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[bookmark: _Toc353342667][bookmark: _Toc498610275]Foreword
ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for which a technical committee has been established has the right to be represented on that committee. International organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
The procedures used to develop this document and those intended for its further maintenance are described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different types of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2.  www.iso.org/directives
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent rights identified during the development of the document will be in the Introduction and/or on the ISO list of patent declarations received.  www.iso.org/patents
Any trade name used in this document is information given for the convenience of users and does not constitute an endorsement.
For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment, as well as information about ISO's adherence to the WTO principles in the Technical Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information
The committee responsible for this document is ISO/IEC JTC1 SC29.
[bookmark: _Toc353342668][bookmark: _Toc498610276]Introduction to Amendment 1
This amendment adds support for 
· Low Complexity Enhancement Video Coding (LCEVC).
The notation "Annex Z" is used, where Z will be replaced as appropriate.
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[bookmark: _Toc460950604][bookmark: _Ref454367243][bookmark: _Ref454366015][bookmark: _Toc483909203][bookmark: _Toc483893084][bookmark: _Ref481415660][bookmark: _Ref481941258]

Change 1: Add additional LCEVC profile
[bookmark: _Toc16676367][bookmark: _Toc496581363][bookmark: _Toc16676355][bookmark: _Ref16611660]Annex Z
(normative)

LCEVC media profile and track format
[bookmark: _Toc16676356]Z.1 Dependent CMAF tracks
The LCEVC media profile makes use of Dependent CMAF Tracks, as defined in Clause H.1.
[bookmark: _Toc16676357][bookmark: _Hlk85211094]Z.2 LCEVC CMAF tracks
[bookmark: _Ref16611065]LCEVC CMAF tracks shall conform to clauses ‎7, ‎8, ‎9, and ‎12, and shall additionally conform to the constraints specified in this Annex.
Each LCEVC CMAF track that does not contain the Base Codec VCL NAL units is a dependent CMAF track, and the constraints specified for dependent CMAF tracks in clause H.1 shall apply.  It is expected that the manifest provides signalling to express the dependency of a dependent LCEVC CMAF track on a Base CMAF track, for example, using the @dependencyID in a DASH MPD.
[bookmark: _Toc16676358][bookmark: _Toc496581355][bookmark: _Toc454552937][bookmark: _Toc435203306][bookmark: _Toc435203180][bookmark: _Toc302846793][bookmark: _Toc276405666][bookmark: _Toc308174938][bookmark: OLE_LINK12][bookmark: OLE_LINK11]Z.3 CMAF switching set constraints for LCEVC CMAF tracks and media profiles
[bookmark: _Toc16676361][bookmark: _Toc496581358][bookmark: _Toc447121023][bookmark: _Toc314311164]Z.3.1 General
Subclause ‎9.2.3 applies, and additionally the following constraints apply:
—	Each CMAF track with sample entry 'lvc1' shall conform to the LCEVC media profile and track format as specified in this ‎Annex.
—	Each CMAF track containing a Base bitstream or an LCEVC bitstream or part thereof shall contain exactly one ISO BMFF track with a Base bitstream or an LCEVC bitstream, respectively.  
—	When two CMAF tracks are present for carrying Base and LCEVC bitstreams, the corresponding ISO BMFF tracks shall use distinct track IDs.
—	CMAF switching sets containing a media profile listed in clause Z.6 with sample entry 'lvc1' shall conform to single initialization CMAF switching set constraints.
Each coded video sequence in an LCEVC bitstream shall contain the necessary parameter sets (Sequence Configuration, Global Configuration) to signal decoding parameters changes allowed between CMAF tracks in the same switching set.
Z.3.2 Sample Description Box ('stsd')
Subclauses ‎9.2.4 and ‎9.3.2.2 shall apply with the following additional restrictions:
A decoder configuration record:
—	Shall signal other parameter sets (Sequence Configuration, Global Configuration ) fields used by the video track as specified in ISO/IEC 14496-15:2017, subclause 13.7.4,
—	For a visual sample entry with codingname 'lvc1', shall contain one or more decoding parameter sets (containing Sequence Configuration, Global Configuration NAL units for LCEVC video). Each video sample in the CMAF track shall reference a parameter set in the sample entry.
—	May contain additional SEI NAL units to signal colour encoding and rendering, such as: 
mastering_display_colour_volume, SEI payloadType=1 (ISO/IEC 23094-2, Annex D), or 
content_light_level_inifo, SEI payloadType=2 (ISO/IEC 23094-2, Annex D).
[bookmark: _Hlk85210767]Z.3.3 Track Header Box ('tkhd')
The requirements of ‎7.5.4 apply.
NOTE	Normalized width and height can be derived from a Global Configuration NAL unit in each segment and coded video sequence for 'lvc1' video samples. See ‎9.3.3 and ‎9.3.4 for the storage and semantics of video sequence parameter sets.	Comment by Stefano Battista: To be verified:
do we need to amend 9.3.3 and 9.3.4 for LCEVC?
[bookmark: _Hlk85210812]Z.3.4 Access units
Clause ‎9.2.6 applies.
Access units shall conform to the requirements of a sample of the indicated description ('lvc1') as specified in ISO/IEC 14496-15.
CMAF fragments containing samples identified by the 'lvc1' type shall contain all Sequence Configuration, Global Configuration NAL units referenced by a coded video sequence in the first access unit of that sequence, immediately following its first access unit delimiter NAL (if any).
NOTE	Access units of type 'lvc1' can retain filler data (NAL units or SEI messages) and SEI messages that would change hypothetical reference decoder bitstream conformance if such conformance is necessary, such as the case where bitstreams are to be repackaged and conformance tested in MPEG-2 transport streams.
Z.3.5 Decoding of adaptively switched LCEVC CMAF tracks
Subclause ‎6.6.6 applies to switching between single-layer bitstreams, wherein a “conceptual” track is generated by concatenating segments from the Base track (e.g. AVC, HEVC, EVC, VVC) and the Enhancement LCEVC track among which the switching occurs. Once the multiple “conceptual” tracks are generated, the process specified in ISO/IEC 14496-15:2017, clause 13 is applied to construct the bitstream to be decoded by the video decoder.
Z.4 Sample and CMAF fragment constraints
[bookmark: _Hlk85211174]Z.4.1 Storage of LCEVC elementary streams
[bookmark: _Hlk85211256]Z.4.1.1 Conformance
Low Complexity Enhancement Video Coding (LCEVC) video tracks shall comply with ISO/IEC 14496-15:2017, clause 13, with the following constraints:
—	Each track shall carry either the Base Layer and the Enhancement Layer, or only one layer (either Base or Enhancement).
—	Aggregators (as defined in ISO/IEC 14496-15:2017, Annex A) shall not be included in any track.
[bookmark: _Hlk92745859]The Base Layer (coded according to any specification, e.g. AVC, HEVC, EVC, VVC) shall be stored as described in the respective clause of the CMAF specification, where applicable, e.g. for AVC subcluse 9.4.1, for HEVC subclause ‎B.3.1.
Z.4.1.2 Visual sample entry
The Base track’s syntax and values for a visual sample entry shall conform to any regular (independent) sample entry, e.g. 'avc1', 'hev1', 'evc1', 'vvc1', as defined in ISO/IEC 14496-15.
Z.4.1.3 Base DecoderConfigurationRecord and LCEVCDecoderConfigurationRecord
The Base DecoderConfigurationRecord and the Base Layer shall conform to the respective clause of the CMAF specification, where applicable, for usage of SEI messages, e.g. for HEVC subclause B.2.4.
The LCEVCDecoderConfigurationRecord and the Enhancement Layer shall conform to subclause Z.3.2, for the usage of SEI messages.
Z.4.2 Constraints on LCEVC elementary streams
[bookmark: _Hlk85211441]Z.4.2.1 General
The following constraints apply to all CMAF LCEVC elementary streams. See clause Z.6 for media profile constraints on profile, level, and frame rates.
Z.4.2.2 General constraints
—	The bitstream shall contain at most two layers, a Base Layer and an LCEVC Enhancement Layer.
—	The Base Layer shall conform to any of the specifications for Video supported by CMAF, e.g. AVC, HEVC, EVC, VVC.
—	The LCEVC Enhancement Layer shall conform to LCEVC Main profile (23094-2, A.3.2) or LCEVC Main 4:4:4 profile (23094-2, A.3.3).
—	The spatial resolution of the LCEVC Enhancement Layer shall be equal to X times that of the base layer both horizontally and vertically. The value of X shall be 1, 2, or 4. 
—	The LCEVC Enhancement Layer shall conform to the LCEVC specification (23094-2).
Z.4.2.3 Picture rate related constraints
—	The LCEVC Enhancement Layer shall have the same picture rate as the Base Layer.
Z.4.2.4 Picture type
All pictures shall be encoded as coded frames, and shall not be encoded as coded fields.
Z.4.2.5 Parameter sets (Sequence Configuration, Global Configuration)
Z.4.2.5.1 Sequence Configuration and Global Configuration fields
Each LCEVC video sample in the CMAF track shall reference the parameter sets (SC, GC) in the CMAF header sample entry according to ISO/IEC 14496-15. Parameter sets shall not change within CMAF tracks or between CMAF tracks in a switching set. A CMAF LCEVC track shall conform to ISO/IEC 23094-2.
Z.4.2.5.2 Visual Usability Information (VUI) fields
VPS VUI parameters that occur within a CMAF LCEVC track shall conform to ISO/IEC 23094-2, Annex E.
Z.4.2.6 Maximum bitrate
The maximum bitrate of LCEVC elementary streams shall be calculated by implementation of the buffer and timing model defined in ISO/IEC 23094-2, Annex C.
Z.4.2.7 Frame rate in the elementary stream
Sample durations stored in the ISO Media TrackRunBox shall determine the frame rate of a track.
Z.5 Video codec parameters
Z.5.1 LCEVC signalling of “codecs” parameters
Presentation applications should signal video codec profile and levels of each Base Layer and LCEVC Enhancement Layer track and switching set using parameters conforming to IETF RFC 6381 and ISO/IEC 14496-15:2017, clause E.4.
Z.5.2 Cropping
If picture cropping is used, it shall be set by SC (Sequence Configuration) cropping parameters conf_win_right_offset, conf_win_top_offset, conf_win_left_offset and conf_win_bottom_offset. 
SC cropping parameters conf_win_top_offset and conf_win_left_offset shall be set to 0.
Z.6 LCEVC media profile and track brands
LCEVC media profiles and track brands shall conform to Table Z.1.
CMAF file with brand 'clv1' shall contain only LCEVC samples with sample entry 'lvc1'.
[bookmark: _Ref16610872]Table Z.1 — LCEVC video media profiles

	Media profile
	Codec
	Profile
	Level
	Max frame height
	Max frame width
	Max frame rate
	CMAF
file brand

	LVC
Main
	LCEVC
	Main
	4.1
	4 320
	7 680
	120
	'clv1'





Change 2: Update Presentation Duration
2a)	Update clause 3.3.7 as follows
3.3.7
CMAF presentation duration
[bookmark: _Hlk93329930]sum of the CMAF fragment durations (3.3.6) of the longest video CMAF track (3.2.1) in a CMAF presentation (3.2.5) if it exists, otherwise the sum of fragment durations of the track with the longest duration, starting from its earliest presentation time on the CMAF presentation timeline (3.3.4)


Change 3: Alignment of Fragments and Chunks
3a)	Add at the end of clause 6.6.1
The definition of a CMAF Fragment allows for flexibility in determining the boundaries of CMAF Fragments in a CMAF Track. For example, the sequence of 2 CMAF Fragments is also a valid CMAF Fragment. If the boundaries of CMAF Fragments need to be unambiguously determined (e.g. for the purpose of validating CMAF Switching Set constraints, or for the purpose of indicating to players where the adaptive switching constraint is applicable), writers should use SegmentTypeBox boxes with the brand 'cmff'. Alternatively, tools (e.g. players or validators) may use external indication such as manifests.


Change 4: 
4a) Update Table 11
[bookmark: _Toc23294457]Table 11 — General constraints on CMAF header boxes in CMAF switching sets
	Box
	General CMAF header constraints in a CMAF switching set

	ftyp
	Shall be identical except for media profile brands [see i) in 7.3.4.1]

	mvhd
	Shall be identical except for creation_time and modification_time

	tkhd
	Shall be identical except for width, height, creation_time, and modification_time. See NOTE 1.

	trex
	Identical

	elst
	Shall be identical except for video CMAF tracks files with a different composition offset

	mdhd
	Shall be identical except for creation_time and modification_time

	mehd
	Identical

	meta
	May contain different boxes and data

	udta
	May contain different boxes and data

	cprt
	Identical

	kind
	Identical

	elng
	Identical

	hdlr
	Identical

	vmhd
	Identical

	smhd
	Identical

	sthd
	Identical

	dref
	Identical

	stsd
	Sample entries shall have the same codingname (four-character code) and conform to other CMAF track format and media profile specified constraints. See NOTE 2.

	sgpd
	May differ

	pssh
	Identical

	sinf
	Identical

	schi
	Identical

	schm
	Identical

	frma
	Identical

	tenc
	Shall be identical except for initialization vector values

	NOTE 1 Track width and height can differ, but picture aspect ratio is the same for all CMAF tracks.
NOTE 2 Sample entry constraints for CMAF switching sets are defined by each CMAF media profile, its specified or referenced ISO BMFF track format, and its CMAF switching set constraints. A sample description can contain multiple sample entries.



4b) Update clause 7.7.2
7.7.2 [bookmark: _Toc33781825]Edit List Box ('elst')
For video CMAF Tracks, the EditBox and in particular the EditListBox shall not be present.
For audio video CMAF Track files as well as CMAF Tracks of any other media types, the EditListBox may be present following the constraints in subclause 7.5.13.


Change 5: Updates of minimum fragment duration
5a) Update clause 7.3.2.4
f) 	Each CMAF fragment in a CMAF track should have a duration of at least one 960 millisecond, with the possible exception of the first and last CMAF fragments of the CMAF track.
NOTE 4	Additional constraints specific to video, audio, and subtitle media types are specified in Clauses 9, 10, Annex A and Annex B.
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