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Abstract
In the VVC draft 8 specification, ALF, LMCS and Scaling List parameters are signaled using the adaptation parameters set. This is to have the maximum flexibility where the encoder can signal any of these tools’ parameters at any moment. However, for certain profiles, APS is not signaled. For these profiles, ALF, LMCS and Scaling List shall not be employed. This contribution proposes additional coding mechanisms for these parameters such that the tools can still be used with restricted decoders.

Introduction

In VVC draft 8, there exist many constraint flags that are used to define profiles with limited coding tools. Among these flags, there is a flag to disable coding any NAL unit with APS. Specifically, in VVC draft 8, the general constraint information flags are coded in this way:


	general_constraint_info( ) {
	Descriptor

		…
	

		no_aps_constraint_flag
	u(1)

	    …  
	



The highlighted flag (no_aps_constraint_flag) is meant for disabling the coding of any APS information:

no_aps_constraint_flag equal to 1 specifies that there shall be no NAL unit with nuh_unit_type equal to PREFIX_APS_NUT or SUFFIX_APS_NUT present in OlsInScope. no_aps_constraint_flag equal to 0 does not impose such a constraint.

This flag was adopted in the 16th JVET meeting in Geneva meeting in 2019 (JVET-P0366). Its main motivation was to limit the types of NAL units for the decoder such that the decoder does not need specific implementation for all NAL unit types. However, at that point, it was not discussed on how low-level tools (ALF, LMCS and Scaling Lists) can be used in such a constraint.

In this contribution, we propose allowing alternative signaling of these parameters. Namely, we propose signaling these parameters at slice level, picture level, PPS or SPS level, as well as when APS signaling is not available. By doing so, decoders that do not implement APS NAL unit decoding can still employ ALF, LMCS and/or scaling lists.

Proposal 1: Slice Level Signaling

Instead of only signaling the parameters at APS level, the parameters are signaled at SH level. This is achieved by adding an SPS flag “sps_no_aps_signaling” that indicates that the signaling of ALF, LMCS and scaling list parameters is not performed at APS. Then, at slice header level, three other flags are defined such to indicate if alf_data(), lmcs_data or scaling_list_data() syntax structure is signaled. The corresponding text changes are:

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_alf_enabled_flag
	u(1)

		…
	

		sps_lmcs_enabled_flag
	u(1)

	…
	

		sps_scaling_enabled_flag
	u(1)

	    If (sps_alf_enabled_flag || sps_lmcs_enabled_flag || sps_scaling_enabled_flag)
	

	       sps_no_aps_signaling
	u(1)



	picture_header_structure( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  alf_info_in_ph_flag) {
	

			ph_alf_enabled_flag
	u(1)

			if( ph_alf_enabled_flag ) {
	

	            If (!sps_no_aps_signaling){
	

				   ph_num_alf_aps_ids_luma
	u(3)

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

					   ph_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					ph_alf_chroma_idc
	u(2)

				if( ph_alf_chroma_idc > 0 && ! sps_no_aps_signaling )
	

					ph_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					ph_cc_alf_cb_enabled_flag
	u(1)

					if( ph_cc_alf_cb_enabled_flag && ! sps_no_aps_signaling)
	

						ph_cc_alf_cb_aps_id
	u(3)

					ph_cc_alf_cr_enabled_flag
	u(1)

					if( ph_cc_alf_cr_enabled_flag && ! sps_no_aps_signaling)
	

						ph_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

		if( sps_lmcs_enabled_flag) {
	

			ph_lmcs_enabled_flag
	u(1)

			if( ph_lmcs_enabled_flag && ! sps_no_aps_signaling) {
	

				ph_lmcs_aps_id
	u(2)

				if( ChromaArrayType  !=  0 )
	

					ph_chroma_residual_scale_flag
	u(1)

			}
	

		}
	

		if( sps_scaling_list_enabled_flag) {
	

			ph_scaling_list_present_flag
	u(1)

			if( ph_scaling_list_present_flag && ! sps_no_aps_signaling)
	

				ph_scaling_list_aps_id
	u(3)

		}
	

	…
	




	slice_header( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  !alf_info_in_ph_flag && ! sh_alf_parameters_in_sh_flag) {
	

			if( slice_alf_enabled_flag ) {
	

	           If (sps_no_aps_signaling)
	

	               sh_alf_parameters_in_sh_flag
	u(1)

		       if(sh_alf_parameters_in_sh_flag){
	

	               alf_data()
	

	           If (!sps_no_aps_signaling){
	

				  slice_num_alf_aps_ids_luma
	u(3)

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

					  slice_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 && ! sh_alf_parameters_in_sh_flag)
	

					slice_alf_chroma_idc
	u(2)

				if( slice_alf_chroma_idc && ! sh_alf_parameters_in_sh_flag)
	

					slice_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					slice_cc_alf_cb_enabled_flag
	u(1)

					if( slice_cc_alf_cb_enabled_flag && ! sh_alf_parameters_in_sh_flag)
	

						slice_cc_alf_cb_aps_id
	u(3)

					slice_cc_alf_cr_enabled_flag
	u(1)

					if( slice_cc_alf_cr_enabled_flag && ! sh_alf_parameters_in_sh_flag)
	

						slice_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

		…
	

		if( spsslice_lmcs_enabled_flag && sps_no_aps_signaling)
	

	        sh_lmcs_parameters_in_sh_flag
	u(1)

		if(sh_lmcs_parameters_in_sh_flag)
	

	           lmcs_data()
	

		if( sliceps_scaling_list_enabled_flag && sps_no_aps_signaling)
	

	        sh_scaling_list_parameters_in_sh_flag
	u(1)

		if(sh_scaling_list_parameters_in_sh_flag)
	

	           scaling_list_data()
	

	}
	



The semantics of these flags are:

sh_alf_parameters_in_sh_flag equal to 0 specifies that the adaptive loop filter parameters are not signaled at the SH level. sh_alf_parameters_in_sh_flag equal to 1 specifies that the adaptive loop filter parameters are signaled at the SH level. When not present the value of sh_alf_parameters_in_sh_flag is inferred to be zero.


sh_lmcs_parameters_in_sh_flag equal to 0 specifies that the lmcs parameters are not signaled at the SH level. sh_lmcs_parameters_in_sh_flag equal to 1 specifies that the lmcs parameters are signaled at the SH level. When not present the value of sh_lmcs_parameters_in_sh_flag is inferred to be zero.



sh_scaling_list_parameters_in_sh_flag equal to 0 specifies that the scaling list parameters are not signaled at the SH level. sh_scaling_list_parameters_in_sh_flag equal to 1 specifies that the scaling list are signaled at the SH level. When not present the value of sh_scaling_list_parameters_in_sh_flag is inferred to be zero.



Additionally, the following conformance constraints must be added for no_aps_constraint_flag:

It is a requirement of bitstream conformance that all sh_alf_parameters_in_sh_flag, sh_lmcs_parameters_in_sh_flag and sh_scaling_list_parameters_in_sh_flag sps_no_aps_signaling shall be 1 if no_aps_constraint_flag is equal to 1  

Proposal 2: Picture Level Signaling

To reduce the signaling overhead, it is proposed to signal parameters at PH level, with the same logic, the corresponding modification are:

Instead of only signaling the parameters at APS level, the parameters are signaled at SH level. This is achieved by adding an SPS flag “sps_no_aps_signaling” that indicates that the signaling of ALF, LMCS and scaling list parameters is not performed at APS. Then, at slice header level, three other flags are defined such to indicate if alf_data(), lmcs_data or scaling_list_data() syntax structure is signaled. The corresponding text changes are:

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_alf_enabled_flag
	u(1)

		…
	

		sps_lmcs_enabled_flag
	u(1)

	…
	

		sps_scaling_enabled_flag
	u(1)

	    If (sps_alf_enabled_flag || sps_lmcs_enabled_flag || sps_scaling_enabled_flag)
	

	       sps_no_aps_signaling
	u(1)



	picture_header_structure( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  alf_info_in_ph_flag) {
	

			ph_alf_enabled_flag
	u(1)

			if( ph_alf_enabled_flag ) {
	

	           If (sps_no_aps_signaling)
	

	              ph_alf_parameters_in_ph_flag
	u(1)

		       if(ph_alf_parameters_in_ph_flag)
	

	                  alf_data()
	

	            If (! ph_alf_parameters_in_ph_flag){
	

				   ph_num_alf_aps_ids_luma
	u(3)

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

					   ph_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					ph_alf_chroma_idc
	u(2)

				if( ph_alf_chroma_idc > 0 && ! ph_alf_parameters_in_ph_flag )
	

					ph_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					ph_cc_alf_cb_enabled_flag
	u(1)

					if( ph_cc_alf_cb_enabled_flag && ! ph_alf_parameters_in_ph_flag)
	

						ph_cc_alf_cb_aps_id
	u(3)

					ph_cc_alf_cr_enabled_flag
	u(1)

					if( ph_cc_alf_cr_enabled_flag && ! ph_alf_parameters_in_ph_flag)
	

						ph_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

		if( sps_lmcs_enabled_flag) {
	

			ph_lmcs_enabled_flag
	u(1)

	        If (sps_no_aps_signaling)
	

	            ph_lmcs_parameters_in_ph_flag	
	u(1)

		    if(ph_lmcs_parameters_in_ph_flag)
	

	             lmcs_data()
	

			if( ph_lmcs_enabled_flag && !ph_lmcs_parameters_in_ph_flag) {
	

				ph_lmcs_aps_id
	u(2)

				if( ChromaArrayType  !=  0 )
	

					ph_chroma_residual_scale_flag
	u(1)

			}
	

		}
	

		if( sps_scaling_list_enabled_flag) {
	

			ph_scaling_list_present_flag
	u(1)

	        If (sps_no_aps_signaling)
	

	           ph_scaling_list_parameters_in_ph_flag
	u(1)

		    if(ph_scaling_list_parameters_in_ph_flag)
	

	           scaling_list_data()
	

			if( ph_scaling_list_present_flag && ! ph_scaling_list_parameters_in_ph_flag)
	

				ph_scaling_list_aps_id
	u(3)

		}
	

	…
	





	slice_header( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  !alf_info_in_ph_flag) {
	

			if( slice_alf_enabled_flag) {
	

	               if (!sps_no_aps_signaling){
	

				     slice_num_alf_aps_ids_luma
	u(3)

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

					     slice_alf_aps_id_luma[ i ]
	u(3)

	            }
	

				if( ChromaArrayType  !=  0)
	

					slice_alf_chroma_idc
	u(2)

				if( slice_alf_chroma_idc)
	

					slice_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag && !sps_no_aps_signaling) {
	

					slice_cc_alf_cb_enabled_flag
	u(1)

					if( slice_cc_alf_cb_enabled_flag && !sps_no_aps_signaling)
	

						slice_cc_alf_cb_aps_id
	u(3)

					slice_cc_alf_cr_enabled_flag
	u(1)

					if( slice_cc_alf_cr_enabled_flag && !sps_no_aps_signaling)
	

						slice_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

		…
	

	}
	



The semantics of these flags are:

ph_alf_parameters_in_ph_flag equal to 0 specifies that the adaptive loop filter parameters are not signaled at the SH level. ph_alf_parameters_in_ph_flag equal to 1 specifies that the adaptive loop filter parameters are signaled at the SH level. When not present the value of ph_alf_parameters_in_ph_flag is inferred to be zero.


ph_lmcs_parameters_in_ph_flag equal to 0 specifies that the lmcs parameters are not signaled at the SH level. ph_lmcs_parameters_in_ph_flag equal to 1 specifies that the lmcs parameters are signaled at the SH level. When not present the value of ph_lmcs_parameters_in_ph_flag is inferred to be zero.



ph_scaling_list_parameters_in_ph_flag equal to 0 specifies that the scaling list parameters are not signaled at the SH level. ph_scaling_list_parameters_in_ph_flag equal to 1 specifies that the scaling list are signaled at the SH level. When not present the value of ph_scaling_list_parameters_in_ph_flag is inferred to be zero.

Proposal 3: PPS Signaling

For flexible signaling, PPS can be used. This is the midway between PH (Proposal 2) and SPS (Proposal 4). The corresponding changes are:

	pic_parameter_set_rbsp( ) {
	Descriptor

		…
	

	    pps_aps_parameters_signaling
	u(1)

	    if (pps_aps_parameters_signaling){
	

	        alf_data()
	

	        lmcs_data()
	

	        scaling_list_data()
	

	    }
	

		…
	

	}
	



	picture_header_structure( ) {
	Descriptor

		…
	

		if( sps_alf_enabled_flag  &&  alf_info_in_ph_flag) {
	

			ph_alf_enabled_flag
	u(1)

			if( ph_alf_enabled_flag ) {
	

	             If  (!pps_aps_parameters_signaling){
	

				   ph_num_alf_aps_ids_luma
	u(3)

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

					   ph_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					ph_alf_chroma_idc
	u(2)

				if( ph_alf_chroma_idc > 0 && ! pps_aps_parameters_signaling)
	

					ph_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					ph_cc_alf_cb_enabled_flag
	u(1)

					if( ph_cc_alf_cb_enabled_flag && ! pps_aps_parameters_signaling)
	

						ph_cc_alf_cb_aps_id
	u(3)

					ph_cc_alf_cr_enabled_flag
	u(1)

					if( ph_cc_alf_cr_enabled_flag && ! pps_aps_parameters_signaling)
	

						ph_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

	     …
	

		if( sps_lmcs_enabled_flag) {
	

			ph_lmcs_enabled_flag
	u(1)

			if( ph_lmcs_enabled_flag) {
	

	             If (pps_aps_parameters_signaling)
	

				    ph_lmcs_aps_id
	u(2)

				if( ChromaArrayType  !=  0 )
	

					ph_chroma_residual_scale_flag
	u(1)

			}
	

		}
	

		if( sps_scaling_list_enabled_flag) {
	

			ph_scaling_list_present_flag
	u(1)

			if( ph_scaling_list_present_flag && ! pps_aps_parameters_signaling )
	

				ph_scaling_list_aps_id
	u(3)

		}
	

		…
	

	}
	




Proposal 4: SPS Signaling

This proposal requires the least signaling compared to other . The corresponding changes are:

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_alf_enabled_flag
	u(1)

		…
	

		sps_lmcs_enabled_flag
	u(1)

	…
	

		sps_scaling_enabled_flag
	u(1)

	    if (sps_alf_enabled_flag  || sps_lmcs_enabled_flag || sps_scaling_list_parameters_in_sps_flag)
	

	          sps_aps_parameters_signaling
	u(1)

	     If (sps_aps_parameters_signaling){
	

	          alf_data()
	

		     lmcs_data()
	

		     scaling_list_data()
	

	   }
	

	…
	



	picture_header_structure( ) {
	Descriptor

		…
	

		if( sps_alf_enabled_flag  &&  alf_info_in_ph_flag) {
	

			ph_alf_enabled_flag
	u(1)

			if( ph_alf_enabled_flag ) {
	

	             If  (!sps_aps_parameters_signaling){
	

				   ph_num_alf_aps_ids_luma
	u(3)

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

					   ph_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					ph_alf_chroma_idc
	u(2)

				if( ph_alf_chroma_idc > 0 && ! sps_aps_parameters_signaling)
	

					ph_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					ph_cc_alf_cb_enabled_flag
	u(1)

					if( ph_cc_alf_cb_enabled_flag && ! sps_aps_parameters_signaling)
	

						ph_cc_alf_cb_aps_id
	u(3)

					ph_cc_alf_cr_enabled_flag
	u(1)

					if( ph_cc_alf_cr_enabled_flag && ! sps_aps_parameters_signaling)
	

						ph_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

	     …
	

		if( sps_lmcs_enabled_flag) {
	

			ph_lmcs_enabled_flag
	u(1)

			if( ph_lmcs_enabled_flag) {
	

	             if (!sps_aps_parameters_signaling)
	

				     ph_lmcs_aps_id
	u(2)

				if( ChromaArrayType  !=  0 )
	

					ph_chroma_residual_scale_flag
	u(1)

			}
	

		}
	

		if( sps_scaling_list_enabled_flag) {
	

			ph_scaling_list_present_flag
	u(1)

			if( ph_scaling_list_present_flag && ! sps_aps_parameters_signaling)
	

				ph_scaling_list_aps_id
	u(3)

		}
	

		…
	

	}
	



Proposal 5: PH and SH signaling

This proposal follows exactly how APS signaling is performed. For LMCS and scaling lists, the signaling is performed at PH level, while ALF can be either at PH or SH level. The corresponding modifications are:

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_alf_enabled_flag
	u(1)

		…
	

		sps_lmcs_enabled_flag
	u(1)

	…
	

		sps_scaling_enabled_flag
	u(1)

	    If (sps_alf_enabled_flag || sps_lmcs_enabled_flag || sps_scaling_enabled_flag)
	

	       sps_no_aps_signaling
	u(1)



	picture_header_structure( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  alf_info_in_ph_flag) {
	

			ph_alf_enabled_flag
	u(1)

			if( ph_alf_enabled_flag ) {
	

	           If (sps_no_aps_signaling)
	

	                  alf_data()
	

	            If (!sps_no_aps_signaling){
	

				   ph_num_alf_aps_ids_luma
	u(3)

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

					   ph_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					ph_alf_chroma_idc
	u(2)

				if( ph_alf_chroma_idc > 0 && ! sps_no_aps_signaling )
	

					ph_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					ph_cc_alf_cb_enabled_flag
	u(1)

					if( ph_cc_alf_cb_enabled_flag && ! sps_no_aps_signaling)
	

						ph_cc_alf_cb_aps_id
	u(3)

					ph_cc_alf_cr_enabled_flag
	u(1)

					if( ph_cc_alf_cr_enabled_flag && ! sps_no_aps_signaling)
	

						ph_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
	

		if( sps_lmcs_enabled_flag) {
	

			ph_lmcs_enabled_flag
	u(1)

	        If (sps_no_aps_signaling && ph_lmcs_enabled_flag)
	

	             lmcs_data()
	

			if( ph_lmcs_enabled_flag && ! sps_no_aps_signaling) {
	

				ph_lmcs_aps_id
	u(2)

				if( ChromaArrayType  !=  0 )
	

					ph_chroma_residual_scale_flag
	u(1)

			}
	

		}
	

		if( sps_scaling_list_enabled_flag) {
	

			ph_scaling_list_present_flag
	u(1)

	        If (sps_no_aps_signaling && ph_scaling_list_present_flag)
	

	           scaling_list_data()
	

			if( ph_scaling_list_present_flag && ! sps_no_aps_signaling)
	

				ph_scaling_list_aps_id
	u(3)

		}
	

	…
	




	slice_header( ) {
	Descriptor

	    …
	

		if( sps_alf_enabled_flag  &&  !alf_info_in_ph_flag) {
	

			slice_alf_enabled_flag
	u(1)

			if( slice_alf_enabled_flag ) {
	

		       if(sps_no_aps_signaling)
	

	              alf_data()
	

	           If (!sps_no_aps_signaling){
	

				   slice_num_alf_aps_ids_luma
	u(3)

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

					   slice_alf_aps_id_luma[ i ]
	u(3)

	             }
	

				if( ChromaArrayType  !=  0 )
	

					slice_alf_chroma_idc
	u(2)

				if( slice_alf_chroma_idc && ! sps_no_aps_signaling)
	

					slice_alf_aps_id_chroma
	u(3)

				if( sps_ccalf_enabled_flag ) {
	

					slice_cc_alf_cb_enabled_flag
	u(1)

					if( slice_cc_alf_cb_enabled_flag && ! sps_no_aps_signaling)
	

						slice_cc_alf_cb_aps_id
	u(3)

					slice_cc_alf_cr_enabled_flag
	u(1)

					if( slice_cc_alf_cr_enabled_flag && ! sps_no_aps_signaling)
	

						slice_cc_alf_cr_aps_id
	u(3)

				}
	

			}
	

		}
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