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Abstract
At the last JVET meeting, 1×N and 2×N intra prediction were removed from ISP, while 4×2, 2×4, 2×2 chroma intra blocks were removed from normal intra. This contribution proposes to remove the remaining 2×N chroma intra blocks in VVC to improve the worst-case hardware processing throughput. Test #1 is to just remove 2×8 chroma intra blocks, and Test #2 is to remove all 2×N chroma intra blocks. Test #3 is to remove 2x16 and 2x32 chroma intra blocks. Simulation results under the CTC conditions reportedly show that the overall BD-rate changes for {Y, Cb, Cr} are listed as follows.
	Test #1
(CTC)
	AI
	0.00%
	0.16%
	0.23%
	100%
	100%

	
	RA
	0.08%
	0.27%
	0.31%
	100%
	100%

	Test #2
(CTC)
	AI
	0.01%
	0.35%
	0.37%
	100%
	99%

	
	RA
	0.12%
	0.50%
	0.49%
	100%
	99%

	Test #3
(CTC)
	AI
	0.00%
	0.15%
	0.12%
	100%
	100%

	
	RA
	0.05%
	0.20%
	0.15%
	100%
	100%


The encoding and decoding times are found to be similar with VTM6.0.And the simulation results under AI with dual tree disabled are listed as follows.
	Test #1
	AI
	-0.03%
	-0.26%
	-0.30%
	98%
	100%

	Test #2
	AI
	-0.02%
	-0.18%
	-0.22%
	97%
	100%

	Test #3
	AI
	0.00%
	-0.07%
	-0.07%
	98%
	99%



Problem statement
The local dual tree [1] was adopted at the last Gothenburg JVET meeting to improve the worst-case hardware processing throughput for single tree. With the local dual tree technique, the 4×2, 2×4, and 2×2 chroma intra blocks are disallowed in single tree by constraining the partitioning of chroma intra blocks.
Meanwhile, the removal of 1×N and 2×N subblocks intra prediction of ISP was adopted at last meeting, in order to remove the reconstruction dependency caused by the sequentially reconstruction of 1×N and 2×N subblocks in ISP.
In VVC WD6, the worst-case hardware processing throughput becomes 2×N chroma intra blocks processing, which is expressed to be worse than 4×4 intra blocks processing. The latency caused by 2×N chroma intra blocks may result in implementation issues.
Proposed solution
In this contribution, it is proposed to remove 2×N chroma intra blocks to improve the worst-case hardware processing throughput. Two Three methods are proposed, with test #1 to just remove 2×8 chroma intra blocks, and test #2 to remove all 2×N (with N equal to 8, 16, and 32) chroma intra blocks, and test #3 to remove 2x16 and 2x32 chroma intra blocks.
Test #1: remove 2×8 chroma intra blocks
In this test, only 2×8 chroma intra blocks are removed. Taking 4:2:0 chroma format as an example, test #1 is applied as follows. 
· In dual tree, below partitions are disallowed for a coding tree node with treeType equal to DUAL_TREE_CHROMA.
· 4×8 parent node partitioned by vertical BT
· 2×16 parent node partitioned by horizontal BT
· 8×8 parent node partitioned by vertical TT
· 2×32 parent node partitioned by horizontal TT
· In single tree, the concept of local dual tree is extended by constraining the chroma splitting at the parent node, as listed below, the chroma component of a parent node cannot split but the luma component can be further split. 
· 8×16 parent node partitioned by vertical BT
· 16×16 parent node partitioned by vertical TT
· 4×32 parent node partitioned by horizontal BT or horizontal TT
· 4×64 parent node partitioned by horizontal TT
· Moreover, the 4×16 CIIP is disallowed to avoid the 2×8 chroma intra prediction caused by CIIP
Test #2: remove 2×N chroma intra blocks
In this test, all 2×8, 2×16, 2×32 chroma intra blocks are removed. Different from the removal of 2×8 chroma intra blocks, the restrictions are applied by constraining the coding block width. Taking 4:2:0 chroma format as an example, test #2 is applied as follows. 
· In dual tree, below partitions are disallowed for a coding tree node with treeType equal to DUAL_TREE_CHROMA.
· 4×N parent node partitioned by vertical BT
· 8×N parent node partitioned by vertical TT
· In single tree, the concept of local dual tree is extended by constraining the chroma splitting at the parent node, as listed below, the chroma component of a parent node cannot split but the luma component can be further split. 
· 8×N parent node partitioned by vertical BT
· 16×N parent node partitioned by vertical TT
· Moreover, the 4×N CIIP is disallowed to avoid the 2×N chroma intra prediction caused by CIIP
Test #3: remove 2×16 and 2x32 chroma intra blocks
In this test, 2×16 and 2×32 chroma intra blocks are removed. Taking 4:2:0 chroma format as an example, test #3 is applied as follows. 
· In dual tree, below partitions are disallowed for a coding tree node with treeType equal to DUAL_TREE_CHROMA.
· 4×16 or 4×32 parent node partitioned by vertical BT
· 2×32 or 2×64 parent node partitioned by horizontal BT
· 8×16 or 8×32 parent node partitioned by vertical TT
· 2×64 parent node partitioned by horizontal TT
· In single tree, the concept of local dual tree is extended by constraining the chroma splitting at the parent node, as listed below, the chroma component of a parent node cannot split but the luma component can be further split. 
· 8×32 or 8×64 parent node partitioned by vertical BT
· 16×32 or 16×64 parent node partitioned by vertical TT
· 4×64 parent node partitioned by horizontal BT
· 4×64 parent node partitioned by horizontal TT
· Moreover, the 4×32 and 4×64 CIIP are disallowed to avoid the 2×16 and 2x32 chroma intra prediction caused by CIIP

Simulation results
The proposed tests were implemented on top of VTM-6.0 [2] and tested under JVET CTC conditions [3]. Simulation results of Test #1 and, Test #2 and Test #3 reportedly are provided in Table 1 and, Table 2, and Table 3, respectively. 
Table 1: BD-Rate results for removing 2×8 chroma intra blocks (Test #1)
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.26%
	0.04%
	100%
	100%

	Class A2
	0.00%
	0.31%
	0.28%
	98%
	98%

	Class B
	0.00%
	0.17%
	0.22%
	101%
	100%

	Class C
	0.02%
	0.19%
	0.44%
	99%
	102%

	Class E
	-0.01%
	-0.11%
	0.09%
	101%
	101%

	Overall 
	0.00%
	0.16%
	0.23%
	100%
	100%

	Class D
	0.03%
	0.62%
	0.59%
	100%
	101%

	Class F
	0.03%
	0.33%
	0.33%
	100%
	101%

	
	
	
	
	
	

	
	　
	　
	Random access 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.05%
	0.10%
	0.15%
	100%
	100%

	Class A2
	0.06%
	0.22%
	0.27%
	100%
	100%

	Class B
	0.04%
	0.22%
	0.29%
	101%
	100%

	Class C
	0.16%
	0.49%
	0.50%
	101%
	101%

	Class E
	　
	
	　
	　
	　

	Overall
	0.08%
	0.27%
	0.31%
	100%
	100%

	Class D
	0.18%
	0.64%
	0.69%
	101%
	102%

	Class F
	0.08%
	0.28%
	0.33%
	101%
	99%



Table 2: BD-Rate results for removing 2×N chroma intra blocks (Test #2)
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.37%
	0.15%
	100%
	100%

	Class A2
	0.02%
	0.61%
	0.55%
	100%
	99%

	Class B
	0.01%
	0.37%
	0.45%
	100%
	99%

	Class C
	0.04%
	0.47%
	0.59%
	100%
	101%

	Class E
	-0.02%
	-0.16%
	-0.02%
	101%
	100%

	Overall 
	0.01%
	0.35%
	0.37%
	100%
	99%

	Class D
	0.05%
	0.88%
	0.82%
	101%
	101%

	Class F
	0.03%
	0.45%
	0.50%
	99%
	101%

	
	
	
	
	
	

	
	　
	　
	Random access 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	0.10%
	0.18%
	101%
	100%

	Class A2
	0.15%
	0.65%
	0.66%
	99%
	99%

	Class B
	0.09%
	0.50%
	0.44%
	100%
	99%

	Class C
	0.22%
	0.68%
	0.66%
	101%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.12%
	0.50%
	0.49%
	100%
	99%

	Class D
	0.22%
	0.85%
	0.79%
	101%
	101%

	Class F
	0.19%
	0.53%
	0.69%
	101%
	102%



Table 3: BD-Rate results for removing 2×16 and 2×32 chroma intra blocks (Test #3)
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.15%
	0.04%
	99%
	101%

	Class A2
	0.00%
	0.29%
	0.25%
	99%
	100%

	Class B
	-0.01%
	0.23%
	0.16%
	101%
	101%

	Class C
	0.00%
	0.08%
	0.18%
	100%
	100%

	Class E
	-0.01%
	-0.01%
	-0.09%
	100%
	101%

	Overall 
	0.00%
	0.15%
	0.12%
	100%
	100%

	Class D
	0.01%
	0.20%
	0.13%
	99%
	100%

	Class F
	0.00%
	0.09%
	0.13%
	100%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access 
	　
	　

	
	　
	　
	Over VTM-6.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	0.07%
	0.10%
	99%
	100%

	Class A2
	0.09%
	0.35%
	0.30%
	99%
	99%

	Class B
	0.03%
	0.21%
	0.11%
	100%
	100%

	Class C
	0.06%
	0.18%
	0.13%
	101%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.05%
	0.20%
	0.15%
	100%
	100%

	Class D
	0.00%
	-0.07%
	0.07%
	100%
	100%

	Class F
	0.03%
	0.10%
	0.12%
	100%
	101%



The experimental results of Test #1, Test #2 and Test #3 under AI with dual tree disabled are presented in Table 4, Table 5 and Table 6 respectively. 

Table 4: BD-Rate results for Test #1 when DualTree off
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0-DualTreeOff
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	0.01%
	-0.05%
	96%
	99%

	Class A2
	-0.01%
	-0.13%
	0.18%
	99%
	101%

	Class B
	-0.02%
	-0.08%
	-0.32%
	98%
	102%

	Class C
	-0.02%
	-0.23%
	-0.23%
	98%
	99%

	Class E
	-0.07%
	-0.97%
	-1.09%
	98%
	100%

	Overall 
	-0.03%
	-0.26%
	-0.30%
	98%
	100%

	Class D
	0.01%
	0.09%
	0.10%
	98%
	100%

	Class F
	0.02%
	0.12%
	0.06%
	99%
	100%



Table 5: BD-Rate results for Test #2 when DualTree off
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0-DualTreeOff
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	0.13%
	-0.12%
	96%
	100%

	Class A2
	0.00%
	-0.03%
	0.45%
	96%
	100%

	Class B
	-0.03%
	0.10%
	-0.08%
	97%
	100%

	Class C
	0.00%
	-0.21%
	-0.28%
	97%
	100%

	Class E
	-0.07%
	-1.10%
	-1.13%
	97%
	99%

	Overall 
	-0.02%
	-0.18%
	-0.22%
	97%
	100%

	Class D
	0.02%
	0.22%
	0.30%
	96%
	98%

	Class F
	0.02%
	0.12%
	0.07%
	97%
	101%



Table 6: BD-Rate results for Test #3 when DualTree off
	
	　
	　
	All Intra 
	　
	　

	
	　
	　
	Over VTM-6.0-DualTreeOff
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.09%
	-0.03%
	96%
	98%

	Class A2
	0.01%
	0.10%
	0.24%
	99%
	101%

	Class B
	-0.01%
	0.04%
	-0.14%
	99%
	99%

	Class C
	0.00%
	-0.15%
	-0.18%
	98%
	100%

	Class E
	-0.02%
	-0.45%
	-0.15%
	99%
	99%

	Overall 
	0.00%
	-0.07%
	-0.07%
	98%
	99%

	Class D
	0.00%
	0.00%
	0.11%
	98%
	98%

	Class F
	0.00%
	0.04%
	-0.01%
	100%
	101%



Conclusions
This contribution proposes to remove 2×N chroma intra blocks for both dual tree and single tree to improve the worst-case hardware processing throughput. Test #1 is to just remove 2×8 chroma intra blocks. Test #2 is to remove 2×N chroma intra blocks. Test #3 is to remove 2×16 and 2×32 chroma intra blocks. The average luma BD-rate of Test #1 is 0.00%/0.08% for AI/RA compared with VTM-6.0. Test #2 has slightly worse coding efficiency than Test #1. Test #3 has slightly better coding efficiency than Test #1. It is recommended adopting Test #2 to the next version of VVC.
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