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Abstract
This contribution proposes following changes in VPS:
1. Change vps_all_independent_layers_flag to vps_layer_dependency_idc to indicate common layer dependency to align with VPS OLS mode signaling.
2. VPS flag to indicate all dependent layers share the same value of max_tid_il_ref_pics_plus1
3. The 0-th OLS includes all independent layers.
Proposal
VPS layer dependency
In VVC draft 8, the syntax element vps_all_independent_layers_flag is signaled in VPS to indicate all layers in the CVS are independently coded without using inter-layer prediction.
There are two common cases when signaling output layer set:
· each_layer_is_an_ols_flag equal to 1 specifies each layer is an OLS and is the output layer, which implies all layers are independent layer
· ols_mode_idc equal to 0 specifies i-th OLS includes the layers with layer indices from 0 to i, inclusive., and for each OLS only the highest layer in the OLS is output. 
Figure 1 shows two common OLS examples depending on the mode settings. 
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Figure 1 OLS examples
Since there shall be no layer that is neither an output layer of at least one OLS nor a direct reference layer of any other layer, OLS mode 0 or 1 may imply that each i-th layer may be a direct reference layer of (i+1)-th layer where i is greater than or equal to 0. 
It is proposed to change vps_all_independent_layers_flag to vps_layer_dependent_idc to indicate the common layer dependency cases and simplify the layer dependency signaling in VPS.
Table 1 Proposed VPS layer dependency syntax
	[bookmark: _Hlk35794512]video_parameter_set_rbsp( ) {
	Descriptor

		vps_video_parameter_set_id
	u(4)

		vps_max_layers_minus1
	u(6)

		vps_max_sublayers_minus1
	u(3)

		if( vps_max_layers_minus1 > 0  &&  vps_max_sublayers_minus1 > 0 )
	

			vps_all_layers_same_num_sublayers_flag
	u(1)

	[bookmark: _Hlk35793423]	if( vps_max_layers_minus1 > 0 )
	

	[bookmark: _Hlk35938803]		vps_all_independent_layers_flag
	u(1)

			vps_layer_dependency_idc
	u(2)

		for( i = 0; i  <=  vps_max_layers_minus1; i++ ) {
	

			vps_layer_id[ i ]
	u(6)

			if( i > 0  &&  !vps_all_independent_layers_flag vps_layer_dependency_idc == 2 ) {
	

				vps_independent_layer_flag[ i ]
	u(1)

				if( !vps_independent_layer_flag[ i ] ) {
	

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

						vps_direct_ref_layer_flag[ i ][ j ]
	u(1)

					max_tid_ref_present_flag[ i ]
	u(1)

					if( max_tid_ref_present_flag[ i ] )
	

						max_tid_il_ref_pics_plus1[ i ]
	u(3)

				}
	

			}
	

		}
	

		if( vps_max_layers_minus1 > 0 ) {
	

			if( vps_all_independent_layers_flag vps_layer_dependency_idc == 0  )
	

				each_layer_is_an_ols_flag
	u(1)

			if( !each_layer_is_an_ols_flag ) {
	

				if( !vps_all_independent_layers_flag vps_layer_dependency_idc )
	

					ols_mode_idc
	u(2)

				if( ols_mode_idc  = =  2 ) {
	

					num_output_layer_sets_minus1
	u(8)

					for( i = 1; i  <=  num_output_layer_sets_minus1; i ++)
	

						for( j = 0; j  <=  vps_max_layers_minus1; j++ )
	

							ols_output_layer_flag[ i ][ j ]
	u(1)

				}
	

			}
	

		}
	

	…
	

	}
	


vps_layer_dependency_idc equal to 0 specifies that all layers in the CVS are independently coded without using inter-layer prediction. 
vps_layer_dependency_idc equal to 1 specifies that all non-base layers in the CVS uses inter-layer prediction, the i-th layer is a direct reference layer for the ( i + 1 )-th layer where i is in the range of 0 to vps_max_layers_minus1 - 1.
vps_layer_dependency_idc equal to 2 specifies that one or more of the layers in the CVS may use inter-layer prediction.
The value of vps_layer_dependency_idc shall be in the range of 0 to 2, inclusive. The value 3 of ols_mode_idc is reserved for future use by ITU-T | ISO/IEC.
When not present, the value of vps_layer_dependency_idc is inferred to be equal to 0.
[bookmark: _Hlk35939131][bookmark: _Hlk35942585]ols_mode_idc equal to 0 specifies that the total number of OLSs specified by the VPS is equal to vps_max_layers_minus1 + 1, the i-th OLS includes the layers with layer indices from 0 to i, inclusive, and for each OLS only the highest layer in the OLS is output.
ols_mode_idc equal to 1 specifies that the total number of OLSs specified by the VPS is equal to vps_max_layers_minus1 + 1, the i-th OLS includes the layers with layer indices from 0 to i, inclusive, and for each OLS all layers in the OLS are output.
ols_mode_idc equal to 2 specifies that the total number of OLSs specified by the VPS is explicitly signalled and for each OLS the output layers are explicitly signalled and other layers are the layers that are direct or indirect reference layers of the output layers of the OLS.
The value of ols_mode_idc shall be in the range of 0 to 2, inclusive. The value 3 of ols_mode_idc is reserved for future use by ITU-T | ISO/IEC.
When vps_all_independent_layers_flagvps_layer_dependency_idc is equal to 10 and each_layer_is_an_ols_flag is equal to 0, the value of ols_mode_idc is inferred to be equal to 2.
Sublayer ILRP
In VVC draft 8, syntax elements, vps_all_layers_same_num_sublayers_flag and vps_all_independent_layers_flag, are signaled in VPS to indicate all layers may share the same properties such as number of sublayers or dependency. 
Another property may be shared by layers is the sublayers used for inter-layer prediction, currently such property is signaled via max_tid_ref_present_flag[ i ] and max_tid_il_ref_pics_plus1[ i ] for each non-base dependent layer.
It is proposed to signal an indicator when the value of max_tid_il_ref_pics_plus1[ i ] is the same for all non-base layers.
Table 2 Proposed VPS RBSP syntax
	video_parameter_set_rbsp( ) {
	Descriptor

		vps_video_parameter_set_id
	u(4)

		vps_max_layers_minus1
	u(6)

		vps_max_sublayers_minus1
	u(3)

		if( vps_max_layers_minus1 > 0  &&  vps_max_sublayers_minus1 > 0 ) {
	

			vps_all_layers_same_num_sublayers_flag
	u(1)

			vps_all_layers_same_tid_il_flag
	u(1)

			if ( vps_all_layers_same_tid_il_flag )
	

				vps_max_tid_il_ref_pics_plus1
	u(3)

		}
	

		if( vps_max_layers_minus1 > 0 )
	

			vps_all_independent_layers_flag
	u(1)

		for( i = 0; i  <=  vps_max_layers_minus1; i++ ) {
	

			vps_layer_id[ i ]
	u(6)

			if( i > 0  &&  !vps_all_independent_layers_flag ) {
	

				vps_independent_layer_flag[ i ]
	u(1)

				if( !vps_independent_layer_flag[ i ] ) {
	

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

						vps_direct_ref_layer_flag[ i ][ j ]
	u(1)

					if ( !vps_all_layers_same_tid_il_flag ) {
	

						max_tid_ref_present_flag[ i ]
	u(1)

						if( max_tid_ref_present_flag[ i ] )
	

							max_tid_il_ref_pics_plus1[ i ]
	u(3)

					}
	

				}
	

			}
	

		}
	

		…
	

	}
	


vps_all_layers_same_tid_il _flag equal to 1 specifies that the syntax element vps_ max_tid_il_ref_pics_plus1 is present. vps_all_layers_same_tid_il _flag equal to 0 specifies that the syntax element vps_ max_tid_il_ref_pics_plus1 is not present. 
vps_max_tid_il_ref_pics_plus1 equal to 0 specifies that inter-layer prediction is not used by non-IRAP (or non-CLVSS as another alternative) of non-base layer. vps_max_tid_il_ref_pics_plus1 greater than 0 specifies that pictures with TemporalId greater than vps_max_tid_il_ref_pics_plus1 are not used as ILRP. When not present, the value of vps_default_max_tid_il_ref_pics_plus1 is inferred to be equal to 7.
max_tid_ref_present_flag[ i ] equal to 1 specifies that the syntax element max_tid_il_ref_pics_plus1[ i ] is present. max_tid_ref_present_flag[ i ] equal to 0 specifies that the syntax element max_tid_il_ref_pics_plus1[ i ] is not present. When not present, the value of max_tid_ref_present_flag[ i ] is inferred to be equal to 0.
max_tid_il_ref_pics_plus1[ i ] equal to 0 specifies that inter-layer prediction is not used by non-IRAP pictures of the i-th layer. max_tid_il_ref_pics_plus1[ i ] greater than 0 specifies that, for decoding pictures of the i-th layer, no picture with TemporalId greater than max_tid_il_ref_pics_plus1[ i ] − 1 is used as ILRP. When not present, the value of max_tid_il_ref_pics_plus1[ i ] is inferred to be equal to 7 vps_max_tid_il_ref_pics_plus1.
0-th OLS
In VVC draft 8, the 0-th OLS contains only the lowest layer (i.e., the layer with nuh_layer_id equal to vps_layer_id[ 0 ]) and for the 0-th OLS the only included layer is output. The variables NumLayersInOls[ i ] and LayerIdInOls[ i ][ j ] are derived accordingly as follows:
NumLayersInOls[ 0 ] = 1
LayerIdInOls[ 0 ][ 0 ] = vps_layer_id[ 0 ]
for( i = 1; i < TotalNumOlss; i++ ) {
	if( each_layer_is_an_ols_flag ) {
		NumLayersInOls[ i ] = 1
		LayerIdInOls[ i ][ 0 ] = vps_layer_id[ i ]		(41)
	} else if( ols_mode_idc  = =  0  | |  ols_mode_idc  = =  1 ) {
		NumLayersInOls[ i ] = i + 1
		for( j = 0; j < NumLayersInOls[ i ]; j++ )
			LayerIdInOls[ i ][ j ] = vps_layer_id[ j ]
	} else if( ols_mode_idc  = =  2 ) {
		for( k = 0, j = 0; k  <=  vps_max_layers_minus1; k++ )
			if( layerIncludedInOlsFlag[ i ][ k ] )
				LayerIdInOls[ i ][ j++ ] = vps_layer_id[ k ]
		NumLayersInOls[ i ] = j
	}
}
It is proposed to include all independent layers when present in the 0-th OLS and every included layer is output. 
[bookmark: _Hlk35971135][bookmark: _Hlk35971150][bookmark: _Hlk35971161]The variable NumLayersInOls[ i ], specifying the number of layers in the i-th OLS, and the variable LayerIdInOls[ i ][ j ], specifying the nuh_layer_id value of the j-th layer in the i-th OLS, are derived as follows:
NumLayersInOls[ 0 ] = 1 j = 0
LayerIdInOls[ 0 ][ 0 j++ ] = vps_layer_id[ 0 ]
for( i = 1; i <= vps_max_layers_minus1; i++ )
	if( vps_independent_layer_flag[ i ])
		LayerIdInOls[ 0 ][ j++ ] = vps_layer_id[ i ]
NumLayersInOls[ 0 ] = j
for( i = 1; i < TotalNumOlss; i++ ) {
	if( each_layer_is_an_ols_flag ) {
		NumLayersInOls[ i ] = 1
		LayerIdInOls[ i ][ 0 ] = vps_layer_id[ i ]		(41)
	} else if( ols_mode_idc  = =  0  | |  ols_mode_idc  = =  1 ) {
		NumLayersInOls[ i ] = i + 1
		for( j = 0; j < NumLayersInOls[ i ]; j++ )
			LayerIdInOls[ i ][ j ] = vps_layer_id[ j ]
	} else if( ols_mode_idc  = =  2 ) {
		for( k = 0, j = 0; k  <=  vps_max_layers_minus1; k++ )
			if( layerIncludedInOlsFlag[ i ][ k ] )
				LayerIdInOls[ i ][ j++ ] = vps_layer_id[ k ]
		NumLayersInOls[ i ] = j
	}
}
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