

Change 2: DASH Profile for CMAF Content
Add the following after clause 8.11:

8.X DASH Profile for CMAF content
8.X.1	General
CMAF content is generated independent of the manifest format and defines structural relationship of CMAF tracks. In order to distribute CMAF content in DASH, this profile defines a normative mapping of CMAF structures to DASH structures. By this mapping, the content is conforming to both, CMAF constraints as well as DASH requirements. 
The DASH Profile is identified by the URN "urn:mpeg:dash:profile:cmaf:2019". The profiles parameter may be present on different levels in the MPD.
The restrictions and requirements for this profile are documented in the remainder of this clause based on the CMAF content model defined in clause 8.X.2.
Note that this mapping is not the only possible mapping of CMAF content to DASH, but it is a mapping that is expected to enable distribution of CMAF generated content in DASH.
8.X.2	CMAF Content Model for this Profile
8.X.2.1	Overview
The CMAF content model is shown in Figure 2. The key terms the reader of this specification should be familiar with are the ones defined in ISO/IEC 23000-19:
· CMAF Presentation
· CMAF Selection Set
· CMAF Switching Set 
· CMAF Track
· CMAF Header, CMAF Chunk, CMAF Fragment, CMAF Segment
· Decode times of samples
· Presentation times of samples

[image: ]
[bookmark: _Ref496016727][bookmark: _Toc532810954][bookmark: _Toc533669012]Figure 2: CMAF Content Model
A media sample is media data in a CMAF track associated with a single decode start time and duration.
[bookmark: _Toc483892959][bookmark: _Ref474303734]8.X.2.2	CMAF Addressable Objects
CMAF as defined in ISO/IEC 23000-19 provides the following addressable objects:
· CMAF Track File 
· CMAF Chunk
· CMAF Fragment
· CMAF Segment
[bookmark: _Hlk532984873]For details, please refer to the CMAF specification in ISO/IEC 23000-19.
Note that in practical applications, CMAF Fragments and CMAF Chunks may be embedded in Segments. At least in DASH, Segments are the addressable units, i.e. units with an assigned URL. 
[bookmark: _Ref528152904]8.X.2.3	CMAF presentation timing model
There are multiple timelines involved in the authoring, playout and rendering CMAF tracks within a presentation.  
· Each track is a sequence of timed samples. Each sample has a decode time and may also have a composition (display) time offset. Edit lists may be used to over-ride the implicit direct mapping of the media timeline, into the timeline of the overall movie. The movie timeline is used to synchronize CMAF Tracks in a CMAF presentation and also serves as the synchronization source for playback in an HTML 5 media element and the media source.
· In addition, each CMAF Track may have assigned an anchor wall-clock time – e.g., UTC time. The wall clock time may be used to relate the relative presentation time of the track to a wall-clock time, for example expressing the time when the corresponding sample was captured, encoded, or packaged.

In summary, three timelines exist and the signaling of the timeline in CMAF is summarized as follows:
· Decode time: The decode time of each CMAF chunk is provided as the baseMediaDecodeTime in a TrackFragmentBaseMediaDecodeTimeBox. This provides the decode time of the first sample in the CMAF chunk and the remaining decode times are derived by the sample durations in the 'traf' box.
· Presentation time: The presentation time of each sample in a fragment is determined by the decode time of the sample and, if present, the composition offset (in the sample table) and the track edit list (in the track header). The earliest presentation time in a CMAF Fragment is important for synchronization and switching. Note that the earliest presentation time of a CMAF Fragment may not be the presentation time of the first sample of the CMAF Fragment. 
· Wall-clock time: By the use of a ProducerReferenceTimeBox (‘prtf’), the sample with a specific decode time can be mapped to wall-clock time. 
[bookmark: _Ref529855929]8.X.2.4	CMAF Track Data Model
In the context of this profile definition, the following definitions are relevant for CMAF Tracks. For each CMAF Track k (k=1,...,K) in a CMAF Switching Set, the following features are defined:
· CMAF Header CH[k], k=1,…,K
· CMAF Fragments CF[k,i], i = 1,2,3,… N
· Position in the CMAF track i
· Earliest presentation time: tf[k,i]
· CMAF Fragment duration: df[k,i] = tf[k,i+1]-tf[k,i] 
· Wall-clock time assigned to the earliest presentation time of CMAF Fragment: twc[k,i]
· CMAF Chunks CC[k,i,j], j = 1,2,3,…, C[i]
· Position in the fragment j
· Earliest decode time tc[k,i,j]
· Chunk duration in decode times dc[k,i,j]
· An edit list EL[k] that may be present in the CMAF header describing the difference between the composition time and the presentation for this track in the CMAF Presentation.
· The earliest presentation time of the first fragment, i.e. tf[k,i=1] (presentation time offset)
· The duration of the CMAF Track is defined as td[k]
· The CMAF Track has an assigned media profile, which includes:
· CMAF media profile brand
· Suitable MIME Type string providing
· Media type
· Codecs parameter
· Profiles parameter <reference>
· The CMAF Track has samples sample[k,s] with s=1, …, S, each with nominal presentation time T[k,s].
[bookmark: _Ref528150816][bookmark: _GoBack]8.X.2.5	CMAF Switching Set Model for this Specification
In the context of this profile definition, the following defines a Switching Set:
· A set of CMAF Tracks conforming to the conditions in clause 8.X.2.4.
· The CMAF Switching Set may contain a single CMAF Header for all CMAF Tracks or an individual CMAF Header for each CMAF Track. 
· A Master CMAF Header CH*. Either the single header or a Master CMAF Header assigned to the Switching Set CH*.
From the definition of a CMAF Switching Set in ISO/IEC 23000-19, the following holds:
· All CMAF Tracks in a Switching Set conform to one media profile.
· There exists one CMAF Header that is used to initialize the playback of the Switching Set. This header referred as Master CMAF Header CH*.  
· The CMAF Header for each track in a Switching Set is defined such that appending it to the source buffer does not result in a reinitialization of the decoding and rendering platform.
· Each CMAF Track in a Switching Set has the same number of CMAF Fragments.
· The earliest decoding time of each CMAF Fragment at the same position i in different CMAF Tracks of a CMAF Switching Set are identical.
· The earliest presentation time of each CMAF Fragment at the same position i in different CMAF Tracks of a CMAF Switching Set are identical.
· The fragment duration of each CMAF Fragment at the same position in different CMAF Tracks or a CMAF Switching Set are identical.
· The duration of each CMAF track is identical td[k]and defines the duration of the CMAF switching set as td
· The duration of each CMAF track is identical td[k]and defines the duration of the CMAF switching set as td
Note that the equalities above only hold for CMAF Fragments, not necessarily for CMAF Chunks.
8.X.3	Segment and Representation Constraints
If this profile applies to a Representation, then the following holds for this Representation:
· Each Media Segment of the Representation shall conform to a CMAF Addressable Media Object as defined in ISO/IEC 23000-19, clause 7.3.3.
· Each Initialization Segment, if present, shall conform to a CMAF Header as defined in ISO/IEC 23000-19, clause 7.3.2.1.
· The Representation shall conform to a CMAF Track as defined in ISO/IEC 23000-19, clause 7.3.2.2.
· If @startsWithSAP is present and has value of 1 or 2, then every DASH Segment shall conform to a CMAF Fragment.
· The @timecale shall be set to the timescale of the CMAF track.
· If the SegmentTimeline element is present for this Representation, then the following holds
· For every CMAF Fragment i, with i = 1,2,3,… N, an entry in an S element shall be present with 
· @t set to earliest presentation time: tf[k,i]
· @d set to CMAF Fragment duration: df[k,i]
· If chunk mode is used, then @k shall be set to the number of chunks in this CMAF Fragment C[k,i]
· A compact representation of the Segment Timeline should be applied
· If the @duration attribute is present for this Representation and the value of the attribute is referred to as dur, then the following holds for each CMAF Fragment i, with i = 1,2,3,… N, the following shall hold:
· ((i-1)+0.5)*dur <= tf[k,i] <= (i+0.5)*dur
· If the media is contained in a Self-Initializing Segment, then
· The Segment Index shall be present 
· Each CMAF Fragment shall be mapped to a Subsegment
· (TRACK)
8.X.4	Adaptation Set Constraints
If this profile applies to an Adaptation Set, then the following holds for this Adaptation Set:
· The @contentType shall set to the hdlr type of the CMAF Master Header of the Switching Set, i.e. to vide -> video, soun -> audio, subt/text -> text 
· The @mimeType shall be set to "<contentType>/mp4, profiles='cmfc'"
· The @segmentProfiles should be set as follows:
· For file mode, the segment profiles are not set
· For Fragment Mode, the following applies: cmfs, cmff
· For Chunk Mode, the following applies: cmfs, cmff, cmfl
· The @codecs parameter shall be set to the sample entry of the CMAF Master Header
· If the Content is protected, then ContentProtection element shall be present and set appropriately:
· DASH-IF CPS
· If the @contentType is video, then the following is shall be applied
· @maxWidth is set to the width in the CMAF TrackHeaderBox of the CMAF Master Header
· @maxHeight is set to the height in the CMAF TrackHeaderBox of the CMAF Master Header
· @maxFrameRate is set to the framerate of the CMAF TrackHeaderBox of the CMAF Master Header
· If the @contentType is audio, then the following is shall be applied
· Still to be defined
· Each CMAF Track k=1,…K in the Switching Set shall be mapped to exactly one Representation as defined in clause 8.X.3.
· If the @bitstreamSwitching is set to true for this Adaptation Set, then the included CMAF Switching Set shall follow the "CMAF switching set single initialization constraints" of clause 7.3.4.2 in ISO/IEC 23000-19.
· Either the @segmentAlignment or @subsegmentAlignment shall be set.
8.X.5	Period Constraints
If this profile applies to a Period, then the following holds for this Period:
· All Adaptation Sets set to the same integer value for @segmentAlignment or @subsegmentAlignment shall conform to aligned CMAF Switching Set constraints as defined in clause 7.3.4.4 in ISO/IEC 23000-19.
· Each Switching Set in the CMAF Presentation shall be mapped to exactly one Adaptation Set in the Period as defined in clause 8.X.4.
· Each Selection Set shall be mapped to exactly one Group as defined in clause 5.3.3. A Group shall conform to a Selection Set.
· The value of the @presentationTimeOffset in DASH shall be identical to the CMAF presentation time zero.
· The duration of a Period shall at most be the duration of the contained CMAF presentation.
Add the contained Event in the InbandEventStream
8.X.6	Media Presentation Description constraints
If this profile applies to a Media Presentation, then the following holds:
· [bookmark: _Toc525025653]Each Period in the MPD shall conform to the Period constraints in clause 8.X.5.
8.X.7	Conformance Considerations
If conformance for DASH content conforming to this CMAF media profile is done, then the following applies:
· The DASH content is checked against the format requirements of for the defined DASH profile
· In addition, the DASH content is also checked against CMAF conformance using the mapping as defined in clause 8.X.
If content is properly authored, then such content should conform to both, the DASH content constraints as well as the to the CMAF constraints.

Add the following at end of Annex G:
[bookmark: _Toc525628809]G.X 	DASH Profile for CMAF

	<?xml version="1.0"?>
<MPD
    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
    xmlns="urn:mpeg:dash:schema:mpd:2011"
    xsi:schemaLocation="urn:mpeg:dash:schema:mpd:2011 DASH-MPD.xsd"
    type="static"
    mediaPresentationDuration="PT24S"
    availabilityStartTime="2014-10-17T17:17:05Z"
    minBufferTime="PT4S"
    profiles="urn:mpeg:dash:profile:cmaf:2019,urn:mpeg:dash:profile:isoff-live:2011"
        
    <Period id="1">
        <!-- Video -->
        <AdaptationSet 
            contentType="video" 
            id="1" 
            mimeType="video/mp4 profiles='cmfc'" 
            codecs="avc1.4D401F" 
            maxWidth="1080"
            maxHeight="720"
            maxFrameRate="30"
            segmentProfiles="cmfs,cmff" 
            segmentAlignment="true" 
            startWithSAP="1">
            <SegmentTemplate timescale="30" initialization="$RepresentationID$/0" media="$RepresentationID$/$Number$">
                <SegmentTimeline> 
                    <S t="0" d="120" r="5"/> 
                </SegmentTimeline>
            </SegmentTemplate>
            <Representation id="video1/1" bandwidth="250000"/>
            <Representation id="video1/2" bandwidth="500000"/>	
            <Representation id="video1/3" bandwidth="1000000"/>
        </AdaptationSet>
        <!-- Audio -->
        <AdaptationSet 
            contentType="audio" 
            id="1" 
            mimeType="audio/mp4 profiles='cmfc'" 
            codecs="haac" 
            segmentProfiles="cmfs,cmff" 
            segmentAlignment="true" 
            startWithSAP="1">
            <SegmentTemplate timescale="48" initialization="$RepresentationID$/0" media="$RepresentationID$/$Number$">
                <SegmentTimeline> 
                    <S t="0" d="120" r="5"/> 
                </SegmentTimeline>
            </SegmentTemplate>
            <Representation id="audio1/1" bandwidth="2500"/>
            <Representation id="audio1/2" bandwidth="500000"/>	        </AdaptationSet>
    </Period>
</MPD>
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