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CMAF technologies under consideration and defects under investigation

Abstract

The document contains both technologies under consideration and possible defects under investigation in the Common Media Application Format (CMAF), ISO/IEC 23000-19 and its’ amendments. Also included in this TuC are two documents on Video and on Audio Conformance issues.
1 Technology Under Consideration

Sequencing and splicing CMAF Presentations
1.1.1 Introduction (informative)

CMAF today specifies a CMAF Presentation that contain synchronized (parallel) CMAF Tracks with continuous content, segmented into consecutive CMAF Fragments with continuous timestamps. 

However, in many streaming applications, content needs to be offered as a sequence of CMAF Presentations. Examples for such offerings are:

· to enable splicing of content, for example for ad insertion,
· to enable splicing of content with different source formats, e.g. switch from 5.1 to stereo, change of frame rate, etc.
· to remove or add certain Representations/CMAF Tracks in an Adaptation Set/Switching Set,

· to remove or add certain Adaptation Sets/Switching Sets,

· to remove or add content offering on certain CDNs,

· to enable signaling of shorter segments, if produced by the encoder.
· for robustness reasons
In some cases, the media content changes. In other cases, the content is continuous, but encoded as a separate CMAF Presentation.

Continuation can be addressed on two levels:

· continuous content and encoding
· continuous rendering (i.e. limited changes between CMAF Presentations and CMAF Switching Sets that enable continuous rendering)

Practical examples of issues with continuous rendering:
· Playback of the highlights of Bundesliga games. Each match is a separate “Presentation”, and when rendered over HDMI, the HDMI connection is reset between matches, and screen goes black for a few seconds.
· Pre-Roll ad when joining a live service. After the pre-roll ad is completed, it takes roughly 1-2 seconds of black screen before the program starts to display.
m49217: comment that use cases may be elaborated more: 


why/when/what cases source formats would change 

·  Why the fragmented format cannot be used for splicing as is ? 

· Complex splice points e.g. time signal that are also used for content identification ?

· Why/when will switchingsets be removed ? 

· How does it contribute to CDN removal, shorter segments/robustness 

· Track level versus switching set level

Captures form the notes breakout group:

there are several types of "splicing" conditions:
- track-level vs. switching set-level splicing
- timing discontinuity or codec change
There is an interesting issue that it may be impossible to record a session with timeline discontinuity in a valid ISOBMFF.
We should add a note that splicing may create non-valid files  

1.1.2 Conclusion 

There is a need for CMAF to specify a media object, e.g. a “CMAF Program”, that contains a sequence of CMAF Presentations, and specify CMAF Track constraints on content and encoding to enable continuous rendering of a CMAF Program, including Presentation boundaries (“splices”). 
1.1.3 Discussion for CMAF

CMAF should define sequences of CMAF Presentations that can be described by a DASH MPD. Two aspects may be addressed:

1) Track and Switching Set continuity/connectivity across CMAF Presentations

2) Profiles for sequences of CMAF presentations that fulfil certain requirements at the boundary.

We believe that latter can be deferred to later or may be handled by applications of CMAF. The focus in CMAF should be on the first one.

On the first one, there are three options

1) Every media profile defines the requirements for continuity/connectivity for itself

2) By well-defined media profiles and Switching Set constraints, the concept of continuity/connectivity is directly inherited from the definitions

3) By default, the inheritance is done, but media profiles may restrict Switching Set connectivity further.

We believe that the third option is most suitable as it results in minimum changes for the existing CMAF specification but leaves room and opportunities for further consideration for each media profile.

the issue regarding the file format conformance, sequences of tracks cannot be stored as a single file, should be considered.
Some comments from m49217: 
raised the issue that using splice_insert in SCTE-35 is deprecated in favor of time_signal where splices and programme segmentation are combined. How would such a presentation be stored using CMAF as every splice/segmentation will lead to a new presentation. The usage of such more complex splice information should be considered, as it may not be practical when combined with this way of storing CMAF splice points.

m49217: proposed to use a simple splice point that is backward compatible, it may be signaled using a DashEventMessageBox or MPD event, or timed metadata sample containing SCTE-35 command (e.g. splice_info with splice_insert()) and an IDR frame in media at the time corresponding to the time signaled in the DashEventMessageBox and SCTE-35 command. 
This simple splicing covers the majority of practical use cases for splicing of CMAF in live and/or VoD cases. Simple splice points are also considered in DASH-IF for ad insertion and content ingest.  In case a splice actually happened, a discontinuity in the presentation time of the CMAF samples may exist across the splice point. 

Signalling discontinuity in the timestamps may also be considered for these simple splice points, but preferably discontinuities in the timeline should be avoided when splicing, as again it also breaks existing file format and storage formats ( also relating to next section). 

1.1.4 Proposed Updates to CMAF

It is proposed to add the following clause

1.1.4.1  CMAF 7.3.7
Presentation of Switching Sets across Presentation Boundaries

In many cases, content needs to be offered as a sequence of CMAF Presentations. Examples for such offerings are:

· to enable splicing of content, for example for ad insertion,
· to enable splicing of content with different source formats, e.g. switch from 5.1 to stereo, change of frame rate, etc.

· to remove or add certain Representations/CMAF Tracks in an Adaptation Set/Switching Set,

· to remove or add certain Adaptation Sets/Switching Sets,

· for robustness reasons
While in general continuous presentation of a specific media type across CMAF Presentation boundaries may be difficult, if the content is properly prepared, the playback of the media type  in a Switching Set in one CMAF Presentation may be generated such that it can seamlessly played back as a continuation of a Switching Set in another/preceding CMAF Presentation across such boundaries.

The content provider may express that the media components contained in Switching Sets in a CMAF Presentation are connected to a Switching Set in a preceding/another CMAF Presentation. CMAF Switching Set Connectivity may be signaled, if and only if the Switching Set in a following CMAF Presentation has the following properties:
· All CMAF Tracks in the Switching Set in the following CMAF Presentation shall have a CMAF Header that may also be present in the Switching Set of the preceding CMAF Presentation.

· All encoding parameters of the CMAF Tracks in the Switching Set in the following CMAF Presentation shall be such that they fulfill the Switching Set constraints in the Switching Set of the preceding CMAF Presentation

· It fulfills the media profile constraints for Connected Switching Sets, if the media profile defines further restrictions

No explicit signaling is defined in CMAF for this purpose, but is left to manifests in order to instruct players to support such playout.

The content provider may express that the media components contained in Switching Sets in a preceding/another CMAF Presentation are continuous to a Switching Set in a preceding CMAF Presentation. Switching Set Continuity may be signaled, if the Switching Set in a following CMAF Presentation has the following properties:
· The Switching Sets shall be connected.

· The sum of the first presentation time of a CMAF track and CMAF track duration of all tracks in a Switching Set in a preceding CMAF are identical to the first presentation time of a CMAF track in the following CMAF Presentation. 
In specific cases, the two Switching Sets may also share a common CMAF header.

In a hypothetical playback model across CMAF Presentation boundaries, in a hypothetical playback model a player would typically select one audio and one video CMAF Switching Set, and possibly one for subtitles as well as well. At the Presentation boundary a complete re-initialization would happen as follows:

1) The player tears down the source buffer for each media type of the preceding CMAF Presentation

2) The player creates a new source buffer for each Switching Set of new the CMAF Presentation

3) For each media type, 

a. the player appends the CMAF Header

b. The player appends the first CMAF Fragment and possibly sets the timing to the presentation time of the signaled first presentation time
The Source buffer reinitialization may cause significant issues in continuous playback perception as media pipelines may be re-initialized.

Single Initialization Segment, CMAF Switching Set Continuity and CMAF Switching Set Connectivity may be used for simplified client playback. In a hypothetical playback model across CMAF Presentation boundaries, an application client may make use of such signaling as follows. 
1) If Switching Set Continuity or Connectivity is signaled, then the source buffer is maintained. 

2) If the CMAF Header is the same across the two CMAF Presentations for the two tracks to be played out, then the CMAF Header is not added to the source buffer.

3) If Switching Set Continuity is signaled, then the first CMAF Fragment of the new Presentation is appended to the source buffer

4) If Switching Set Connectivity is signaled, then the first CMAF Fragment of the new Presentation is appended to the source buffer, and the presentation time offset is used to adjust the playout timing of the source buffer to ensure continuous playback.

1.1.4.2       6.6.X Splice Points

In many cases, content needs to be offered as a sequence of CMAF Presentations. Examples for such offerings are:

· to enable splicing of content, for example for ad insertion,

· to enable splicing of content with different source formats, e.g. switch from 5.1 to stereo, change of frame rate, etc.

· to remove or add certain CMAF Tracks in an Switching Set,

· to remove or add certain Switching Sets,

· for robustness reasons

While in general continuous presentation of a specific media type across CMAF Presentation boundaries may be difficult, if the content is properly prepared, the playback of the media type  in a Switching Set in one CMAF Presentation may be generated such that it can seamlessly played back as a continuation of a Switching Set in another/preceding CMAF Presentation across such boundaries.

A splice point is defined as follows: A CMAF Presentation is played up it presentation time P1, and CMAF Presentation P2 is started to be played continuously after CMAF Presentation P1. The splice point is the transition from CMAF Presentation P1 to CMAF Presentation P2 and has assigned the presentation time PT and may have assigned additional properties.

CMAF Content may be prepared such that the CMAF Tracks in one CMAF Presentation share properties with CMAF Tracks in another CMAF Presentation in order to permit seamless playback over splice points. This clause defines several properties for splice points and provides an indication on how a CMAF playback platform may use this, Note that the only focus is on structural properties, but not on the contained content, i.e. whether the content continuous or the content before and after the splice point is completely different, is not relevant for the splice conditions.

In particular, the following are defined

· Continuity

· Splice-Point Track Continuity: Track continues across a splice point, both structurally as well as in the CMAF presentation timeline 

· Splice-Point Switching Set Continuity: Switching Set continues across a splice point, both structurally as well as in the CMAF presentation timeline 

· Splice-Point Presentation Continuity: All Switching Sets in the Presentation continue across a splice point, both structurally as well as in the CMAF presentation timeline 
· Aligned Connectivity
· Splice-Point Track Aligned Connectivity: Track continues across a splice point on structural level, but there is a signaled discontinuity in the CMAF presentation timeline without any timeline overlap
· Splice-Point Switching Set Aligned Connectivity: Switching Set continues across a splice point on structural level, but there is a signaled discontinuity in the CMAF presentation timeline without any timeline overlap

· Splice-Point Presentation Aligned Continuity: All Switching Sets in the Presentation continue across a splice point, on structural level, but there is a signaled discontinuity in the CMAF presentation timeline without any timeline overlap

· Overlap Connectivity
· Splice-Point Track Overlap Connectivity: Track continues across a splice point on structural level, but there is a signaled discontinuity in the CMAF presentation timeline and CMAF Fragments of the two tracks may overlap
· Splice-Point Switching Set Aligned Connectivity: Switching Set continues across a splice point on structural level, but there is a signaled discontinuity in the CMAF presentation timeline and CMAF Fragments of the two Switching Sets may overlap.

· Splice-Point Presentation Aligned Continuity: All Switching Sets in the Presentation continue across a splice point, on structural level, but there is a signaled discontinuity in the CMAF presentation timeline and CMAF Fragments of the two Presentations may overlap. 

CMAF Presentations may be connected by other means.

In a hypothetical playback model across CMAF Presentation boundaries, a player would typically select one audio and one video CMAF Switching Set, and possibly one for subtitles as well as well. At the Presentation boundary a complete re-initialization would happen as follows:

4) The player tears down the source buffer for each media type of the preceding CMAF Presentation

5) The player creates a new source buffer for each Switching Set of new the CMAF Presentation

6) For each media type, 

a. the player appends the CMAF Header

b. The player appends the first CMAF Fragment and possibly sets the timing to the presentation time of the signaled first presentation time

The Source buffer reinitialization may cause significant issues in continuous playback perception as media pipelines may be re-initialized.

Splice-Point Switching Set Continuity and Switching Set Connectivity may be used for simplified client playback. In a hypothetical playback model across CMAF Presentation boundaries, an application client may make use of such signaling as follows. 
5) If Switching Set Continuity or Connectivity is signaled, then the source buffer is maintained. 

6) If the CMAF Header is the same across the two CMAF Presentations for the two CMAF Tracks to be played out, then the CMAF Header is not added to the source buffer.

7) If Switching Set Continuity is signaled, then the first CMAF Fragment of the new Presentation is appended to the source buffer

8) If Switching Set Connectivity is signaled, then the first CMAF Fragment of the new Presentation is appended to the source buffer, and the presentation time offset is used to adjust the playout timing of the source buffer to ensure continuous playback. If Overlap Connectivity is signaled, then the playback platform needs to be able to handle splicing of overlapping fragments.
1.1.4.3   7.X Splice Point Properties

1.1.4.3.1 Introduction

This clause defines different CMAF Splice Point properties for CMAF Tracks, Switching Sets and Presentations in two CMAF Presentations and defines the associated requirements.

In the following, it is assumed that a CMAF Presentation P2 is started to be played continuously after CMAF Presentation P1. Specifically, it is assumed that the presentation of CMAF Presentation P2 starts at presentation time PT of CMAF Presentation P1.

The signaling of the Splice Point properties is outside of the scope of this standard, but must be done on the manifest level.

For usage scenarios of splice point properties, refer to clause 6.6.X.

1.1.4.3.2 Splice Point Continuity

The following splice point continuity properties are defined.

· "CMAF Splice-Point Track Continuity": signaled on CMAF Track Level

· If a CMAF Switching Set contained in the second CMAF Presentation P2 signals "CMAF Splice-Point Track Continuity" referring to a CMAF Track in another CMAF Presentation P1 at splice point with presentation time PT, then 
· the concatenation of the two CMAF Tracks in decode time order without the CMAF Header of the CMAF Track in Presentation P2 shall form a conforming CMAF Track.

· the earliest presentation time of the CMAF Track in Presentation P2 is the splice point presentation time PT.

· "CMAF Splice-Point Switching Set Continuity": signaled on CMAF Switching Set Level

· If a CMAF Switching Set contained in the second CMAF Presentation P2 signals "CMAF Splice-Point Switching Set Continuity" referring to a CMAF Switching Set in another CMAF Presentation P1 at the splice point with presentation time PT, then the following holds

· All CMAF Tracks in the Switching Set in CMAF Presentation P2 shall have a CMAF Header that may also be present in the Switching Set of the CMAF Presentation P1.

· All encoding and encryption parameters of the CMAF Tracks in the Switching Set in CMAF Presentation P2 shall be such that they fulfill the Switching Set constraints in the Switching Set of the CMAF Presentation P1.

· The sum of the first presentation time of a CMAF Track and CMAF Track duration of all tracks in a Switching Set in CMAF Presentation P1 shall be identical to the first presentation time of any CMAF Track in the CMAF Presentation P2 and this presentation time is PT.

· It fulfills the media profile constraints for defines "Splice-Point Switching Set Continuity", if any are defined
· "CMAF Splice-Point Presentation Continuity": signaled on CMAF Presentation Level

· If a second CMAF Presentation P2 signals "CMAF Splice-Point Presentation Continuity" referring to another CMAF Presentation P1 at splice point PT, then for all Switching Sets in P2 an identifiable Switching Set in P1 shall be present, for which "Splice-Point Switching Set Continuity" is fulfilled.

1.1.4.3.3 Splice Point Aligned Connectivity

The following splice point aligned connectivity properties are defined.

· "CMAF Splice-Point Track Aligned Connectivity": signaled on CMAF Track Level

· If a CMAF Switching Set contained in the second CMAF Presentation P2 signals "CMAF Splice-Point Track Aligned Connectivity" with an earliest decode time DT2 referring to a CMAF Track in another CMAF Presentation P1 with duration DUR and earliest decode time DT1 with presentation time PT, then the virtual concatenation of the following shall form a conforming CMAF Track
· the CMAF Track from P1, and

· the CMAF Track from P2 without the CMAF Header and restamped decode times by adding an offset of (DT1 + DUR) – DT2. 

· The splice point parameters are the value of DT2 as well as the earliest presentation time of the CMAF Track in CMAF Presentation in P2 that is mapped to PT.

· "CMAF Splice-Point Switching Set Aligned Connectivity": signaled on CMAF Switching Set Level

· If a CMAF Switching Set contained in the second CMAF Presentation P2 signals "CMAF Splice-Point Switching Set Aligned Connectivity" with an earliest decode time DT2 referring to a CMAF Switching Set in another CMAF Presentation P1 with duration DUR and earliest decode time DT1 with presentation time PT, then the following holds

· All CMAF Tracks in the Switching Set in CMAF Presentation P2 shall have a CMAF Header that may also be present in the Switching Set of the CMAF Presentation P1.

· All encoding and encryption parameters of the CMAF Tracks in the Switching Set in CMAF Presentation P2 shall be such that they fulfill the Switching Set constraints in the Switching Set of the CMAF Presentation P1.

· It fulfills the media profile constraints for "Splice-Point Switching Aligned Set Continuity", if any are defined
· The splice point parameters are the value of DT2 as well as the earliest presentation time of all CMAF Tracks the Switching Set in CMAF Presentation P2 that is mapped to PT.

· "CMAF Splice-Point Presentation Aligned Connectivity": signaled on CMAF Presentation Level

· If a second CMAF Presentation P2 signals " CMAF Splice-Point Presentation Aligned Connectivity " referring to another CMAF Presentation P1 at splice point PT, then for all Switching Sets in P2 an identifiable Switching Set in P1 shall be present, for which "Splice-Point Switching Set Presentation Aligned Connectivity" is fulfilled.

1.1.4.4  Splice Point Overlap Connectivity

The following splice point aligned connectivity properties are defined.

2.1.5 Feedback from CTA WAVE

We greatly welcome the inclusion of these additional constraints and the conceptual CMAF Program as it has become common place to deploy multi-presentation experiences within the industry and proper constraints will enable greater interoperability within the implementation ecosystem. As the group explores cross-presentation constraints and recommendations, we would encourage considering the following questions based on our interoperability analysis: 

What level of switching set compatibility should there be across presentations?
a. We recommended that each media type have at least one switching set of equivalent 

encoding constraints in all presentations.
b. At presentation transition a change in the types/roles of switching sets available leads 

to the need for fallback selection behavior that may also benefit from specification. 

Are there implicit constraints to segment creation between presentations (duration, bitrate, etc.)?
a. Due to manifest specification requirements, we placed constraints on duration and 

bitrate for interoperability, but are not aware of a base media format need for this. 

Should media objects be segmented at splice points or should partial decode be utilized? 

a. Partial decode appears to have a narrow band of support, which lead to our recommendation of fragment boundaries at splice conditions. 

How should codec frame duration variations be handled at splice points?
a. We did not require exactly equivalent durations across media and codec types, instead 

constraining boundaries to being within one ISOBMFF sample duration. 
Accepted Proposal from m58191: This issue remains relevant and needs detailed investigations. There is significant work in DASH-IF and CTA WAVE on how MSE can be operated for sequencing Periods/CMAF Presentations. In addition, MPEG-DASH defines a DASH profiles for CMAF content that investigates the details of proper Period sequencing. Based in the progress in the industry, it is proposed to keep this issue open, but encourage for input on defining proper content splicing.
MPEG140 - Keep it for one more cycle and encourage contributions
Potential Common Encryption issues

We welcome experts feedback on whether we should recommend: 

a) indicating that use of ‘seig’ is not permitted under the ‘cmfc’ and ‘cmf2’ brands (and that a 3rd brand should be introduced if needed); 

b) and documenting that mixed clear/protected samples is supported, but only at the CMAF Chunk (or Fragment?) granularity (all samples clear or all samples encrypted) and by using multiple sample description entries (one clear and one encrypted).
Feedback from CTA WAVE:

We have identified that the two common use cases for the deployment of media with seig boxes are: 

· Mixture of clear and protected samples. 

· Rotation of sample encryption keys. 

While we do observe active deployments using seig boxes, we note the following consistent comment from deployment experience: 

• Key rotation via seig boxes works on a large set of media engines, but there is set of devices from around 2015/2016 with large user bases that will reject segments containing sbgp and sgpd boxes. These devices instead require new initialization segments to be passed with the updated default_KID value. 

From these observations, there appears to be a clear desire to use seig boxes, but there are practical deployment restrictions in doing so. We encourage the group to further explore how seig should work with the CMAF defined brands to provide further clarification to content authors and media implementors. 

We additionally concur that the mixture of clear and protected samples is currently intended to be supported and welcome clarifications in the text as this is a recognized point of confusion among implementors. Based on our research, we believe the current text allows for mixture at the granularity of a CMAF Fragment but would note that we restricted this to the granularity of CMAF Segments to enable functional interoperability between DASH manifests and HLS playlists. 

In addition to the stated encryption issues, we would suggest adding text to clarify the requirement of 16- byte IVs for the cbcs encryption scheme. This suggestion is based on two observations: 

· The common encryption specification does not explicitly state that the cbcs scheme requires 16- byte IVs, but the requirement of constants IVs for cbcs and the definition of zero padding applied only to 8-byte per sample IVs result in this being necessary. 

· Deployed decryption implementations have divergent handling of 8-byte IVs for the cbcs scheme, sometimes rejecting the IV and sometimes padding the IV to 16-bytes resulting in content that is not interoperable. 

· Requirements for 16 byte IVs for .cbcs  has been integrated in the 4th Edition of the Common Encryption spec.
Accepted Proposal in m58191: fixing and providing consistency for CMAF content encryption is very relevant. Updates and clarifications around CMAF encryption are needed, but we need to collect input from the experts. We encourage updates to be done.
See:
https://github.com/MPEGGroup/CMAF/issues/36
9.2.5 excludes the case of SAP type 1 and trun v0
Currently, the 3rd edition of CMAF states:

9.2.5 Video CMAF fragment presentation time
CMAF video tracks shall either

a)
contain version 1 TrackRunBoxes in CMAF video fragments with composition offsets (negative composition offsets where necessary) to adjust the earliest media sample presentation time in each CMAF fragment to equal the earliest media sample decode time, which is equal to the baseMediaDecodeTime field of the TrackFragmentBaseMediaDecodeTimeBox, or

b)
contain an offset edit list in the associated CMAF header to subtract the composition delay added by positive composition offsets, if and only if the CMAF track is contained in a CMAF track file containing version 0 TrackRunBoxes.

A video track shall not use both signed composition offsets and an EditListBox.

The problem with the above is that for simple video files with a simple pattern I P P P P P P P where the decode and presentation order are all the same, it is perfectly fine to use version 0 trun box and no edit list. But the clause 9.2.5 restricts this. When validating such CMAF files they will contradict this clause but they are in fact quite common (e.g. simple avc files). This contribution proposes to relax the constraint. We propose to relax the constraint, adding the option of trun v0 and no edit list. The updated text is provided below:
Proposed alternative text for 9.2.5
9.2.5 Video CMAF fragment presentation time

For CMAF video tracks one of the following shall apply

a)
contain version 1 TrackRunBoxes in CMAF video fragments with composition offsets (negative composition offsets where necessary) to adjust the earliest media sample presentation time in each CMAF fragment to equal the earliest media sample decode time, which is equal to the baseMediaDecodeTime field of the TrackFragmentBaseMediaDecodeTimeBox, or

b)
contain an offset edit list in the associated CMAF header to subtract the composition delay added by positive composition offsets, if and only if the CMAF track is contained in a CMAF track file containing version 0 TrackRunBoxes and the earliest media sample decode presentation time does not equal the earliest media sample decode time
.

c)
The CMAF track is contains version 0 TrackRunBoxes and the earliest media sample decode presentation time equals the earliest media sample decode time for each fragment.
A video track shall not use both signed composition offsets and an EditListBox.

It was agreed at the 141th meeting to include this with TuC, and consider this for an updated version/next amendment.
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