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Abstract
In the current VVC design, when performing ALF, four boundaries of a CTU are checked to determine the invoking of sample padding. If a boundary is a slice/brick/sub-picture/360 virtual boundary and filtering across such boundary is disallowed, sample padding is applied. However, just checking the four boundaries of a CTU couldn’t cover all possible cases that padding should be applied. For example, in the case that the above-left, above-right, below-left or below-right neighboring samples of the CTU are in a different slice/brick/sub-picture from the CTU and filtering across the slice/brick/sub-picture boundary is disallowed, sample padding may also be required. This contribution proposes to fix these issues by checking more boundaries of the CTU. It is asserted that proposed method has not impact on the coding performance in CTC.
Introduction
In the current VVC design, when performing ALF, four boundaries of a CTU are checked. If a boundary is a slice/brick/sub-picture/360 virtual boundary and filtering across such boundary is disallowed, sample padding is applied. However, in the case that the above-left, above-right, below-left or below-right neighboring samples of the CTU are in a different slice/brick/sub-picture from the CTU and filtering across the slice/brick/sub-picture boundary is disallowed, sample padding may not be applied, which is incorrect. An example is shown in Figure 1, wherein the blue sample is in a different slice from the current CTU, however, it is used in the ALF.
[image: ]
[bookmark: _Ref20147796]Figure 1: an example of using “unavailable” neighboring samples (the blue sample) in ALF. Cur is the current CTU.
Proposed method
To tackle the abovementioned problem, this contribution proposes to check more boundaries of the CTU to determine the invoking of sample padding. Specifically, for the above-left, above-right, below-left or below-right neighboring samples of the CTU, if they are in a different slice/brick/sub-picture from the CTU and filtering across the slice/brick/sub-picture boundary is disallowed, sample padding is applied.
It is proposed to use the top-left/top-right/bottom-left/bottom-right sample of the CTU to pad the above-left/above-right/below-left/below-right neighboring samples, respectively.

Experimental results
The proposed method is implemented on top of the reference software VTM-6.0 [2], and simulations were performed following the common test conditions [3]. The results are shown in Table 1. It can be seen that proposed method has no impact on the coding performance.
[bookmark: _Ref19203810]Table 1: Coding performance of proposed method.
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	Class B
	0.00%
	0.00%
	0.00%
	99%
	99%
	0.00%
	0.00%
	0.00%
	99%
	97%

	Class C
	0.00%
	0.00%
	0.00%
	98%
	93%
	0.00%
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	99%
	96%

	Class E
	0.00%
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	Class D
	0.00%
	0.00%
	0.00%
	99%
	95%
	0.00%
	0.00%
	0.00%
	99%
	97%

	Class F
	
	
	
	
	
	0.00%
	0.00%
	0.00%
	99%
	97%



Conclusions
This contribution proposes fix of ALF sample padding. It has no impact on the coding performance. It is recommended to adopt it into VVC.
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