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Introduction
In an effort to support improved coding efficiency, the current V-PCC specification allows the use of additional layers/maps. Such layers allow the encapsulation of additional points to each coded patch on the patch atlas in additional projection planes that may have otherwise been occluded by other points on the same patch due to their position. These layers can then be coded as additional images. This applies to both geometry and its corresponding attribute information.
[bookmark: _Ref13396014]Layer support in V-PCC
The specification enables coding of such layers in multiple ways:
· Interleaving all layers based on their type (i.e. geometry or attribute type) into a single video sequence per type and coding this video sequence directly. In this case, during decoding, a deinterleaving process is required to extract each layer from the decoded video.
[image: ]
Figure 1. Single stream layer coding 
· First predicting the geometry layers of higher order from layers of lower order, and then interleaving them into a single video sequence. Prediction is performed by subtracting a prediction layer from the current layer. Attributes are interleaved as in case (a) without any prediction. These video sequences again are encoded as single streams. Similar to case (a) a single video is decoded, the frames are demultiplexed based on layer index, and then the geometry layers are constructed based on their specified prediction relationship. Attribute layers need no further processing.
[image: ]
Figure 2. Single stream layer coding with geometry differential prediction
· Separating the layers into separate video sequences and coding them independently. The current specifications supports also two alternative methods for encoding such videos. In the first scenario, no prediction is performed across layers, very similar to scenario (a). 
[image: ]
Figure 3. Multi stream layer coding without differential prediction

This method enables complete independency of the layers and allows easier extraction of the lower layers, especially, from the stream. This can be rather advantageous for some decoders, which may wish to only decode the lower layers and discard the higher order ones. However, since no correlation between the layers is exploited, this method may result in considerable decoding overhead. 
· In an alternative method to (c), prediction also of geometry layers is performed similar to (b). 
[image: ]
 Figure 4. Multi-stream layer coding with geometry differential prediction
This exploits the temporal correlation of the geometry, therefore improving performance somewhat. Unfortunately, attribute layer correlation is still not exploited.
Alternative implementations
We have noticed that currently instead of modes (c) and (d) that were presented in section 2 the following modes have been evaluated:
· Encode the geometry as multiple independent layers, while the attributes are still coded as a single video stream with all layer data interleaved. This still allows exploitation of the correlation of the texture, but does not help decoders to easily extract layers.
[image: ]
Figure 5. Multi-stream layer coding for geometry only 
· An alternative is to predict the geometry layers from previous one through a subtraction process. This can reduce the overhead of the geometry introduced by the previous method, while it still does not resolve its attribute layer extraction issues. 
[image: ]
Figure 6. Multi-stream layer coding for geometry only with differential geometry coding.
It is our opinion that these new schemes do not provide much advantage and we should not add support for them in the specification. However, we need to address these in the software since currently the software, although it should support the schemes in  2c and 2d.
Alternative implementations
Given the limitations in performance and functionality of the supported schemes, an alternative concept that could also be introduced in the spec is to allow prediction, prior to encoding, also for attribute information. This may allow us to exploit also the correlation between attribute layers.
[image: ]
· Figure 7. Multi-stream layer coding with layer prediction
A question that arises in this scenario is whether this functionality should be always enabled for all attributes, or whether we need to signal a parameter that allows signaling of additional flags for each attribute. Syntax that enables this functionality is shown below:

	attribute_information( atlas_id ) {
	Descriptor

		ai_attribute_count[ atlas_id ]
	u(7)

		for( i = 0; i < ai_attribute_count[ atlas_id ]; i++ ) {
	

			ai_attribute_type_id[ atlas_id ][ i ]
	u(4)

			ai_attribute_codec_id[ atlas_id ][ i ]
	u(8)

			if( sps_pcm_separate_video_present_flag[ atlas_id ] )
	

				ai_pcm_attribute_codec_id[ atlas_id ][ attributeIndex ]
	u(8)

				for(j = 0; j < sps_layer_count_minus1[ atlas_id ]; j++ )
	

					if (sps_layer_absolute_coding_enabled_flag[ atlas_id ][ j ] == 0)
	

						ai_attribute_layer_absolute_coding_enabled_flag[ atlas_id ][ j ]
	u(1)

			ai_attribute_dimension_minus1[ atlas_id ][ i ]
	u(8)

			if( ai_attribute_dimension_minus1[ atlas_id ][ i ] > 0 ) {
	

				ai_attribute_dimension_partitions_minus1[ atlas_id ][ i ]
	u(7)

				remainingDimensions = ai_attribute_dimension_minus1[ atlas_id ][ i ]
	

			….
	




· 
· 

Experimental Results

2 geometry streams + 1 texture stream vs anchor
Currently when the related parameter is activated(absoluteD1=0), the reference s/w uses 2 video streams and difference images for the 2nd layer for the geometry video and 1 video stream for the texture video. The performance using (2 video streams + difference Geometry)+( 1 video streams Texture) against  the anchor (1 video stream Geometry + 1 video streams Texture) is as following. (the s/w fix provided from CE2.29 is used.)
	
	lyG,lyA, AI
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	13.3%
	5.0%
	-1.2%
	-1.8%
	-2.3%
	 
	24.5%
	7.8%
	-0.4%
	-0.9%
	-1.3%

	 
	8ivfbv2_redandblack_vox10
	8.9%
	5.1%
	-0.9%
	-0.8%
	-0.6%
	
	13.3%
	7.1%
	-0.2%
	-0.3%
	0.0%

	 
	8ivfbv2_soldier_vox10
	9.3%
	6.8%
	-1.8%
	-2.3%
	-1.9%
	
	16.7%
	11.7%
	-1.0%
	-1.6%
	-1.3%

	 
	queen
	12.8%
	14.4%
	-5.2%
	-0.7%
	-0.3%
	 
	23.3%
	27.5%
	-3.9%
	-0.3%
	0.3%

	cat2-B
	8ivfbv2_longdress_vox10
	11.2%
	6.8%
	-2.3%
	-3.4%
	-2.9%
	 
	21.5%
	11.5%
	-1.7%
	-2.8%
	-2.3%

	cat2-C
	basketball_player_vox11
	14.4%
	8.0%
	0.3%
	-1.5%
	-1.0%
	 
	24.5%
	12.1%
	1.1%
	-0.6%
	-0.2%

	 
	dancer_player_vox11
	13.6%
	8.9%
	0.0%
	-2.0%
	-1.9%
	 
	22.3%
	13.2%
	1.0%
	-0.9%
	-0.7%

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	lyG,lyA,RA
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	23.7%
	11.1%
	52.4%
	70.6%
	73.1%
	 
	75.6%
	52.1%
	11.3%
	21.7%
	22.4%

	 
	8ivfbv2_redandblack_vox10
	12.5%
	7.7%
	11.2%
	27.4%
	11.4%
	
	53.1%
	48.6%
	-4.3%
	5.8%
	-3.9%

	 
	8ivfbv2_soldier_vox10
	13.9%
	9.7%
	70.1%
	74.7%
	80.8%
	
	72.9%
	70.6%
	23.0%
	31.4%
	33.8%

	 
	queen
	21.7%
	24.0%
	33.4%
	83.9%
	72.5%
	 
	111.5%
	120.1%
	11.8%
	39.3%
	32.8%

	cat2-B
	8ivfbv2_longdress_vox10
	15.0%
	9.9%
	9.9%
	30.9%
	26.7%
	 
	110.3%
	95.0%
	0.5%
	16.6%
	13.3%

	cat2-C
	basketball_player_vox11
	23.1%
	14.2%
	16.7%
	37.2%
	38.2%
	 
	82.4%
	63.9%
	-3.5%
	8.7%
	8.8%

	 
	dancer_player_vox11
	16.2%
	10.6%
	6.1%
	22.9%
	30.2%
	 
	66.7%
	56.1%
	-7.5%
	3.2%
	6.6%



2 geometry streams + 2 texture streams vs anchor
The performance using (2 video streams + absolute Geometry)+(2 video streams + absolute Texture) against  the anchor (1 video stream Geometry + 1 video streams Texture) is as following. 

	
	lyG,lyA, AI
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	55.6%
	58.6%
	82.8%
	92.1%
	93.8%
	 
	78.4%
	85.3%
	69.9%
	77.1%
	78.0%

	 
	8ivfbv2_redandblack_vox10
	50.2%
	54.1%
	78.7%
	89.0%
	82.2%
	
	75.4%
	82.3%
	66.8%
	75.6%
	69.5%

	 
	8ivfbv2_soldier_vox10
	54.3%
	56.8%
	74.4%
	84.9%
	84.8%
	
	77.9%
	82.5%
	65.0%
	74.9%
	74.5%

	 
	queen
	51.7%
	49.7%
	47.0%
	71.6%
	65.7%
	 
	82.2%
	76.3%
	42.7%
	60.2%
	55.8%

	cat2-B
	8ivfbv2_longdress_vox10
	55.3%
	57.6%
	70.2%
	78.3%
	77.4%
	 
	82.7%
	86.1%
	65.4%
	73.3%
	72.4%

	cat2-C
	basketball_player_vox11
	·
	·
	·
	·
	·
	 
	·
	·
	·
	·
	·

	 
	dancer_player_vox11
	·
	·
	·
	·
	·
	 
	·
	·
	·
	·
	·

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	lyG,lyA,RA
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	92.3%
	93.6%
	79.0%
	84.7%
	86.2%
	 
	89.4%
	90.9%
	88.1%
	91.2%
	91.6%

	 
	8ivfbv2_redandblack_vox10
	59.4%
	62.8%
	93.5%
	109.8%
	95.7%
	
	62.1%
	67.3%
	79.9%
	90.4%
	81.0%

	 
	8ivfbv2_soldier_vox10
	98.1%
	99.1%
	103.6%
	117.4%
	132.0%
	
	97.4%
	98.2%
	99.4%
	110.3%
	118.2%

	 
	queen
	108.0%
	102.6%
	24.5%
	65.0%
	55.8%
	 
	96.2%
	85.9%
	52.6%
	79.7%
	75.2%

	cat2-B
	8ivfbv2_longdress_vox10
	64.9%
	66.8%
	83.3%
	93.0%
	92.0%
	 
	63.3%
	66.5%
	77.6%
	85.5%
	84.5%

	cat2-C
	basketball_player_vox11
	·
	·
	·
	·
	·
	 
	·
	·
	·
	·
	·

	 
	dancer_player_vox11
	63.2%
	67.5%
	101.3%
	113.5%
	112.5%
	 
	66.9%
	73.8%
	82.8%
	88.9%
	88.4%



2 geometry streams + 2 texture streams vs anchor
The performance using (2 video streams + difference Geometry)+(2 video streams + difference Texture) against  the anchor (1 video stream Geometry + 1 video streams Texture) is as following.
	
	lyG,lyA, AI
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	13.3%
	5.0%
	4.6%
	4.6%
	4.7%
	 
	29.5%
	12.4%
	2.9%
	3.1%
	3.1%

	 
	8ivfbv2_redandblack_vox10
	8.9%
	5.1%
	4.0%
	6.6%
	5.5%
	
	17.8%
	12.5%
	2.7%
	4.8%
	3.8%

	 
	8ivfbv2_soldier_vox10
	9.3%
	6.8%
	4.8%
	6.5%
	5.8%
	
	22.9%
	19.3%
	3.3%
	4.9%
	4.4%

	 
	queen
	12.8%
	14.4%
	1.7%
	14.4%
	13.9%
	 
	35.6%
	40.0%
	-0.2%
	9.1%
	8.8%

	cat2-B
	8ivfbv2_longdress_vox10
	11.2%
	6.8%
	4.2%
	6.5%
	6.9%
	 
	31.1%
	21.0%
	3.3%
	5.4%
	5.7%

	cat2-C
	basketball_player_vox11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	dancer_player_vox11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	lyG,lyA,RA
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	8ivfbv2_redandblack_vox10
	12.5%
	7.7%
	9.4%
	16.4%
	10.2%
	
	11.9%
	5.1%
	10.8%
	15.5%
	11.6%

	 
	8ivfbv2_soldier_vox10
	13.9%
	9.7%
	23.4%
	29.2%
	33.5%
	
	22.6%
	15.0%
	14.4%
	18.4%
	20.6%

	 
	queen
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	cat2-B
	8ivfbv2_longdress_vox10
	15.0%
	9.9%
	9.9%
	11.5%
	11.8%
	 
	18.3%
	7.1%
	10.5%
	11.9%
	12.0%

	cat2-C
	basketball_player_vox11
	23.1%
	14.2%
	14.0%
	19.9%
	20.2%
	 
	29.8%
	14.2%
	13.4%
	17.0%
	17.9%

	 
	dancer_player_vox11
	16.2%
	10.6%
	9.7%
	16.2%
	18.4%
	 
	19.2%
	9.2%
	10.7%
	14.9%
	16.4%





(Delta D1+Delta T1) vs (Absolute D1 + Absolute T1) for 2 video streams
The performance using (2 video streams + difference Geometry) + (2 video streams + difference Texture) against  the anchor (2 video streams + absolute Geometry) + (2 video streams + absolute Texture) is as following.

	
	lyG,lyA, AI
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	-26.1%
	-33.9%
	-42.8%
	-45.5%
	-46.0%
	 
	-24.6%
	-39.4%
	-39.4%
	-41.8%
	-42.1%

	 
	8ivfbv2_redandblack_vox10
	-27.2%
	-31.8%
	-41.8%
	-43.6%
	-42.0%
	
	-32.0%
	-38.3%
	-38.4%
	-40.3%
	-38.7%

	 
	8ivfbv2_soldier_vox10
	-29.1%
	-31.9%
	-39.9%
	-42.4%
	-42.7%
	
	-30.6%
	-34.7%
	-37.4%
	-40.0%
	-40.2%

	 
	queen
	-26.0%
	-23.2%
	-30.6%
	-33.4%
	-31.5%
	 
	-26.3%
	-20.8%
	-29.9%
	-32.0%
	-30.3%

	cat2-B
	8ivfbv2_longdress_vox10
	-28.3%
	-32.2%
	-38.9%
	-40.2%
	-39.7%
	 
	-29.0%
	-35.1%
	-37.6%
	-39.2%
	-38.7%

	cat2-C
	basketball_player_vox11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	dancer_player_vox11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	lyG,lyA,RA
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	
	 
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	8ivfbv2_redandblack_vox10
	-29.6%
	-33.9%
	-43.9%
	-44.8%
	-43.9%
	
	-31.3%
	[bookmark: _GoBack]-37.3%
	-38.4%
	-39.0%
	-38.2%

	 
	8ivfbv2_soldier_vox10
	-43.0%
	-44.9%
	-40.2%
	-41.5%
	-43.6%
	
	-39.6%
	-42.1%
	-42.9%
	-43.8%
	-44.9%

	 
	queen
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	cat2-B
	8ivfbv2_longdress_vox10
	-30.7%
	-34.2%
	-40.8%
	-42.6%
	-42.2%
	 
	-29.1%
	-35.8%
	-38.1%
	-39.6%
	-39.2%

	cat2-C
	basketball_player_vox11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	dancer_player_vox11
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