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Abstract
This contribution proposes to use HEVC luma filters and decisions for chroma deblocking with some minor adaptations in decisions. For BMS it also applies deblocking of implicit TU boundaries after deblocking of sub-block boundaries from motion prediction to ensure that implicit TU boundaries can be deblocked with more than 1 pixel even when it exist sub-block boundaries 4 samples from the implicit TU boundary. The modifications are implemented on top of CE2-2.1.1.
[bookmark: _GoBack]The proposed solution is claimed to improve subjective quality especially notable for Campfire at low bitrates. It also provides a luma,Cb,Cr BD rate impact of -0.19%,-0.18%,0.17% / -0.18%,-2.20%,-2.22% / -0.12%,-1.89%,-1.69% for AI/RA/LD compared to VTM-1.0 and -0.12%,-1.08%,-0.93% / -0.12%,-2.08%,-2.28% / -0.20%,-2.46%,-2.40% for AI/RA/LD compared to BMS-1.0.  Decoding time 105%/106%/107% for AI/RA/LD compared to VTM-1.0 and 103%/104%/103% for AI/RA/LD compared to BMS-1.0.   
Introduction
The deblocking modifications in this contribution is based on CE2-2.1.1 [1]. This contribution replaces the one sample chroma deblocking in section 2 with HEVC luma filters and decisions in section 3 and deblock sub-block boundaries before implicit TU boundaries in section 4. In section 5 objective results compared to VTM-1.0 when the proposal is run in VTM mode and compared to BMS-1.0 when the proposal is run in BMS mode are shown. Finally some conclusions in section 6.
Chroma deblocking in test model
The chroma deblocking in the test model is applied for 1 pixel on respective side of a boundary which have at least one intra block and with an 8x8 granularity in chroma samples.
Proposed chroma deblocking
The HEVC luma filters and decisions are used to deblock chroma with some adaptations but with same  8x8 granularity as before. 
First adaptation is to filter chroma also for inter blocks when bs=1, re-using the luma decision for motion check but adding specific cbf check for respective chroma component. 
Second adaptation is to limit the maximum deblocking filter length on P side (neighbouring CU) with the length of neighbouring block orthogonal to the boundary divided by 4 and for Q side (current CU) the length of the current block orthogonal to the boundary divided by 4. Filtering of the boundary is only applied if both sides have a maximum deblocking filter length larger than 0. The HEVC strong filter (reading 4 samples and modifying 3 samples on respective side) is only applied if both sides have a maximum deblocking filter length larger than 2. 
Thirdly the decision for strong/weak filter and number of samples to filter is determined for each line instead of for a group of 4 sample segment as in HEVC. Inter blocks are only filtered if Laplacian gradients near the boundary on respective side is below the structure threshold “beta” as in HEVC but for intra blocks that check is by passed. 
Fourthly is “beta” parameter divided by 8 compared to what is used for luma. This makes the use of more than 1 pixel to filter only happening when there is very little structure near the boundary.
Filtering of implicit TU boundaries after sub-block boundaries
In CE2-2.1.1 internal luma boundaries of a CU can be deblocked in parallel since a maximum filter length is determined from the minimal distance between internal boundaries of the CU to avoid overlap in reading and modifying samples. However since an implicit TU can be one of the internal boundaries and can when it occurs 4 samples from a sub-block boundary result in a maximum filter length of 1 (modifying one sample and reading three samples). To ensure that a longer filter can be used for deblocking of implicit TU boundaries it is proposed to make the filtering of sub-block boundaries before filtering of the implicit TU boundary.
Results
We provide results for the proposed changes on top of CE2-2.1.1 software for common test conditions [2]. Decoding is performed on same machine for anchor and test.
Proposed vs VTM-1.0

AI
	
	Y
	U
	V
	DecT

	Class A1
	-0.17%
	-1.14%
	-0.67%
	107%

	Class A2
	-0.21%
	0.62%
	0.29%
	105%

	Class B
	-0.17%
	-0.55%
	-0.18%
	105%

	Class C
	-0.19%
	-0.08%
	0.22%
	104%

	Class E
	-0.23%
	0.51%
	1.47%
	105%

	Overall
	-0.19%
	-0.17%
	0.18%
	105%

	Class D
	-0.15%
	0.27%
	0.41%
	104%



RA
	
	Y
	U
	V
	DecT

	Class A1
	-0.43%
	-3.18%
	-3.57%
	107%

	Class A2
	-0.18%
	-1.34%
	-1.37%
	108%

	Class B
	-0.10%
	-2.29%
	-2.21%
	107%

	Class C
	-0.09%
	-2.01%
	-1.87%
	105%

	Class E
	 
	
	 
	

	Overall
	-0.18%
	-2.20%
	-2.22%
	106%

	Class D
	-0.07%
	-1.56%
	-1.84%
	105%


LD
	
	Y
	U
	V
	DecT

	Class A1
	 
	 
	 
	

	Class A2
	 
	
	 
	

	Class B
	-0.07%
	-1.77%
	-1.73%
	108%

	Class C
	-0.11%
	-1.34%
	-1.44%
	107%

	Class E
	-0.20%
	-2.83%
	-1.97%
	105%

	Overall
	-0.12%
	-1.89%
	-1.69%
	107%

	Class D
	-0.14%
	-1.10%
	-0.90%
	106%



Proposed vs BMS-1.0

AI
	
	Y
	U
	V
	DecT

	Class A1
	-0.07%
	-1.28%
	-1.15%
	103%

	Class A2
	-0.11%
	-0.31%
	-0.49%
	103%

	Class B
	-0.12%
	-1.30%
	-1.17%
	102%

	Class C
	-0.13%
	-1.39%
	-1.27%
	102%

	Class E
	-0.20%
	-0.90%
	-0.31%
	103%

	Overall
	-0.12%
	-1.08%
	-0.93%
	103%

	Class D
	-0.12%
	-0.97%
	-0.94%
	102%



RA
	
	Y
	U
	V
	DecT

	Class A1
	-0.14%
	-2.42%
	-3.53%
	103%

	Class A2
	-0.15%
	-1.35%
	-1.48%
	104%

	Class B
	-0.10%
	-2.37%
	-2.22%
	104%

	Class C
	-0.12%
	-2.02%
	-2.02%
	104%

	Class E
	 
	
	 
	 

	Overall
	-0.12%
	-2.08%
	-2.28%
	104%

	Class D
	-0.02%
	-1.63%
	-1.47%
	103%



LD
	
	Y
	U
	V
	DecT

	Class A1
	 
	 
	 
	

	Class A2
	 
	
	 
	

	Class B
	-0.13%
	-2.57%
	-2.14%
	103%

	Class C
	-0.17%
	-1.30%
	-1.74%
	104%

	Class E
	-0.35%
	-3.83%
	-3.70%
	103%

	Overall
	-0.20%
	-2.46%
	-2.40%
	103%

	Class D
	-0.08%
	-0.57%
	-0.42%
	102%



Conclusions
We propose to include the proposed chroma deblocking into next version of the test model since it can provide a subjective benefit in some cases and can also help to reduce the bitrate somewhat.
We also propose to include the deblocking of implicit split TU boundaries after filtering of internal boundaries to make sure that implicit split TU boundaries are deblocked sufficiently.
References
[1] K. Andersson, Z. Zhang, R. Sjöberg, “CE2-2.1.1: Long deblocking filters and fixes”, JVET-K0307, Ljubljana, July 2018
[2] J. Boyce, K. Suehring, X. Li, V. Seregin, “JVET common test conditions and software reference configurations”, JVET-J1010, San Diego, April 2018
Patent rights declaration(s)
Ericsson may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

	Page: 1	Date Saved: 2018-07-03
image1.png




image2.png




