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Abstract
In the current VVC, only one ALF APS can be used for chroma in a slice, while luma component may use multiple APS and an APS index is signaled in CTB to indicate the utilized filter coefficients. This contribution proposes to enable the same functionality for chroma ALF, i.e. to signal APS Ids for chroma in a slice header and to signal a chroma APS id per CTB when ALF is applied. The second aspect of the contribution is to remove redundant APS index signaling in a CTU when only 2 APS are used.
Introduction
In the current VVC, only one ALF APS can be used for chroma in a slice indicated by slice_alf_aps_id_chroma, while luma component may use multiple APS Ids slice_alf_aps_id_luma[ i ] signalled in a slice header and an APS index is signaled in CTB to indicate the utilized filter coefficients using alf_use_aps_flag and alf_luma_prev_filter_idx_minus1 syntax elements.
This contribution proposes the following:
1. to remove redundant alf_luma_prev_filter_idx_minus1 signalling, when slice_num_alf_aps_ids_luma is equal to 2. Since whether the first APS is used is indicated by alf_ctb_use_first_aps_flag, so the usage of the second APS is inferred in the case of 2 APS and when the first APS is not used.
2. to enable the same functionality for chroma ALF, i.e. to signal the APS Ids for chroma in a slice header and to signal a chroma APS id per CTB when ALF is applied.
Specification change
The following modifications are made in the specification to enable multiple ALF APS for chroma component and to remove redundant signalling.

Slice header modification:

		if( sps_alf_enabled_flag ) {
	

			slice_alf_enabled_flag
	u(1)

			if( slice_alf_enabled_flag ) {
	

				slice_num_alf_aps_ids_luma
	tb(v)

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

					slice_alf_aps_id_luma[ i ]
	u(5)

				slice_alf_chroma_idc
	tu(v)

				if( slice_alf_chroma_idc  &&  ( slice_type != I  | |  slice_num_alf_aps_ids_luma != 1) )
	

					slice_num_alf_aps_ids_chroma
	tb(v)

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

						slice_alf_aps_id_chroma[ i ]
	u(5)

			}
	

		}
	



[bookmark: _Hlk12384578]slice_num_alf_aps_ids_chroma specifies the number of chroma ALF APSs that the slice refers to. The value of slice_num_alf_aps_ids_chroma shall be in the range of 0 to 6, inclusive. When slice_num_alf_aps_ids_chroma is not present, slice_num_alf_aps_ids_chroma is inferred to be equal to 1.
[bookmark: _GoBack]The maximum value maxVal of the truncated binary binarization tb(v) is set equal to 1 for intra slices and slices in an IRAP picture, and set equal to 6 otherwise.
slice_alf_aps_id_chroma[ i ] specifies the adaptation_parameter_set_id that the chroma component of the slice refers to. When slice_alf_aps_id_chroma[ i ] is not present, it is inferred to be equal to slice_alf_aps_id_luma[ 0 ]. The TemporalId of the ALF APS NAL unit having adaptation_parameter_set_id equal to slice_alf_aps_id_chroma[ i ]  shall be less than or equal to the TemporalId of the coded slice NAL unit.
For intra slices and slices in an IRAP picture, slice_alf_aps_id_chroma[ i ] shall not refer to an ALF APS associated with other pictures rather than the picture containing the intra slices or the IRAP picture.

Coding tree unit modification:

	coding_tree_unit( ) {
	Descriptor

		xCtb = ( CtbAddrInRs % PicWidthInCtbsY )  <<  CtbLog2SizeY
	

		yCtb = ( CtbAddrInRs / PicWidthInCtbsY )  <<  CtbLog2SizeY
	

		if( slice_sao_luma_flag  | |  slice_sao_chroma_flag )
	

			sao( xCtb  >>  CtbLog2SizeY, yCtb  >>  CtbLog2SizeY )
	

		if( slice_alf_enabled_flag ){
	

			alf_ctb_flag[ 0 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ]
	ae(v)

			if( alf_ctb_flag[ 0 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] ) {
	

				if( slice_num_alf_aps_ids_luma > 0)
	

					alf_ctb_use_first_aps_flag
	ae(v)

				if( !alf_ctb_use_first_aps_flag ) {
	

					if( slice_num_alf_aps_ids_luma > 1 )
	

						alf_use_aps_flag
	ae(v)

					if( alf_use_aps_flag )
	

						if( slice_num_alf_aps_ids_luma > 2 )
	

							alf_luma_prev_filter_idx_minus1
	ae(v)

					else
	

						alf_luma_fixed_filter_idx 
	ae(v)

				}
	

			 }
	

			if( slice_alf_chroma_idc  = =  1  | |  slice_alf_chroma_idc  = =  3 )
	

				alf_ctb_flag[ 1 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ]
	ae(v)

			if( slice_alf_chroma_idc  = =  2  | |  slice_alf_chroma_idc  = =  3 )
	

				alf_ctb_flag[ 2 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ]
	ae(v)

			if( alf_ctb_flag[ 1 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] || alf_ctb_flag[ 2 ][ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] ) {
	

				if( slice_num_alf_aps_ids_chroma > 1 )
	

					alf_chroma_ctb_use_first_aps_flag
	ae(v)

				if( !alf_chroma_ctb_use_first_aps_flag )
	

					if( slice_num_alf_aps_ids_chroma > 2 )
	

						alf_chroma_prev_filter_idx_minus1
	ae(v)

			}
	

		}
	

		if( slice_type = = I  &&  qtbtt_dual_tree_intra_flag )
	

			dual_tree_implicit_qt_split ( xCtb, yCtb, CtbSizeY, 0 )
	

		else
	

			coding_tree( xCtb, yCtb, CtbSizeY, CtbSizeY, 1, 0, 0, 0, 0, 0, SINGLE_TREE )
	

	}
	



alf_luma_prev_filter_idx_minus1 plus 1 specifies the previous filter that is applied to the luma CTB. The value of alf_luma_prev_filter_idx_minus1 shall be in a range of 0 to slice_num_alf_aps_ids_luma − 2, inclusive. When alf_luma_prev_filter_idx_minus1 is not present, it is inferred to be equal to 0.
The variable AlfCtbFiltSetIdxY[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] specifying the filter set index for the luma CTB at location ( xCtb, yCtb ) is derived as follows:
· If alf_ctb_use_first_aps_flag is equal to 1, AlfCtbFiltSetIdxY[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] is set equal to 16.
· Otherwise, if alf_use_aps_flag is equal to 0, AlfCtbFiltSetIdxY[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] is set equal to alf_luma_fixed_filter_idx.
· Otherwise, AlfCtbFiltSetIdxY[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] is set equal to 17 + alf_luma_prev_filter_idx_minus1.

alf_chroma_ctb_use_first_aps_flag equal to 1 sepcifies that the filter information in APS with adaptive_parameter_set_id equal to slice_alf_aps_id_chroma[ 0 ] is used. alf_chroma_ctb_use_first_aps_flag equal to 0 specifies that the chroma CTB does not use the filter information in APS with adaptive_parameter_set_id equal to slice_alf_aps_id_chroma[ 0 ]. When alf_chroma_ctb_use_first_aps_flag is not present, alf_chroma_ctb_use_first_aps_flag is inferred to be equal to 1.

alf_chroma_prev_filter_idx_minus1 plus 1 specifies the previous filter that is applied to the chroma CTB. The value of alf_chroma_prev_filter_idx_minus1 shall be in a range of 0 to slice_num_alf_aps_ids_chroma − 2, inclusive. When alf_chroma_prev_filter_idx_minus1 is not present, alf_chroma_prev_filter_idx_minus1 is inferred to be equal to 0.

The variable AlfCtbFiltSetIdxC[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] specifying the filter set index for the chroma CTB at location ( xCtb, yCtb ) is derived as follows:
AlfCtbFiltSetIdxC[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] = alf_ctb_chroma_use_first_aps_flag ? 0 : alf_chroma_prev_filter_idx_minus1 + 1


When chroma ALF is applied, the APS id is derived from the index signalled in a CTB, i.e. 
[bookmark: _Hlk12282253]i = slice_alf_aps_id_chroma[ AlfCtbFiltSetIdxC[ xCtb >> Log2CtbSize ][ yCtb >> Log2CtbSize ] ]
f[ j ] = AlfCoeffC[ slice_alf_aps_id_chroma i ][ j ]	(8‑1255)
c[ j ] = AlfClipC[ slice_alf_aps_id_chroma i ][ j ]		(8‑1256)
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