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Abstract
This contribution identifies an issue with several of the SEI messages currently specified in the V-PCC specification. In particular, it is observed that discardable, e.g. non-reference, atlas frames cannot be currently assigned non persistent SEI messages. This could result in problems if those frames are assigned a persistent SEI message that impacts future frames and are discarded at some stage of the application. It is therefore proposed to introduce an additional flag in any impacted SEI messages that allow SEI messages for such frames to have a temporary scope, i.e. only apply to the current frame.
Introduction
In the current V-PCC specification several SEI messages have been defined having a persistence scope the remainder of the bitstream or when a new version of these SEI messages is encountered. These SEI messages include the attribute transformation parameters SEI message, the volumetric annotation SEI messages family (scene object information, object label information, patch information, and volumetric rectangle information), the presentation information SEI message, and the geometry and attribute smoothing SEI messages. However, it may be highly desirable to update these SEI messages and their associated information either fully or partially rather frequently, and in some instances at each frame. Given that V-PCC can support discardable atlas frames, e.g. non-reference atlas frames that do not impact the decoding of any future coded atlas frames, such persistence may be seen as problematic and could potentially result in issues when such SEI messages are introduced on a discardable atlas frame. The removal of such atlas frames from a bitstream would also result in the removal of their associated SEIs. If an encoder did not anticipate such removal, e.g. by repeating such SEI messages in subsequent atlas frames, this may result in the incorrect SEI message parameters being applied for subsequent atlas frames. Repetition might also not be always possible especially when dealing with database based SEI messages like the volumetric annotation ones.
Proposed solution
To reduce the problem reported in the previous section we propose adding a persistence flag in all of the mentioned SEI messages. This persistence flag will indicate, when it's value is equal to 1, if the SEI message and all its related information will persist for any future frames and until a new SEI message of the same type and with the same persistence flag is encountered or until an end of sequence is encountered. If the persistence flag is set to 0, then the SEI message will have only a temporary scope, i.e. apply to only the current atlas frame. Any information from a previous persistent SEI message of the same type that are not updated by the non-persistent SEI message will still apply. Having this functionality allows an encoder to associate a discardable atlas frame with non persistent in scope SEI messages and avoid the problem described above. It should be highlighted here that it is still possible for an encoder to assign persistent in scope SEI messages to those same messages, so the problem is not completely eliminated, however we think that that is mainly an issue of designing a good and intelligent encoder.

Proposed syntax and semantics
[bookmark: _Toc35407771]Attribute transformation parameters SEI message syntax 
	attribute_transformation_params( payloadSize ) {
	Descriptor

		atp_cancel_flag
	u(1)

		if( !atp_cancel_flag ) {
	

			atp_num_attribute_updates
	ue(v)

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

				atp_attribute_idx[ j ]
	u(8)

				atp_dimension_minus1[atp_attribute_idx[ j ]]
	u(8)

				for( i = 0; i < atp_dimension_minus1[atp_attribute_idx[ j ]]; i++ ) {
	

					atp_scale_params_enabled_flag[atp_attribute_idx[ j ]][ i ]
	u(1)

					atp_offset_params_enabled_flag[atp_attribute_idx[ j ]] [ i ]
	u(1)

					if( atp_scale_params_enabled_flag[atp_attribute_idx[ j ]][ i ] )
	

						atp_attribute_scale_minus1[ atp_attribute_idx[ j ] ] [ i ]
	u(32)

					if( atp_offset_params_enabled_flag[atp_attribute_idx[ j ]][ i ] )
	

						atp_attribute_offset[ atp_attribute_idx[ j ] ] [ i ]
	i(32)

					}
	

				}
	

			}
	

			atp_persistence_flag
	u(1)

		}
	

	}
	



Volumetric Annotation SEI message family syntax 
Scene Object Information SEI message syntax 
	scene_object_information( payloadSize ) {
	

		soi_persistence_flag
	u(1)

		soi_reset_flag
	u(1)

		soi_num_object_updates
	ue(v)

		if ( soi_num_object_updates > 0 ) {
	

			soi_simple_objects_flag
	u(1)

			if ( soi_simple_objects_flag == 0) {
	

				soi_object_label_present_flag
	u(1)

				soi_priority_present_flag
	u(1)

				soi_object_hidden_present_flag
	u(1)

				soi_object_dependency_present_flag
	u(1)

				soi_visibility_cones_present_flag
	u(1)

				soi_3d_bounding_box_present_flag
	u(1)

				soi_collision_shape_present_flag
	u(1)

				soi_point_style_present_flag
	u(1)

				soi_material_id_present_flag
	u(1)

				soi_extension_present_flag
	u(1)

			}
	

			else {
	

				soi_object_label_present_flag = 0
	

				soi_priority_present_flag = 0
	

				soi_object_hidden_present_flag = 0
	

				soi_object_dependency_present_flag = 0
	

				soi_visibility_cones_present_flag = 0
	

				soi_3d_bounding_box_present_flag = 0
	

				soi_collision_shape_present_flag = 0
	

				soi_point_style_present_flag = 0
	

				soi_material_id_present_flag = 0
	

				soi_extension_present_flag = 0
	

			}
	

			if (soi_3d_bounding_box_present_flag) {
	

				soi_3d_bounding_box_scale_log2
	u(5)

				soi_3d_bounding_box_precision_minus8
	u(5)

			}
	

			soi_log2_max_object_idx_updated
	u(5)

			if( soi_object_dependency_present_flag )
	

				soi_log2_max_object_dependency_idx
	u(5)

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

				soi_object_idx[ i ]
	u(v)

				k = soi_object_idx[ i ]
	

				soi_object_cancel_flag[ k ]
	u(1)

				ObjectTracked[ k ] = ! pi_object_cancel_flag[ k ] ]
	

				if (!soi_object_cancel_flag[ k ]) {
	

					if( soi_object_label_present_flag) {
	

						soi_object_label_update_flag[ k ]
	u(1)

						if( soi_object_label_update_flag[ k ] )
	

							soi_object_label_idx[ k ]
	ue(v)

					}
	

					if( soi_priority_present_flag ) {
	

						soi_priority_update_flag[ k ]
	u(1)

						if( soi_priority_update_flag[ k ] )
	

							soi_priority_value[ k ]
	u(4)

					}
	

					if( soi_object_hidden_present_flag )
	

						soi_object_hidden_flag[ k ]
	u(1)

					if( soi_object_dependency_present_flag ) {
	

						soi_object_dependency_update_flag[ k ]
	u(1)

						if (soi_object_dependency_update_flag[ k ]) {
	

							soi_object_num_dependencies[ k ]
	u(4)

							for( j = 0; j  < 	soi_object_num_dependencies[ k ]; j++ )
	

								soi_object_dependency_idx[ k ] [ j ]
	u(v)

						}
	

					}
	

					if( soi_visibility_cones_present_flag ) {
	

						soi_visibility_cones _update_flag[ k ]
	u(1)

						if( soi_visibility_cones_update_flag[ k ]) {
	

							soi_direction_x[ k ]
	fl(32)

							soi_direction_y[ k ]
	fl(32)

							soi_direction_z[ k ]
	fl(32)

							soi_angle[ k ]
	fl(16)

						}
	

					}
	

					if( soi_3d_bounding_box_present_flag ) {
	

						soi_3d_bounding_box_update_flag[ k ]
	u(1)

						if( soi_3d_bounding_box_update_flag[ k ]) {
	

							soi_3d_bounding_box_x[ k ]
	u(v)

							soi_3d_bounding_box_y[ k ]
	u(v)

							soi_3d_bounding_box_z[ k ]
	u(v)

							soi_3d_bounding_box_delta_x[ k ]
	u(v)

							soi_3d_bounding_box_delta_y[ k ]
	u(v)

							soi_3d_bounding_box_delta_z[ k ]
	u(v)

						}
	

					}
	

					if( soi_collision_shape_present_flag ) {
	

						soi_collision_shape_update_flag[ k ]
	u(1)

						if (soi_collision_shape_update_flag[ k] ])
	

							soi_collision_shape_id[ k ]
	u(16)

					}
	

					if( soi_point_style_present_flag ) {
	

						soi_point_style_update_flag[ k ]
	u(1)

						if (soi_point_style_update_flag[ k] ]) {
	

							soi_point_shape_id[ k ]
	u(8)

							soi_point_size[ k ]
	u(16)

						}
	

					}
	

					if( soi_material_id_present_flag ) {
	

						soi_material_id_update_flag[ k ]
	u(1)

						if (soi_material_id_update_flag[ k] ])
	

							soi_material_id[ k ]
	u(16)

					}
	

				}
	

			}
	

		}
	

	}
	



Object Label Information SEI message syntax 
	object_label_information ( payload_size) {
	Descriptor

		oli_cancel_flag
	u(1)

		if (!oli_cancel_flag) {
	

			oli_label_language_present_flag
	u(1)

			if( oli_label_language_present_flag ) {
	

				while( !byte_aligned( ) )
	

					oli_bit_equal_to_zero /* equal to 0 */
	f(1)

				oli_label_language
	st(v)

			}
	

			oli_num_label_updates
	ue(v)

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

				oli_label_idx[ i ]
	ue(v)

				oli_label_cancel_flag
	u(1)

				LabelAssigned[ pi_label_idx[ i] ] = !pi_label_cancel_flag
	

				if ( !oli_label_cancel_flag) {
	

					while( !byte_aligned( ) )
	

						oli_bit_equal_to_zero /* equal to 0 */
	f(1)

					oli_label[ oli_label_idx[ i ] ]
	st(v)

				}
	

			}
	

			oli_persistence_flag
	u(1)

		}
	

	}
	



Patch Information SEI message syntax 
	patch_information ( payload_size ) {
	Descriptor

		pi_persistence_flag
	u(1)

		pi_reset_flag
	u(1)

		pi_num_tile_group_updates
	ue(v)

		if ( pi_num_tile_group_updates > 0 ) {
	ue(v)

			pi_log2_max_object_idx_tracked
	u(5)

			pi_log2_max_patch_idx_updated
	u(4)

		}
	

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

			pi_tile_group_address[ i ]
	ue(v)

			j = pi_tile_group_address[ i ]
	

			pi_tile_group_cancel_flag[ j ]
	u(1)

			pi_num_patch_updates[ j ]
	ue(v)

			for( k = 0; k  <  pi_num_patch_updates[ j ]; k++ ) {
	

				pi_patch_idx[ j ][ k ]
	u(v)

				p = pi_patch_idx[ j ][ k ]
	

				pi_patch_cancel_flag[ j ][ p ]
	u(1)

				if( !pi_patch_cancel_flag[ j ][ p ] ) {
	

					pi_patch_number_of_objects_minus1[ j ][ p ]
	ue(v)

					m = pi_patch_number_of_objects_minus1[ j ][ p ] + 1
	

					for (n = 0; n < m; n++)
	

						pi_patch_object_idx[ j ][ p ][ n ]
	u(v)

				}
	

			}
	

		}
	

	}
	


Volumetric rectangle information SEI message syntax
	volumetric_rectangle_information ( payload_size ) {
	Descriptor

		vri_persistence_flag
	u(1)

		vri_reset_flag
	u(1)

		vri_num_rectangles_updates
	ue(v)

		if ( vri_num_rectangles_updates > 0 ) {
	ue(v)

			vri_log2_max_object_idx_tracked
	u(5)

			vri_log2_max_rectangle_idx_updated
	u(4)

		}
	

		for( k = 0; k  <  vri_num_rectangles_updates]; k++ ) {
	

			vri_rectangle_idx[ k ]
	u(v)

			p = vri_rectangle_idx[ k ]
	

			vri_rectangle_cancel_flag[ p ]
	u(1)

			if( !vri_rectangle_cancel_flag[ p ] ) {
	

				vri_bounding_box_update_flag[ p ]
	u(1)

				if( vri_bounding_box_update_flag[ p ] ) { 
	

					vri_bounding_box_top[ p ]
	u(v)

					vri_bounding_box_left[ p ]
	u(v)

					vri_bounding_box_width[ p ]
	u(v)

					vri_bounding_box_height[ p ]
	u(v)

				}
	

				vri_rectangle_number_of_objects_minus1[ p ]
	ue(v)

				m = vri_rectangle_number_of_objects_minus1[ p ] + 1
	

				for (n = 0; n < m; n++)
	

					vri_rectangle_object_idx[ p ][ n ]
	u(v)

			}
	

		}
	

	}
	


[bookmark: _Toc35408059]Geometry smoothing SEI message syntax 
	geometry_smoothing ( payloadSize  ) {
	Descriptor

		gs_smoothing_persistence_flag
	u(1)

		gs_smoothing_reset_flag
	u(1)

		gs_smoothing_instances_updated
	u(8)

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

			gs_smoothing_instance_index[ i ]
	u(8)

			k = gs_smoothing_instance_index[ i ]
	

			gs_smoothing_instance_cancel_flag[ k ]
	u(1)

			if( gs_smoothing_instance_cancel_flag[ k ] != 1 ) {
	

				gs_smoothing_method_type[ k ]
	u(8)

				if (gs_smoothing_method_type[ k ] == 1 ) {
	u(1)

					gs_smoothing_grid_size_minus2[ k ]
	u(7)

					gs_smoothing_threshold[ k ]
	u(8)

				}
	

				else if( gs_smoothing_method_type[ k ] == 2 ) {
	

					gs_pbf_log2_threshold_minus1[ k ]
	u(2)

					gs_pbf_passes_count_minus1[ k ]
	u(2)

					gs_pbf_filter_size_minus1[ k ]
	u(3)

				}
	

			}
	

		}
	

	}
	



	attribute_smoothing( payloadSize ) {
	Descriptor

		as_smoothing_persistence_flag
	u(1)

		as_smoothing_reset_flag
	u(1)

		as_num_attributes_updated
	ue(v)

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

			as_attribute_idx[ j ]
	u(7)

			k = as_attribute_idx[ j ]
	

			as_attribute_smoothing_cancel_flag[ k ]
	

			as_smoothing_instances_updated[ k ]
	u(8)

			for ( i=0; i < as_smoothing_instances_updated[ k ]; i++ ) {
	

				as_smoothing_instance_index[ k ][ i ]
	u(8)

				m = as_smoothing_instance_index[ k ][ i ]
	

				as_smoothing_instance_cancel_flag[ k ][ m ]
	u(1)

				if( as_smoothing_instance_cancel_flag[ k ][ m ] != 1 ) {
	

					as_smoothing_method_type[ k ][ m ]
	u(8)

					if (as_smoothing_method_type[ k ][ m ] == 1) {
	

							as_smoothing_grid_size_minus2[ k ][ m ]
	u(8)

							as_smoothing_threshold[ k ][ m ]
	u(8)

							as_smoothing_threshold_variation[ k ][ m ]
	u(8)

							as_smoothing_threshold_difference[ k ][ m ]
	u(8)

						}
	

					}
	

				}
	

			}
	

		}
	

	}
	



[bookmark: _Toc35408098]Attribute transformation parameters SEI message semantics
This SEI message provides information that relate to attribute processing and interpretation during reconstruction. 
atp_cancel_flag equal to 1 indicates that the attribute transformation parameters SEI message cancels the persistence of any previous attribute transformation parameters SEI message in output order that applies to the current map. atp_cancel_flag equal to 0 indicates that attribute transformation parameters information follows.
atp_num_attribute_updates indicates the number of attributes that is to be updated by the current SEI message.
atp_attribute_idx[ j ] indicates the attribute index of the j-th attribute that is to be updated by the current SEI message.
atp_dimension_minus1[ j ] plus 1 indicates the number of dimensions that are expected to be associated with the attribute with index j in the current bitstream.
atp_offset_params_enabled_flag[ j ][ i ] equal to 1 indicates that attribute offset parameters are present in the current atlas tile group attribute parameter set. atp_offset_params_enabled_flag equal to 0 indicates that attribute offset parameters are not present in the current atlas tile group attribute parameter set. When atp_offset_params_enabled_flag[ j ][ i ] is not present, it shall be inferred to be equal to 0.
atp_attribute_scale_minus1[ j ][ i ] plus 1 indicates the value of the scale to be applied to the values of the i‑th dimension of an attribute with index j. The value of atp_attribute_scale_minus1[ j ][ i ] shall be in the range of 0 to 232 – 1, inclusive. When atp_attribute_scale_minus1[ j ][ i ] is not present, it shall be inferred to be equal to 1.
atp_attribute_offset[ j ][ i ] indicates the value of the offset to be added to the values of the i‑th dimension of an attribute with index j. The value of atp_attribute_offset[ j ][ i ]  shall be in the range of −231 to 231 – 1, inclusive. When atp_attribute_offset[ j ][ i ]  is not present, it shall be inferred to be equal to 0.
atp_persistence_flag specifies the persistence of the attribute transformation parameters SEI message for the current layer.
atp_persistence_flag equal to 0 specifies that the attribute transformation parameters SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. atp_persistence_flag equal to 1 specifies that the attribute transformation parameters SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing an attribute transformation parameters SEI message, with either an atp_cancel_flag equal to 1 or the same value of atp_persistence_flag, applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
[bookmark: _Toc35408101]Volumetric annotation SEI messages family syntax
[bookmark: _Toc35408102]Scene object information SEI message semantics
This SEI message defines a set of objects that may be present in a volumetric scene, and optionally assigns different properties to these objects. These objects could then potentially be associated with different types of information, including patches and 2D volumetric rectangles that may be defined using the patch information and volumetric rectangle information SEI messages. 
soi_persistence_flag specifies the persistence of the scene object information SEI message for the current layer.
soi_persistence_flag equal to 0 specifies that the scene object information SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. soi_persistence_flag equal to 1 specifies that the scene object information SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing a scene object information SEI message with the same value of soi_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
soi_reset_flag equal to 1 indicates that the information corresponding to this scene object information SEI message is reset to its default values.
soi_num_object_updates indicates the number of objects that are to be updated by the current SEI.
soi_simple_objects_flag equal to 1 indicates that no additional information for an updated or newly introduced object will be signalled. soi_simple_objects_flag equal to 0 indicates that additional information for an updated or newly introduced object may be signalled.
soi_object_label_present_flag equal to 1 indicates that object label information is present in the current scene object information SEI message. soi_object_label_present_flag equal to 0 indicates that object label information is not present.
soi_priority_present_flag equal to 1 indicates that priority information is present in the current scene object information SEI message. soi_priority_present_flag equal to 0 indicates that priority information is not present.
soi_object_hidden_present_flag equal to 1 indicates that hidden object information is present in the current scene object information SEI message. soi_object_hidden_present_flag equal to 0 indicates that hidden object information is not present.
soi_object_dependency_present_flag equal to 1 indicates that object dependency information is present in the current scene object information SEI message. soi_object_dependency_present_flag equal to 0 indicates that object dependency information is not present.
soi_visibility_cones_present_flag equal to 1 indicates that visibility cones information is present in the current scene object information SEI message. soi_visibility_cones_present_flag equal to 0 indicates that visibility cones information is not present.
soi_3d_bounding_box_present_flag equal to 1 indicates that 3D bounding box information is present in the current scene object information SEI message. soi_3d_bounding_box_present_flag equal to 0 indicates that 3D bounding box information is not present.
soi_collision_shape_present_flag equal to 1 indicates that collision information is present in the current scene object information SEI message. soi_collision_shape_present_flag equal to 0 indicates that collision shape information is not present.
soi_point_style_present_flag equal to 1 indicates that point style information is present in the current scene object information SEI message. soi_point_style_present_flag equal to 0 indicates that point style information is not present.
soi_material_id_present_flag equal to 1 indicates that material ID information is present in the current scene object information SEI message. soi_material_id_present_flag equal to 0 indicates that material ID information is not present.
soi_extension_present_flag equal to 1 indicates that additional extension information shall be present in the current scene object information SEI message. soi_extension_present_flag equal to 0 indicates that additional extension information is not present. It is a requirement of bitstream conformance to this version of the specification that soi_extension_present_flag shall be equal to 0.
soi_3d_bounding_box_scale_log2 indicates the scale to be applied to the 3D bounding box parameters that may be specified for an object.
soi_3d_bounding_box_precision_minus8 plus 8 indicates the precision of the 3D bounding box parameters that may be specified for an object.
soi_log2_max_object_idx_updated specifies the number of bits used to signal the value of an object index in the current scene object information SEI message.
soi_log2_max_object_dependency_idx specifies the number of bits used to signal the value of a dependency object index in the current scene object information SEI message.
soi_object_idx[ i ] indicates the object index of the i-th object to be updated. The number of bits used to represent soi_object_idx[ i ] is equal to soi_log2_max_object_idx_updated. When soi_object_idx[ i ] is not present in the bitstream, its value shall be inferred to be equal to 0.
[bookmark: _GoBack]soi_object_cancel_flag[ i ] equal to 1 indicates that the object with index equal to i shall be canceled and that the variable ObjectTracked[ i ] shall be set to 0. Furthermore, all of its associated parameters, including the object label, 3D bounding box parameters, priority information, hidden flag, dependency information, visibility cones, collision shapes, point style, and material id, will be reset to their default values. shall also be set equal to 0. soi_object_cancel_flag equal to 0 indicates that the object with index equal to soi_object_idx[ i ] shall be updated with information that follows this element and that that the variable ObjectTracked[ i ] shal be set to 1.
soi_object_label_update_flag[ i ] equal to 1 indicates that object label update information is present for an object with object index i. soi_object_label_update_flag[ i ] equal to 0 indicates that object label update information is not present.
soi_object_label_idx[ i ] indicates the label index of an object with index i.
soi_priority_update_flag[ i ] equal to 1 indicates that priority update information is present for an object with object index i. soi_priority_update_flag[ i ] equal to 0 indicates that object priority information is not present.
soi_priority_value[ i ] indicates the priority of an object with index i. The lower the priority value, the higher the priority.
soi_object_hidden_flag[ i ] equal to 1 indicates that the object with index i shall be hidden. soi_object_hidden_flag[ i ] equal to 0 indicates that the object with index i shall become present.
soi_object_dependency_update_flag[ i ] equal to 1 indicates that object dependency update information is present for an object with object index i. soi_object_dependency_update_flag[ i ] equal to 0 indicates that object dependency update information is not present.
soi_object_num_dependencies[ i ] indicates the number of dependencies of object with index i.
soi_object_dependency_idx[ i ][ j ] indicates the index of the j-th object that has a dependency with the object with object index i. 
soi_visibility_cones_update_flag[ i ] equal to 1 indicates that visibility cones update information is present for an object with object index i. soi_visibility_cones_update_flag[ i ] equal to 0 indicates that visibility cones update information is not present.
soi_direction_x[ i ] indicates the normalized x-component value of the direction vector for the visibility cone of an object with object index i. The value of soi_direction_x[ i ], when not present, is assumed to be equal to 1.0.
soi_direction_y[ i ] indicates the normalized y-component value of the direction vector for the visibility cone of an object with object index i. The value of soi_direction_y[ i ], when not present, is assumed to be equal to 1.0.
soi_direction_z[ i ] indicates the normalized z-component value of the direction vector for the visibility cone of an object with object index i. The value of soi_direction_z[ i ], when not present, is assumed to be equal to 1.0.
soi_angle[ i ] indicates the angle of the visibility cone along the direction vector in degrees. The value of soi_angle[ i ], when not present, is assumed to be equal to 180°.
soi_3d_bounding_box_update_flag[ i ] equal to 1 indicates that 3D bounding box information is present for an object with object index i. soi_3d_bounding_box_update_flag[ i ] equal to 0 indicates that 3D bounding box information is not present.
soi_3d_bounding_box_x[ i ] indicates the x coordinate value of the origin position of the 3D bounding box of an object with index i. The default value of soi_3d_bounding_box_x[ i ] is equal to 0.
soi_3d_bounding_box_y[ i ] indicates the y coordinate value of the origin position of the 3D bounding box of an object with index i. The default value of soi_3d_bounding_box_y[ i ] is equal to 0.
 soi_3d_bounding_box_z[ i ] indicates the z coordinate value of the origin position of the 3D bounding box of an object with index i. The default value of soi_3d_bounding_box_z[ i ] is equal to 0.
 soi_3d_bounding_box_delta_x[ i ] indicates the size of the bounding box on the x axis of an object with index i. The default value of soi_3d_bounding_box_delta_x[ i ] is equal to 0.
 soi_3d_bounding_box_delta_y[ i ] indicates the size of the bounding box on the y axis of an object with index i. The default value of soi_3d_bounding_box_delta_y[ i ] is equal to 0
soi_3d_bounding_box_delta_z[ i ] indicates the size of the bounding box on the z axis of an object with index i. The default value of soi_3d_bounding_box_delta_z[ i ] is equal to 0
soi_collision_shape_update_flag[ i ] equal to 1 indicates that collision shape update information is present for an object with object index i. soi_collision_shape_update_flag[ i ] equal to 0 indicates that collision shape update information is not present.
soi_collision_shape_id[ i ] indicates the collision shape id of an object with index i.
soi_point_style_update_flag[ i ] equal to 1 indicates that point style update information is present for an object with object index i. soi_point_style_update_flag[ i ] equal to 0 indicates that point style update information is not present.
soi_point_shape_id[ i ] indicates the point shape id of an object with index i. The default value of soi_point_shape_id[ i ] is equal to 0.
soi_point_size[ i ] indicates the point size of an object with index i. The default value of soi_point_size[ i ] is equal to 1.
soi_material_id_update_flag[ i ] equal to 1 indicates that material ID update information is present for an object with object index i. soi_point_style_update_flag[ i ] equal to 0 indicates that point style update information is not present.
soi_material_id[ i ] indicates the material ID of an object with index i. The default value of soi_material_id[ i ] is equal to 0.
[bookmark: _Toc35408103]Object label information SEI message semantics
This SEI message defines a set of labels that could be associated with objects in a volumetric scene. 
oli_cancel_flag equal to 1 indicates that the object label information SEI message cancels the persistence of any previous object label information SEI message in output order.
oli_label_language_present_flag equal to 1 indicates that label language information is present in the object label information SEI message. oli_ label_language_present_flag equal to 0 indicates that label language information is not present.
oli_bit_equal_to_zero shall be equal to 0.
oli_label_language contains a language tag as specified by IETF RFC 5646 followed by a null termination byte equal to 0x00. The length of the oli_label_language syntax element shall be less than or equal to 255 bytes, not including the null termination byte.
oli_num_label_updates indicates the number of labels that are to be updated by the current SEI.
oli_label_idx[ i ] indicates the label index of the i-th label to be updated.
oli_label_cancel_flag equal to 1 indicates that the label with index equal to oli_label_idx[ i ] shall be canceled and set equal to an empty string. oli_label_cancel_flag equal to 0 indicates that the label with index equal to oli_label_idx[ i ] shall be updated with information that follows this element.
oli_bit_equal_to_zero shall be equal to 0.
oli_label[ i ] indicates the label of the i-th label. The length of the vti_label[ i ] syntax element shall be less than or equal to 255 bytes, not including the null termination byte.
oli_persistence_flag specifies the persistence of the scene object information SEI message for the current layer.
oli_persistence_flag equal to 0 specifies that the object label information SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. oli_persistence_flag equal to 1 specifies that the object label information SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing an object label information SEI message with eiher an oli_cancel_flag set to 1 or the same value of oli_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.

[bookmark: _Toc35408104]Patch information SEI message semantics
This SEI message defines a table that indicates the set of tile groups and corresponding patches that may be present in the current frame. These patches can be assigned to one or more objects that may be present in a volumetric scene and which were previously defined through one or more scene object information SEI messages. 
pi_persistence_flag specifies the persistence of the patch information SEI message for the current layer.
pi_persistence_flag equal to 0 specifies that the patch information SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. pi_persistence_flag equal to 1 specifies that the patch information SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing a patch information SEI message with the same value of pi_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
pi_reset_flag equal to 1 indicates that all entries in the patch information table shall be removed.
pi_num_tile_group_updates indicates the number of tile groups that are to be updated in the patch information table by the current SEI message. 
pi_log2_max_object_idx_tracked specifies the number of bits used to signal the value of a tracked object index in the current patch information SEI message.
pi_log2_max_patch_idx_updated specifies the number of bits used to signal the value of an updated patch index in the current patch information SEI message.
pi_tile_group_address[ i ] specifies the tile group address for the i-th updated tile group in the current SEI message.
pi_tile_group_cancel_flag[ i ] equal to 1 indicates that the tile group with index i shall be reseted and all patches previously assigned to this tile group will be removed. pi_tile_group_cancel_flag[ i ] equal to 0 indicates that all patches previously assigned to the tile group will index i will be retained.
pi_num_patch_updates[ i ] indicates the number of patches that are to be updated by the current SEI within the tile group with index i in the patch information table.
pi_patch_idx[ i ][ j ] indicates the patch index of the j-th patch in tile group with index i that is to be updated in the patch information table. The number of bits used to represent pi_patch_idx[ i ] is equal to pi_log2_max_patch_idx_updated. When pi_patch_idx[ i ] is not present in the bitstream, its value shall be inferred to be equal to 0.
pi_patch_cancel_flag[ i ][ j ] equal to 1 indicates that the patch with index j in tile group with index i shall be removed from the patch information table.
pi_patch_number_of_objects_minus1[ i ][ j ] indicates the number of objects that are to be associated with the patch with index j in tile group with index i.
pi_patch_object_idx[ i ][ j ][ k ] indicates the k-th object index that is associated with the j-th patch in tile group with index i. The number of bits used to represent pi_patch_object_idx[ i ] is equal to pi_log2_max_object_idx_tracked. When pi_patch_object_idx[ i ] is not present in the bitstream, its value shall be inferred to be equal to 0.
[bookmark: _Toc35408105]Volumetric rectangle information SEI message semantics
This SEI message defines a table that indicates a set of volumetric rectangles within an atlas. These volumetric rectangles can be assigned to one or more objects that may be present in a volumetric scene and that were previously defined through one or more scene object information SEI messages. 
vri_persistence_flag specifies the persistence of the volumetric rectangle information SEI message for the current layer.
vri_persistence_flag equal to 0 specifies that the volumetric rectangle information SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. vri_persistence_flag equal to 1 specifies that the volumetric rectangle information SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing a volumetric rectangle information SEI message with the same value of vri_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
vri_reset_flag equal to 1 indicates that all entries in the volumetric rectangle information table shall be removed.
vri_num_rectangles_updates indicates the number of volumetric rectangles that are to be updated by the current SEI.
vri_log2_max_object_idx_tracked specifies the number of bits used to signal the value of a tracked object index in the current volumetric rectangle information SEI message.
vri_log2_max_rectangle_idx_updated specifies the number of bits used to signal the value of an updated volumetric rectangle index in the current volumetric rectangle information SEI message.
vri_rectangle_idx[ i ] ] indicates the i-th volumetric rectangle index that is to be updated in the volumetric rectangle information table. The number of bits used to represent vri_rectangle_idx[ i ] is equal to vri_log2_max_rectangle_idx_updated. When vri_rectangle_idx[ i ] is not present in the bitstream, its value shall be inferred to be equal to 0.
vri_rectangle_cancel_flag[ i ] equal to 1 indicates that the volumetric rectangle with index i shall be removed from the volumetric rectangle information table.
vri_bounding_box_update_flag[ i ] equal to 1 indicates that 2D bounding box information for the volumetric rectangle with index i should be updated. vti_bounding_box_update_flag[ i ] equal to 0 indicates that 2D bounding box information for the volumetric rectangle with index i should not be updated.
vri_bounding_box_top[ i ] indicates the vertical coordinate value of the top-left position of the bounding box of the i-th volumetric rectangle within the current atlas frame. The default value of vri_bounding_box_top[ i ] is equal to 0.
vri_bounding_box_left[ i ] indicates the horizonal coordinate value of the top-left position of the bounding box of the i-th volumetric rectangle within the current atlas frame. The default value of vri_bounding_box_left[ i ] is equal to 0.
vri_bounding_box_width[ i ] indicates the width of the bounding box of the i-th volumetric rectangle. The default value of vri_bounding_box_width[ i ] is equal to 0.
vri_bounding_box_height[ i ] indicates the height of the bounding box of the i-th volumetric rectangle. The default value of vri_bounding_box_height[ i ] is equal to 0.
vri_rectangle_number_of_objects_minus1[ i ] indicates the number of objects that are to be associated with the i-th volumetric rectangle.
vri_rectangle_object_idx[ i ][ j ] indicates the j-th object index that is associated with the i-th volumetric rectangle. The number of bits used to represent vri_rectangle_object_idx[ i ] is equal to vri_log2_max_object_idx_tracked. When vri_rectangle_object_idx[ i ] is not present in the bitstream, its value shall be inferred to be equal to 0.
[bookmark: _Toc35408109][bookmark: _Toc20907472]Geometry smoothing SEI message semantics
This SEI message specifies the recommended geometry smoothing methods and their associated parameters that could be used to process the geometry of the current point cloud frame after it is reconstructed, so as to obtain improved reconstructed geometry quality.
Up to 256 different geometry smoothing instances could be specified for use with each point cloud frame. These instances are indicated using an array GeometrySmoothingMethod. The geometry smoothing instance that a decoder may select to operate in, is outside the scope of this document.
At the start of each sequence, let  GeometrySmoothingMethod[ i ] = 0, where i corresponds to the geometry smoothing instance index and is in the range of 0 to 255, inclusive. When GeometrySmoothingMethod[ i ] is equal to 0 it means that no geometry smoothing filter is indicated for the geometry smoothing instance with index i.
gs_smoothing_persistence_flag specifies the persistence of the geometry smoothing SEI message for the current layer.
gs_smoothing_persistence_flag equal to 0 specifies that the geometry smoothing SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. gs_smoothing_persistence_flag equal to 1 specifies that the geometry smoothing SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing a geometry smoothing SEI message with the same value of gs_smoothing_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
gs_smoothing_reset_flag equal to 1 resets all entries in the array GeometrySmoothingMethod to 0. 
gs_smoothing_instances_updated specifies the number of geometry smoothing instances that will be updated in the current geometry smoothing SEI message. 
gs_smoothing_instance_index[ i ] indicates the i-th geometry smoothing instance index in the array GeometrySmoothingMethod that is to be updated by the current SEI message.
gs_smoothing_instance_cancel_flag[ k ] equal to 1 indicates that the value of  GeometrySmoothingMethod[ k ] for the geometry smoothing instance with index k should be set to 0. 
gs_smoothing_method_type[ k ] indicates the geometry smoothing method that can be used for processing the current point cloud frame as specified in Table E.1 for geometry smoothing instance with index k. 
[bookmark: _Ref21186311]Table E.1 – Definition of gs_smoothing_method_type[ k ]
	Value
	Interpretation

	0
	No geometry smoothing

	1
	Grid based geometry smoothing

	2
	Patch border filtering

	3-255
	Reserved


Values of gs_smoothing_method_type[ k ] in the range of 3 to 255, inclusive, are reserved for future use by ISO/IEC. It is a requirement of bitstream conformance that bitstreams conforming to this version of this document shall not contain such values of gs_smoothing_method_type[ k ]. Decoders shall ignore geometry smoothing SEI messages that contain reserved values of gs_smoothing_method_type[ k ].
gs_smoothing_grid_size_minus2[ k ] plus 2 specifies the value of the variable GeometrySmoothingGridSize[ k ] used when processing the current point cloud frame for geometry smoothing instance with index k. The value of gs_smoothing_grid_size_minus2[ k ] shall be in the range of 0 to 127, inclusive. The value of GeometrySmoothingGridSize[ k ] is computed as follows:
	GeometrySmoothingGridSize[ k ] = gs_smoothing_grid_size_minus2[ k ] + 2
gs_smoothing_threshold[ k ] indicates the smoothing threshold used for processing the current point cloud frame for geometry smoothing instance with index k. The value of gs_smoothing_threshold[ k ] shall be in the range of 0 to 255, inclusive. 
gs_pbf_log2_threshold_minus1[ k ] specifies the value of the variable PbfThreshold[ k ] used for processing the current point cloud frame for geometry smoothing instance with index k when the patch border filtering process is used. The value of PbfThreshold[ k ] is computed as follows:
PbfThreshold[ k ] = 2gs_pbf_log2_threshold_minus1[ k ] + 1
The value of gs_pbf_log2_threshold_minus1[ k ] shall be in the range of 0 to 3, inclusive.
gs_pbf_passes_count_minus1[ k ] plus 1 specifies the value of the variable PbfPasses[ k ] used for processing the current point cloud frame for geometry smoothing instance with index k when the patch border filtering process is used. The value of gs_pbf_passes_count_minus1[ k ] shall be in the range of 0 to 3, inclusive.
gs_pbf_filter_size_minus1[ k ] plus 1 specifies the values of the variables PbfSizeX[ k ] and PbfSizeY[ k ] used for processing the current point cloud frame for geometry smoothing instance with index k when the patch border filtering process is used. The values of PbfSizeX[ k ] and PbfSizeY( k ] are computed as follows:
PbfSizeX[ k ] = gs_pbf_filter_size_minus1[ k ] + 1
PbfSizeY[ k ] = Floor( PbfSizeX[ k ] / 2 )
The value of gs_pbf_filter_size_minus1[ k ] shall be in the range of 0 to 6, inclusive.
[bookmark: _Toc35408110]Attribute smoothing SEI message semantics
This SEI message specifies the recommended attribute smoothing methods and any associated parameters that could be used to process the attributes of the current point cloud frame after it is reconstructed, so as to obtain improved reconstructed attribute quality.
For each attribute, up to 256 different attribute smoothing instances could be specified for use with each point cloud frame. These instances are indicated using a two dimensional array AttributeSmoothingMethod. The attribute smoothing instance that a decoder may select to operate in, is outside the scope of this document.
At the start of each sequence, let AttributeSmoothingMethod[ j ][ i ] = 0 for all j and i, where j corresponds to the attribute index and is in the range of 0 to 127, inclusive, and i corresponds to the attribute smoothing instance index and is in the range of 0 to 255, inclusive. When AttributeSmoothingMethod[ j ][ i ] is equal to 0 it means that no attribute smoothing filter is indicated for an attribute index j and its corresponding attribute smoothing instance with index i.
as_smoothing_persistence_flag specifies the persistence of the attribute smoothing SEI message for the current layer.
as_smoothing_persistence_flag equal to 0 specifies that the attribute smoothing SEI message applies to the current decoded atlas frame only.
Let aFrmA be the current atlas frame. as_smoothing_persistence_flag equal to 1 specifies that the attribute smoothing SEI message persists for the current layer in output order until any of the following conditions are true:
– A new CLAS of the current layer begins.
– The bitstream ends.
– A picture aFrmB in the current layer in an access unit containing an attribute smoothing SEI message with the same value of as_smoothing_persistence_flag and applicable to the current layer is output for which AtlasFrmOrderCnt( picB ) is greater than AtlasFrmOrderCnt( picA ), where AtlasFrmOrderCnt( picB ) and AtlasFrmOrderCnt( picA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process for atlas frame order count for aFrmB.
as_smoothing_reset_flag equal to 1 resets all entries in the array AttributeSmoothingMethod to 0. 
as_num_attributes_updated specifies the number of attributes for which attribute smoothing instances will be updated in the current attribute smoothing SEI message. 
as_attribute_idx[ j ] specifies the j-th attribute index that is to be updated. 
as_attribute_smoothing_cancel_flag[ k ] equal to 1 indicates that all attribute smoothing instances associated with the attribute with index k should be set to 0, and that AttributeSmoothingMethod[ k ][ i ], for i being in the range of 0 to 255, should be set to 0. 
as_smoothing_instances_updated[ k ] specifies the number of attribute smoothing instances that will be updated for the attribute with index k. 
as_smoothing_instance_index[ k ][ i ] specifies the i-th index of the attribute smoothing instance to be updated for attribute with index k. 
as_smoothing_instance_cancel_flag[ k ][ m ] equal to 1 indicates that the attribute smoothing instance with index m associated with the attribute with index k should be set to 0, and that AttributeSmoothingMethod[ k ][ m ]  should be set to 0. 
as_smoothing_method_type[ k ][ m ] indicates the attribute smoothing method that is associated with the m-th attribute smoothing instance of attribute with index k as specified in Table E.2 
[bookmark: _Ref26880154]Table E.2 – Definition of as_smoothing_method_type[ k ][ m ]
	Value
	Interpretation

	0
	No attribute smoothing

	1
	Grid based attribute smoothing

	2-255
	Reserved


Values of as_smoothing_method_type[ k ][ m ] in the range of 2 to 255, inclusive, are reserved for future use by ISO/IEC. It is a requirement of bitstream conformance that bitstreams conforming to this version of this document shall not contain such values of as_smoothing_method_type[ k ][ m ]. Decoders shall ignore attribute smoothing SEI messages that contain reserved values of as_smoothing_method_type[ k ][ m ].
as_smoothing_grid_size_minus2[ k ][ m ] plus 2 specifies the value of the variable AttributeSmoothingGridSize[ k ][ m ] used for attribute with index k that is associated with attribute smoothing instance with index m. The value of as_smoothing_grid_size_minus2[ k ][ m ] shall be in the range of 0 to 127, inclusive. When not present, the value of as_smoothing_grid_size_minus2[ k ][ m ] is inferred to be equal to 0. The value of AttributeSmoothingGridSize[ k ][ m ] is computed as follows:
	AttributeSmoothingGridSize[ k ][ m ] = as_smoothing_grid_size_minus2[ k ][ i ] + 2
as_smoothing_threshold[ k ][ m ] indicates the attribute smoothing threshold for attribute smoothing instance with index m of attribute with index k. The value of as_smoothing_threshold[ k ][ m ] shall be in the range of 0 to 255, inclusive. 
as_smoothing_threshold_variation[ k ][ m ] indicates the threshold of attribute variation for attribute smoothing instance with index m of attribute with index k. The value of as_smoothing_threshold_variation[ k ][ m ] shall be in the range of 0 to 255, inclusive. 
as_smoothing_threshold_difference[ k ][ m ] indicates the threshold of attribute difference for attribute smoothing instance with index m of attribute with index k. The value of as_smoothing_threshold_difference[ k ][ m ] shall be in the range of 0 to 255, inclusive. 


Conclusion
In this contribution we propose modifying several SEI messages adopted in the V-PCC specification so as to include an additional flag that indicates explicitly the persistence or not of the current SEI message.

