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Abstract
This contribution provides a breakdown of bitrate of TMIV 4.0. It was not feasible to compare TMIV 3.0 with TMIV 4.0 because there are too many changes both in the specifications and in the test model algorithms. Instead, this contribution extends the Parser that is proposed in m53266 to provide a tabular report.
Introduction
In the 129th MPEG meeting it was decided to normatively reference ISO/IEC 23090-5 Video-based Point Cloud Coding (V-PCC) [N19089] for Working draft 4 of ISO/IEC 23090-12 MPEG-I Immersive Video (MIV) [N19001]. MIV is written as if it is an Annex of Part 5 in the same style as HEVC Annex F. The FDIS of Part 5 will have a common part called Video-based Visual Volumetric Coding (3VC) and V-PCC will become Annex X. The Test Model for Immersive Video (TMIV) 4.0 now has an implementation of 3VC and MIV, and naturally TMC 9.0 has an implementation of 3VC and V-PCC. 

The main idea of CE-1.1.2 was to compare bitrates due to the above change. However, it was not feasible (given time) to compare TMIV 3.0 with TMIV 4.0 because there are too many changes both in the specifications and in the test model algorithms. Interpreting the results would be inaccurate or very difficult. 

We decided to base this proposal on top of m53266. The main reason to start from that branch instead of 4.1 (or 4.0) is that m53266 provides multiple fixes to the HLS. Some of those changes impact the bitrate.

One thing that we have noticed, is that the total HLS bitrate has increased from TMIV 4.1 to m53266 for the same number of patches. This is most likely caused by the change of descriptor of pdu_2d_pos_x and pdu_2d_pos_y. Before the descriptor was u(v) with the precise number of bits needed, while in some later V-PCC draft this has been changed to ue(v). We do not oppose this change because it simplifies parsing.
Bitrate breakdown report
The TMIV Parser, as proposed in m53266, runs the MIV decoder but does not render any frames. The benefit of adding the bitrate reporting to this tool is that the bitrate can be reported for existing bitstreams such as those generated for the CTC anchors. There is no need to rerun the encoder. 

The result in Table 1 is obtained by setting the decoder mode to TMC2 and parsing the single-frame longdress V-PCC bitstream that is used in m52366 for 3VC testing. Note that the information in Table 1 was already present in the Parser log-files. This contribution just aggregates the numbers as a CSV table.
Table 1: Bitrate breakdown report longdress_vox10_GOF0.bin.csv (in TMC2 mode). Sums and averages are in bytes.
	vuh_unit_type
	vuh_atlas_id
	vuh_map_index
	vuh_attribute_index
	count
	sum
	average

	VPCC_VPS
	
	
	
	1
	30
	30

	VPCC_AD
	0
	
	
	1
	418
	418

	VPCC_OVD
	0
	
	
	1
	4057
	4057

	VPCC_GVD
	0
	0
	
	1
	15200
	15200

	VPCC_AVD
	0
	0
	0
	1
	161874
	161874

	
	
	
	
	
	
	

	nal_unit_type
	nal_layer_id
	nal_temporal_id
	
	count
	sum
	average

	NAL_TSA
	0
	0
	
	1
	380
	380

	NAL_ASPS
	0
	0
	
	1
	11
	11

	NAL_AFPS
	0
	0
	
	1
	6
	6

	NAL_PREFIX_ESEI
	0
	0
	
	1
	8
	8


Results
The bitrate breakdown reports attached to this document are based on m53266 bitstreams of SE for A17, A97, V17, R17, and R97, and SN for A17. Table 2 is the most relevant as it this bitstream has the most frames (still only 97). This bitstream clearly demonstrates that:

· Most non-video bits are spent on patch data (ATGL).
· Improving the APS is not needed for current test conditions (w/o camera updates).
· NAL_SKIP is quite some overhead
Possible improvements
[bookmark: _GoBack]The BitrateReport just collects information on V-PCC units and NAL unit headers and size. Because of that the same reporting could also be added to the Encoder or Decoder.

Alternatively, there could be a stand-alone tool that only parsers said headers. This would make the tool more flexible to parse 3VC bitstreams of a wider set of origins, such as multiple TMIV and TMC2 versions. 

It would be useful to divide the size of the ACL NAL units by the number of patches.
Recommendations
This contribution is informative.

It is possible to add a bitrate breakdown report to TMIV when desired.
[bookmark: _Ref37851647]Table 2: Bitrate breakdown report of SE (A97, m52366). Sums and averages are in bytes.
	vuh_unit_type
	vuh_atlas_id
	vuh_map_index
	vuh_attribute_index
	count
	sum
	average

	VPCC_VPS
	
	
	
	1
	87
	87

	VPCC_AD
	0
	
	
	5
	5136
	1027

	VPCC_AD
	1
	
	
	5
	1389
	278

	VPCC_AD
	2
	
	
	5
	3955
	791

	VPCC_AD
	3
	
	
	5
	1730
	346

	VPCC_AD
	4
	
	
	5
	4175
	835

	VPCC_AD
	5
	
	
	5
	3334
	667

	VPCC_AD
	63
	
	
	1
	492
	492

	
	
	
	
	
	
	

	nal_unit_type
	nal_layer_id
	nal_temporal_id
	
	count
	sum
	average

	NAL_SKIP
	0
	1
	
	558
	2790
	5

	NAL_IDR_N_LP
	0
	0
	
	6
	4896
	816

	NAL_CRA
	0
	0
	
	18
	9986
	555

	NAL_ASPS
	0
	0
	
	6
	85
	14

	NAL_AFPS
	0
	0
	
	6
	30
	5

	NAL_APS
	0
	0
	
	1
	484
	484



Table 3: Bitrate breakdown report of SN (A17, m52366). Sums and averages are in bytes.
	vuh_unit_type
	vuh_atlas_id
	vuh_map_index
	vuh_attribute_index
	count
	sum
	average

	VPCC_VPS
	
	
	
	1
	52
	52

	VPCC_AD
	0
	
	
	2
	1381
	691

	VPCC_AD
	1
	
	
	2
	1374
	687

	VPCC_AD
	2
	
	
	2
	2068
	1034

	VPCC_AD
	63
	
	
	1
	388
	388

	
	
	
	
	
	
	

	nal_unit_type
	nal_layer_id
	nal_temporal_id
	count
	sum
	average

	NAL_SKIP
	0
	1
	
	48
	240
	5

	NAL_IDR_N_LP
	0
	0
	
	3
	4325
	1442

	NAL_ASPS
	0
	0
	
	3
	42
	14

	NAL_AFPS
	0
	0
	
	3
	15
	5

	NAL_APS
	0
	0
	
	1
	380
	380





