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1 [bookmark: _Toc103873012][bookmark: _Toc103873891][bookmark: _Toc103876415][bookmark: _Toc221051836]Introduction
During SA4#132 it was considered that it is necessary to gather all material related to conformance provided to SA4 meetings. This permanent document is created to serve this purpose.
[bookmark: _Toc221051837]2	Definitions, symbols and abbreviations
[bookmark: _Toc221051838]2.1	Definitions

[bookmark: _Toc221051839]2.2	Abbreviations
[bookmark: _Toc103873013][bookmark: _Toc103873892][bookmark: _Toc103876416][bookmark: _Toc150290087][bookmark: _Toc221051840]3	Conformance Requirements
This subclause gathers requirements for conformance testing. This includes features that need to be covered by the conformance.
[bookmark: _Toc221051841]4	Conformance Framework
This subclause gathers documentation on a potential framework for conformance, e.g. tools to tabulate, gather, and present conformance content.
[bookmark: _Toc221051842]4.1 Sample bitstream platform overview
At high level, the sample bitstream platform is composed of three main components that are:
1. A database which contains the description of the available sample bitstreams
2. One or more servers to host the submitted bitstreams
3. A portal for external users to search through and download the sample bitstreams.

In addition, a bitstream validator validates prior to upload that the submitted bitstream does comply with the constraints defined in TS 26.265. To harmonize the bitstream description in the database, the bitstream validator would also generate a bitstream description file for the bitstream database.
The bitstream database should contain the description of each available bitstream. In addition, each bitstream would be linked to a TS number and possibly a profile defined within this TS (using URNs defined to identify each profile).
Since using JSON (or other markup text file) for this purpose seems advantageous, the bitstream database could simply be a git repository on any web-base git service platform (e.g. GitHub, GitLab, etc…)
For storing the bitstreams, any http server could be used. Using git LFS would add a finer control with versioning functions but also comes with added constraints for space and effort to set-up. This does not seem necessary to use git LFS at this point.
Ideally, the external users would be able to search for TS numbers, profiles and retrieve the corresponding bitstreams. Additionally, it should also be possible to browse the database by TS number, codec, etc…
In a first version, the home page of the git repository (e.g. GitHub repository’s home page) could be sufficient. It times allows a simple static web frontend could also be developed. The web frontend would retrieve the information about the available bitstream from the database and present them to the user. Using static website would also have the advantage to maintain them on the same web-base git service provider, i.e. GitHub. GitLab, etc…
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Figure 1 - Overall view of the sample bitstream platorm
[bookmark: _Toc221051843]4.2 The bitstream validator
[bookmark: _Toc221051844]4.2.1 General
The bitstream validator shall:
1. validate that the bitstream is a compliant bitstream according to the corresponding video coding specification and profile.
2. validate that the bitstream is compliant with the bitstream constraints defined in TS 26.265.

For the point 1), the reference video decoder developed by JVET has conformance checks embedded. As a result, one way to achieve this validation is to execute the reference decoder with no picture output and verify the absence of error.
For the point 2), there is a need to programmatically express the constraints defined in TS 26.265 to validate the input bitstream. To this end, the input bitstream is first parsed and a XML dump of the bitstream is generated which contains the relevant syntax element. Then, the set of VOPS constraints expressed as XML constraints can be validated against this XML representation of the bitstream.
This approach has the advantage of i) being codec agnostic, i.e. the constraint document could be used for any codec, ii) writing constraints does not require to be familiar with language programming, and iii) the bitstream description generated for the validation can be reused for the database in order to search through the different bitstreams.
[bookmark: _Toc221051845]4.2.2 Code repository
The bitstream validator is hosted on the 3GPP forge at this address: https://forge.3gpp.org/rep/sa4/vops/bitstream-validator https://forge.3gpp.org/rep/sa4/ts-26.265/conformance/bitstream-validator 
[bookmark: _Toc221051846]4.2.3 Usage
The project folder contains two main assets which are:
· The Python module to execute the validation (/sa4_bitstream_validator)
· The folder containing XML schema defining VOPS operation points constraints (/bitstream_rules)
The first step to validate a bitstream is to generate its XML description via the command ‘dump’.
$ python -m sa4_bitstream_validator dump bitstream_path description.xml
For example, here is at the beginning of the description file using the Hummingbird_Spatial sequence in clause 5.1.2.2.
<?xml version="1.0" ?>
<HEVCBitstream uri=".\test_files\hummingbird_spatial.265">
  <NALUnit>
    <startCode>00000001</startCode>
    <forbidden_zero_bit>0</forbidden_zero_bit>
    <nal_unit_type>32</nal_unit_type>
    <nuh_layer_id>0</nuh_layer_id>
    <nuh_temporal_id_plus1>1</nuh_temporal_id_plus1>
    <payload>6 59</payload>
    <VideoParameterSet>
      <vps_video_parameter_set_id>0</vps_video_parameter_set_id>
      <vps_base_layer_internal_flag>1</vps_base_layer_internal_flag>
      <vps_base_layer_available_flag>1</vps_base_layer_available_flag>
      <vps_max_layers_minus1>1</vps_max_layers_minus1>
      <vps_max_sub_layers_minus1>0</vps_max_sub_layers_minus1>
      <vps_temporal_id_nesting_flag>1</vps_temporal_id_nesting_flag>
      <vps_reserved_0xffff_16bits>65535</vps_reserved_0xffff_16bits>
      <general_profile_space>0</general_profile_space>
      <general_tier_flag>0</general_tier_flag>
      <general_profile_idc>1</general_profile_idc>
      <general_profile_compatibility_flag j="0">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="1">1</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="2">1</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="3">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="4">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="5">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="6">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="7">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="8">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="9">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="10">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="11">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="12">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="13">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="14">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="15">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="16">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="17">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="18">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="19">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="20">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="21">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="22">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="23">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="24">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="25">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="26">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="27">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="28">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="29">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="30">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="31">0</general_profile_compatibility_flag>
      <general_progressive_source_flag>1</general_progressive_source_flag>
      <general_interlaced_source_flag>0</general_interlaced_source_flag>
      <general_non_packed_constraint_flag>1</general_non_packed_constraint_flag>
      <general_frame_only_constraint_flag>1</general_frame_only_constraint_flag>
      <general_reserved_zero_7bits>0</general_reserved_zero_7bits>
      <general_one_picture_only_constraint_flag>0</general_one_picture_only_constraint_flag>
      <general_reserved_zero_35bits>0</general_reserved_zero_35bits>
      <general_inbld_flag>0</general_inbld_flag>
      <general_level_idc>120</general_level_idc>
    </VideoParameterSet>
  </NALUnit>
  <NALUnit>
    <startCode>00000001</startCode>
    <forbidden_zero_bit>0</forbidden_zero_bit>
    <nal_unit_type>33</nal_unit_type>
    <nuh_layer_id>0</nuh_layer_id>
    <nuh_temporal_id_plus1>1</nuh_temporal_id_plus1>
    <payload>71 29</payload>
    <SequenceParameterSet>
      <sps_video_parameter_set_id>0</sps_video_parameter_set_id>
      <sps_max_sub_layers_minus1>0</sps_max_sub_layers_minus1>
      <sps_temporal_id_nesting_flag>1</sps_temporal_id_nesting_flag>
      <general_profile_space>0</general_profile_space>
      <general_tier_flag>0</general_tier_flag>
      <general_profile_idc>1</general_profile_idc>
      <general_profile_compatibility_flag j="0">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="1">1</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="2">1</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="3">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="4">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="5">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="6">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="7">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="8">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="9">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="10">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="11">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="12">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="13">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="14">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="15">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="16">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="17">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="18">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="19">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="20">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="21">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="22">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="23">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="24">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="25">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="26">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="27">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="28">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="29">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="30">0</general_profile_compatibility_flag>
      <general_profile_compatibility_flag j="31">0</general_profile_compatibility_flag>
      <general_progressive_source_flag>1</general_progressive_source_flag>
      <general_interlaced_source_flag>0</general_interlaced_source_flag>
      <general_non_packed_constraint_flag>1</general_non_packed_constraint_flag>
      <general_frame_only_constraint_flag>1</general_frame_only_constraint_flag>
      <general_reserved_zero_7bits>0</general_reserved_zero_7bits>
      <general_one_picture_only_constraint_flag>0</general_one_picture_only_constraint_flag>
      <general_reserved_zero_35bits>0</general_reserved_zero_35bits>
      <general_inbld_flag>0</general_inbld_flag>
      <general_level_idc>120</general_level_idc>
      <sps_seq_parameter_set_id>0</sps_seq_parameter_set_id>
      <chroma_format_idc>1</chroma_format_idc>
      <pic_width_in_luma_samples>1920</pic_width_in_luma_samples>
      <pic_height_in_luma_samples>1088</pic_height_in_luma_samples>
      <conformance_window_flag>1</conformance_window_flag>
      <conf_win_left_offset>0</conf_win_left_offset>
      <conf_win_right_offset>0</conf_win_right_offset>
      <conf_win_top_offset>0</conf_win_top_offset>
      <conf_win_bottom_offset>4</conf_win_bottom_offset>
      <bit_depth_luma_minus8>0</bit_depth_luma_minus8>
      <bit_depth_chroma_minus8>0</bit_depth_chroma_minus8>
      <log2_max_pic_order_cnt_lsb_minus4>7</log2_max_pic_order_cnt_lsb_minus4>
      <sps_sub_layer_ordering_info_present_flag>0</sps_sub_layer_ordering_info_present_flag>
      <sps_max_dec_pic_buffering_minus1 i="0">4</sps_max_dec_pic_buffering_minus1>
      <sps_max_num_reorder_pics i="0">2</sps_max_num_reorder_pics>
      <sps_max_latency_increase_plus1 i="0">0</sps_max_latency_increase_plus1>
      <log2_min_luma_coding_block_size_minus3>0</log2_min_luma_coding_block_size_minus3>
      <log2_diff_max_min_luma_coding_block_size>2</log2_diff_max_min_luma_coding_block_size>
      <log2_min_luma_transform_block_size_minus2>0</log2_min_luma_transform_block_size_minus2>
      <log2_diff_max_min_luma_transform_block_size>3</log2_diff_max_min_luma_transform_block_size>
      <max_transform_hierarchy_depth_inter>1</max_transform_hierarchy_depth_inter>
      <max_transform_hierarchy_depth_intra>0</max_transform_hierarchy_depth_intra>
      <scaling_list_enabled_flag>1</scaling_list_enabled_flag>
      <sps_scaling_list_data_present_flag>0</sps_scaling_list_data_present_flag>
      <amp_enabled_flag>0</amp_enabled_flag>
      <sample_adaptive_offset_enabled_flag>1</sample_adaptive_offset_enabled_flag>
      <pcm_enabled_flag>0</pcm_enabled_flag>
      <num_short_term_ref_pic_sets>0</num_short_term_ref_pic_sets>
      <long_term_ref_pics_present_flag>0</long_term_ref_pics_present_flag>
      <sps_temporal_mvp_enabled_flag>1</sps_temporal_mvp_enabled_flag>
      <strong_intra_smoothing_enabled_flag>0</strong_intra_smoothing_enabled_flag>
      <vui_parameters_present_flag>0</vui_parameters_present_flag>
      <sps_extension_present_flag>0</sps_extension_present_flag>
    </SequenceParameterSet>
  </NALUnit>
…
</HEVCBitstream>
Then followed by the validation step of the XML description generated by the previous step:
$ python -m sa4_bitstream_validator validate description.xml bitstream_rules/a_vops_operation_point.xsd
[bookmark: _Toc221051847]4.2.4 VOPS operation points as XML schema
As explained above, the validation of VOPS bitstream constraints are implemented as XML schema applied to XML description of the tested bitstreams.
The folder /bitstream_rules collects those XML schemas. Those XML schemas use the specification XSD 1.1 which provides the ability to express assertions with the element xs:assert. In addition, the XML schema which described the HEVC XML structure is defined in the hevc.xsd which can be included in each VOPS operation point schemas for efficient reuse.
Here is for example of XML schema “3gpp-mv-hevc_stereo.xsdvops_3gpp-mv-hevc-stereo.xsd” as of commit (63d4281cc99a10f8):
<?xml version="1.0" encoding="UTF-8"?>
<xs:schema
  xmlns:xs="http://www.w3.org/2001/XMLSchema"
  xmlns:vc="http://www.w3.org/2007/XMLSchema-versioning"
  elementFormDefault="qualified"
  attributeFormDefault="unqualified"
  vc:minVersion="1.1">
​
  <xs:include schemaLocation="hevc_common.xsd"/>
  
  <xs:element name="HEVCBitstream">
    <xs:complexType>
      <xs:sequence>
        <xs:element ref="NALUnit" maxOccurs="unbounded"/>
      </xs:sequence>
      <xs:attribute name="uri" type="xs:anyURI"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet)"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet/vps_num_layer_sets_minus1)"/>
      <xs:assert test="NALUnit/VideoParameterSet/vps_num_layer_sets_minus1 >= 1"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j=0])"/>
      <xs:assert test="NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j=0] = 1"/>
      <xs:assert test="exists(NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j > 0][. = 1])"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet/scalability_mask_flag[@i=1])"/>
      <xs:assert test="NALUnit/VideoParameterSet/scalability_mask_flag[@i=1] = 1"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet/InternalVariables/ScalabilityId[@i=1][@j=1])"/>
      <xs:assert test="NALUnit/VideoParameterSet/InternalVariables/ScalabilityId[@i=1][@j=1] = 1"/>
​
      <xs:assert test="exists(NALUnit/VideoParameterSet/default_output_layer_idc)"/>
      <xs:assert test="NALUnit/VideoParameterSet/default_output_layer_idc = 0"/>
​
      <xs:assert test="exists(NALUnit/SequenceParameterSet/chroma_format_idc)"/>
      <xs:assert test="NALUnit/SequenceParameterSet/chroma_format_idc = 1"/>
​
      <xs:assert test="exists(NALUnit/SequenceParameterSet/aspect_ratio_idc)"/>
      <xs:assert test="NALUnit/SequenceParameterSet/aspect_ratio_idc = 1"/>
​
      <xs:assert test="
        (
          exists(NALUnit/SequenceParameterSet/colour_primaries) and
          NALUnit/SequenceParameterSet/colour_primaries = 1 and
          exists(NALUnit/SequenceParameterSet/transfer_characteristics) and
          NALUnit/SequenceParameterSet/transfer_characteristics = 1 and
          exists(NALUnit/SequenceParameterSet/matrix_coeffs) and
          NALUnit/SequenceParameterSet/matrix_coeffs = 1 and
          exists(NALUnit/SequenceParameterSet/chroma_sample_loc_type_top_field) and
          NALUnit/SequenceParameterSet/chroma_sample_loc_type_top_field = 0
        )
        or
        (
          exists(NALUnit/SequenceParameterSet/colour_primaries) and
          NALUnit/SequenceParameterSet/colour_primaries = 9 and
          exists(NALUnit/SequenceParameterSet/transfer_characteristics) and
          (
            NALUnit/SequenceParameterSet/transfer_characteristics = 14 or
            NALUnit/SequenceParameterSet/transfer_characteristics = 16 or
            NALUnit/SequenceParameterSet/transfer_characteristics = 18
          ) and
          exists(NALUnit/SequenceParameterSet/matrix_coeffs) and
          NALUnit/SequenceParameterSet/matrix_coeffs = 9 and
          exists(NALUnit/SequenceParameterSet/chroma_sample_loc_type_top_field) and
          NALUnit/SequenceParameterSet/chroma_sample_loc_type_top_field = 2
        )
      "/>
​
      <xs:assert test="exists(NALUnit/SEI/SEIMessage/payload/three_dimensional_reference_displays_info)"/>
​
      <xs:assert test="NALUnit/SEI/SEIMessage/payload/three_dimensional_reference_displays_info/num_ref_displays_minus1 = 0"/>
​
      <xs:assert test="every $left_view in NALUnit/SEI/SEIMessage/payload/three_dimensional_reference_displays_info/left_view_id
                    satisfies $left_view = NALUnit/VideoParameterSet/view_id_val[@i = $left_view/@i]"/>
​
      <xs:assert test="every $right_view in NALUnit/SEI/SEIMessage/payload/three_dimensional_reference_displays_info/right_view_id
                    satisfies $right_view = NALUnit/VideoParameterSet/view_id_val[@i = number($right_view/@i) + 1] and
                    $right_view != NALUnit/SEI/SEIMessage/payload/three_dimensional_reference_displays_info/left_view_id[@i = $right_view/@i]"/>
​
    </xs:complexType>
  </xs:element>
​
</xs:schema>
​
<?xml version="1.0" encoding="UTF-8"?>
<xs:schema
  xmlns:xs="http://www.w3.org/2001/XMLSchema"
  xmlns:vc="http://www.w3.org/2007/XMLSchema-versioning"
  elementFormDefault="qualified"
  attributeFormDefault="unqualified"
  vc:minVersion="1.1">

  <!-- Require HEVC bitstream schema -->
  <xs:include schemaLocation="hevc_common.xsd"/>
  
  <xs:element name="HEVCBitstream">
    <xs:complexType>
      <xs:sequence>
        <xs:element ref="NALUnit" maxOccurs="unbounded"/>
      </xs:sequence>
      <xs:attribute name="uri" type="xs:anyURI"/>

      <xs:assert test="exists(NALUnit/VideoParameterSet)"/>

      <xs:assert test="exists(NALUnit/VideoParameterSet/vps_num_layer_sets_minus1)"/>
      <xs:assert test="NALUnit/VideoParameterSet/vps_num_layer_sets_minus1 >= 1"/>

      <xs:assert test="exists(NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j=0])"/>
      <xs:assert test="NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j=0] = 1"/>
      <xs:assert test="exists(NALUnit/VideoParameterSet/layer_id_included_flag[@i=1][@j > 0][. = 1])"/>

      <xs:assert test="NALUnit/VideoParameterSet/scalability_mask_flag[@i=1] = 1"/>

      <xs:assert test="exists(NALUnit/SequenceParameterSet/chroma_format_idc)"/>
      <xs:assert test="NALUnit/SequenceParameterSet/chroma_format_idc = 1"/>
      <xs:assert test="exists(NALUnit/SequenceParameterSet/aspect_ratio_idc)"/>
      <xs:assert test="NALUnit/SequenceParameterSet/aspect_ratio_idc = 1"/>
      <!-- TODO: More todos -->
    </xs:complexType>
  </xs:element>

</xs:schema>
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TBD
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[bookmark: _Toc221051852]4.6.1 Overview
	Category
	Name
	Implementation

	3GPP Video Representation Formats
	High-Definition
	none

	3GPP Video Representation Formats
	High Dynamic Range
	none

	3GPP Video Representation Formats
	Stereoscopic format
	none

	Common Bitstream Constraints
	AVC motion-vector constraints
	none

	Common Bitstream Constraints
	AVC rate constraints
	none

	Common Bitstream Constraints
	HEVC progressive constraints
	done

	Common Bitstream Constraints
	HEVC VUI constraints
	work-in-progressnone

	Common Bitstream Constraints
	HEVC frame-packing constraints
	none

	Decoding Capabilities
	AVC-FullHD-Dec
	none

	Decoding Capabilities
	AVC-UHD-Dec
	none

	Decoding Capabilities
	AVC-8K-Dec
	none

	Decoding Capabilities
	HEVC-HD-Dec
	none

	Decoding Capabilities
	HEVC-FullHD-Dec
	none

	Decoding Capabilities
	HEVC-8K-Dec
	none

	Decoding Capabilities
	MV-HEVC-Main-Dual-layers-UHD420-Dec
	Donework-in-progress

	Decoding Capabilities
	MV-HEVC-Ext-Dual-layers-UHD420-Dec
	Donenone

	Decoding Capabilities
	HEVC-Frame-Packed-Stereo-Dec
	none

	Video Operation Points
	3GPP AVC HD Operation Point
	none

	Video Operation Points
	3GPP HEVC HD Operation Point
	none

	Video Operation Points
	3GPP HEVC HDR Operation Point
	none

	Video Operation Points
	3GPP HEVC UHD Operation Point
	none

	Video Operation Points
	3GPP HEVC Stereo Operation Point
	none

	Video Operation Points
	3GPP MV-HEVC-Main Stereo 3GPP MV-HEVC Stereo Operation Point
	work-in-progress

	Video Operation Points
	3GPP MV-HEVC-Ext 3GPP MV-HEVC-Ext Stereo Operation Point
	work-in-progressnone



[bookmark: _Toc221051853][bookmark: _Toc175313604]4.6.2 3GPP Video Representation Formats
4.6.2.1 High-Definition
	Clause
	Statement
	Implementation

	4.4.3.2	High-Definition
	(Picture aspect ratio)

16:9 should be used as it is the only format defined in ITU-R BT-709-6 [bt709]
	none

	4.4.3.2	High-Definition
	(Spatial Resolution width x height)

1920 × 1080 should be used as it is the only format defined in ITU-R BT-709-6 [bt709].
	none

	4.4.3.2	High-Definition
	(Scan Type)

The source scan type of the pictures as defined in clause 7.3 of Rec. ITU-T H.273 shall be progressive.
	none

	4.4.3.2	High-Definition
	(Chroma format indicator)

The chroma format indicator shall be 4:2:0.
	none

	4.4.3.2	High-Definition
	(Bit depth)

The values shall be either 8 or 10 bit. 

	none

	4.4.3.2	High-Definition
	(Bit depth)

The bit depth shall be  the same for all samples.
	none

	4.4.3.2	High-Definition
	(Colour primaries)

Only the value 1, as defined in clause 8.2 of Rec. ITU-T H.273, is permitted.
	none

	4.4.3.2	High-Definition
	(Transfer Characteristics)

Only the value 1, as defined in clause 8.2 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.2	High-Definition
	(Matrix Coefficients)

Only the value 1, as defined in clause 8.2 of Rec. ITU-T H.273, is permitted.
	none

	4.4.3.2	High-Definition
	(Frame rates)

The permitted values are 60, 60/1.001, 50, 30, 30/1.001, 25, 24, 24/1.001 fps.
	none

	4.4.3.2	High-Definition
	(Frame packing)

No frame packing shall be applied.
	none

	4.4.3.2	High-Definition
	(Projection)

No projection shall be used.
	none

	4.4.3.2	High-Definition
	(Sample aspect ratio)

The pixel aspect ratio shall be 1 (square pixel), i.e. only the value 1 as defined in clause 7.3 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.2	High-Definition
	(Chroma sample location type)

The location of the chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273, clause 8.7, shall be set to 0 (chroma samples are horizontally co-sited with and vertically centered between the first luma sample at the top-left corner and the first two luma samples at the top-left corner, respectively).
	none

	4.4.3.2	High-Definition
	(Range)

The restricted video range shall be used.  
	none



4.6.2.2 High Dynamic Range
	Clause
	Statement
	Implementation

	4.4.3.3 High Dynamic Range
	(Picture aspect ratio)

16:9 should be used as it is the only format defined in ITU-R BT-2100-2 [bt2100].
	none

	4.4.3.3 High Dynamic Range
	(Spatial Resolution width x height)

7680 × 4320, 3840 × 2160, 1920 × 1080 are the only formats supported in ITU-R BT-2100-2 [bt2100] and should therefore be used.
	none

	4.4.3.3 High Dynamic Range
	(Scan Type)

the source scan type of the pictures as defined in clause 7.3 of Rec. ITU-T H.273 is progressive
	none

	4.4.3.3 High Dynamic Range
	(Chroma format indicator)

The chroma format indicator shall be 4:2:0.
	none

	4.4.3.3 High Dynamic Range
	(Bit depth)

The permitted value shall be 10 bit.
	none

	4.4.3.3 High Dynamic Range
	(Colour primaries)

Only the value 9 as defined in clause 8.2 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.3 High Dynamic Range
	(Transfer Characteristics)

Only the values 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG) as defined in clause 8.2 of Rec. ITU-T H.273 are permitted.
	none

	4.4.3.3 High Dynamic Range
	(Matrix Coefficients)

Only the value 9 as defined in clause 8.2 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.3 High Dynamic Range
	(Frame rates)

The permitted values are 120, 120/1.001,100, 60, 60/1.001, 50, 30, 30/1.001, 25, 24, 24/1.001 fps.
	none

	4.4.3.3 High Dynamic Range
	(Frame packing)

No frame packing shall be applied.
	none

	4.4.3.3 High Dynamic Range
	(Projection)

No projection shall be used.
	none

	4.4.3.3 High Dynamic Range
	(Sample aspect ratio)

The pixel aspect ratio is 1 (square pixel), i.e. only the value 1 as defined in clause 7.3 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.3 High Dynamic Range
	(Chroma sample location type)

the location of chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273, clause 8.7 shall be set to 2 (chroma samples are co-sited with the luma samples at the top-left corner).
	none

	4.4.3.3 High Dynamic Range
	(Range)

The restricted video range shall be used.  
	none



4.6.2.3 Stereoscopic format
	Clause
	Statement
	Implementation

	4.4.3.4 Stereoscopic format
	(Picture aspect ratio)

Shall be set to 16:9, 1:1.
	none

	4.4.3.4 Stereoscopic format
	(Spatial Resolution width x height)

Should be set to 3840 × 2160, 1920 × 1080, 2048 × 2048, 1024 × 1024. 
	none

	4.4.3.4 Stereoscopic format
	(Scan Type)

The source scan type of the pictures as defined in clause 7.3 of Rec. ITU-T H.273 shall be progressive
	none

	4.4.3.4 Stereoscopic format
	(Chroma format indicator)

The chroma format indicator shall be 4:2:0.
	none

	4.4.3.4 Stereoscopic format
	(Bit depth)

The permitted values are 8 or 10 bit. 8 bit is only permitted for SDR.
	none

	4.4.3.4 Stereoscopic format
	(Colour primaries)
(Transfer Characteristics)
(Matrix Coefficients)

Only the following value combinations are permitted: (1, 1, 1), (9, 14, 9),  (9, 16, 9), and (9, 18, 9) for SDR HD, SDR UHD, HDR PQ, and HDR HLG, respectively.
	none

	4.4.3.4 Stereoscopic format
	(Frame rates)

The permitted values are 60, 60/1.001, 48, 48/1.001, 50, 30, 30/1.001, 25, 24, 24/1.001 fps.
	none

	4.4.3.4 Stereoscopic format
	(Frame packing)

The permitted values are no frame packing, side-by-side, top-and-bottom.
	none

	4.4.3.4 Stereoscopic format
	(Projection)

No projection shall be used.
	none

	4.4.3.4 Stereoscopic format
	(Sample aspect ratio)

The pixel aspect ratio shall be 1 (square pixel), i.e. only the value 1 as defined in clause 7.3 of Rec. ITU-T H.273 is permitted.
	none

	4.4.3.4 Stereoscopic format
	(Chroma sample location type)

For SDR HD, the location of chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273, clause 8.7 shall be set to 0.
For SDR UHD, HDR PQ, and HDR HLG, the location of chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273, clause 8.7, shall be set to 2.
	none

	4.4.3.4 Stereoscopic format
	(Range)

The restricted video range shall be used.  
	none



[bookmark: _Toc221051854]4.6.3 Common Bitstream Constraints
4.6.3.1 AVC Bitstreams
	Clause
	Constraint name
	Statement
	Implementation

	4.5.2 AVC Bitstreams
	motion-vector constraints
	the bitstream does neither include horizontal motion vector component values that exceed the range from −2048 to 2047, inclusive, [...] in units of ¼ luma sample displacement.
	none

	4.5.2 AVC Bitstreams
	motion-vector constraints
	the bitstream does neither include [...], nor does have vertical motion vector component values that exceed the range from −512 to 511, inclusive, in units of ¼ luma sample displacement.
	none

	4.5.2 AVC Bitstreams
	rate constraints
	the maximum VCL Bit Rate is constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively;
	none

	4.5.2 AVC Bitstreams
	rate constraints
	the bitstream does not contain more than 16 slices per picture.
	none



4.6.3.2 HEVC Bitstreams
	Clause
	Constraint name
	Statement
	Implementation

	4.5.3 HEVC Bitstreams
	progressive constraints
	(the active Sequence Parameter Set (SPS))

general_progressive_source_flag shall be set to 1
	done

	4.5.3 HEVC Bitstreams
	progressive constraints
	(the active Sequence Parameter Set (SPS))

general interlaced_source_flag shall 
be set to 0, 
	done

	4.5.3 HEVC Bitstreams
	progressive constraints
	(the active Sequence Parameter Set (SPS))

general_non_packed_constraint_flag shall be set to 1, and

	done

	4.5.3 HEVC Bitstreams
	progressive constraints
	(the active Sequence Parameter Set (SPS))

general_frame_only_constraint_flag shall be set to 1.
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	Video Parameter Sets (VPS) NAL units as defined in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [h265] may be present, but the Bitstream shall be valid if the Receiver ignores the VPS.
	not applicable

	4.5.3 HEVC Bitstreams
	VUI constraints
	The Video Usability Information (VUI) is present in the active Sequence Parameter Set, i.e. the vui_parameters_present_flag shall be set to 1.
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the aspect ratio information is present, i.e. the aspect_ratio_info_present_flag value shall be set to 1,
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the colour parameter information is present, i.e.  video_signal_type_present_flag value shall be set to 1 and the colour_description_present_flag value shall be set to 1.
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

only video range signals are used, i.e. the video_full_range_flag shall be set to 0
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

no overscan signalling is present, i.e. the overscan_info_present_flag shall be set to 0
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the chroma location shall be signalled, i.e. chroma_loc_info_present_flag shall be set to 1
	done but not tested with a bitstream

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the timing information may be present. If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. 
	Proposed to be removed, issue 

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

The frame rate shall not change between two RAPs. fixed_frame_rate_flag value, if present, shall be set to 1
	Proposed to be removed, issue.

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(the active Sequence Parameter Set (SPS))

general_progressive_source_flag shall be set to 1,
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(the active Sequence Parameter Set (SPS))

general interlaced_source_flag shall be set to 0,
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(the active Sequence Parameter Set (SPS))

general_non_packed_constraint_flag shall be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(the active Sequence Parameter Set (SPS))

general_frame_only_constraint_flag shall be set to 1.
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	The frame packing arrangement SEI message shall be present
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of frame_packing_arrangement_type shall be set to either the value of 3 for the side-by-side packing arrangement, or the value of 4 for the top-bottom/over-under packing arrangement.
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of quincunx_sampling_flag shall be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of content_interpretation_type shall be set to either 1  (left view first) or 2 (right view first).
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of spatial_flipping_flag shall be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of frame0_flipped_flag shall be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of field_views_flag shall be set to 0.
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of current_frame_is_frame0_flag shall be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The values of frame0_grid_position_x, frame0_grid_position_y, frame1_grid_position_x, and frame1_grid_position_y, shall each be set to 0
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	(frame packing arrangement SEI message)

The value of upsampled_aspect_ratio_flag shall be set to 0, indicating the presence of full resolution frame packed video and the aspect_ratio_idc shall be set to 1.
	none

	4.5.3 HEVC Bitstreams
	frame-packing constraints
	All parameters of the frame packing arrangement SEI message shall remain the same for the entire bitstream.All parameters of the frame packing arrangement SEI message shall remain the same for the entire bitstream
	none

	4.5.3 HEVC Bitstreams
	VUI constraints
	Video Parameter Sets (VPS) NAL units as defined in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [5] may be present, but the Bitstream shall be valid if the Receiver ignores the VPS.
	not applicable

	4.5.3 HEVC Bitstreams
	VUI constraints
	The Video Usability Information (VUI) is present in the active Sequence Parameter Set for the base layer bitstream (nuh_layer_id == 0), i.e. the vui_parameters_present_flag shall be set to 1.
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the aspect ratio information should be present, i.e. the aspect_ratio_info_present_flag value should be set to 1,
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the colour parameter information is present, i.e.  video_signal_type_present_flag value shall be set to 1 and the colour_description_present_flag value shall be set to 1.
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

only video range signals are used, i.e. the video_full_range_flag shall be set to 0,

	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

no overscan signalling is present, i.e. the overscan_info_present_flag shall be set to 0,
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the chroma location shall be signalled, i.e. chroma_loc_info_present_flag shall be set to 1,
	done

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

the timing information may be present. When the timing information is present, the values of vui_num_units_in_tick and vui_time_scale shall be consistent with the frame rates allowed for each operation point and with the timing information signalled at the system level.
	Proposed to be removed, issue 

	4.5.3 HEVC Bitstreams
	VUI constraints
	(In the VUI)

The frame rate shall not change between two RAPs. fixed_frame_rate_flag value, if present, shall be set to 1.
	Proposed to be removed, issue.



[bookmark: _Toc221051855]4.6.4 Decoding Capabilities
4.6.4.1 AVC-FullHD-Dec
	Clause
	Statement
	Implementation

	5.3.1 AVC Decoding Capabilities
	the capability to decode AVC/ITU-T H.264 Progressive High Profile Level 4.0 [4] bitstreams.the capability to decode AVC/ITU-T H.264 Progressive High Profile Level 4.0 [h264] bitstreams.
	none



4.6.4.2 AVC-UHD-Dec
	Clause
	Statement
	Implementation

	5.3.1 AVC Decoding Capabilities
	the capability to decode AVC/ITU-T H.264 Progressive High Profile Level 5.1 [4] bitstreamsthe capability to decode AVC/ITU-T H.264 Progressive High Profile Level 5.1 [h264] bitstreams [...]
	none

	5.3.1 AVC Decoding Capabilities
	[...] with rate constraints as defined in clause 4.5.2
	none



4.6.4.3 AVC-8K-Dec
	Clause
	Statement
	Implementation

	5.3.1 AVC Decoding Capabilities
	the capability to decode AVC/ITU-T H.264 Progressive High Profile Level 6.1 [4] bitstreamsthe capability to decode AVC/ITU-T H.264 Progressive High Profile Level 6.1 [h264] bitstreams [...]
	none

	5.3.1 AVC Decoding Capabilities
	[...] with motion-vector constraints and rate constraints as defined in clause 4.5.2
	none

	5.3.1 AVC Decoding Capabilities
	[...] and rate constraints as defined in clause 4.5.2
	none



4.6.4.4 HEVC-HD-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [5] with progressive constraints as defined in clause 4.5.3a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [h265] with progressive constraints as defined in clause 4.5.3,

	none

	5.3.2 HEVC Decoding Capabilities
	Or

the capability to decode a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [5] with progressive constraints as defined in clause 4.5.3.a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [h265] with progressive constraints as defined in clause 4.5.3.
	none



4.6.4.5 HEVC-FullHD-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] with progressive constraints as defined in clause 4.5.3a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [h265] with progressive constraints as defined in clause 4.5.3,

	none

	5.3.2 HEVC Decoding Capabilities
	Or

a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] with progressive constraints as defined in clause 4.5.3.the capability to decode a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [h265] with progressive constraints as defined in clause 4.5.3.
	none



4.6.4.6 HEVC-8K-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode bitstreams conforming to HEVC/ITU-T H.265 Main10 Profile, Main Tier, Level 6.1 [5] bitstreams bitstreams conforming to HEVC/ITU-T H.265 Main10 Profile, Main Tier, Level 6.1 [h265] bitstreams [...]
	none

	5.3.2 HEVC Decoding Capabilities
	[...] with progressive and VUI constraints as defined in clause 4.5.3 
	none

	5.3.2 HEVC Decoding Capabilities
	[...] and VUI constraints as defined in clause 4.5.3 
	none

	5.3.2 HEVC Decoding Capabilities
	the bitstream does not exceed the maximum luma picture size in samples of 33,554,432,
	none

	5.3.2 HEVC Decoding Capabilities
	the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
	none



4.6.4.6 HEVC-Frame-Packed-Stereo-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to a bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 6.0 [5] bitstreams [...]
	none

	5.3.2 HEVC Decoding Capabilities
	[...]with frame-packing
	none

	5.3.2 HEVC Decoding Capabilities
	[...] and VUI constraints as defined in clause 4.5.3
	none



4.6.4.7 MV-HEVC-Main-Dual-layers-UHD420-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode bitstreams with an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), [...]
	Donenone

	5.3.2 HEVC Decoding Capabilities
	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Main 10 layer [5],and a single enhancement layer (nuh_layer_id!=0) that is as an HEVC/ITU-T H.265 Multiview Main 10 layer [h265],
	Donenone

	5.3.2 HEVC Decoding Capabilities
	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
	Donenone



4.6.4.8 MV-HEVC-Ext-Dual-layers-UHD420-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode bitstreams with an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id==0),an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), 
	Donenone

	5.3.2 HEVC Decoding Capabilities
	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Extended 10 layer [5].and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Extended 10 layer [h265].
	Donenone

	5.3.2 HEVC Decoding Capabilities
	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
	Donenone



4.6.4.9 HEVC-Frame-Packed-Stereo-Dec
	Clause
	Statement
	Implementation

	5.3.2 HEVC Decoding Capabilities
	the capability to decode a bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 6.0 [h265] bitstreams with frame-packing and VUI constraints as defined in clause 4.5.3 [...]
	none

	5.3.2 HEVC Decoding Capabilities
	[...] with frame-packing and VUI constraints as defined in clause 4.5.3
	none



[bookmark: _Toc221051856]4.6.5 Video Operation Points
4.6.5.1 3GPP AVC HD Operation Point
	Clause
	Statement
	Implementation

	6.2.2 3GPP AVC HD Operation Point
	the Bitstream shall conform to AVC/ITU-T H.264 High Progressive Profile, Level 4.0 [4] bitstreams [...]
	none

	6.2.2 3GPP AVC HD Operation Point
	[...] with rate constraints as defined in clause 4.5.2.
	none

	6.2.2 3GPP AVC HD Operation Point
	the Representation Format included in the Bitstream shall conform to the 3GPP-HD Representation format as defined in clause 4.4.3.2.
	none

	6.2.2 3GPP AVC HD Operation Point
	the Bitstream shall be decodable by a decoder with AVC-FullHD-Dec decoding capabilities.
	none



4.6.5.2 3GPP HEVC HD Operation Point
	Clause
	Statement
	Implementation

	6.3.2 3GPP HEVC HD Operation Point
	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] bitstreams [...]
	none

	6.3.2 3GPP HEVC HD Operation Point
	[...] with progressive and VUI constraints as defined in clause 4.5.3
	none

	6.3.2 3GPP HEVC HD Operation Point
	[...]and VUI constraints as defined in clause 4.5.3
	none

	6.3.2 3GPP HEVC HD Operation Point
	the Representation Format included in the Bitstream shall conform to the 3GPP-HD Representation format as defined in clause 4.4.3.2.
	none

	6.3.2 3GPP HEVC HD Operation Point
	the Bitstream shall be decodable by a decoder with HEVC-FullHD-Dec decoding capabilities.
	none

	6.3.2 3GPP HEVC HD Operation Point
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	none

	6.3.2 3GPP HEVC HD Operation Point
	A square sample aspect ratio (1:1) of the luma samples shall be used. Hence, the aspect_ratio_idc value, if present, shall be set to 1.The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	none

	6.3.2 3GPP HEVC HD Operation Point
	In the VUI, the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
	none

	6.3.2 3GPP HEVC HD Operation Point
	The value of chroma_sample_loc_type_top_field shall be set to 0.
	none

	6.3.2 3GPP HEVC HD Operation Point
	The timing information may be present.

	none

	6.3.2 3GPP HEVC HD Operation Point
	(timing infromation)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	none

	6.3.2 3GPP HEVC HD Operation Point
	(timing infromation)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	none



4.6.5.3 3GPP HEVC HDR Operation Point
	Clause
	Statement
	Implementation

	6.3.3 3GPP HEVC HDR Operation Point
	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] bitstreams [...]
	none

	6.3.3 3GPP HEVC HDR Operation Point
	[...] with progressive and VUI constraints as defined in clause 4.5.3
	none

	6.3.3 3GPP HEVC HDR Operation Point
	[...] and VUI constraints as defined in clause 4.5.3
	none

	6.3.3 3GPP HEVC HDR Operation Point
	the Representation Format included in the Bitstream shall conform to the 3GPP HDR Representation format as defined in clause 4.4.3.3.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	the Bitstream shall be decodable by a decoder with HEVC-FullHD-Dec decoding capabilities as defined in clause 5.3.2.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	A square sample aspect ratio (1:1) of the luma samples shall be used. Hence, the aspect_ratio_idc value, if present, shall be set to 1.The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	In the VUI, the values of colour_primaries and matrix_coeffs each shall be set to 9, [...]
	none

	6.3.3 3GPP HEVC HDR Operation Point
	[...] and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
	none

	6.3.3 3GPP HEVC HDR Operation Point
	The value of the chroma_sample_loc_type_top_field shall be set to 2.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	The timing information may be present.

	none

	6.3.3 3GPP HEVC HDR Operation Point
	(timing information)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	none

	6.3.3 3GPP HEVC HDR Operation Point
	(timing information)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	none



4.6.5.4 3GPP HEVC UHD Operation Point
	Clause
	Statement
	Implementation

	6.3.4 3GPP HEVC UHD
	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.1 [5] bitstreams [...]
	none

	6.3.4 3GPP HEVC UHD
	[...] with progressive and VUI constraints as defined in clause 4.5.3.
	none

	6.3.4 3GPP HEVC UHD
	[...] and VUI constraints as defined in clause 4.5.3.
	none

	6.3.4 3GPP HEVC UHD
	the Representation Format included in the Bitstream shall conform to the 3GPP HDR Representation format as defined in clause 4.4.3.3.
	none

	6.3.4 3GPP HEVC UHD
	the Bitstream shall be decodable by a decoder with HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2.
	none

	6.3.4 3GPP HEVC UHD
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	none

	6.3.4 3GPP HEVC UHD
	A square sample aspect ratio (1:1) of the luma samples shall be used. Hence, the aspect_ratio_idc value, if present, shall be set to 1.The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	none

	6.3.4 3GPP HEVC UHD
	In the VUI, the values of colour_primaries and matrix_coeffs each shall be set to 9, [...]
	none

	6.3.4 3GPP HEVC UHD
	[...] and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
	none

	6.3.4 3GPP HEVC UHD
	The value of the chroma_sample_loc_type_top_field shall be set to 2.
	none

	6.3.4 3GPP HEVC UHD
	The timing information may be present.

	none

	6.3.4 3GPP HEVC UHD
	(timing information)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	none

	6.3.4 3GPP HEVC UHD
	(timing information)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	none



4.6.5.5 3GPP HEVC Stereo Operation Point
	Clause
	Statement
	Implementation

	6.3.5 3GPP HEVC Stereo
	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
	none

	6.3.5 3GPP HEVC Stereo
	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.2 [5] bitstreams [...]
	none

	6.3.5 3GPP HEVC Stereo
	[...] with VUI constraints
	none

	6.3.5 3GPP HEVC Stereo
	[...] with frame-packing constraints as defined in clause 4.5.3.
	none

	6.3.5 3GPP HEVC Stereo
	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
	none

	6.3.5 3GPP HEVC Stereo
	the Bitstream shall be decodable by a decoder with HEVC-Stereo-Dec decoding capabilities as defined in clause 5.3.2.
	none

	6.3.5 3GPP HEVC Stereo
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	none

	6.3.5 3GPP HEVC Stereo
	The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	none

	6.3.5 3GPP HEVC Stereo
	In the VUI, either
-	the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
-	or

-	the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.
	none

	6.3.5 3GPP HEVC Stereo
	The timing information may be present.

	none

	6.3.5 3GPP HEVC Stereo
	(timing information)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	none

	6.3.5 3GPP HEVC Stereo
	(timing information)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	none



4.6.5.6 3GPP MV-HEVC Stereo Operation Point
	Clause
	Statement
	Implementation

	6.3.6.2 Common Bitstream Requirements
	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
	None
Q: Should it be part of the bitstream validation tool?

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall conform to the constraints specified in a dual-layer MV-HEVC decoding capability as defined in this clause 5.3.2 and […]
	None
Q: Is this desirable?
It pulls the bitstream conformances from the capability but this may not ne the original intent. 

	6.3.6.2 Common Bitstream Requirements
	and the progressive 
	done

	6.3.6.2 Common Bitstream Requirements
	[…] and VUI constraints as defined in clause 4.5.3
	donework-in-progress

	6.3.6.2 Common Bitstream Requirements
	The base layer shall conform to the progressive constraints as defined in clause 4.5.3.
	done

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall contain a first output layer set containing the layer (nuh_layer_id = 0) which follows the constraints specified in the HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2.The bitstream shall contain a first output layer set containing the layer (nuh_layer_id = 0) which follows the constraints specified in the HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2.
	donenone

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall contain a second output layer set containing the layer (nuh_layer_id = 0) as output layer and a second layer as output layer which follows the constraints specified in the dual-layer MV-HEVC decoding capability as defined in clause 5.3.2. This second layer corresponds to a scalability dimension of type Multiview.The bitstream shall contain a second output layer set containing the layer (nuh_layer_id = 0) as output layer and a second layer as output layer which follows the constraints specified in the dual-layer MV-HEVC decoding capability.. This second layer corresponds to a scalability dimension of type Multiview.
	N/Anone
(requirements expressed in VPS below)

	6.3.6.2 Common Bitstream Requirements
	The value vps_num_layer_sets_minus1 shall be equal to or greater than 1.
	done

	6.3.6.2 Common Bitstream Requirements
	The value layer_id_included_flag[ 1 ][ 0 ] shall be equal to 1 and there shall be a value of j with j different from 0 for which layer_id_included_flag[ 1 ][ j ] is equal to 1.
	Ddone

	6.3.6.2 Common Bitstream Requirements
	The value of scalability_mask_flag[ 1 ] shall be equal to 1.
	doneNone

	6.3.6.2 Common Bitstream Requirements
	The value of ScalabilityId[ 1 ][ 1 ] shall be derived equal to 1.
	doneNone

	6.3.6.2 Common Bitstream Requirements
	The value of default_output_layer_idc shall be equal to 0.
	doneNone

	6.3.6.2 Common Bitstream Requirements
	The direct_dependency_flag [ j ] [ 0 ] may either be set to 0 or to 1.
	NoneN/A

	6.3.6.2 Common Bitstream Requirements
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	Done

	6.3.6.2 Common Bitstream Requirements
	(In the VUI)
A square sample aspect ratio (1:1) of the luma samples shall be used. Hence, the aspect_ratio_idc value, if present, shall be set to 1.The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	Done

	6.3.6.2 Common Bitstream Requirements
	(In the VUI)
either
-	the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
-	or

-	the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.
	Donenone

	6.3.6.2 Common Bitstream Requirements
	The timing information may be present.
	None

	6.3.6.2 Common Bitstream Requirements
	(timing information)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	None

	6.3.6.2 Common Bitstream Requirements
	(timing information)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	None

	6.3.6.2 Common Bitstream Requirements
	The Bitstream shall include the three_dimensional_reference_displays_info SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [5] with the following constraints:
	DoneNone

	6.3.6.2 Common Bitstream Requirements
	The value of num_ref_displays_minus1 shall be set to 0.
	DoneNone

	6.3.6.2 Common Bitstream Requirements
	The value of the left_view_id [ 0 ] shall be set to the corresponding value defined in the view_id_val parameter.
	DoneNone

	6.3.6.2 Common Bitstream Requirements
	The value of the right_view_id [ 0 ] shall be set to shall be set to the corresponding value defined in the view_id_val parameter and shall be different to the left_view_id [ 0 ].
	DoneNone

	6.3.6.4 3GPP MV-HEVC-Main Stereo
	A 3GPP-MV-HEVC-Main-Stereo Bitstream shall conform to the common 3GPP-MV-HEVC-Stereo bitstream requirements as defined in clause 6.3.6.2 with the dual-layer MV-HEVC decoding capability instantiated as MV-HEVC-Main-Dual-layers-UHD420-Dec as defined in clause 5.3.2.
	DoneNone

	6.3.6.5 3GPP MV-HEVC-Ext Stereo
	A 3GPP-MV-HEVC-Ext-Stereo Bitstream shall conform to the common 3GPP-MV-HEVC-Stereo bitstream requirements as defined in clause 6.3.6.2 with the dual-layer MV-HEVC decoding capability instantiated as MV-HEVC-Ext-Dual-layers-UHD420-Dec as defined in clause 5.3.2.
	Done



4.6.5.7 3GPP MV-HEVC-Ext Stereo Operation Point
	Clause
	Statement
	Implementation

	6.3.6.2 Common Bitstream Requirements
	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
	none

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall conform to the constraints specified in a dual-layer MV-HEVC decoding capability 
	none

	6.3.6.2 Common Bitstream Requirements
	and the progressive and VUI constraints as defined in clause 4.5.3
	none

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall contain a first output layer set containing the layer (nuh_layer_id = 0) which follows the constraints specified in the HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2.
	none

	6.3.6.2 Common Bitstream Requirements
	The bitstream shall contain a second output layer set containing the layer (nuh_layer_id = 0) as output layer and a second layer as output layer which follows the constraints specified in the dual-layer MV-HEVC decoding capability.. This second layer corresponds to a scalability dimension of type Multiview.
	none

	6.3.6.2 Common Bitstream Requirements
	The value vps_num_layer_sets_minus1 shall be equal to or greater than 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The value layer_id_included_flag[ 1 ][ 0 ] shall be equal to 1 and there shall be a value of j with j different from 0 for which layer_id_included_flag[ 1 ][ j ] is equal to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The value of scalability_mask_flag[ 1 ] shall be equal to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The value of ScalabilityId[ 1 ][ 1 ] shall be derived equal to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The value of default_output_layer_idc shall be equal to 0.
	none

	6.3.6.2 Common Bitstream Requirements
	The direct_dependency_flag [ j ] [ 0 ] may either be set to 0 or to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	(In the VUI)
The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	none

	6.3.6.2 Common Bitstream Requirements
	(In the VUI)
either
-	the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
-	or

-	the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.
	none

	6.3.6.2 Common Bitstream Requirements
	The timing information may be present.
	none

	6.3.6.2 Common Bitstream Requirements
	(timing information)

If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed for each operation point. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.
	none

	6.3.6.2 Common Bitstream Requirements
	(timing information)

The frame rate shall not change between two RAPs. fixed_pic_rate_general_flag value, if present, shall be set to 1.
	none

	6.3.6.2 Common Bitstream Requirements
	The Bitstream shall include the three_dimensional_reference_displays_info SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [h265] with the following constraints:
	none

	6.3.6.2 Common Bitstream Requirements
	The value of num_ref_displays_minus1 shall be set to 0.
	none

	6.3.6.2 Common Bitstream Requirements
	The value of the left_view_id [ 0 ] shall be set to the corresponding value defined in the view_id_val parameter.
	none

	6.3.6.2 Common Bitstream Requirements
	The value of the right_view_id [ 0 ] shall be set to shall be set to the corresponding value defined in the view_id_val parameter and shall be different to the left_view_id [ 0 ].
	none

	6.3.6.5 3GPP MV-HEVC-Ext Stereo
	A 3GPP-MV-HEVC-Ext-Stereo Bitstream shall conform to the common 3GPP-MV-HEVC-Stereo bitstream requirements as defined in clause 6.3.6.2 with the dual-layer MV-HEVC decoding capability instantiated as MV-HEVC-Ext-Dual-layers-UHD420-Dec as defined in clause 5.3.2.
	none


[bookmark: _Toc221051857]5	Conformance Material
This subclause gathers all materials e.g. source content, encoding, decoding tools and conformance software.
[bookmark: _Toc221051858]5.1 HEVC Conformance Material
[bookmark: _Toc221051859]5.1.1 Source content
5.1.1.1. Polytech Nantes database
Uncompressed stereoscopic 3D video content dataset which can be used to, for example, generate MV-HEVC conformance streams by Polytech Nantes was pointed to in SA4 contribution [1]. At the time of writing this paper, all the links provided were down. This has already been observed in the past. The content itself, composed of 31 sequences, 1920 x 1080, 10-bit 4:2:2 YUV at 25 fps, was made freely available via the Creative Commons Attribution-ShareAlike License, and hence suitable for 3GPP SA4 purposes.
At the time being the proposal is:
1. Rechecking if this resource gets back online
2. Checking with the source
3. Check if this can be moved to a more stable home.
[bookmark: _Toc221051860]5.1.2 Compressed Bitstreams
5.1.2.1 JVET1
A set of conformance bitstreams (elementary streams) for testing Multiview Extended 10 and Multiview Main 10 profile are provided by JVET [2]. The streams themselves are available for download at [3]. The various parameters of the bitstream including the profile to tested, resolution of content, frame rate and number of frames are tabulated below.
	
	
	
	
	
	
	Base layer profile
	

	Categories
	Subcategory
	Conformance Profile
	Bitstream
	File name
	Resolution
	Main
	Main 10
	Level
	Frame rate (Frames/sec)
	# of frames

	Prediction Structure 
	Inter-view prediction
	Multiview Extended 10 profile
	MVHEVCS-J
	MVHEVCS_J_APPLE_2
	1024x768
	
	X
	4

	30
	300

	(2-view)
	Inter-view prediction
	Multiview Extended 10 profile
	MVHEVCS-K
	MVHEVCS_K_APPLE_2
	1024x768
	
	X
	4

	30
	300

	
	Inter-view prediction
	Multiview Extended profile
	MVHEVCS-L
	MVHEVCS_L_Bytedance_2
	1024x768
	X
	
	4
	30
	300

	
	Inter-view prediction
	Multiview Extended profile
	MVHEVCS-M
	MVHEVCS_M_Bytedance_2
	1024x768
	X
	
	4
	30
	300

	
	Inter-view prediction
	Multiview Main 10 profile
	MVHEVCS-N
	MVHEVCS_N_APPLE_1
	1024x768
	
	X
	4
	30
	300

	
	Inter-view prediction
	Multiview Main 10 profile
	MVHEVCS-O
	MVHEVCS_O_APPLE_1
	1920x1088
	
	X
	4
	30
	300



5.1.2.2 Hummingbird_Spatial
Bitstream and information: https://www.3gpp.org/ftp/tsg_sa/WG4_CODEC/TSGS4_133-e/Docs/S4-251337.zip 
The provided bitstream file, hummingbird_spatial.265, is a stereo MV-HEVC encoded bitstream structured with two layers:
· Layer 0: encoded using the HEVC Main profile, carries the left-eye view.
· Layer 1: encoded using the HEVC Multiview Main profile, carries the right-eye view.
The encoding includes the presence of the three_dimensional_reference_displays_info SEI message.
Figure 5.1.2.1-1 shows the first frame of the captured sequence hummingbird_spatial.265. The left view (coded in layer 0) is shown alongside the right view (coded in layer 1). No frame packing is used; the two views are displayed separately for illustrative purposes.
[image: A close-up of purple flowers

AI-generated content may be incorrect.]
Figure 5.1.2.1-1 First frame (left and right) of the sequence hummingbird_spatial.265
[bookmark: _Toc221051861]5.1.3 External resources
5.1.3.1 MV-HEVC stream
An MV-HEVC UHD streaming example is available at [4]. This stream playable only on specific devices listed on the page.
[bookmark: _Toc221051862]5.1.4 Reference Software
1. Reference software for non-multiview content is HM reference software for HEVC [5]
2. For multi-view content the reference software is: HEVC multi-view (MV-HEVC) and 3D video coding (3D-HEVC) extensions HTM reference software [6]
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[bookmark: _Toc221051864]Annex A – Background on other validations by 
[bookmark: _Toc221051865]A.1 Background on the DASH-IF conformance suite
The DASH-IF Conformance test suite [7] is a collection of tools to validate DASH MPD and segments. For segments, the ISOSegmentValidator parses ISOBMFF segments and validates their structures. Since NAL units can be present in decoder configuration box, this tool has some parsing functionality of NAL units. However, it does not implement video bitstream validation.
Other open-source tools such as GPAC and its MP4Box tool have the capability to parse NAL units and optionally to dump to an XML format the content of a video bitstream.
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