _GoBack]Three tests are made to remove neighbor dependency in context modeling of the four flags for chroma CU, by which the line buffer for storing CuPredMode, cqtDepth and CbWidth for chroma blocks is reduced. Test 1 does not check neighbors for the first two flags for chroma CU. Test 2 does not check neighbors for all the four flags for chroma CU. Test 3 does not check neighbors for the first three flags for chroma CU, and checks only the left neighbor for the split_cu_flag. It is reported that Test 1 results in 0.00%/-0.01%/0.02% and 0.02%/-0.03%/0.01% Y/Cb/Cr BD-rates in AI and RA configuration, respectively. Test 2 results in 0.06%/0.23%/0.25% and 0.02%/-0.02%/0.11% Y/Cb/Cr BD-rates in AI and RA configuration, respectively. Test 3 results in 0.0x02%/0.xx13%/0.xx22% and 0.0x00%/0.0x00%/-0.0x03% Y/Cb/Cr BD-rates in AI and RA configuration, respectively, and saves 6 bits/4x4 in line buffer.

Introduction
When separate tree is used in I slice, one location (x, y) may have different CuPredMode[x][y], cqtDepth[x][y], CbWidth[x][y], CbHeight[x][y], CbPosX[x][y] and CbPosY[x][y] for luma and chroma coding blocks. VVC draft 5 does not identify the channel type of these six coding parameters, thus introducing ambiguity. The six parameters are used 35 / 2 / 9 / 9 / 6 / 6 times in the VVC draft 5 version 8, respectively.
Therefore, to make the spec clearer, it is suggested to extend the six parameters with channel type in VVC spec, e.g., using CuPredMode[chType][x][y] instead of CuPredMode[x][y], where chType 0 stands for luma, and chType 1 for chroma. A draft spec is provided with this proposal, c.f. JVET-N1001-v9_r1.docx.
On the other hand, neighbor-based context modeling is used for some flags related to chroma CU, including pred_mode_ibc_flag, split_qt_flag, split_cu_flag and mtt_split_cu_vertical_flag. The pred_mode_ibc_flag uses CuPredMode, the split_qt_flag uses cqtDepth, and both split_cu_flag and mtt_split_cu_vertical_flag use CbWidth (by top neighbor only) and CbHeight (by left neighbor only). Accordingly, CuPredMode, cqtDepth and CbWidth for chroma blocks are required to be stored in line buffer due to the context modeling of the four flags.
Proposed method
Three tests are made to remove neighbor dependency in context modeling of the above-mentioned four flags for chroma CU, by which the line buffer for storing CuPredMode, cqtDepth and CbWidth for chroma blocks can be saved. The number of bits for each parameters are provided in Table 1.
Table 1 Required bits for the paramters
	
	Number of possible values
	required bits

	CuPredMode 
(for chroma in I slice)
	32: INTRA, INTER, IBC
	21

	cqtDepth
(for chroma in I slice)
	64: 0 1 (128x12864x64) ~ 5 4 (4x48x8)
	32

	CbWidth
(for chroma in I slice)
	65: 4 ~ 12864
	3


When not checking neighbors, the condL and condA in context modeling formula are set to be 0 for chroma CUs, as shown in Table 2.
ctxInc = ( condL  &&  availableL ) + ( condA  &&  availableA ) + ctxSetIdx * 3	(1)
Details of the three tests are as follows:
· Test 1 does not check neighbors in context modeling of pred_mode_ibc_flag and split_qt_flag for chroma CU, and thus remove CuPredMode and cqtDepth for chroma in line buffer.
· Test 2 does not check neighbors in context modeling of pred_mode_ibc_flag, split_qt_flag, mtt_split_cu_vertical_flag and split_cu_flag for chroma CU, and thus remove thus remove CuPredMode (2 bit) cqtDepth (3 bit) and CbWidth for chroma in line buffer.
· However, Test 2 introduces some loss for AI. To reduce coding loss while keep the same reduction of line buffer as Test 2, a Test 3 is made, which does not check neighbors in context modeling of pred_mode_ibc_flag, split_qt_flag, mtt_split_cu_vertical_flag for chroma CU, and checks only the left neighbor in split_cu_flag for chroma CU.


Tabel 2: proposed context modeling
	Syntax element
	condL
	condA
	ctxSetIdx

	split_qt_flag (Test 1 & 2 & 3)
	(chType = = 1) ? 0 :   CqtDepth[chType][ xNbL ][ yNbL ] > cqtDepth
	(chType = = 1) ? 0 : CqtDepth[chType][ xNbA ][ yNbA ] > cqtDepth
	( cqtDepth < 2) ? 0 : 1

	split_cu_flag (Test 1 & 2)
	(chType = = 1) ? 0 : CbHeight[chType][ xNbL ][ yNbL ] < cbHeight
	(chType = = 1) ? 0 : CbWidth[chType][ xNbA ][ yNbA ] < cbWidth
	( allowSplitBtVer + 
  allowSplitBtHor + 
  allowSplitTtVer + 
  allowSplitTtHor + 
  2 * allowSplitQt − 1 ) / 3 

	split_cu_flag (Test 3)
	CbHeight[chType][ xNbL ][ yNbL ] < cbHeight
	(chType = = 1) ? 0 : CbWidth[chType][ xNbA ][ yNbA ] < cbWidth
	( allowSplitBtVer + 
  allowSplitBtHor + 
  allowSplitTtVer + 
  allowSplitTtHor + 
  2 * allowSplitQt − 1 ) / 3

	cu_skip_flag[ x0 ][ y0 ]
	cu_skip_flag[ xNbL ][ yNbL ]
	cu_skip_flag[ xNbA ][ yNbA ]
	0

	pred_mode_flag[ x0 ][ y0 ]
	CuPredMode[chType] [ xNbL ][ yNbL ] = = MODE_INTRA
	CuPredMode[chType] [ xNbA ][ yNbA ] = = MODE_INTRA
	0

	pred_mode_ibc_flag[ x0 ][ y0 ]
(Test 1 & 2 & 3)
	(chType = = 1) ? 0 : CuPredMode[chType][ xNbL ][ yNbL ] = = MODE_IBC
	(chType = = 1) ? 0 : CuPredMode[chType][ xNbA ][ yNbA ] = = MODE_IBC
	0



Similarly, for the context modeling of mtt_split_cu_vertical_flag, the proposed method for all the three tests is as follows:
The assignment of ctxInc is specified as follows:
· If allowSplitBtVer + allowSplitBtHor is greater than allowSplitTtVer + allowSplitTtHor, ctxInc is set equal to 4.
· Otherwise, if allowSplitBtVer + allowSplitBtHor is less than allowSplitTtVer + allowSplitTtHor, ctxInc is set equal to 4.
· Otherwise, if chType is equal to 1, ctxInc is set equal to 0.
· Otherwise, the following applies:
· The variables dA and dL are derived as follows
dA = cbWidth / ( availableA  ?  CbWidth[ xNbA ][ yNbA ]  :  1 )	(9‑30)
dL = cbHeight / ( availableL  ?  CbHeight[ xNbL ][ yNbL ]  :  1 )	(9‑31)
· If any of the following conditions is true, ctxInc is set equal to 0:
· dA is equal to dL,
· availableA is equal to FALSE,
· availableL is equal to FALSE.
· Otherwise, if dA is less then dL, ctxInc is set equal to 1.
· Otherwise, ctxInc is set equal to 0.

Experiment results
The proposed methods have been implemented on top of VTM5.0 [1]. The common test conditions [2] are used for evaluation. Because the changes only affect dual tree I slice, LDB is not tested.
Results for all three tests are summarized in Table 3. Detailed results of Test 1 to Test 3 are provided in Table 4 to Table 6, respectively.
Table 3 Summary of coding results
	AI
	Y
	U
	V
	EncT
	DecT

	Test 1
	0.00%
	-0.01%
	0.02%
	100%
	101%

	Test 2
	0.06%
	0.23%
	0.25%
	102%
	101%

	Test 3
	0.02%
	0.13%
	0.22%
	101%
	101%

	

	RA
	Y
	U
	V
	EncT
	DecT

	Test 1
	0.02%
	-0.03%
	0.01%
	100%
	101%

	Test 2
	0.02%
	-0.02%
	0.11%
	100%
	101%

	Test 3
	0.00%
	0.00%
	-0.03%
	101%
	101%



Table 4 Coding results of Test 1
	
	All Intra Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.03%
	0.05%
	100%
	100%

	Class A2
	0.00%
	0.02%
	-0.03%
	100%
	100%

	Class B
	0.00%
	0.01%
	0.01%
	100%
	100%

	Class C
	0.00%
	-0.04%
	0.03%
	101%
	102%

	Class E
	0.00%
	-0.10%
	0.04%
	101%
	103%

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

	Class D
	-0.01%
	0.18%
	-0.04%
	101%
	104%

	Class F
	0.00%
	-0.05%
	-0.05%
	101%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.23%
	0.18%
	100%
	101%

	Class A2
	0.04%
	-0.04%
	-0.03%
	100%
	100%

	Class B
	0.02%
	0.06%
	0.00%
	100%
	100%

	Class C
	0.01%
	0.04%
	-0.07%
	101%
	102%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.03%
	0.01%
	100%
	101%

	Class D
	0.01%
	0.01%
	0.24%
	100%
	102%

	Class F
	-0.05%
	-0.08%
	0.13%
	100%
	102%



Table 5 Coding results of Test 2
	
	All Intra Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.09%
	0.15%
	0.18%
	105%
	100%

	Class A2
	0.09%
	0.19%
	0.15%
	103%
	101%

	Class B
	0.05%
	0.25%
	0.27%
	102%
	99%

	Class C
	0.04%
	0.19%
	0.29%
	101%
	102%

	Class E
	0.05%
	0.39%
	0.34%
	101%
	101%

	Overall 
	0.06%
	0.23%
	0.25%
	102%
	101%

	Class D
	0.03%
	0.36%
	0.30%
	100%
	104%

	Class F
	0.04%
	0.29%
	0.32%
	101%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	-0.20%
	0.05%
	100%
	101%

	Class A2
	0.04%
	0.29%
	0.13%
	100%
	100%

	Class B
	0.03%
	0.00%
	0.11%
	101%
	102%

	Class C
	-0.02%
	-0.16%
	0.12%
	101%
	103%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.02%
	0.11%
	100%
	101%

	Class D
	0.00%
	0.25%
	0.29%
	101%
	103%

	Class F
	0.00%
	0.03%
	0.17%
	101%
	103%



Table 6 Coding results of Test 3
	
	All Intra Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.05%
	0.05%
	0.16%
	103%
	100%

	Class A2
	0.05%
	0.08%
	0.16%
	101%
	100%

	Class B
	0.02%
	0.16%
	0.27%
	101%
	101%

	Class C
	0.00%
	0.09%
	0.25%
	101%
	103%

	Class E
	0.01%
	0.29%
	0.22%
	101%
	102%

	Overall 
	0.02%
	0.13%
	0.22%
	101%
	101%

	Class D
	0.00%
	0.22%
	0.13%
	101%
	103%

	Class F
	0.01%
	0.13%
	0.14%
	101%
	102%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	-0.19%
	0.13%
	101%
	101%

	Class A2
	0.02%
	0.07%
	0.02%
	100%
	101%

	Class B
	-0.01%
	0.07%
	-0.07%
	101%
	101%

	Class C
	-0.02%
	0.02%
	-0.13%
	101%
	103%

	Class E
	
	
	
	
	

	Overall
	0.00%
	0.00%
	-0.03%
	101%
	101%

	Class D
	0.01%
	0.03%
	0.34%
	101%
	102%

	Class F
	-0.02%
	0.21%
	0.20%
	101%
	103%




Conclusions
In this proposal, it is proposed to extend the six chroma-CU related parameters with channel type in VVC spec, to resolve the ambiguity in VVC draft 5.
In addition, three tests are conducted on simplifying the context modeling of chroma-CU related flags. Test 1 and 3 introduces almost no coding loss and reduces the line buffer for storing chroma CB coding information by 5 3 bits and 8 6 bits per 4x4.
It is suggested to adopt the proposed test 1 or test 3 into VVC.
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