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Introduction
In the 128th MPEG meeting contribution m51023 [1] on smoothing was adopted. This moved the geometry smoothing process outside the encoding loop. That is, on the encoder side, the attribute frame is generated based on the reconstructed geometry (before any geometry smoothing is applied). The advantage of this approach is that the decoder may use a different geometry smoothing method (or no geometry smoothing at all), than the method recommended by the encoder.
However, one drawback of this approach is that the decoder needs to perform attribute transfer after geometry smoothing to maintain the quality of the reconstructed point cloud, when compared with the previous approach. The attribute transfer method currently implemented in the TMC2 v8.0 decoder is very complex and results in roughly 6 times more run-time compared with TMC2 v7.0 decoder for similar visual quality.
Thus, if the reconstruction profile for a V-PCC bitstream is Rec1 (grid smoothing) or Rec2 (PBF smoothing) and the decoder wants to use the recommended smoothing method, it incurs high computational complexity. Please note that this scenario is not rare. For example, if an application standard mandates V-PCC decoder to implement one or more smoothing methods, this scenario will become commonplace.
For conformance point B, it is necessary to specify a method that a hypothetical reference decoder will use for performing attribute transfer. A V-PCC decoder may use a different attribute transfer method to achieve soft conformance as long as it produces similarly visual quality. As an example, contribution m52484 [2] proposes simplification of the current attribute transfer method used on the decoder side with minimal loss in BD-rate. But even with this simplification, the decoder run-time is still more than two time that of TMC2 v7.0 decoder. In our limited experiments, further simplifications were not possible without impacting visual quality.
Proposal
To mitigate the increase in the computational complexity in the V-PCC decoder, we propose a flag that specifies whether attribute transfer step may be skipped by a V-PCC decoder. Figure 1 shows the modified V-PCC encoder which generates the skip_attribute_transfer_flag. Instead of using reconstructed geometry for generating the attribute video, the encoder may choose to use smoothed geometry. Depending on this choice, the appropriate value is assigned to skip_attribute_transfer_flag.
[image: ]
Figure 1: Block diagram of a V-PCC encoder according to the proposed method
Figure 2 shows the modified V-PCC decoder which parses the skip_attribute_transfer_flag. If the value of the skip_attribute_transfer_flag is 1, the decoder skips the attribute transfer step. 

[image: ]
Figure 4: Block diagram of a V-PCC decoder according to the proposed method
Example syntax and semantics for skip_attribute_transfer_flag are shown below. The text highlighted in green are the changes to V-PCC specification.
Syntax
Geometry smoothing SEI message syntax 
	geometry_smoothing ( payloadSize  ) {
	Descriptor

		gs_smoothing_cancel_flag
	u(1)

		gs_smoothing_filters_present
	u(8)

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

			gs_smoothing_filter_index[ i ]
	u(8)

			k = gs_smoothing_filter_index[ i ]
	

			gs_smoothing_filter_cancel_flag[ k ]
	u(1)

			if( gs_smoothing_filter_cancel_flag[ k ] != 1 ) {
	

				gs_smoothing_method_type[ k ]
	u(8)

				if (gs_smoothing_method_type[ k ] > 0 ) {
	

					gs_skip_attribute_transfer_flag[ k ]
	u(1)

				}
	

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

					gs_smoothing_grid_size_minus2[ k ]
	u(7)

					gs_smoothing_threshold[ k ]
	u(8)

				}
	

			}
	

		}
	

	}
	



Semantics:
Geometry smoothing SEI message semantics
…
gs_smoothing_method_type[ k ] indicates the k-th type of geometry smoothing method that can be used for processing the current point cloud frame as specified Table E.13. 
[bookmark: _Ref21186311]Table E.13 – Definition of gs_smoothing_method_type[ k ]
	Value
	Interpretation

	0
	No geometry smoothing

	1
	Grid based geometry smoothing


All other values of gs_smoothing_method_type[ k ] are reserved for future use by ISO/IEC. It is a requirement of bitstream conformance that bitstreams conforming to this version of this Specification shall not contain such other 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_skip_attribute_transfer_flag[ k ] equal to 1 specifies that the attribute transfer step is skipped by the V-PCC decoder when k-th type of geometry smoothing method is used. gs_skip_attribute_transfer_flag[ k ] equal to 0 specifies that the attribute transfer step is performed by the V-PCC decoder when k-th type of geometry smoothing method is used. When gs_skip_attribute_transfer_flag[ k ] is not present in the bitstream, its value is assumed to be 1.
gs_smoothing_grid_size_minus2[ k ] specifies the value of the variable GeometrySmoothingGridSize[ k ] used for geometry smoothing for filter with index k. The value of gs_geometry_smoothing_grid_size_minus2[ k ] shall be in the range of 0 to 126, inclusive. When not present, the value of gs_smoothing_grid_size_minus2[ k ] is inferred to be equal to 0. The value of GeometrySmoothingGridSize[ k ] is computed as follows:
	GeometrySmoothingGridSize[ k ] = gs_smoothing_grid_size_minus2[ k ] + 2

Conclusions
This contribution proposes a flag to allow a conformant V-PCC decoder to skip attribute transfer step. This results in significant V-PCC decoder complexity reduction in certain cases, without affecting quality. It is recommended to adopt this flag into the next version of the V-PCC specification.
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