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Foreword
ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the development of International Standards through technical committees established by the respective organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of the joint technical committee is to prepare International Standards. Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
Amendment 1 to ISO/IEC 14496‑15:2013 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information Technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.
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In 8.4.1.1.1 replace the following text
An HEVC visual sample entry shall contain an HEVC Configuration Box, as defined below. This includes an HEVCDecoderConfigurationRecord, as defined in 5.3.3.1.
With
An HEVC visual sample entry shall contain an HEVC Configuration Box, as defined below. This includes an HEVCDecoderConfigurationRecord, as defined in 8.3.3.1.

In 8.4.1.1.3 replace the following text
HEVCDecoderConfigurationRecord is defined in 5.3.3
With
HEVCDecoderConfigurationRecord is defined in 8.3.3
[bookmark: _Toc374356449][bookmark: _Toc374356452][bookmark: _Toc374356656][bookmark: _Toc374356657][bookmark: _Toc374356659]
Add the following text to clause 9
1. [bookmark: _Toc374356446]SHVC/MV-HEVC elementary stream and sample definitions
0.1 [bookmark: _Toc374356447]Introduction
This clause specifies the storage format of SHVC or MV-HEVC data. It extends the definitions of the storage format of HEVC in clause 8. SHVC and MV-HEVC both use the same layered design. This clause uses a generic name, layered-HEVC (L-HEVC), for all HEVC extensions that use the same layered design.
The file format for storage of L-HEVC content, as defined in this clause and Annexes Annex A to Annex D uses the existing capabilities of the ISO base media file format and the plain HEVC file format (i.e. the file format specified in clause 8). In addition, the following structures or extensions, among others, to support L-HEVC-specific features are used:
Aggregator:
a structure to enable efficient scalable grouping of NAL units by changing irregular patterns of NAL units into regular patterns of aggregated data units.
NOTE: When compared to Aggregators for AVC/SVC/MVC, the syntax and semantics of the NAL unit header syntax element in the L-HEVC aggregator has been modified and the scope of the aggregator has been constrained.
Extractor:
a structure to enable efficient extraction of NAL units from other tracks than the one containing the media data.
NOTE: When compared to Extractors for AVC/SVC/MVC, the syntax and semantics of the NAL unit header of L-HEVC Extractors has been modified.
HEVC compatibility:
a provision for storing an L-HEVC bitstream in an HEVC compatible manner, such that the HEVC compatible base layer can be used by any plain HEVC file format compliant reader.
AVC compatibility
a provision for storing an L-HEVC bitstream in an AVC compatible manner, such that an AVC compatible base layer can be used by any plain AVC file format compliant reader.
An L-HEVC bitstream is a collection of layers where each layer helps to scale the visual presentation in quality, resolution, frame rate, views, depth, and such. A collection of related layers are grouped together as layer sets. A layer in any layer set is uniquely identified by their layer identifier (L-id). A layer may be a member of one or more layer sets. NAL units belonging to a layer can be further partitioned based on their temporal identifier (T-id). Each such partition is called a sub-layer.
One, some, or all of the layers in a layer-set can be marked for output. Layer sets that are associated with a marking of their output layer(s) is an output layer set. An output layer set adheres to some specified profile, level, and tier constraints. Output layer sets associated with a range of T-id values from 0 to a selected maximum T-id value, inclusive, is called an operation point. An operation point represents a portion of an L-HEVC bit stream which can be obtained by sub-bitstream extraction process. Every valid operation point can be decoded independent of other operation points. [Ed. (YK): Need to check which of these terms are needed (some of them are in section 3 already), and then put those needed, with carefully checked wording, in section 3. Can be done later.]
The support for L-HEVC includes a number of tools, and there are various ‘models’ of how they might be used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are the following:
1. all the layers in one track;
2. each layer in its own track;
3. a hybrid, one track containing all layer, and one or more single-layer tracks each containing a layer that can be independently coded;
4. the expected operation points each in a track (e.g. the HEVC base, a stereo pair, a multiview scene).
[Ed. (YK): Note that in other parts of this spec we have used "operating point". Need to check whether to align with other parts of this spec or with the video coding spec.]
The L-HEVC file format allows storage of one or more layers into a track. Storage of multiple layers per track can be used, e.g., when a content provider wants to provide a multi-layer bitstream that is not intended for subsetting or when the bitstream has been created for a few pre-defined sets of output layers where each layer corresponds to a view (such as 1, 2, 5, or 9 views) where tracks can be created accordingly.
When an L-HEVC bitstream is represented by multiple tracks and a player uses an operation point that contains data in multiple tracks, the player must reconstruct L-HEVC access units before passing them to the L-HEVC decoder. An L-HEVC operation point may be explicitly represented by a track, i.e., each sample in the track contains an access unit, where some or all NAL units of the access unit may be contained in or referred to by extractor and aggregator NAL units. If the number of operation points is large, it may be space-consuming and impractical to create a track for each operation point. In such a case, L-HEVC access units are reconstructed as specified in 9.7.2.
0.2 Overview of L-HEVC Storage
The storage of L-HEVC bit streams is supported by structures such as the sample entry, operation point information (‘oinf’) box, and track content (‘tcon’) box. The structures within a sample entry provide information for the decoding or use of the samples, in this case coded video information, that are associated with that sample entry. The oinf box records information about operation points such as the layers and sub-layers that constitute the operation point, dependencies (if any) between them, the profile, level, and tier parameter of the operation point, and other such operation point relevant information. The ‘tcon’ lists all the layers and sub-layers carried in each of the track. The information in the ‘oinf’ box and the ‘tcon’ box is sufficient for a reader to choose an operation point in accordance with its capabilities, identify the tracks that contain the relevant layers needed to decode the chosen operation point, and efficiently extract sub-bitstreams in the operation point.
0.3 [bookmark: _Toc374356658]L-HEVC Track Structure
L-HEVC streams are stored in accordance with 8.2, with the following definition of an L-HEVC video elementary stream:
· L-HEVC video elementary streams shall contain all video coding related NAL units (i.e. those NAL units containing video data or signalling video structure) with nuh_layer_id greater than or equal to 0 and may contain non-video coding related NAL units such as SEI messages and access unit delimiter NAL units. Furthermore, Aggregators (see A.2) or Extractors (see A.3) may be present. Aggregators and Extractors shall be processed as defined in this International Standard (e.g. shall not directly be placed in the output buffer while accessing the file). Other NAL units that are not expressly prohibited may be present, and if they are unrecognized they should be ignored (e.g. not placed in the output buffer while accessing the file).
L-HEVC streams shall not be stored using associated parameter set streams.
0.4 [bookmark: _Toc374356660]Use of the plain HEVC File Format
The L-HEVC file format is an extension of the plain HEVC file format defined in clause 8. The base layer of L-HEVC, if coded using the HEVC specification, shall conform to the HEVC file format as specified in this standard.
0.5 Use of the plain AVC File Format
The L-HEVC file format supports a hybrid codec configuration where the base layer is coded using an AVC encoder. The base layer of L-HEVC, if coded using the AVC specification, shall conform to the AVC file format as specified in this standard.
0.6 [bookmark: _Toc374356662]Sample and configuration definition
0.6.1 Introduction
An L-HEVC sample is a collection of picture units; a picture unit contains VCL and associated non-VCL NAL units of a coded picture in an L-HEVC access unit. An access unit is defined in ISO/IEC 23008-2. A sample of a track contains picture units of only those layers that are contained in the track.
0.6.2 Canonical Order and Restriction
0.6.2.1 Restrictions
The following restrictions apply to L-HEVC data in addition to the requirements in clause 8.3.2.
· VCL NAL units: All VCL NAL units within one access unit and belonging to the layers contained in a track shall be contained in the sample that has same composition time as that of the pictures represented by the access unit. An L-HEVC sample shall contain at least one VCL NAL unit.
· Aggregators/Extractors: Each aggregator is allowed to aggregate NAL units belonging to picture unit only. The order of all NAL units included in an Aggregator or referenced by an Extractor is exactly the decoding order as if these NAL units were present in a sample not containing Aggregators/Extractors. After processing the Aggregator or the Extractor, all NAL units must be in valid decoding order as specified in ISO/IEC 23008-2.
· Carriage of AVC coded base layer track: An AVC coded base layer shall always be carried in a track of its own, and shall consist of AVC samples as specified in this International Standard.
0.6.2.2 Decoder Configuration Record
When the decoder configuration record defined in clause 8.3.3.1 is used for a stream that can be interpreted as either an L-HEVC or HEVC stream, the HEVC decoder configuration record shall reflect the properties of the HEVC compatible base layer, e.g. it shall contain only parameter sets needed for decoding the HEVC base layer.
The LHEVCDecoderConfigurationRecord  is structurally similar to the HEVCDecoderConfigurationRecord except for some additional fields. The syntax is as follows:
aligned(8) class LHEVCDecoderConfigurationRecord {
	unsigned int(8) configurationVersion = 1;
	unsigned int(2) general_profile_space;
	unsigned int(1) general_tier_flag;
	unsigned int(5) general_profile_idc;
	unsigned int(32) general_profile_compatibility_flags;
	unsigned int(48) general_constraint_indicator_flags;
	unsigned int(8) general_level_idc;
	bit(1) complete_representation;	bit(3) reserved = ‘111’b;
	unsigned int(12) min_spatial_segmentation_idc;
	bit(6) reserved = ‘111111’b;
	unsigned int(2) parallelismType;
	bit(6) reserved = ‘111111’b;
	unsigned int(2) chromaFormat;
	bit(5) reserved = ‘11111’b;
	unsigned int(3) bitDepthLumaMinus8;
	bit(5) reserved = ‘11111’b;
	unsigned int(3) bitDepthChromaMinus8;
	bit(16) avgFrameRate;
	bit(2) constantFrameRate;
	bit(3) numTemporalLayers;
	bit(1) temporalIdNested;
	unsigned int(2) lengthSizeMinusOne;
	unsigned int(8) numOfArrays;
	for (j=0; j < numOfArrays; j++) {
		bit(1) array_completeness;
		unsigned int(1) reserved = 0;
		unsigned int(6) NAL_unit_type;
		unsigned int(16) numNalus;
		for (i=0; i< numNalus; i++) {
			unsigned int(16) nalUnitLength;
			bit(8*nalUnitLength) nalUnit;
		}
	}
	unsigned int(16) operationPointIdx;
}
The semantics of the fields common to LHEVCDecoderConfigurationRecord, and HEVCDecoderConfigurationRecord remain otherwise unchanged but are further refined as follows: The semantics of general_profile_space, general_tier_flag, general_profile_idc, general_profile_compatibility_flags, general_constraint_indicator_flag and general_level_idc specify the respective values for a particular operation point represented by the track, where the file creator regards that particular operation point as the best use of the track.
The additional fields of LHEVCDecoderConfigurationRecord have the following semantics.
complete_representation: When this flag is set, it indicates that this track contains portion of the L-HEVC bitstream that forms a part of a complete set of encoded information. Tracks where this flag is unset may be removed without any loss of the originally encoded data. 
operationPointIdx: This field signals the index of the operation point documented in the operation point information box. The values of general_profile_space, general_tier_flag, general_profile_idc, general_profile_compatibility_flags, general_constraint_indicator_flag and general_level_idc in LHEVCDecoderConfigurationRecord shall be the same as the respective values of the operationPointIdx-th operation point in the operation point information box.
NOTE	A track may represent more than one output layer set and hence more than one profile. A player can find out which layers are to be decoded and which layers are to be output corresponding to the profile information in LHEVCDecoderConfigurationRecord by investigating the information provided for the operationPointIdx-th operation point in the operation point information box.
NOTE	For each auxiliary picture layer included in the track, it is recommended to include, within nalUnit, an SEI NAL unit containing a declarative SEI message, such as the depth representation information SEI message for depth auxiliary picture layers, specifying characteristics of the auxiliary picture layer.
0.7 [bookmark: _Toc374356663]Derivation from the ISO base media file format
0.7.1 L-HEVC track structure
An L-HEVC stream is represented by one or more video tracks in a file. Each track represents one or more layers of the coded bitstream.
There is a minimal set of one or more tracks that, when taken together, contain the complete set of encoded information. All these tracks shall have the flag “complete_representation” set in all their sample entries. This group of tracks that forms the complete encoded information are called the “complete subset”. The complete encoded information can be retained when the tracks included in the “complete subset” are retained; all other tracks shall be subsets, copies or re-orderings of the complete subset.
Let the lowest operation point be the one of all the operation points that contains NAL units with nuh_layer_id equal to 0 only and TemporalId equal to 0 only. A track that contains the lowest operation point shall be nominated as the ‘scalable base track’. All the other tracks that are part of the same stream shall be linked to this base track by means of a track reference of type ‘sbas’ (scalable base).
For an L-HEVC bitstream with an AVC coded base layer, the AVC coded base layer is always assigned a track of its own and is nominated as the base track. All the other tracks that are part of the same stream shall be linked to this base track by means of a track reference of type ‘sbas’.
All the tracks sharing the same scalable base track must share the same timescale as the scalable base track.
If a layer represented by a track uses another layer represented by another track for inter-layer prediction reference, a track reference of type 'scal' shall be included in the track referring to the source track for inter-layer prediction.
If edits are applied to tracks that contain pictures of an L-HEVC bitstream, edit lists shall be consistent over all tracks affected by the edits.
NOTE	If a track containing parts of an L-HEVC bitstream is removed from a file, tracks that contain 'scal' and 'sbas' track references to the removed track should also be removed.
When the base layer of an L-HEVC bit stream is coded using a non-HEVC coder, the base layer shall be coded as a separate track.
When the base layer is coded using AVC, the base layer track shall be constructed according to the plain AVC file format as defined in clause 5 with one exception; the separate parameter set tracks for the AVC coded base layer shall not be used.
0.7.2 [bookmark: _Ref370314138]Data sharing and reconstruction of an access unit
Different tracks may logically share data. This sharing can take one of the following two forms:
a) The sample data is copied from one track into another track (and possibly compacted or re-interleaved with other data, such as audio). This creates larger overall files, but the low bit rate data may be compacted and/or interleaved with other material, for ease of extraction.
b) There may be instructions on how to perform this copy at the time that the file is read. For this case, Extractors (defined in A.3) are used.
In order to reconstruct an access unit from samples of one or more L-HEVC tracks, the target output layers and the operation point they belong to may need to be determined first.
NOTE	Players can conclude the layers that are required for decoding the determined target output layers from operation point list included in the Operation Point Information box. Tracks that carry the relevant layers for an operation point can be obtained by following the ‘scal’ track references and information in the track contents box.
[Ed: (VMV): It is an open question as to whether the ‘scal’ track reference can be used for both extracting and also indicating layer dependencies. MVC uses it to indicate layer dependencies while in A.3 it is mentioned that this reference is used for extraction.]
If several tracks contain data for the access unit, the alignment of respective samples in tracks is performed based on the sample decoding times, i.e. using the time-to-sample table only without considering edit lists.
An access unit is reconstructed from the respective samples in the required tracks by arranging their NAL units in an order conforming to ISO/IEC 23008-02. The following order provides an outline of the procedure to construct a conforming access unit from samples: [Ed. (MH): The following process is not exactly correct for MV-HEVC/SHVC and hence needs to be updated.]
· All parameter set NAL units (and from the associated elementary stream tracks and/or the sample entries of the tracks).
· All SEI NAL units (and from the associated elementary stream tracks and/or the sample entries of the tracks).
· Pictures in ascending order of nuh_layer_id value. NAL units within a picture are in their appearance order within the sample.
0.7.3 L-HEVC video stream definition
0.7.3.1 Sample entry name and format
0.7.3.1.1 Definition
Types:	‘hvc1’, ‘hev1’, ‘hvc2’, ‘hev2’, ‘lhv1’, ‘lhe1', ‘lhvC’
Container:	Sample Description Box (‘stsd’)
Mandatory:	An 'hvc1', 'hev1', 'hvc2', 'hev2', 'lhv1', or 'lhe1'  sample entry is 
	mandatory [Ed. (MH): The styles (straight '' or curved ‘’) of single quotation mark is used in a mixed way throughout the text. Only one style should be used.]
Quantity:	One or more sample entries may be present
When the sample entry name is ‘lhv1’, the default and mandatory value of array_completeness is 1 for arrays of all types of parameter sets, and 0 for all other arrays. When the sample entry name is ‘lhe1’, the default value of array_completeness is 0 for all arrays.
When the sample entry name is 'lhe1', the following applies:
· If a sample contains at least one IRAP picture as defined in ISO/IEC 23008-2, all parameter sets needed for decoding that sample shall be included either in the sample entry or in that sample itself.
· Otherwise (the sample contains no IRAP picture), all parameter sets needed for decoding that sample shall be included either in the sample entry or in any of the samples since the previous sample containing at least one IRAP picture to that sample itself, inclusive.
If the samples of a track contains a usable HEVC compatible base layer, then an HEVC visual sample entry (‘hvc1’, ‘hev1’, ‘hvc2’, or ‘hev2’) shall be used. Here, the entry shall contain initially an HEVC Configuration Box, possibly followed by an L-HEVC Configuration Box as defined below. The HEVC Configuration Box documents the Profile, Tier, Level, and possibly also parameter sets pertaining to the HEVC compatible base layer as defined by the HEVCDecoderConfigurationRecord. The L-HEVC Configuration Box documents the Profile, Tier, Level, and possibly also parameter sets pertaining to the track containing the L-HEVC compatible enhancement layers as defined by the LHEVCDecoderConfigurationRecord, stored in the L-HEVC Configuration Box.
If the samples of a track do not contain a usable HEVC base layer, then the sample entry type ‘lhv1’, or ‘lhe1' shall be used and the sample entry shall contain an L-HEVC Configuration Box, as defined below. This includes an LHEVCDecoderConfigurationRecord, as defined in this International Standard. 
The lengthSizeMinusOne field in the L-HEVC and HEVC configurations in any given sample entry shall have the same value.
Extractors or aggregators may be used for NAL units with nuh_layer_id greater than 0 regardless of the sample entry type, i.e. also in 'hvc1' and 'hev1 tracks. The ‘extra_boxes’ in an 'hvc1', 'hev1', 'hvc2' or 'hev2' sample entry may be an L-HEVCConfigurationBox or other extension boxes.
NOTE	When HEVC compatibility is indicated, it may be necessary to indicate an unrealistic level for the HEVC base layer, to accommodate the bit rate of the entire stream, because all the NAL units are considered as included in the HEVC base layer and hence may be fed to the decoder, which is expected to discard those NAL unit it does not recognize. This case happens when the 'hvc1', 'hev1', 'hvc2', or 'hev2' sample entry is used and both HEVC and L-HEVC configurations are present.
An LHEVCConfigurationBox may be present in an 'hvc1', 'hev1', ‘hvc2’, or ‘hev2’ sample entry. In this case the HEVCLHVCSampleEntry definition below applies.
The following table shows for a video track all the possible uses of sample entries, configurations and the L-HEVC tools (excluding timed metadata, which is always used in another track):
Table 10 – Use of sample entries for HEVC and L-HEVC tracks
	sample entry name
	with configuration records 
	Meaning

	'hvc1' or 'hev1'
	HEVC Configuration Only
	A plain HEVC track without NAL units with nuh_layer_id greater than 0; Extractors and aggregators shall not be present.

	'hvc1' or 'hev1'
	HEVC and L-HEVC Configurations
	An L-HEVC track with both NAL units with nuh_layer_id equal to 0 and NAL units with nuh_layer_id greater than 0; Extractors and aggregators may be present; Extractors shall not reference NAL units with nuh_layer_id equal to 0; Aggregators shall not contain but may reference NAL units with nuh_layer_id equal to 0.

	'hvc2' or 'hev2'
	HEVC Configuration Only
	A plain HEVC track without NAL units with nuh_layer_id greater than 0; Extractors may be present and used to reference NAL units; Aggregators may be present to contain and reference NAL units.

	'hvc2' or 'hev2'
	HEVC and L-HEVC Configurations
	An L-HEVC track with both NAL units with nuh_layer_id equal to 0 and NAL units with nuh_layer_id greater than 0; Extractors and aggregators may be present; Extractors may reference any NAL units; Aggregators may both contain and reference any NAL units. 

	‘lhv1’, 'lhe1'
	L-HEVC Configuration Only
	An L-HEVC track without NAL units with nuh_layer_id equal to 0 and where the track contents are to be a part of an L-HEVC bit stream; Extractors may be present and used to reference NAL units; Aggregators may be present to contain and reference NAL units.



0.7.3.1.2 Syntax
class LHEVCConfigurationBox extends Box(‘lhvC’) {
	LHEVCDecoderConfigurationRecord() LHEVCConfig;
}
class HEVCLHVCSampleEntry() extends HEVCSampleEntry() {
	LHEVCConfigurationBox		lhvcconfig; 
	MPEG4BitRateBox (); 					// optional
	MPEG4ExtensionDescriptorsBox ();	// optional
	extra_boxes				boxes;		// optional
}
// Use this if track is not HEVC compatible
class LHEVCSampleEntry() extends VisualSampleEntry (‘lhv1’, or 'lhe1') {
	LHVCConfigurationBox		lhvcconfig; 

	MPEG4BitRateBox (); 					// optional
	MPEG4ExtensionDescriptorsBox ();	// optional
	Box extra_boxes[];
}
0.7.3.1.3 Semantics
When the stream to which the sample entry applies contains NAL units with nuh_layer_id greater than 0, Compressorname in the base class VisualSampleEntry indicates the name of the compressor used with the value "\014LHEVC Coding" being recommended (\014 is 12, the length of the string “LHEVC Coding” in bytes).
0.7.4 L-HEVC visual width and height
The visual width and height documented in a VisualSampleEntry of a stream containing NAL units with nuh_layer_id greater than 0 is the visual width and height of the HEVC base layer, if the stream is described by a sample entry of type ‘hvc1’, ‘hev1’, ‘hvc2’, ‘hev2’; otherwise it is the visual width and height of the decoded pictures of the highest layer in the track that is marked as an output layer. .
0.7.5 Sync sample
An L-HEVC sample is considered as a sync sample if each coded pictures in the access unit is an IRAP picture without RASL picture, as defined in ISO/IEC 23008-2. Sync samples are documented by the sync sample table, and may be additionally documented by the stream access point ‘sap.’ sample group.

0.7.5.1 Stream Access Point sample group
The ‘sync’ box provides indication of only one type of random access possible in an L-HEVC media stream. There are many other types of random access possible. Annex I of ISO/IEC 14496-12 provides a significant discussion of the different types of random access. Locations in the file bit stream were random access into file format bit stream is possible are called stream access points (SAP). Annex I specifies six types of SAPs with different characteristics. To provide information of all different types of SAPs, a stream access sample group ‘sap ’ specified in ISO/IEC 14496-12 is used.
The ‘sap ’ sample grouping when used in the context of L-HEVC shall set layer_id_method_idc value to 1. The semantics of the field target_layers field follows next.
The field target_layers is 28 bits in length. Each bit in the field represents a layer carried in the track. Since this field is only 28 bits in length, the indication of SAP points in a track is constrained to a maximum of 28 layers. Each bit of this field starting from the LSB shall be mapped to layers carried in the track in ascending order of layer-ids. 
For example, if a track carries layer with layer-ids 4, 10, and 29, then the layer-id 4 is mapped to the least significant bit, the layer-id 10 is mapped to the second least significant bit, and the layer-id 29 maps to the third least significant bit. A value of one in the bit signals that in the sample the mapped layer has an access-unit partition that is a SAP of some type. In the previous example the following table give an example of layer specific SAP information
Table 2: Bit pattern for the target_layer field of the ‘sap ’ sample grouping for an example use case described above.
	Bit pattern of target layers (LSB right most bit)
	Layer-ids (among 4, 10, 29) of SAPs

	000000000000000000000010
	{10}

	000000000000000000000100
	{29}

	000000000000000000000101
	{29, 4}



The type is resolved by following the group_description_index of the sample in the SampleToGroup box. 
0.7.6 Sample groups on random access recovery points and random access points
For video data described by a sample entry of type ‘hvc1’, ‘hev1’, ‘hvc2’, or ‘hev2’, the random access recovery sample group and the stream access point sample group identify random access recovery points and random access points, respectively, for both an HEVC decoder, and an L-HEVC decoder (if any) operating on the entire bitstream.
For video data described by an L-HEVC sample entry type, the random access recovery sample group identifies random access recovery in the entire L-HEVC bitstream and the stream access point sample group identifies random access points in the entire L-HEVC bitstream.
An L-HEVC sample is considered as a random access point if each coded pictures in the access unit is an IRAP picture (with or without RASL pictures) as defined in ISO/IEC 23008-2, and the leading samples in ISO/IEC 14496-12 are samples in which all pictures are RASL pictures as defined in ISO/IEC 23008-2.
0.7.7 Independent and disposable samples box
If it is used in a track which is both HEVC and L-HEVC compatible, then care should be taken that the statements are true no matter what valid subset of the L-HEVC data (possibly only the HEVC data) is used. The ‘unknown’ values (value 0 of the fields sample-depends-on, sample-is-depended-on, and sample-has-redundancy) may be needed if the information varies.
0.7.8 Definition of a sub-sample for L-HEVC
This subclause extends the definition of sub-sample of HEVC in 8.4.8.
For the use of the sub-sample information box (8.7.7 of ISO/IEC 14496-12) in an L-HEVC stream, a sub-sample is defined on the basis of the value of the flags of the sub-sample information box as specified below. The presence of this box is optional; however, if present in a track containing L-HEVC data, it shall have the semantics defined here.
flags specifies the type of sub-sample information given in this box as follows:
0:	NAL-unit-based sub-samples. A sub-sample contains one or more contiguous NAL units.
1:	Decoding-unit-based sub-samples. A sub-sample contains exactly one decoding unit.
2:	Tile-based sub-samples. A sub-sample either contains one tile and the associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the tile, or contains one or more non-VCL NAL units.
3:	CTU-row-based sub-samples. A sub-sample either contains one CTU row within a slice and the associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the CTU row or contains one or more non-VCL NAL units. This type of sub-sample information shall not be used when entropy_coding_sync_enabled_flag is equal to 0.
4:	Slice-based sub-samples. A sub-sample either contains one slice (where each slice may contain one or more slice segments, each of which is a NAL unit) and the associated non-VCL NAL units, if any, or contains one or more non-VCL NAL units.
5:	Picture-based sub-samples. A sub-sample contains one coded picture and the associated non-VCL NAL units.
Other values of flags are reserved.
The subsample_priority field shall be set to a value in accordance with the specification of this field in ISO/IEC 14496-12.
The discardable field shall be set to 1 only if this sample can still be decoded if this sub-sample is discarded (e.g. the sub-sample consists of an SEI NAL unit).
When the first byte of a NAL unit is included in a sub-sample, the preceding length field must also be included in the same sub-sample.
		if(flags == 0) {
			unsigned int(1) SubLayerRefNalUnitFlag;
			unsigned int(1) RapNalUnitFlag;
			unsigned int(1) VclNalUnitFlag;
			unsigned int(1) DiscardableFlag;
			unsigned int(1) NoInterLayerPredFlag;
			unsigned int(6) LayerId;
			unsigned int(3) TempId;
			unsigned int(18) reserved = 0;
		}else if(flags == 1)
			unsigned int(32) reserved = 0;
		else if(flags == 2) {
			unsigned int(2) vcl_idc;
			unsigned int(2) reserved = 0;
			unsigned int(4) log2_min_luma_ctb;
			unsigned int(12) ctb_x;
			unsigned int(12) ctb_y;
		} else if(flags == 3 || flags == 4) {
			unsigned int(2) vcl_idc;
			unsigned int(30) reserved = 0;
		} esle if(flags == 5) {
			unsigned int(1) DiscardableFlag;
			unsigned int(6) VclNalUnitType;
			unsigned int(6) LayerId;
			unsigned int(3) TempId;
			unsigned int(1) NoInterLayerPredFlag;
			unsigned int(1) SubLayerRefNalUnitFlag;
			unsigned int(14) reserved = 0;
		}
SubLayerRefNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are VCL NAL units of a sub-layer non-reference picture as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units in the sub-sample are VCL NAL units of a sub-layer reference picture as specified in ISO/IEC 23008-2.
RapNalUnitFlag equal to 0 indicates that none of the NAL units in the sub-sample has nal_unit_type equal to IDR_W_RADL, IDR_N_LP, CRA_NUT, BLA_W_LP, BLA_W_RADL, BLA_N_LP, RSV_IRAP_VCL22, or RSV_IRAP_VCL23 as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units in the sub-sample have nal_unit_type equal to IDR_W_RADL, IDR_N_LP, CRA_NUT, BLA_W_LP, BLA_W_RADL, BLA_N_LP, RSV_IRAP_VCL22, or RSV_IRAP_VCL23 as specified in ISO/IEC 23008-2.
VclNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are non-VCL NAL units. Value 1 indicates that all NAL units in the sub-sample are VCL NAL units.
DiscardableFlag indicates the discardable_flag value of the VCL NAL units in the sub-sample. All the VCL NAL units in the sub-sample shall have the same discardable_flag value.
NOTE	 that this is not the same definition as the discardable field in the sub-sample information box.
NoInterLayerPredFlag indicates the value of the inter_layer_pred_enabled_flag of the VCL NAL units in the sub-sample. All the VCL NAL units in the sub-sample shall have the same value of inter_layer_pred_enabled_flag.
LayerId indicates the nuh_layer_id value of the NAL units in the sub-sample. All the NAL units in the sub-sample shall have the same nuh_layer_id value.
TempId indicates the TemporalId value of the NAL units in the sub-sample. All the NAL units in the sub-sample shall have the same TemporalId value.
vcl_idc indicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL data, or both, as follows:
0: the sub-sample contains VCL data and does not contain non-VCL data
1: the sub-sample contains no VCL data and contains non-VCL data
2: the sub-sample may contain both VCL and non-VCL data, which shall be associated with each other. For example, a sub-sample may contain a decoding unit information SEI message followed by the set of NAL units associated with the SEI message.
3: reserved
log2_min_luma_ctb indicates the unit of ctb_x and ctb_y, specified as follows:
0: 8 luma samples
1: 16 luma samples
2: 32 luma samples
3: 64 luma samples
ctb_x specifies the 0-based coordinate of the right-most luma samples of the tile associated with the sub-sample when flags is equal to 2 and vcl_idc is equal to 1 or 2, in units derived from log2_min_luma_ctb as specified above.
ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with the sub-sample when flags is equal to 2 and vcl_idc is equal to 1 or 2, in units derived from log2_min_luma_ctb as specified above.
VclNalUnitType indicates the nuh_unit_type value of the VCL NAL units in the sub-sample. All the VCL NAL units in the sub-sample shall have the same nuh_unit_type value.
0.7.9 Handling non-output samples
All samples in the track shall be given a sensible composition time. If the sample is not output from the decoder, then the normative behaviour of the player shall be to disregard the computed composition time of that sample and carry on to the next sample.	Comment by Malamal Vadakital Vinod Kumar (Nokia-CTO/Tampere): What is the definition of a sensible composition time?
0.8 L-HEVC specific information boxes
The following boxes specify information that relates to multiple layers of an L-HEVC elementary stream. As there may be multiple layers in the L-HEVC elementary stream that may be chosen for output, the information carried in these boxes is not specific to any single track.
0.8.1 The OperationPointsInformationBox ‘oinf’
0.8.1.1 Definition
Box Type:	‘oinf’
Container:	MediaInformationBox (‘minf’) of the ‘oref’ type referenced track 
Mandatory:	Yes in one and only one track of an L-HEVC bit stream
Quantity:	One
Applications are informed about the different operation points and their constitution by using the OperationPointsInformationBox (‘oinf’). Each operation point is related to an output layer set, a max T-ID value, and a profile, level and tier signaling. All these information is captured by the ‘oinf’ box. Apart from these information, this box also provides the dependency information between layers, the types of scalabilities coded in the L-HEVC bit stream, and the dimension identifiers that relate to any particular layer for a given scalability type.
For a set of tracks with a common ‘sbas’ track reference, there shall be only one track among this set that carries the ‘oinf’ box. All tracks with a common ‘sbas’ referenced track shall be linked to the track that carries the ‘oinf’ box by using the ‘oref’ type track reference.
0.8.1.2 Syntax
class OperationPointsInformation extends FullBox(‘oinf’, version = 0, 0){ 
	unsigned int(16) scalability_mask
	unsigned int(2) reserved
	unsigned int(6) num_profile_tier_level
	for (i=1; i<=num_profile_tier_level; i++) {
		unsigned int(2) general_profile_space;
		unsigned int(1) general_tier_flag;
		unsigned int(5) general_profile_idc;
		unsigned int(32) general_profile_compatibility_flags;
		unsigned int(48) general_constraint_indicator_flags;
		unsigned int(8) general_level_idc;
	}
	unsigned int(16) num_operation_points
	for (i=0; i<num_operation_points) {
		unsigned int(16) operation_point_id
		unsigned int(8) max_temporal_id; 
		unsigned int(8) layer_count
		for (i=0; i<layer_count; i++) {
			unsigned int(8) ptl_idx
			unsigned int(6) layer_id;
			unsigned int(1) is_outputlayer; 
			unsigned int(1) is_alternate_outputlayer;
		}
	}
	unsigned int(8) max_layer_count
	for (i=0; i<max_layer_count; i++) {
		unsigned int(8) dependent_layerID 
		unsigned int(8) num_layers_dependent_on
		for (j=0; j< num_layers_dependent_on; j++) {
			unsigned int(8) dependent_on_layerID
		}
		for (j = 0; j < 16; j++) {
			if (scalability mask & (1 << j))
				unsigned int(8) dimension_identifier
		}
	}
}

0.8.1.3 Semantics
scalability_mask: This field encodes the scalability types that are represented by the layers. Each bit in the ScalabilityMask field denotes a scalability dimension as coded in the scalability_mask_flag of the VPS extension syntax. A one in a bit position indicates that the scalability dimension is present. 
max_layer_count: The count of all unique layers in all of the operation points carried in the file format bit stream.
dependent_layerID: nuh_layer_id of a layer that may be directly dependent on other layers
num_layers_dependant_on: Number of layers on which a layer with ID equal to dependent_layerID is directly dependent on.
dependent_on_layerID: ID of the layer on which a layer with ID equal to dependent_layerID is dependent on.
dimension_identifier: Set to the value of the dimension_id field as specified in the VPS extension syntax of L-HEVC specifications.
general_profile_space, general_tier_flag, general_profile_idc, general_profile_compatibility_flags, general_constraint_indicator_flags, general_level_idc, are defined in ISO/IEC 23008-2.
layer_count: This field indicates the number of layers that are a part of an operaton point.
is_outputlayer: A flag that indicates if the layer is an output layer or not. A one indicates an output layer.
is_alternate_outputlayer: This flag when set indicates that this layer can be considered as an alternate output layer for this operation point. This flag is set to one if and only if one layer in the operation point has its is_outputlayer flag set.
layerID:  provides the layer id for the layers in the track that is a part of the operation point.
operationPointId: A unique integer identifier for an operation point.
ptl_idx: Signals the one-based index of the listed profile, level, and tier flags for a layer with identifier equal to layer_id. When the value of ptl_idx equals zero for a layer, that layer shall be assumed to have no profile, level, and tier signalled and that layer shall not be an output layer or a layer that is a direct or indirect reference layer of any output layer of the operation point.

0.8.2 The TrackContentInformationBox 
0.8.2.1 Definition
Box Type: 	‘tcon’ 
Container: 	MediaInformationBox (‘minf’)
Mandatory:	Yes in every L-HEVC tracks
Quantity:	One
The list of layers and sub layers a track carries is signalled in the TrackContentBox ‘tcon’. Every L-HEVC track shall carry a ‘tcon’ box.
0.8.2.2 Syntax
class TrackContentsInfoBox extends FullBox(‘tcon’, version = 0, 0)){ 
	unsigned int (2) reserved
	unsigned int (6) num_layers_in_track
	for (i=0; i<num_layers_in_track; i++){
		unsigned int (4) reserved
		unsigned int (6) layer_id
		unsigned int (3) min_sub_layer_id
		unsigned int (3) max_sub_layer_id
	} 
}

0.8.2.3 Semantics
num_layers_in_track: The number of layers carried in this track.
layer_id: Layer ids for the layers carried in this track.
num_sub_layers_in_layer: The number of sub-layers for each layer.
min_sub_layer_id: the minimum TemporalId value for the sub-layers in the layer within the track.
max_sub_layer_id: the maximum TemporalId value for the sub-layers in the layer within the track.
With the information in ‘oinf’ and ‘tcon’, a reader can extract NAL units from one or more tracks relevant for its operation.
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[bookmark: _Toc374356437]HEVC and LHEVC Tile Description
Introduction
ISO/IEC 23008-2 video provides support for coding of rectangular regions called tiles. These regions may have coding dependencies with other tiles from previous coded pictures or may be independently decoded. Tiles can be described as a single rectangular region, usually corresponding to a tile made of one or several slices, or as a set of tiles, corresponding to several tiles coded in a single slice. Tile sets can also be used to describe dependencies between tiles, or describe region of interests spanning over several tiles. This section defines tools to describe and manipulate tiles, including:
· Description of tiles and their temporal coding dependencies with other tiles,
· Track(s) extracting one or several tiles from a bitstream
· Track(s) containing only data from one or several tiles for fast access to a tile over a network.

Description of tiles and tile sets is done through SampleGroupDescription boxes, while association between samples, NALUs and Tiles is done through SampleToGroup and NALUMapEntry boxes. Individual NALUs may be associated to:
· a tile (ie, a tile made of an entire set of slices)
· a set of tiles (ie, a slice containing several tiles)
Sub-tracks are defined by grouping the different tile set for this sub track, using a TileSubTrackGroupBox in the sub-track definition box. 
Each tile of a video track is described using a TileRegionGroupEntry sample description group. Tile sets are identified using TileSetGroupEntry. One Tile as described by groupID may be a member of multiple tile groups. A TileSetGroupEntry can be used to define:
· a set of tiles,
· a set of tiles which are coded by one or several NAL, for example multiple tiles in a slice in HEVC 
· coding dependencies between multiples tiles.
Each of these groups is assigned a unique identifier, which can be used to associate a NALU to a group. Tile Regions and Tile Sets share the same namespace for groupID, scoped by the base HEVC layer; i.e. there shall not be two tile regions or tile sets with the same groupID in any tracks having the same base layer.
Tiles positioning and size are identified using luma samples coordinates.
When used with movie fragments, TileRegionGroupEntry and TileSetGroupEntry can be defined for the duration of the movie fragments, by defining a new SampleGroupDescription box in the track fragment, box as defined in clause 8.9.4 of ISO/IEC 14496-12. However, there shall not be any TileRegionGroupEntry or TileSetGroupEntry in a track fragment that has the same groupID as a TileRegionGroupEntry or TileSetGroupEntry already defined.
NALU Map Entry
[bookmark: _Ref363031105]Definition
The ScalableNALUMapEntry may be used to associate NAL units to groupIds, but is limited to 255 groups maximum. For cases requiring a large number of groups to describe, the NALUMapEntry may be used. Moreover, the NALUMapEntry offers run-length encoding for better compacity.
Syntax
class NALUMapEntry() extends VisualSampleGroupEntry ('nalm') {
 unsigned int(6) reserved = 0;
 unsigned int(1) large_size;
 unsigned int(1) rle;
 if (large_size) {
   unsigned int(16) entry_count;
 } else {
   unsigned int(8) entry_count;
 }
 for (i=1; i<= entry_count; i++)
  if (rle) {
   if (large_size) {
    unsigned int(16) NALU_start_number; 
   } else {
     unsigned int(8) NALU_start_number;
   }
  }
  unsigned int(16) groupID;
 }
}
Semantics
large_size indicates whether the number of NAL units entries in the track samples is represented on 8 or 16 bits.
rle indicates whether run-length encoding is used (1) to assign tile identifiers to NAL units or not (0).
entry_count specifies the number of entries in the map. Note that when rle is equal to 1, the entry_count corresponds to the number of runs where consecutives NAL units are associated with the same tile. When rle is equal to 0, entry_count represents the total number of NAL units.
NALU_start_number is the 1-based NALU index in the sample of the first NALU in the current run associated with groupID.
groupID indicates the corresponding scalable, multiview, tile or tileset group entry, as indicated in the sample group descriptions. If 0, no group is associated to these identified NALUs.
When used with movie fragments, new NALU maps can be defined for the duration of the movie fragments, by defining a new SampleGroupDescription box in the track fragment, box as defined in clause 8.9.4 of ISO/IEC 14496-12. 
TileRegionGroupEntry
Definition
Group Types:	‘trif’
Container:	Sample Group Description Box (‘sgpd’)
Mandatory:	No
Quantity:	Zero or more
Syntax
class TileRegionGroupEntry() extends VisualSampleGroupEntry ('trif')
{
 unsigned int(16) groupID;	
 unsigned int(2)  independent;
 unsigned int(1)  full_frame;
 unsigned int(5)  reserved=0;
 if (!full_frame) {
  unsigned int(16) horizontal_offset;
  unsigned int(16) vertical_offset;
 }
 unsigned int(16) region_width;
 unsigned int(16) region_height;
}
Semantics
groupID is a unique identifier for the tile described by this group. Value 0 is reserved for special use in the ‘nalm’ box.
independent specifies the coding dependencies between this tile and other tiles in the current frame and in reference frames of the same layer. Inter-tile dependencies, if any, are indicated by means of dependency_list in TileSetGroupEntry. This flag takes the following values:
· If independent equals 0, the coding dependencies between this tile and other tiles in the same frame or previous frames is either described at the tile set level or unknown,
· If independent equals 1, there are no temporal coding dependencies between this tile and other tiles in the same frame, no temporal dependencies between this tile and the other tiles with different groupID in any reference frames but there can be coding dependencies between this tile and the tile with the same groupID in the reference frames,
· If independent equals 2, there are no coding dependencies between this tile and other tiles in the same frame, and no coding dependencies between this tile and any other tiles in the reference frames,
· Value 3 is reserved.
full_frame, when set, indicates that this tile is actually a complete frame, in which case region_width and region_height shall be set to the layer luma size, and independent shall be set to 1. This allows expressing dependencies between tiles of a layer to a non-tiled layer using the ‘tsif’ sample group referencing a ‘trif’ sample group with full_frame parameter set to 1.
horizontal_offset and vertical_offset give respectively the horizontal and vertical offsets of the top-left pixel of the rectangular region represented by the tile, relative to the top-left pixel of the frame, in luma samples of the base region.
region_width and region_height give respectively the width and height of the rectangular region represented by the tile, in luma samples of the base region.

For HEVC and LHEVC tile tracks as defined in this standard, the base region used in the TileRegionGroupEntry is the size of the picture to which the tile belongs.
NOTE: for LHEVC streams using spatial scalability and tiling on both the base and enhancement layers, the TileRegionGroupEntry sample descriptions of the base layer will give coordinates expressed in luma samples of the base layer, while the TileRegionGroupEntry sample descriptions of the enhancement layer will give coordinates expressed in luma samples of the enhancement layer.

EDITOR’S NOTE: The TileRegionGroupEntry should be moved to ISO/IEC 14496-12, as agreed during MPEG108. 
TileSetGroupEntry
Definition
Group Types:	‘tsif’
Container:	Sample Group Description Box (‘sgpd’)
Mandatory:	No
Quantity:	Zero or more
Syntax
class TileSetGroupEntry() extends VisualSampleGroupEntry ('tsif') { 
  unsigned int(16) groupID;	 
  int(1) area_description;
  int(2) dependency_list;
  int (5) reserved;
  if (area_description==0) {
    unsigned int(16) tile_count;
    for (i=1; i<= tile_count; i++){ 
      unsigned int(16) tileGroupID;
    }
  } else {
    unsigned int(16) topLeftTileGroupId;
    unsigned int(16) bottomRightTileGroupId;
  }
  if ((dependency_list==1) || (dependency_list==3)) {
    unsigned int(16) dependency_tile_count;
    for (i=1; i<= dependency_tile_count; i++){ 
      unsigned int(16) dependencyTileGroupID;
    }
  if (dependency_list==3) {
   unsigned int(16) idr_dependency_tile_count;
   for (i=1; i<= idr_dependency_tile_count; i++){
    unsigned int(16) idr_dependencyTileGroupID;
   }
  }
 } else if (dependency_list==2) {
    unsigned int(16) topLeftDependencyTileGroupId;
    unsigned int(16) bottomRightDependencyTileGroupId;
 }
}
Semantics
groupID is a unique identifier for the tile set described by this group. Value 0 is reserved for special use in the ‘nalm’ box.
area_description indicates that the tile set is given as a rectangular area described by top-left and bottom-right corner.
dependency_list indicates that a list of dependent tiles for this tile set is given. If set to zero, this implies that there is no temporal coding dependencies between tiles from this set and tiles outside of this set. This ensures that decoding only the tiles from the set and from the dependency list is possible without decoding other tiles. If set to 1, the dependency_list is provided as a list of identifiers for the dependent tiles. If set to 2, the dependency_list is expressed as the bounding box formed by the dependent tiles. If set to 3, an additional list of tile dependencies is given for the case where the sample is a sync sample as defined for this HEVC layer.
tile_count gives the number of tiles defined in this tile set.
tileGroupID indicates the tile groupID value (as defined by a TileRegionGroupEntry) or of the tile set groupID value (as defined by a TileSetGroupEntry) that belongs to this tile set.
topLeftTileGroupId indicates the top left tile groupID value of this tile set.
bottomRightTileGroupId indicates the bottom right tile groupID value of this tile set.
dependency_tile_count indicates the number of tiles or tile sets in the dependency list .
dependencyTileGroupID gives the identifier of a Tile (as defined by a TileRegionGroupEntry) or a Tile Set (as defined by a TileSetGroupEntry) that this tile set depends on.
idr_dependency_tile_count and idr_dependencyTileGroupID: specify the list of Tile Region or Tile Sets this tile set depends on when the sample this tile belongs to is a sync sample as defined for this HEVC layer. [Ed. (JL): "sync" here would rather be SAP than "sync".]
topLeftDependencyTileGroupId indicates the top left tile groupID value of the area on which this tile set depends.
bottomRightDependencyTileGroupId indicates the bottom right tile groupID value of the area on which this tile set depends.
Tile Sub track definition
Introduction
A tile sub track describes one tile or a set of tiles. A tile sub track can include more than one tile or tile set, and in this case can define non-rectangular disjoint regions. 
An additional descriptive attribute ‘tile’ may be used to indicate the sub track is a spatial part of the track. 
	Name	
	Attribute
	Description

	Tiling
	‘tile’
	The sub-track is spatial part or tile of the track.



A tile sub track is defined as a group of tiles or of tile sets using the TileSubTrackGroupBox.
TileSubTrackGroup
Definition
Box Type: 	‘tstb ‘
Container: 	Sub Track Definition box (‘strd’)
Mandatory: 	No
Quantity: 	Zero or more
Syntax
aligned(8) class TileSubTrackGroupBox extends FullBox(‘tstb’, 0, 0) {
   unsigned int(16) item_count;
   for(i = 0; i< item_count; i++) {
     unsigned int(16) tileGroupID;
   }
}
Semantics
The union of tileGroupIDs in this box describes the sub track defined by this box. 
item_count counts the number of tile groups listed in this box.
tileGroupID is the identifier of the tile group (groupID) contained in this sub track. groupID is defined in TileRegionGroupEntry or TileSetGroupEntry.
HEVC and LHEVC Tile Track
Introduction
There are cases where storing independently decodable HEVC (respectively LHEVC) tiles in different tracks may be useful for fast spatial and temporal access to the video content. For such cases, tracks may be created using HEVCTileSampleEntry (respectively LHEVCTileSampleEntry) sample description format.
An HEVC (respectively LHEHC) tile track is a video track for which there is a ‘tbas’ reference to the HEVC (respectively LHEVC) track carrying NALUs of the associated HEVC layer to which the tile(s) belong. The sample description type for an HEVC tile track shall be ‘hvt1’. The sample description type for an LHEVC tile track shall be ‘lht1’.
Neither the samples in the tile track or the sample description box shall contain VPS, SPS or PPS NAL units, these NAL units shall be in the samples or in the sample description box of the track containing the associated layer, as identified by the track reference. Both the HEVC/LHEVC tile track and the track containing the associated layer, as indicated by the ‘tbas’ track reference, may use extractors, as defined in Annex B, to indicate how the original bitstream is reconstructed; presence of extractors in these tracks may be constrained in some application domains.
An HEVC or LHEVC sample stored in a tile track is a complete set of slices for one or more tiles, as defined in ISO/IEC 23008-2. Typically if the track consists of a single tile, only the slice(s) used to code this tile will be found in the sample. A tile track typically includes one TileRegionGroupEntry (single-tile track), or one TileSetGroupEntry and one or more dependent TileRegionGroupEntry this tile set is made of (multi-tile track).
An HEVC sample stored in a tile track is considered as a sync sample if the VCL NAL units in the sample indicate that the coded slices contained in the sample are Instantaneous Decoding Refresh (IDR) slices, Clean Random Access (CRA) slices, or Broken Link Access (BLA) slices.
An LHEVC sample stored in a tile track is considered as a sync sample if the VCL NAL units in the sample are IRAP nal units and the corresponding access unit has no RASL pictures.
Sub-sample and sample grouping defined for regular HEVC (respectively LHEVC) samples have the same definitions for an HEVC (respectively LHEVC) tile sample.
Note: an implementation may decide to decode only a subset of the complete tiles of an HEVC sequence. In this case, it may use the tile dependency information in the TileRegionGroupEntry and TileSetGroupEntry sample group descriptions to discard un-needed tracks or ignore some extractors while decoding the HEVC sequence.
Sample entry name for HEVC tile tracks
Definition
Box Types:	‘hvt1’ 
Container:	Sample Description Box (‘stsd’)
Mandatory:	No 
Quantity:	Zero or more sample entries may be present
This sample entry describes media samples of an HEVC tile track. The width and height of VisualSampleEntry for a tile track (sample entry type hvt1) shall be set to the maximum width and height of the Tile or TileSet contained in the track. The layout information in the track header (i.e., layer , matrix , width  and height ) of a tile track shall be identical to the track header information of the associated base track as identified by the ‘tbas’ track reference, and otherwise ignored. Any ‘clap’ and ‘pasp’ box in an ‘hvt1’ sample description shall be ignored.
Syntax
class HEVCTileSampleEntry() extends VisualSampleEntry (‘hvt1’){
	HEVCTileConfigurationBox	config(); // optional
	MPEG4BitRateBox (); 					// optional
	Box extra_boxes[];				// optional
}
class HEVCTileConfigurationBox extends Box(‘hvtC’) {
	HEVCTileTierLevelConfigurationRecord() HEVCTileTierLevelConfig;
}

aligned(8) class HEVCTileTierLevelConfigurationRecord {
	unsigned int(8) configurationVersion = 1;
	unsigned int(7) reserved;
	unsigned int(1) mcts_tier_flag;
	unsigned int(8) mcts_level_idc;
	unsigned int(8) reserved;
		}
	}
}

Semantics
The HEVCTileSampleEntry shall not contain any HEVCConfigurationBox, SHVCConfigurationBox, MVHEVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes are found in the base HEVC track sample description, as indicated by the ‘tbas’ track reference. Other optional boxes may be included. There are usually as many entries in the SampleDescriptionBox of an HEVC tile track as there are entries in the SampleDescriptionBox of the base HEVC track.
Optionally, the HEVCTileSampleEntry may contain one HEVCTileTierLevelConfigurationRecord, used to indicate the tier and level information in the case the tile or tile set in this tile track is a motion-constrained tile /tile set. 
mcts_tier_flag, mcts_level_idc are set to the values of the fields mcts_tier_flag and mcts_level_idc in the Temporal Motion-constrained tile sets SEI message if the HEVC Tile/HEVC Tile set in a HEVC Tile Track is Temporal Motion-constrained tile sets as defined in ISO/IEC 23008-2. If the HEVC Tile/HEVC Tile set in a HEVC Tile Track is not the same as Temporal Motion-constrained tile sets or Temporal Motion-constrained tile sets SEI message is not in the stream, set an appropriate value according to the Temporal Motion-constrained tile sets SEI as defined in ISO/IEC 23008-2.
The sub-parameters for the MIME type ‘codecs’ parameter for HEVC Tile Track follows the rules defined in annex E of this standard. The decoder configuration record is taken from the base track sample description, as indicated by the ‘tbas’ track reference. If an optional HEVCTileTierLevelConfigurationRecord is present in the tile track, the decoder configuration record fields general_tier_flag  and general_level_idc are set to the values given in the HEVCTileTierLevelConfigurationRecord. The sub-parameters for the MIME type ‘codecs’ parameter are then constructed using this decoder configuration record.

Sample entry name for LHEVC tile tracks
Definition
Box Types:	‘lht1’ 
Container:	Sample Description Box (‘stsd’)
Mandatory:	No 
Quantity:	Zero or more sample entries may be present
This sample entry describes media samples of an LHEVC tile track. The width and height of VisualSampleEntry for an LHEVC tile track (sample entry type ‘lht1’) shall be set to the maximum width and height of the Tile(s) or TileSet(s) contained in the track. The layout information in the track header (i.e., layer , matrix , width  and height ) of a tile track shall be identical to the track header information of the track containing the associated layer as identified by the ‘tbas’ track reference, and otherwise ignored. Any ‘clap’ and ‘pasp’ box or boxes derived from other specifications in an ‘lht1’ sample description shall be ignored.

Syntax
class LHEVCTileSampleEntry() extends VisualSampleEntry (‘lht1’){
	MPEG4BitRateBox (); 					// optional
	Box extra_boxes[];				// optional
}
Semantics
The LHEVCTileSampleEntry shall not contain any LHEVCConfigurationBox, HEVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes are found in the base LHEVC track sample description, as indicated by the ‘tbas’ track reference. Other optional boxes may be included. There are usually as many entries in the SampleDescriptionBox of an LHEVC tile track as there are entries in the SampleDescriptionBox of the base LHEVC track.
The sub-parameters for the MIME type ‘codecs’ parameter for LHEVC Tile Track follow the rules defined in annex E.3 of this standard. The decoder configuration record is taken from the base track sample description, as indicated by the ‘tbas’ track reference. The sub-parameters for the MIME type ‘codecs’ parameter are then constructed using this decoder configuration record.”
[bookmark: _GoBack]

Replace text in Annex A, titled ‘In-stream structures’, with the following text
A.1 [bookmark: _Toc118693418][bookmark: _Toc117242321]Introduction
Aggregators and Extractors are file format internal structures enabling efficient grouping of NAL units or extraction of NAL units from other tracks.
Aggregators and Extractors use the NAL unit syntax. These structures are seen as NAL units in the context of the sample structure. While accessing a sample, Aggregators must be removed (leaving their contained or referenced NAL Units) and Extractors must be replaced by the data they reference. Aggregators and Extractors must not be present in a stream outside the file format.
These structures use NAL unit types reserved for the application/transport layer by ISO/IEC 14496-10.
NOTE	The following is from ISO/IEC 14496-10:
“NOTE – NAL unit types 0 and 24..31 may be used as determined by the application. No decoding process for these values of nal_unit_type is specified in this Recommendation | International Standard.”
NOTE	The following is from ISO/IEC 23008-2:
"NOTE 1 – NAL unit types in the range of UNSPEC48..UNSPEC63 may be used as determined by the application. No decoding process for these values of nal_unit_type is specified in this Specification. Since different applications might use these NAL unit types for different purposes, particular care must be exercised in the design of encoders that generate NAL units with these nal_unit_type values, and in the design of decoders that interpret the content of NAL units with these nal_unit_type values."
A.2 [bookmark: _Toc118693419][bookmark: _Ref151536776][bookmark: _Toc117242322][bookmark: _Ref117244296][bookmark: _Ref201137866]Aggregators
A.2.1 [bookmark: _Toc117242323]Definition
This subclause describes Aggregators, which enable NALU-map-group entries to be consistent and repetitive. (See Annex B).
Aggregators are used to group NAL units belonging to the same sample.
For storage of ISO/IEC 14496-10 video, the following rules apply:
· Aggregators use the same NAL unit header as SVC VCL NAL units, MVC VCL NAL units, or depth VCL NAL units, but with a different value of NAL unit type.
· When the svc_extension_flag of the NAL unit syntax (specified in 7.3.1 of ISO/IEC 14496-10) of an aggregator is equal to 1, the NAL unit header of SVC VCL NAL units is used for the aggregator. Otherwise, the NAL unit header of MVC and depth VCL NAL units is used for the aggregator.
For storage of ISO/IEC 23008-2 video, Aggregators use the NAL unit header as defined in ISO/IEC 23008-2, which has the same syntax for plain HEVC, SHVC, and MV-HEVC. An ISO/IEC 23008-2 aggregator shall not aggregate NAL units belonging to more than one picture unit. 
Aggregators can both aggregate, by inclusion, NAL units within them (within the size indicated by their length) and also aggregate, by reference, NAL units that follow them (within the area indicated by the additional_bytes field within them). When the stream is scanned by an AVC or HEVC file reader, only the included NAL units are seen as “within” the aggregator. This permits an AVC or HEVC file reader to skip a whole set of un-needed NAL units when they are aggregated by inclusion. This also permits an AVC or HEVC reader not to skip needed NAL units but let them remain in-stream when they are aggregated by reference.
Aggregators can be used to group base layer or base view NAL units. If these Aggregators are used in an ‘avc1’, 'hvc1', or 'hev1' track then an aggregator shall not use inclusion but reference of base layer or base view NAL units (the length of the Aggregator includes only its header and the NAL units referenced by the Aggregator are specified by additional_bytes).
When the aggregator is referenced by either an extractor with data_length equal to zero, or by a Map sample group, the aggregator is treated as aggregating both the included and referenced bytes.
An Aggregator may include or reference Extractors. An Extractor may extract from Aggregators. An aggregator must not include or reference another aggregator directly; however, an aggregator may include or reference an extractor which references an aggregator.
When scanning the stream:
a) if the aggregator is unrecognized (e.g. by an AVC or HEVC reader or decoder) it is easily discarded with its included content;
b) if the aggregator is not needed (i.e. it belongs to an undesired layer) it and its contents both by inclusion and reference are easily discarded (using its length and additional_bytes fields);
c) if the aggregator is needed, its header is easily discarded and its contents retained.
An aggregator is stored within a sample like any other NAL unit.
All NAL units remain in decoding order within an aggregator.
A.2.2 [bookmark: _Toc117242324]Syntax
class aligned(8) Aggregator (AggregatorSize) {
	NALUnitHeader();
	unsigned int i = sizeof(NALUnitHeader());
 	unsigned int((lengthSizeMinusOne+1)*8)
		additional_bytes;
	i += lengthSizeMinusOne+1;
	while (i<AggregatorSize) {
		unsigned int((lengthSizeMinusOne+1)*8)
					NALUnitLength;
		unsigned int(NALUnitLength*8) NALUnit;
		i += NALUnitLength+lengthSizeMinusOne+1;
	};
}
A.2.3 [bookmark: _Toc117242325]Semantics
The value of the variable AggregatorSize is equal to the size of the aggregator NAL unit, and the function sizeof(X) returns the size of the field X in bytes.
NALUnitHeader(): the first four bytes of SVC and MVC VCL NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.
nal_unit_type shall be set to the aggregator NAL unit type (type 30 for ISO/IEC 14496-10 video and type 48 for ISO/IEC 23008-2 video).
For an aggregator including or referencing SVC NAL units, the following shall apply.
forbidden_zero_bit and reserved_three_2bits shall be set as specified in ISO/IEC 14496-10.
Other fields (nal_ref_idc, idr_flag, priority_id, no_inter_layer_pred_flag, dependency_id, quality_id, temporal_id, use_ref_base_pic_flag, discardable_flag, and output_flag) shall be set as specified in A.4.
For an aggregator including or referencing MVC NAL units, the following shall apply.
forbidden_zero_bit and reserved_one_bit shall be set as specified in ISO/IEC 14496-10.
Other fields (nal_ref_idc, non_idr_flag, priority_id, view_id, temporal_id, anchor_pic_flag, and inter_view_flag) shall be set as specified in A.5.
For an aggregator including or referencing ISO/IEC 23008-2 NAL units, the following shall apply.
forbidden_zero_bit shall be set as specified in ISO/IEC 23008-2.
additional_bytes: The number of bytes following this aggregator NAL unit that should be considered as aggregated when this aggregator is referenced by an extractor with data_length equal to zero or Map sample group.
NALUnitLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is specified with the lengthSizeMinusOne field.
NALUnit: a NAL unit as specified in ISO/IEC 14496-10, including the NAL unit header. The size of the NAL unit is specified by NALUnitLength.
A.3 [bookmark: _Ref529345250][bookmark: _Toc118693420][bookmark: _Toc117242326]Extractors
A.3.1 [bookmark: _Toc117242327]Definition
This subclause describes Extractors, which enable compact formation of tracks that extract, by reference, NAL unit data from other tracks.
An Aggregator may include or reference Extractors. An Extractor may reference Aggregators. When an extractor is processed by a file reader that requires it, the extractor is logically replaced by the bytes it references. 
For SVC or MVC VCL tracks, the replaced bytes must not contain extractors; an extractor must not reference, directly or indirectly, another extractor.
NOTE	The track that is referenced may contain extractors even though the data that is referenced by the extractor must not.
For HEVC, or LHEVC tracks, those bytes may contain extractors, which shall be recursively extracted. There shall not be any cycle when recursively resolving extractors. 
NOTE An implementation may have to recursively inspect all extractors in order to determine the sample size.
An extractor contains an instruction to extract data from another track, which is linked to the track in which the extractor resides, by means of a track reference of type 'scal'.
The bytes copied shall be one of the following:
a) One entire NAL unit; note that when an Aggregator is referenced, both the included and referenced bytes are copied
b) More than one entire NAL unit
In both cases the bytes extracted start with a valid length field and a NAL unit header.
The bytes are copied only from the single identified sample in the track referenced through the indicated ‘scal’ track reference. The alignment is on decoding time, i.e. using the time-to-sample table only, followed by a counted offset in sample number. Extractors are a media-level concept and hence apply to the destination track before any edit list is considered. (However, one would normally expect that the edit lists in the two tracks would be identical).
A.3.2 [bookmark: _Toc117242328]Syntax
class aligned(8) Extractor () {
	NALUnitHeader();
	unsigned int(8) track_ref_index;
	signed   int(8) sample_offset;
	unsigned int((lengthSizeMinusOne+1)*8)
		data_offset;
	unsigned int((lengthSizeMinusOne+1)*8)
		data_length;
}
A.3.3 [bookmark: _Toc117242329]Semantics
NALUnitHeader(): the first four bytes of SVC and MVC VCL NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.
nal_unit_type shall be set to the extractor NAL unit type (type 31 for ISO/IEC 14496-10 video and type 49 for ISO/IEC 23008-2 video).
For an extractor referencing SVC NAL units, the following shall apply.
forbidden_zero_bit and reserved_three_2bits shall be set as specified in ISO/IEC 14496-10.
Other fields (nal_ref_idc, idr_flag, priority_id, no_inter_layer_pred_flag, dependency_id, quality_id, temporal_id, use_ref_base_pic_flag, discardable_flag, and output_flag) shall be set as specified in A.4.
For an extractor referencing MVC NAL units, the following shall apply.
forbidden_zero_bit and reserved_one_bit shall be set as specified in ISO/IEC 14496-10.
Other fields (nal_ref_idc, non_idr_flag, priority_id, view_id, temporal_id, anchor_pic_flag, and inter_view_flag) shall be set as specified in A.5.
For an extractor referencing ISO/IEC 23008-2 NAL units, the following shall apply.
forbidden_zero_bit shall be set as specified in ISO/IEC 23008-2.
Other fields (nuh_layer_id and nuh_temporal_id_plus1) shall be set as specified in A.6.
track_ref_index specifies the index of the track reference of type ‘scal’ to use to find the track from which to extract data. The sample in that track from which data is extracted is temporally aligned or nearest preceding in the media decoding timeline, i.e. using the time-to-sample table only, adjusted by an offset specified by sample_offset with the sample containing the Extractor. The first track reference has the index value 1; the value 0 is reserved.
sample_offset gives the relative index of the sample in the linked track that shall be used as the source of information. Sample 0 (zero) is the sample with the same, or the closest preceding, decoding time compared to the decoding time of the sample containing the extractor; sample 1 (one) is the next sample, sample -1 (minus 1) is the previous sample, and so on.
data_offset: The offset of the first byte within the reference sample to copy. If the extraction starts with the first byte of data in that sample, the offset takes the value 0. The offset shall reference the beginning of a NAL unit length field.
data_length: The number of bytes to copy. If this field takes the value 0, then the entire single referenced NAL unit is copied (i.e. the length to copy is taken from the length field referenced by the data offset, augmented by the additional_bytes field in the case of Aggregators).
NOTE	If the two tracks use different lengthSizeMinusOne values, then the extracted data will need re-formatting to conform to the destination track’s length field size.
A.4 [bookmark: _Ref166392404][bookmark: _Toc117242330]NAL unit header values for SVC
Both extractors and aggregators use NAL unit headers with the NAL unit header SVC extension. The NAL units extracted by an extractor or aggregated by an aggregator are all those NAL units that are referenced or included by recursively inspecting the contents of aggregator or extractor NAL units.
The fields nal_ref_idc, idr_flag, priority_id, no_inter_layer_pred_flag, dependency_id, quality_id, temporal_id, use_ref_base_pic_flag, discardable_flag, and output_flag shall take the following values:
The fields below shall take the following values:
nal_ref_idc shall be set to the highest values of the fields, respectively, in all the extracted or aggregated NAL units.
idr_flag shall be set to the highest values of the fields, respectively, in all the extracted or aggregated NAL units.
priority_id, temporal_id, dependency_id, and quality_id shall be set to the lowest values of the fields, respectively, in all the extracted or aggregated NAL units.
discardable_flag shall be set to 1 if and only if all the extracted or aggregated NAL units have the discardable_flag set to 1, and set to 0 otherwise.
output_flag should be set to 1 if at least one of the aggregated or extracted NAL units has this flag set to 1, and otherwise set to 0.
use_ref_base_pic_flag shall be set to 1 if and only if at least one of the extracted or aggregated VCL NAL units have the use_ref_base_pic_flag set to 1, and set to 0 otherwise.
no_inter_layer_pred_flag shall be set to 1 if and only if all the extracted or aggregated VCL NAL units have the no_inter_layer_pred_flag set to 1, and set to 0 otherwise. 
If the set of extracted or aggregated NAL units is empty, then each of these fields takes a value conformant with the mapped tier description.
NOTE	Aggregators could group NAL units with different scalability information.
NOTE	Aggregators could be used to group NAL units belonging to a level of scalability which may not be signalled by the NAL unit header SVC extension (e.g. NAL units belonging to a region of interest). The description of such Aggregators may be done with the tier description and the NAL unit map groups. In this case more than one Aggregator with the same scalability information may occur in one sample.
NOTE	If multiple scalable tracks reference the same media data, then an aggregator should group NAL units with identical scalability information only. This ensures that the resulting pattern can be accessed by each of the tracks.
NOTE	If no NAL unit of a particular layer exist in an access unit then an empty Aggregator (in which the length of the Aggregator includes only the header, and additional_bytes is zero) may exist.
A.5 [bookmark: _Ref117239583][bookmark: _Toc117242331]NAL unit header values for MVC
Both Aggregators and Extractors use the NAL unit header MVC extension. The NAL units extracted by an extractor or aggregated by an aggregator are all those NAL units that are referenced or included by recursively inspecting the contents of aggregator or extractor NAL units.
The fields nal_ref_idc, non_idr_flag, priority_id, view_id, temporal_id, anchor_pic_flag, and inter_view_flag shall take the following values:
nal_ref_idc shall be set to the highest values of the field in all the aggregated or extracted NAL units.
non_idr_flag shall be set to the lowest values of the field in all the aggregated or extracted NAL units.
priority_id and temporal_id shall be set to the lowest values of the fields, respectively, in all the aggregated or extracted NAL units.
view_id shall be set to the view_id value of the VCL NAL unit with the lowest view order index among all the aggregated or extracted VCL NAL units.
anchor_pic_flag and inter_view_flag shall be set to the highest value of the fields, respectively, in all the aggregated or extracted VCL NAL units. 
If the set of extracted or aggregated NAL units is empty, then each of these fields takes a value conformant with the mapped tier description. [Ed. (YK): Check whether this is surely existing and correct for MVC.]
A.6 [bookmark: _Ref369683581]NAL unit header values for ISO/IEC 23008-2
Both Aggregators and Extractors use the NAL unit header as specified in ISO/IEC 23008-2. The NAL units extracted by an extractor or aggregated by an aggregator are all those NAL units that are referenced or included by recursively inspecting the contents of aggregator or extractor NAL units.
The fields nuh_layer_id and nuh_temporal_id_plus1 shall be set as follows:
nuh_layer_id shall be set to the lowest value of the field in all the aggregated or extracted NAL units.
nuh_temporal_id_plus1 shall be set to the lowest value of the field in all the aggregated or extracted NAL units.


In Annex E clause.E.3 should be renamed from “HEVC” to “HEVC and derived specifications”
