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Abstract
This contribution reports results of CE2.3.2 test on modified Sample Adaptive Offset (SAO) method proposed in the JVET-J0021 [1]. It was proposed to introduce SAO parameters signaling at block level, and SAO block size can be different from the CTU size. Changes to the merge scheme were also proposed, for example allowing two-direction SAO merge. 
Over the VTM1.0 anchor, the proposed method with block sizes fixed to the CTU size, reportedly shows 0.12%, 0.25% and 0.28% (AI, RA and LDB respectively) of average bitrate reduction for luma component. For chroma components, average bitrate reduction of 0.89%, 1.91% and 3.34%(AI, RA and LDB) is reported. 
Over the BMS1.0 anchor, proposed method with block sizes restricted to the CTU size reportedly shows 0.09%, 0.15% and 0.37% (AI, RA and LDB respectively) of average bitrate reduction for luma component. For chroma components, average bitrate reduction of 0.72%, 2.27% and 3.68% (AI, RA and LDB) is reported. 
No changes on reported average encoding time is reported and decoding time is reported to increase by 5%.

Proposal
Sample Adaptive Offset (SAO) is applied to the reconstructed image after the deblocking filter. It was proposed in JVET-J0021 [1], that signalling of SAO parameters could be done at block level, wherein the block could be smaller than an CTU. An index indicating the block size is selected by the encoder based on the RD cost and signaled in the bitstream for each slice. Specifically, in this proposal, the SAO parameters may be signaled for each square block of size equal to CTU size or CTU size divided by 4.
Two merge flags (i.e., sao_merge_left_flag and sao_merge_up_flag) are used to indicate whether the current block inherits the SAO parameters from neighboring blocks. If sao_merge_left_flag is equal to 1, the current block will reuse the SAO parameters of the block to the left. If sao_merge_up_flag is equal to 1, the current block will reuse SAO parameters of the above block. In HEVC and JEM, sao_merge_up_flag is signaled only if sao_merge_left_flag equals 0. To overcome this limitation of HEVC, it is proposed that both sao_merge_left_flag and sao_merge_up_flag may be signaled and are allowed to be true. A common virtual label can then be assigned to all blocks which share the same SAO filter parameters as indicated by the merge flags. To simplify the parsing process, a merge flag can be true only if it does not lead to virtual labels such that two non-consecutive blocks in the same row share the same label. Figure 1 shows an example of merge configuration allowed by this proposal and not feasible in the original HEVC design. 
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[bookmark: _Ref508634970]Figure 1: The shaded blocks share the same SAO parameters. 
[bookmark: _Hlk518305491]Results of CE2.3.2:
Proposed method was integrated in the VTM1.0 and BMS1.0 and tested against the corresponding VTM1.0 and BMS1.0 CTC anchors. 
Complete set of requested simulation results for CE2.3.2 was provided through SVN repository and attached to this contribution. This section provides a summary of these results. 
Results of Test 2.3.2a (fixed block sizes)

Comparative results of the method with block sizes restricted to the CTU are reported in are reported in Tables 3, 4 and 3 (for AI, RA and LDB coding configurations respectively).
[bookmark: _Hlk518314358]Table 1. Proposed method with block size restricted to the CTU, AI configuration
	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.17%
	-1.58%
	-1.53%
	99%
	105%
	-0.11%
	-1.62%
	-1.04%
	99%
	105%

	Class A2
	-0.09%
	-1.00%
	-0.58%
	99%
	107%
	-0.06%
	-0.92%
	-0.52%
	99%
	102%

	Class B
	-0.10%
	-0.80%
	-0.98%
	99%
	101%
	-0.09%
	-0.69%
	-0.78%
	99%
	101%

	Class C
	-0.11%
	-0.20%
	-0.32%
	99%
	103%
	-0.10%
	-0.11%
	-0.15%
	99%
	102%

	Class E
	-0.11%
	-0.96%
	-1.37%
	99%
	104%
	-0.11%
	-0.60%
	-1.09%
	99%
	101%

	Overall 
	-0.12%
	-0.86%
	-0.92%
	99%
	104%
	-0.09%
	-0.74%
	-0.69%
	99%
	102%

	Class D
	-0.08%
	-0.24%
	-0.25%
	99%
	101%
	-0.08%
	-0.14%
	-0.05%
	100%
	102%


Table 2. Proposed method with block size restricted to the CTU, RA configuration
	
	Random Access Main 10

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.41%
	-3.17%
	-2.97%
	101%
	116%
	-0.21%
	-3.10%
	-2.95%
	101%
	105%

	Class A2
	-0.27%
	-2.17%
	-1.37%
	101%
	110%
	-0.18%
	-2.96%
	-2.05%
	103%
	107%

	Class B
	-0.27%
	-2.09%
	-2.01%
	102%
	109%
	-0.19%
	-2.29%
	-2.26%
	100%
	104%

	Class C
	-0.08%
	-0.87%
	-1.05%
	101%
	104%
	-0.05%
	-1.36%
	-1.64%
	100%
	103%

	Class E
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Overall
	-0.25%
	-2.00%
	-1.82%
	101%
	109%
	-0.15%
	-2.34%
	-2.19%
	101%
	105%

	Class D
	-0.14%
	-0.42%
	-0.53%
	101%
	102%
	-0.15%
	-0.69%
	-0.61%
	101%
	101%


Table 3. Proposed method with block size restricted to the CTU, LDB configuration
	
	Low delay B Main10 

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Class B
	-0.46%
	-3.46%
	-4.47%
	100%
	107%
	-0.49%
	-4.06%
	-4.77%
	100%
	105%

	Class C
	-0.10%
	-1.52%
	-1.65%
	100%
	103%
	-0.16%
	-1.47%
	-1.90%
	100%
	102%

	Class E
	-0.23%
	-4.17%
	-5.08%
	102%
	101%
	-0.47%
	-4.75%
	-5.46%
	100%
	104%

	Overall
	-0.28%
	-2.99%
	-3.68%
	101%
	104%
	-0.37%
	-3.37%
	-3.99%
	100%
	103%

	Class D
	-0.14%
	-1.12%
	-1.00%
	101%
	104%
	-0.07%
	-1.14%
	-2.02%
	100%
	103%


Results of Test 2.3.2.b (flexible block sizes 128 or 256)
Comparative results of the method with flexible block sizes for AI, RA and LDB coding configurations are reported in are reported in Tables 3, 4 and 3 respectively 

Table 4. Proposed method with flexible block size, AI configuration
	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.17%
	-1.58%
	-1.53%
	99%
	105%
	-0.11%
	-1.62%
	-1.04%
	99%
	105%

	Class A2
	-0.09%
	-1.00%
	-0.58%
	99%
	107%
	-0.06%
	-0.92%
	-0.52%
	99%
	102%

	Class B
	-0.10%
	-0.80%
	-0.98%
	99%
	101%
	-0.09%
	-0.69%
	-0.78%
	99%
	101%

	Class C
	-0.11%
	-0.20%
	-0.32%
	99%
	103%
	-0.10%
	-0.11%
	-0.15%
	99%
	102%

	Class E
	-0.11%
	-0.96%
	-1.37%
	99%
	104%
	-0.11%
	-0.60%
	-1.09%
	99%
	101%

	Overall 
	-0.12%
	-0.86%
	-0.92%
	99%
	104%
	-0.09%
	-0.74%
	-0.69%
	99%
	102%

	Class D
	-0.08%
	-0.24%
	-0.25%
	99%
	101%
	-0.08%
	-0.14%
	-0.05%
	100%
	102%


Table 5. Proposed method with flexible block size, RA configuration
	
	Random Access Main 10

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.41%
	-3.17%
	-2.97%
	101%
	116%
	-0.21%
	-3.10%
	-2.95%
	101%
	105%

	Class A2
	-0.27%
	-2.17%
	-1.37%
	101%
	110%
	-0.18%
	-2.96%
	-2.05%
	103%
	107%

	Class B
	-0.27%
	-2.09%
	-2.01%
	102%
	109%
	-0.19%
	-2.29%
	-2.26%
	100%
	104%

	Class C
	-0.08%
	-0.87%
	-1.05%
	101%
	104%
	-0.05%
	-1.36%
	-1.64%
	100%
	103%

	Class E
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Overall
	-0.25%
	-2.00%
	-1.82%
	101%
	109%
	-0.15%
	-2.34%
	-2.19%
	101%
	105%

	Class D
	-0.14%
	-0.42%
	-0.53%
	101%
	102%
	-0.15%
	-0.69%
	-0.61%
	101%
	101%


Table 6. Proposed method with flexible block size, LDB configuration
	
	Low delay B Main10 

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Class B
	-0.46%
	-3.46%
	-4.47%
	100%
	107%
	-0.49%
	-4.06%
	-4.77%
	100%
	105%

	Class C
	-0.10%
	-1.52%
	-1.65%
	100%
	103%
	-0.16%
	-1.47%
	-1.90%
	100%
	102%

	Class E
	-0.23%
	-4.17%
	-5.08%
	102%
	101%
	-0.47%
	-4.75%
	-5.46%
	100%
	104%

	Overall
	-0.28%
	-2.99%
	-3.68%
	101%
	104%
	-0.37%
	-3.37%
	-3.99%
	100%
	103%

	Class D
	-0.14%
	-1.12%
	-1.00%
	101%
	104%
	-0.07%
	-1.14%
	-2.02%
	100%
	103%



Results of Test 2.3.2.c (flexible block sizes 64 or 128)
Additionally, comparative results of the method with block sizes 64x64 and 128x128, thus not exceeding current CTU are reported for AI, RA and LDB are reported in Tables 4, 5 and 6 respectively. Results are reported against respective CTC anchors for VTM and BMS.
Table 4. Proposed method with flexible block size, AI configuration
	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.19%
	-1.55%
	-1.53%
	97%
	99%
	
	
	
	
	

	Class A2
	-0.09%
	-1.08%
	-0.61%
	97%
	101%
	
	
	
	
	

	Class B
	-0.09%
	-0.98%
	-1.34%
	91%
	93%
	-0.06%
	-0.92%
	-1.22%
	97%
	96%

	Class C
	-0.10%
	-0.40%
	-0.70%
	92%
	96%
	-0.08%
	-0.30%
	-0.52%
	99%
	100%

	Class E
	-0.11%
	-1.02%
	-1.40%
	92%
	98%
	-0.09%
	-0.73%
	-1.20%
	101%
	100%

	Overall 
	-0.11%
	-0.97%
	-1.12%
	93%
	97%
	
	
	
	
	

	Class D
	-0.08%
	-0.36%
	-0.39%
	92%
	94%
	-0.06%
	-0.28%
	-0.18%
	99%
	100%


Table 5. Proposed method with flexible block size, RA configuration
	
	Random Access Main 10

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.45%
	-3.09%
	-2.89%
	102%
	105%
	
	
	
	
	

	Class A2
	-0.33%
	-2.17%
	-1.41%
	106%
	101%
	
	
	
	
	

	Class B
	-0.35%
	-2.32%
	-2.52%
	99%
	102%
	-0.24%
	-2.55%
	-2.83%
	100%
	102%

	Class C
	-0.10%
	-1.02%
	-1.49%
	96%
	93%
	-0.07%
	-1.45%
	-1.74%
	100%
	102%

	Class E
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Overall
	-0.30%
	-2.10%
	-2.10%
	100%
	100%
	
	
	
	
	

	Class D
	-0.16%
	-0.67%
	-0.77%
	95%
	84%
	-0.13%
	-1.06%
	-1.02%
	100%
	99%


Table 6. Proposed method with flexible block size, LDB configuration
	
	Low delay B Main10 

	
	Over VTM-1.0, SAO = 1
	Over BMS-1.0, SAO = 1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Class B
	-0.58%
	-3.78%
	-4.89%
	96%
	102%
	
	
	
	
	

	Class C
	-0.19%
	-2.02%
	-2.64%
	95%
	93%
	-0.23%
	-1.93%
	-2.42%
	99%
	101%

	Class E
	-0.51%
	-4.15%
	-5.52%
	100%
	90%
	-0.44%
	-4.73%
	-5.85%
	100%
	103%

	Overall
	-0.43%
	-3.28%
	-4.30%
	96%
	96%
	
	
	
	
	

	Class D
	-0.20%
	-1.32%
	-1.89%
	95%
	85%
	-0.16%
	-1.79%
	-3.02%
	100%
	99%
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Conclusion
This contribution reports results of CE2.3.2 test on modified Sample Adaptive Offset (SAO) method proposed in the JVET-J0021[1]. It is proposed to introduce SAO parameters signaling at block level and allow SAO block size to be q different from the CTU size. Additionally, changes to the merge scheme proposed to allow two-directional SAO merge. 
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