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Abstract
This contribution proposes to remove syntax redundancy for adaptive loop in VTM-5.0. The proposed method removes the alf_luma_coeff_delta_idx when the number of alf filters equals to NumAlfFilters-1 and remove the alf_luma_coeff_delta_flag when the number of ALF filters equals to 1. The average BD-rates of 0.xx%, 0.xx%, and 0.xx% are observed for AI, RA, and LDB cases, respectively. 
In test1, alf_luma_coeff_delta_idx is removed when the number of alf filters equals to NumAlfFilters-1. In this test, there is no BD-rate change in AI and LDB and minor bitrate reduction in some cases. For LDB, there is minor coding gain in Class E, 0.00%, 0.01%, 0.04% coding gain for Y, Cb and Cr, respectively.
In test 3, alf_luma_min_eg_order_minus1, alf_luma_eg_order_increase_flag, alf_luma_coeff_flag, alf_luma_coeff_delta_abs, alf_luma_coeff_delta_sign, alf_luma_clip_min_eg_order_minus1, alf_luma_clip_eg_order_increase_flag and alf_luma_clip_idx are all removed when the number of ALF filters and alf_luma_coeff_delta_flag both equal to 1. In this test, there is no BD-rate change and minor bitrate reduction in some cases for AI, RA and LDB, respectively.
Test2 is the combination of Test1 and Test3. In this test, there is no BD-rate change in AI and LDB and minor bitrate reduction. For LDB, there is minor coding gain in Class E, 0.00%, 0.01%, 0.04% coding gain for Y, Cb and Cr.
Introduction
In WD 5.0 [1], the adaptive loop filter (ALF) parameters are signalled in adaptation parameter set (APS). In one APS, up to 25 sets of luma filter coefficients and clipping value indices, and up to 1 set of chroma filter coefficients and clipping value indices are signalled for the non-linear ALF. 
There are up to 25 classes of pixel in one frame, while because of the filter merge process, the number of filters (alf_num_filters) is no more than 25. In order to indicate the filter used by each class, a syntax alf_luma_coeff_delta_idx[ filtIdx ] (filtIdx 0~ 24) is signalled. alf_luma_coeff_delta_idx[ filtIdx ] is a integer with value in the rang of 0 ~ alf_num_filters-1. It is signalled when alf_num_filters >1. However, when alf_num_filters equals to 25, each pixel class has a corresponding alf filter. In that case, alf_luma_coeff_delta_idx[ filtIdx ] is always equal to filtIdx. Therefore, there is no need to signal the 25 integers (0, 1, 2, 3, 4, 5……23, 24, 25)when alf_num_filters equals to 25.
Another syntax alf_luma_coeff_delta_flag is coded when the ALF data syntax elements are signalled. If this flag is equal to zero, filter coefficient prediction between two successive signalled filters is allowed. According to the current signalling design, alf_luma_coeff_delta_prediction_flag is signalled when the number of filter classes is two or more (alf_luma_num_filters_signalled_minus1>0). However, there is no such check on the number of filter classes for alf_luma_coeff_delta_flag. If the number of filter classes is equal to 1, there is no need to signal alf_luma_coeff_delta_flag.If alf_luma_coeff_delta_flag equals to 1, coefficients except for the central point of some filters will be set to be zero. If alf_num_filters is 1, alf_luma_coeff_delta_flag equals to 1 in some cases, which means that all the coefficients except for the central point of the only ALF filter are set to be zero and the filter coefficients used during filtering process is the fixed filter indicated by alf_luma_fixed_filter_pred_flag[ filtIdx ]. And in that case, there is no need to signal all the syntax related to the alf luma coefficients, such as alf_luma_min_eg_order_minus1, alf_luma_eg_order_increase_flag, alf_luma_coeff_flag, alf_luma_coeff_delta_abs, alf_luma_coeff_delta_sign, alf_luma_clip_min_eg_order_minus1, alf_luma_clip_eg_order_increase_flag and alf_luma_clip_idx.
Proposed Method
This contribution proposes to remove the following two redundant of ALF,
(1) Remove the alf_luma_coeff_delta_idx syntax when alf_luma_num_filters_signalled_minus1 equals to NumAlfFilters-1 in encoder side. As for decoder side, if alf_luma_num_filters_signalled_minus1 equals to NumAlfFilters-1, there is no need to parse alf_luma_coeff_delta_idx and the value of alf_luma_coeff_delta_idx[filtIdx] is set to be filtIdx.

(2) If alf_luma_num_filters_signalled_minus1 equals to 0, remove other related syntax listed in the abstract. For decoder side, if alf_luma_num_filters_signalled_minus1 equals to 0 and alf_luma_coeff_delta_idx equals to 1, there is no need to parse other alf luma syntax.Remove the alf_luma_coeff_delta_flag syntax when alf_luma_num_filters_signalled_minus1 equals to 0 in encoder side. As for decoder side, if alf_luma_num_filters_signalled_minus1 equals to 0, there is no need to parse alf_luma_coeff_delta_idx and the value of alf_luma_coeff_delta_flag is set to be 0.
Proposed draft text changes
The following shows the proposed draft text changes based on Draft 5 v8 when using the proposed method:
(Redundant removal method1):
7.3.5.3	Adaptive loop filter data syntax
	alf_data( adaptation_parameter_set_id ) {
	Descriptor

		alf_luma_filter_signal_flag
	u(1)

		alf_chroma_filter_signal_flag
	u(1)

		if( alf_luma_filter_signal_flag ) {
	

			alf_luma_clip_flag
	u(1)

			alf_luma_num_filters_signalled_minus1
	tb(v)

			if( alf_luma_num_filters_signalled_minus1 > 0  &&  alf_luma_num_filters_signalled_minus1 < NumAlfFilters - 1) {
	

				for( filtIdx = 0; filtIdx < NumAlfFilters; filtIdx++ ) 
	

					alf_luma_coeff_delta_idx[ filtIdx ]
	tb(v)

			}
	

			alf_luma_use_fixed_filter_flag
	u(1)

			if( alf_luma_use_fixed_filter_flag ) {
	

				alf_luma_fixed_filter_set_idx
	tb(v)

				alf_luma_fixed_filter_pred_present_flag
	u(1)

				if( alf_luma_fixed_filter_pred_present_flag ) {
	

					for( i = 0; i < NumAlfFilters; i++ )
	

						alf_luma_fixed_filter_pred_flag[ i ]
	u(1)

				}
	

			}
	

	if( alf_luma_num_filters_signalled_minus1 > 0 )
	

			alf_luma_coeff_delta_flag
	u(1)

			if( !alf_luma_coeff_delta_flag  &&  alf_luma_num_filters_signalled_minus1 > 0 )
	

				alf_luma_coeff_delta_prediction_flag
	u(1)

			alf_luma_min_eg_order_minus1
	ue(v)

			for( i = 0; i < 3; i++ ) 
	

				alf_luma_eg_order_increase_flag[ i ]
	u(1)

			if( alf_luma_coeff_delta_flag ) {
	

				for( sfIdx = 0; sfIdx  <=  alf_luma_num_filters_signalled_minus1; sfIdx++ )
	

					alf_luma_coeff_flag[ sfIdx ]
	u(1)

			}
	

			for( sfIdx = 0; sfIdx  <=  alf_luma_num_filters_signalled_minus1; sfIdx++ ) {
	

				if( alf_luma_coeff_flag[ sfIdx ] ) {
	

					for ( j = 0; j < 12; j++ ) {
	

						alf_luma_coeff_delta_abs[ sfIdx ][ j ]
	uek(v)

						if( alf_luma_coeff_delta_abs[ sfIdx ][ j ] )
	

							alf_luma_coeff_delta_sign[ sfIdx ][ j ]
	u(1)

					}
	

				}
	

			}
	

			if( alf_luma_clip_flag ) {
	

				alf_luma_clip_min_eg_order_minus1
	ue(v)

				for( i = 0; i < 3; i++ ) 
	

					alf_luma_clip_eg_order_increase_flag[ i ]
	u(1)

				for( sfIdx = 0; sfIdx <= alf_luma_num_filters_signalled_minus1; sfIdx++ ) {
	

					if( alf_luma_coeff_flag[ sfIdx ] ) {
	

						for ( j = 0; j < 12; j++ ) {
	

							if( filtCoeff[ sfIdx ][ j ] )
	

								alf_luma_clip_idx[ sfIdx ][ j ]
	uek(v)

						}
	

					}
	

				}
	

			}
	

		}
	

		if( alf_chroma_filter_signal_flag ) {
	

			alf_chroma_clip_flag
	u(1)

			alf_chroma_min_eg_order_minus1
	ue(v)

			for( i = 0; i < 2; i++ ) 
	

				alf_chroma_eg_order_increase_flag[ i ]
	u(1)

			for( j = 0; j < 6; j++ ) {
	

	[bookmark: _Hlk519154723]			alf_chroma_coeff_abs[ j ]
	uek(v)

				if( alf_chroma_coeff_abs[ j ] > 0 )
	

					alf_chroma_coeff_sign[ j ]
	u(1)

			}
	

			if( alf_chroma_clip_flag ) {
	

				alf_chroma_clip_min_eg_order_minus1
	ue(v)

				for( i = 0; i < 2; i++ ) 
	

					alf_chroma_clip_eg_order_increase_flag[ i ]
	u(1)

				for( j = 0; j < 6; j++ ) {
	

					if( alf_chroma_coeff_abs[ j ] )
	

						alf_chroma_clip_idx[ j ]
	uek(v)

				}
	

			}
	

		}
	

	}
	



7.4.6.3	Adaptive loop filter data semantics
…
alf_luma_num_filters_signalled_minus1 plus 1 specifies the number of adpative loop filter classes for which luma coefficients can be signalled. The value of alf_luma_num_filters_signalled_minus1 shall be in the range of 0 to NumAlfFilters − 1, inclusive.
alf_luma_coeff_delta_idx[ filtIdx ] specifies the indices of the signalled adaptive loop filter luma coefficient deltas for the filter class indicated by filtIdx ranging from 0 to NumAlfFilters − 1. When alf_luma_coeff_delta_idx[ filtIdx ] is not present and alf_luma_num_filters_signalled_minus1 equals to 0, it is inferred to be equal to 0. When alf_luma_coeff_delta_idx[ filtIdx ] is not present and alf_luma_num_filters_signalled_minus1 equals to NumAlfFilters − 1, it is inferred to be equal to filtIdx.
The maximum value maxVal of the truncated binary binarization tb(v) is set equal to alf_luma_num_filters_signalled_minus1.
alf_luma_use_fixed_filter_flag equal to 1 specifies that a fixed filter set is used to signal adaptive loop filter coefficients. alf_luma_use_fixed_filter_flag equal to 0 specifies that a fixed filter set is not used to signal adaptive loop filter coefficients.
alf_luma_fixed_filter_set_idx specifies a fixed filter set index. The value of alf_luma_fixed_filter_set_idx shall be in a range of 0 to 15, inclusive. The maximum value maxVal of the truncated binary binarization tb(v) is set equal to 15.
alf_luma_fixed_filter_pred_present_flag equal to 1 specifies that alf_luma_fixed_filter_pred_flag[ i ] is present. alf_luma_fixed_filter_pred_present_flag equal to 0 specifies that alf_luma_fixed_filter_pred_flag[ i ] is not present.
alf_luma_fixed_filter_pred_flag[ i ] equal to 1 specifies that a fixed filter is used to predict the i-th filter coefficients. alf_luma_fixed_filter_pred_flag[ i ] equal to 0 specifies that a fixed filter is not used to predict the i-th filter coefficients. When alf_luma_fixed_filter_pred_flag[ i ] is not present, it is inferred to be equal to 1.
alf_luma_coeff_delta_flag equal to 1 indicates that alf_luma_coeff_delta_prediction_flag is not signalled. alf_luma_coeff_delta_flag equal to 0 indicates that alf_luma_coeff_delta_prediction_flag may be signalled. When alf_luma_num_filters_signalled_minus1 is equal to 0, alf_luma_coeff_delta_flag is inferred to be equal to 0.

The following shows the proposed draft text changes based on Draft 5 v8 when using the proposed method (Redundancy removal 2):
7.3.5.3Adaptive loop filter data syntax

	alf_data( adaptation_parameter_set_id ) {
	Descriptor

		alf_luma_filter_signal_flag
	u(1)

		alf_chroma_filter_signal_flag
	u(1)

		if( alf_luma_filter_signal_flag ) {
	

			alf_luma_clip_flag
	u(1)

			alf_luma_num_filters_signalled_minus1
	tb(v)

			if( alf_luma_num_filters_signalled_minus1 > 0 ) {
	

				for( filtIdx = 0; filtIdx < NumAlfFilters; filtIdx++ ) 
	

					alf_luma_coeff_delta_idx[ filtIdx ]
	tb(v)

			}
	

			alf_luma_use_fixed_filter_flag
	u(1)

			if( alf_luma_use_fixed_filter_flag ) {
	

				alf_luma_fixed_filter_set_idx
	tb(v)

				alf_luma_fixed_filter_pred_present_flag
	u(1)

				if( alf_luma_fixed_filter_pred_present_flag ) {
	

					for( i = 0; i < NumAlfFilters; i++ )
	

						alf_luma_fixed_filter_pred_flag[ i ]
	u(1)

				}
	

			}
	

			alf_luma_coeff_delta_flag
	u(1)

			if( !alf_luma_coeff_delta_flag  &&  alf_luma_num_filters_signalled_minus1 > 0 )
	

				alf_luma_coeff_delta_prediction_flag
	u(1)

	    if(!(alf_luma_coeff_delta_flag == 1 && alf_luma_num_filters_signalled_minus1 == 0))
	

	    {
	

			alf_luma_min_eg_order_minus1
	ue(v)

			for( i = 0; i < 3; i++ ) 
	

				alf_luma_eg_order_increase_flag[ i ]
	u(1)

			if( alf_luma_coeff_delta_flag ) {
	

				for( sfIdx = 0; sfIdx  <=  alf_luma_num_filters_signalled_minus1; sfIdx++ )
	

					alf_luma_coeff_flag[ sfIdx ]
	u(1)

			}
	

			for( sfIdx = 0; sfIdx  <=  alf_luma_num_filters_signalled_minus1; sfIdx++ ) {
	

				if( alf_luma_coeff_flag[ sfIdx ] ) {
	

					for ( j = 0; j < 12; j++ ) {
	

						alf_luma_coeff_delta_abs[ sfIdx ][ j ]
	uek(v)

						if( alf_luma_coeff_delta_abs[ sfIdx ][ j ] )
	

							alf_luma_coeff_delta_sign[ sfIdx ][ j ]
	u(1)

					}
	

				}
	

			}
	

			if( alf_luma_clip_flag ) {
	

				alf_luma_clip_min_eg_order_minus1
	ue(v)

				for( i = 0; i < 3; i++ ) 
	

					alf_luma_clip_eg_order_increase_flag[ i ]
	u(1)

				for( sfIdx = 0; sfIdx <= alf_luma_num_filters_signalled_minus1; sfIdx++ ) {
	

					if( alf_luma_coeff_flag[ sfIdx ] ) {
	

						for ( j = 0; j < 12; j++ ) {
	

							if( filtCoeff[ sfIdx ][ j ] )
	

								alf_luma_clip_idx[ sfIdx ][ j ]
	uek(v)

						}
	

					}
	

				}
	

			}
	

	    }
	

		}
	

		if( alf_chroma_filter_signal_flag ) {
	

			alf_chroma_clip_flag
	u(1)

			alf_chroma_min_eg_order_minus1
	ue(v)

			for( i = 0; i < 2; i++ ) 
	

				alf_chroma_eg_order_increase_flag[ i ]
	u(1)

			for( j = 0; j < 6; j++ ) {
	

				alf_chroma_coeff_abs[ j ]
	uek(v)

				if( alf_chroma_coeff_abs[ j ] > 0 )
	

					alf_chroma_coeff_sign[ j ]
	u(1)

			}
	

			if( alf_chroma_clip_flag ) {
	

				alf_chroma_clip_min_eg_order_minus1
	ue(v)

				for( i = 0; i < 2; i++ ) 
	

					alf_chroma_clip_eg_order_increase_flag[ i ]
	u(1)

				for( j = 0; j < 6; j++ ) {
	

					if( alf_chroma_coeff_abs[ j ] )
	

						alf_chroma_clip_idx[ j ]
	uek(v)

				}
	

			}
	

		}
	

	}
	



Simulation results
The experiments were performed based on VTM-5.0 software [2] with VTM configuration files under JVET common test condition [3]. And, the experiments were conducted under Ubuntu Linux. The encoding time is unreliable.
The experimental results of the proposed method compared to VTM-5.0 anchor are summarized in Table 1, Table 2 and Table 3. 
Table 1 summarizes the performance of proposed redundancy removal 1
Table 2 summarizes the performance of proposed redundancy removal 1 + 2
Table 3 summarizes the performance of proposed redundancy removal 2
For Test1, as the corner case appears rarely, there is no BD-rate change in AI and RA, and minor coding gain in LDB configuration. While the bitrate of some test sequences is lower by using the proposed method according to the excel attached.
For Test3, there is no BD-rate change, and the bitrate of some test sequences is lower than VTM-5.0 by using the proposed method.The experimental results of the proposed method compared to VTM-5.0 anchor are summarized in Table I. The average BD-rates of xxx%, xxx%, and xxx% are observed for AI, RA, and LDB cases, respectively. It can be noted that the proposed methods can clean-up the ALF syntax with some coding gain.

Table I. Experimental result of the proposed method
	
	All Intra Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	101%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class B
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	100%
	97%

	Class E
	0.00%
	0.00%
	0.00%
	100%
	100%

	Overall 
	0.00%
	0.00%
	0.00%
	100%
	99%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	83%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	99%

	
	
	
	
	
	

	
	Random access Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	107%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	118%
	100%

	Class B
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.00%
	0.00%
	0.00%
	103%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class F
	0.00%
	0.00%
	0.00%
	94%
	101%

	
	
	
	
	
	

	
	Low delay B Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	100%
	99%

	Class E
	0.00%
	-0.01%
	-0.04%
	85%
	100%

	Overall
	0.00%
	0.00%
	-0.01%
	96%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	99%
	97%

	Class F
	0.00%
	0.00%
	0.00%
	85%
	99%



Table 2. Experimental result of the proposed method (Test2)
	
	All Intra Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	119%
	111%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	101%

	Class B
	0.00%
	0.00%
	0.00%
	166%
	133%

	Class C
	0.00%
	0.00%
	0.00%
	120%
	111%

	Class E
	0.00%
	0.00%
	0.00%
	102%
	101%

	Overall 
	0.00%
	0.00%
	0.00%
	124%
	113%

	Class D
	0.00%
	0.00%
	0.00%
	99%
	99%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	99%

	
	
	
	
	
	

	
	Random access Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	0.00%
	0.00%
	0.00%
	105%
	102%

	Class C
	0.00%
	0.00%
	0.00%
	106%
	107%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.00%
	0.00%
	0.00%
	99%
	103%

	Class F
	0.00%
	0.00%
	0.00%
	95%
	103%

	
	
	
	
	
	

	
	Low delay B Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.00%
	0.00%
	0.00%
	100%
	103%

	Class E
	0.00%
	-0.01%
	-0.04%
	85%
	82%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.00%
	0.00%
	0.00%
	100%
	98%

	Class F
	0.00%
	0.00%
	0.00%
	85%
	88%



Table 3. Experimental result of the proposed method (Test3)
	
	All Intra Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	101%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class B
	0.00%
	0.00%
	0.00%
	100%
	99%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	102%

	Class E
	0.00%
	0.00%
	0.00%
	100%
	97%

	Overall 
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	99%
	101%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	99%

	
	
	
	
	
	

	
	Random access Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	101%
	102%

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	96%
	96%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.00%
	0.00%
	0.00%
	112%
	109%

	Class F
	0.00%
	0.00%
	0.00%
	96%
	98%

	
	
	
	
	
	

	
	Low delay B Main10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.00%
	0.00%
	0.00%
	99%
	99%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	100%

	Class E
	0.00%
	0.00%
	0.00%
	85%
	83%

	Overall
	0.00%
	0.00%
	0.00%
	96%
	95%

	Class D
	0.00%
	0.00%
	0.00%
	109%
	111%

	Class F
	0.00%
	0.00%
	0.00%
	85%
	89%



Conclusions
In this contribution, two ALF syntax cleanup methods are proposed. The average BD-rates of 0.xx%, 0.xx%, and 0.xx% are observed for AI, RA, and LDB cases, respectively. Therefore, it is recommended to adopt this proposal to cleanup the current adaptive loop filter syntax.
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