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Abstract
This contribution proposes four cleanups for the adaptive loop filter (ALF) syntax in slice header and adaptive parameter set (APS). The first cleanup is removing the constraints for a number of APSs referenced in one slices. In the current VVC, the maximum number of APSs referenced in one slice depends on slice type, and this contribution proposes to use the same maximum value for all slice types. The second cleanup is removing the inference of APS ID referenced in one slice for chroma (slice_alf_aps_id_chroma) when only one APS is referenced for luma ALF and the slice type is I slice. The third cleanup is adding one encoder normative constraint that the APS referenced in one slice for luma/chroma shall contain the luma/chroma filter parameters at least. The last cleanup is inferring the flag specifying whether a chroma filter is signalled (alf_chroma_filter_signal_flag) to be true, when luma filter parameters are not signalled (alf_luma_filter_signal_flag=0) in the same APS, in order to avoid signalling one ALF-type APS without any ALF parameters. The proposed modifications are implemented on top of VTM5.0. It is reported that the four cleanups together achieves 0.00%/0.00%/0.00%, 0.00%/0.00%/0.00%, and 0.00%/0.00%/0.00% Y/Cb/Cr BD-rates for AI, RA, and LB, respectively.

Introduction
In VVC Draft 5 [1], exceptions for signalling the number of APSs referenced by luma ALF and the APS ID of the APS referenced by chroma ALF (slice_alf_aps_id_chroma) are allowed in the slice header. The maximum number of APSs referenced in one slice for luma ALF depends on slice type; for intra slices, at most one APS can be referenced, but for inter slices, up to six APSs can be used. If the current slice is one intra slice and only one APS is referenced for luma ALF, then chroma ALF APS is inferred to be the luma ALF APS.
In addition, when alf_data() is signalled in the APS, the flags of whether ALF parameters are signalled in one APS, alf_luma_filter_signal_flag and alf_chroma_filter_signal_flag, are signalled independently from each other. If both alf_luma_filter_signal_flag and alf_chroma_filter_signal_flag are zero, luma and chroma filter parameters are not signalled in this ALF-type APS. That is, one ALF-type APS without any filter parameters is signalled, and the ALF-type APS not only is useless but also introduces one undefined decoding process when it is referenced by one slice to perform ALF process.

Proposed methods
It is proposed to remove the limitations for the number of APSs usage in intra slices and remove the inference of slice_alf_aps_id_chroma when only one APS is referenced for luma ALF and the slice is one intra slice. Particularly, it is suggested to always signal the APS ID of chroma ALF APS (slice_alf_aps_id_chroma), when chroma ALF is enabled, as it is shown in Table 1.
In the following, both constraints are discussed in more details.
· num_alf_aps_ids: Since APS does not depend on the slice type, multiple ALF APSs may be used for referencing in intra coded slices, as well as in inter coded slices. Therefore, a constraint for intra coded slices is not required and can be removed.
· (slice_type != I || num_alf_aps_ids != 1): In the current design, chroma ALF APS is inferred as luma ALF APS when the current slice is I slice and only one APS is referenced for luma ALF. If the luma ALF APS is inferred by chroma, the parameters for chroma ALF may or may not be present in this luma ALF APS, since there is no obligation for encoder to check this condition. It is proposed to always signal the adaptation_parameter_set_id of one APS that the chroma of the slice refers to (slice_alf_aps_id_chroma), whenever the ALF is applied to at least one of Cb and Cr colour components.
Besides, one encoder normative constraint is added for the syntax elements, slice_alf_aps_id_luma[ i ] and slice_alf_aps_id_chroma. When one ALF-type APS is referenced by one slice for luma/chroma ALF, this APS shall contain the luma/chroma filter parameters at least. That is, alf_luma_filter_signal_flag / alf_chroma_filter_signal_flag, shall be equal to 1, when this APS is referenced by luma/chroma ALF. This constraint can avoid that one ALF-type APS is referenced by one slice for one colour component but there is no corresponding filter parameters for the colour component in this APS.
Moreover, when aps_data() is signalled in the current design, if both alf_luma_filter_signal_flag and alf_chroma_filter_signal_flag are false, no filter parameters will be present but the APS will be still signalled, while being in fact empty. In order to solve this issue, it is proposed to add the inference of alf_chroma_filter_signal_flag, such that for each ALF APS, the alf_chroma_filter_signal_flag is inferred to be true, when alf_luma_filter_signal_flag is false. In this way, one ALF-type APS contains luma or chroma filter parameters at least.

Proposed syntax modifications
The proposed changes are highlighted in yellow.

Table 1. Proposed update to the ALF syntax in slice header
		if( sps_alf_enabled_flag ) {
	 

			slice_alf_enabled_flag
	u(1)

			if( slice_alf_enabled_flag ) {
	 

				num_alf_aps_ids
	tb(v)

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

					slice_alf_aps_id_luma[ i ]
	u(5)

				slice_alf_chroma_idc
	tu(v)

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

					slice_alf_aps_id_chroma
	u(5)

			}
	 

		}
	 



slice_num_alf_aps_ids_luma specifies the number of ALF APSs that the slice refers to. The value of slice_num_alf_aps_ids_luma shall be in the range of 0 to 6, inclusive. 
The maximum value maxVal of the truncated binary binarization tb(v) is set equal to 6.
slice_alf_aps_id_luma[ i ] specifies the adaptation_parameter_set_id of the i-th ALF APS referenced by the current slice. The TemporalId of the ALF APS NAL unit having adaptation_parameter_set_id equal to slice_alf_aps_id_luma[ i ] shall be less than or equal to the TemporalId of the coded slice NAL unit.
When multiple ALF APSs with the same value of adaptation_parameter_set_id are referenced by two or more slices of the same picture, all those ALF APSs shall have the same content.
For intra slices and slices in an IRAP picture, slice_alf_aps_id_luma[ i ] shall not refer to an ALF APS associated with other pictures rather than the picture containing the intra slices or the IRAP picture.
alf_luma_filter_signal_flag of the i-th ALF APS shall be equal to 1 when the i-th ALF APS is referenced by the luma component of the current slice.
slice_alf_aps_id_chroma specifies the adaptation_parameter_set_id that the chroma component of the slice refers to. The TemporalId of the ALF APS NAL unit having adaptation_parameter_set_id equal to slice_alf_aps_id_chroma 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 shall not refer to an ALF APS associated with other pictures rather than the picture containing the intra slices or the IRAP picture.
alf_chroma_filter_signal_flag of the ALF APS shall be equal to 1 when the ALF APS is referenced by the chroma component of the current slice.

Table 2. Proposed update to the ALF syntax in APS
	alf_data( adaptation_parameter_set_id ) {
	Descriptor

		alf_luma_filter_signal_flag
	u(1)

	   if (alf_luma_filter_signal_flag)
	

			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_chroma_filter_signal_flag equal to 1 specifies that a chroma filter is signalled. alf_chroma_filter_signal_flag equal to 0 specifies that a chroma filter is not signalled.
When alf_luma_filter_signal_flag is equal to 0, alf_chroma_filter_signal_flag is not signalled and inferred to be equal to 1.

Experimental results
The proposed methods have been implemented on top of VTM5.0. The common test conditions [2] are used for evaluation. Table 3 summarizes the results of applying the four cleanups.

Table 3. Results of applying the four cleanups.
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	100%
	99%

	Class A2
	0.00%
	0.00%
	0.00%
	101%
	103%

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

	Class C
	0.00%
	0.00%
	0.00%
	101%
	99%

	Class E
	0.01%
	0.00%
	0.00%
	101%
	101%

	Overall 
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class D
	0.01%
	0.01%
	0.01%
	100%
	99%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	100%
	97%

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

	Class B
	0.00%
	0.00%
	0.00%
	100%
	97%

	Class C
	0.00%
	0.00%
	0.00%
	100%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.00%
	0.00%
	100%
	98%

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

	Class F
	0.00%
	0.00%
	0.00%
	100%
	97%

	
	
	
	
	
	

	
	　
	　
	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%
	100%
	100%

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

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

	Overall
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	99%

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



Conclusion
Four ALF syntax cleanups are proposed. The impact on coding efficiency is very minor while identified issues are solved.
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