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Abstract

[bookmark: _GoBack]In this contribution, the signaling method on the number of layer QP delta is proposed. It can provide the functionality to control QP in the slice level and remove raht_depth_minus1 syntax parameter in APS. Moreover, the signaling method of layer QP delta can change the signal for lifting scheme in APS.

Issue and proposal
[bookmark: _Ref28342200]Signaling method on number of layer QP delta
The attribute quantization parameter of each layer for Lifting/Predicting and RAHT can be controlled by using layer QP delta in the attribute slice header [1]. In the current specification, the number of layer QP delta depends on the parameter raht_depth and num_detail_levels which is calculated by using raht_depth_minus1 and lifting_num_detail_levels_minus1 in the APS (Table 1). Herein, raht_depth parameter used to be needed in the RAHT decoding process originally, however it becomes unnecessary in the current G-PCC specification. It means that raht_depth is only needed for the calculation of the number of layer QP delta.
 Instead of keeping it, we propose to introduce a new parameter num_layer_qp_minus1 into attribute slice header, which indicates the number of layer QP delta directly (Table 2). It could remove raht_depth_minus1 in APS and the number of layer QP delta could be controlled in slice level.
[bookmark: _Ref28342140][bookmark: _Ref28271536]Table 1. Current syntax structure in attribute slice header
	attribute_slice_header( ) {
	Descriptor

		ash_attr_parameter_set_id
	ue(v)

		ash_attr_sps_attr_idx
	ue(v)

		ash_attr_geom_slice_id
	ue(v)

		if ( aps_slice_qp_delta_present_flag ) {
	

			ash_attr_qp_delta_luma
	se(v)

			ash_attr_qp_delta_chroma
	se(v)

		}
	

		ash_attr_layer_qp_delta_present_flag
	u(1)

		if ( ash_attr_layer_qp_delta_present_flag ) {
	

			numLayers = aps.attr_encoding =  = 1 ? aps.raht_depth + 1 : aps.num_detail_levels + 1
	

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

				ash_attr_layer_qp_delta_luma[i]
	se(v)

				ash_attr_layer_qp_delta_chroma[i]
	se(v)

			}
	

		}
	

		ash_attr_region_qp_delta_present_flag
	u(1)

		if ( ash_attr_region_qp_delta_present_flag ) {
	

			ash_attr_qp_region_box_origin_x
	ue(v)

			ash_attr_qp_region_box_origin_y
	ue(v)

			ash_attr_qp_region_box_origin_z
	ue(v)

			ash_attr_qp_region_box_width
	ue(v)

			ash_attr_qp_region_box_height
	ue(v)

			ash_attr_qp_region_box_depth
	ue(v)

			ash_attr_region_qp_delta
	se(v)

		}
	

		byte_alignment( )
	

	}
	



[bookmark: _Ref28273052]Table 2. Proposed syntax structure in attribute slice header
	attribute_slice_header( ) {
	Descriptor

		ash_attr_parameter_set_id
	ue(v)

		ash_attr_sps_attr_idx
	ue(v)

		ash_attr_geom_slice_id
	ue(v)

		if ( aps_slice_qp_delta_present_flag ) {
	

			ash_attr_qp_delta_luma
	se(v)

			ash_attr_qp_delta_chroma
	se(v)

		}
	

		ash_attr_layer_qp_delta_present_flag
	u(1)

		if ( ash_attr_layer_qp_delta_present_flag ) {
	

			ash_attr_num_layer_qp_minus1
	ue(v)

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

				ash_attr_layer_qp_delta_luma[i]
	se(v)

				ash_attr_layer_qp_delta_chroma[i]
	se(v)

			}
	

		}
	

		ash_attr_region_qp_delta_present_flag
	u(1)

		if ( ash_attr_region_qp_delta_present_flag ) {
	

			ash_attr_qp_region_box_origin_x
	ue(v)

			ash_attr_qp_region_box_origin_y
	ue(v)

			ash_attr_qp_region_box_origin_z
	ue(v)

			ash_attr_qp_region_box_width
	ue(v)

			ash_attr_qp_region_box_height
	ue(v)

			ash_attr_qp_region_box_depth
	ue(v)

			ash_attr_region_qp_delta
	se(v)

		}
	

		byte_alignment( )
	

	}
	



ash_attr_num_layer_qp_minus1 plus 1 specifies the number of layer in which ash_attr_qp_delta_luma and ash_attr_qp_delta_chroma are signalled. When ash_attr_num_layer_qp_minus1 is not signalled, the value of ash_attr_num_layer_qp_minus1 is inferred to be 0. The value of NumLayerQp is derived as follows:
	NumLayerQp = num_layer_qp_minus1 + 1

Signaling method on number of LoD
In attribute_parameter_set of current specification, lifting_num_detail_levels_minus1 is signalled as Table 3. With section 1.1 method, the value of aps.num_detail_levels is not needed in calculation of NumLayerQp. That is, only when lifting_scalability_enabled_flag is equal to 0, the lifting_num_detail_levels_minus1 should be signalled. Therefore, we propose to move the lifting_num_detail_levels_minus1 into the condition as Table 4.
[bookmark: _Ref28343016]Table 3 Current syntax structure in attribute_parameter_set
	attribute_parameter_set( ) {
	Descriptor

		aps_attr_parameter_set_id
	ue(v)

		aps_seq_parameter_set_id
	ue(v)

		attr_coding_type
	ue(v)

		aps_attr_initial_qp
	ue(v)

		aps_attr_chroma_qp_offset
	se(v)

		aps_slice_qp_delta_present_flag
	u(1)

		LodParametersPresent = ( attr_coding_type  = =  0 | | attr_coding_type  = =  2 ) ? 1 : 0
	

		if( LodParametersPresent) {
	

			lifting_num_pred_nearest_neighbours
	ue(v)

			lifting_search_range_minus1
	ue(v)

			lifting_num_detail_levels_minus1 
[Ed. The V7.0 code use the variable without minus1. It should be aligned]
	ue(v)

			for( k = 0; k < 3; k++ )
	

				lifting_neighbour_bias[ k ]
	ue(v)

			if ( attr_coding_type  = =  2 )
	

				lifting_scalability_enabled_flag
	u(1)

			if ( ! lifting_scalability_enabled_flag ) {
	

				lifting_lod_regular_sampling_enabled_flag
	u(1)

				for( idx = 0; idx <= num_detail_levels_minus1; idx++ ) {
	

					if ( lifting_lod_decimation_enabled_flag )
	

						lifting_sampling_period[ idx ]
	ue(v)

					else
	

						lifting_sampling_distance_squared[ idx ]
	ue(v)

				}
	

			}
	



[bookmark: _Ref28342989]Table 4 Proposed syntax structure in attribute_parameter_set
	attribute_parameter_set( ) {
	Descriptor

		aps_attr_parameter_set_id
	ue(v)

		aps_seq_parameter_set_id
	ue(v)

		attr_coding_type
	ue(v)

		aps_attr_initial_qp
	ue(v)

		aps_attr_chroma_qp_offset
	se(v)

		aps_slice_qp_delta_present_flag
	u(1)

		LodParametersPresent = ( attr_coding_type  = =  0 | | attr_coding_type  = =  2 ) ? 1 : 0
	

		if( LodParametersPresent) {
	

			lifting_num_pred_nearest_neighbours
	ue(v)

			lifting_search_range_minus1
	ue(v)

			for( k = 0; k < 3; k++ )
	

				lifting_neighbour_bias[ k ]
	ue(v)

			if ( attr_coding_type  = =  2 )
	

				lifting_scalability_enabled_flag
	u(1)

			if ( ! lifting_scalability_enabled_flag ) {
	

			lifting_num_detail_levels_minus1 
[Ed. The V7.0 code use the variable without minus1. It should be aligned]
	ue(v)

				lifting_lod_regular_sampling_enabled_flag
	u(1)

				for( idx = 0; idx <= num_detail_levels_minus1; idx++ ) {
	

					if ( lifting_lod_decimation_enabled_flag )
	

						lifting_sampling_period[ idx ]
	ue(v)

					else
	

						lifting_sampling_distance_squared[ idx ]
	ue(v)

				}
	

			}
	



Conclusion 

In this contribution, the signaling method on the number of layer QP delta was proposed. It could provide the functionality to control QP in the slice level and remove raht_depth_minsu1 syntax parameter in APS. Moreover, the signaling method of layer QP delta can change the signal for lifting scheme in APS. It is recommended that proposed modification be adopted in the G-PCC specification.
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