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Thomas Stockhammer, Ye-Kui Wang, Ingo Hofmann, Krasimir Kolarov

Common Media Application Format (CMAF) – The Third Edition

Overview and History
The Common Media Application Format (CMAF) as defined in ISO/IEC 23000-19 [1] has found significant market adoption as the common streaming format, in particular in the convergence between MPEG Dynamic Adaptive Streaming over HTTP (DASH) [2] and HTTP Live Streaming (HLS) [3] as defined by IETF. Based on these developments and new market needs, the CMAF standard has been continuously developed, and bug fixes and maintenance have been addressed taking into account feedback from earlier deployments.

The most recent result of these efforts is MPEG’s completion of the third edition of CMAF which incorporates the agreements from three Amendments.

The third edition addresses the following updates:
· Definition of new logical structures, namely CMAF random access chunk and CMAF Principal Header
· Addition of timed metadata tracks to CMAF
· The addition of new media profiles for HEVC for High Frame Rate, Interlaced and 8K-UHD
· Listing of common source formats based on display resolution operating point sets and frame rate operating point sets
· The addition of new media profiles for MPEG-H audio, VVC and EVC. Similarly, as media profiles for AVC and HEVC as in earlier editions, the media profiles for VVC and EVC specify the “common” application formats for use of video contents coded using VVC or EVC in streaming applications. This is done through specifying constraints on CMAF tracks, CMAF switching sets, visual sample entries, elementary streams, as well as encryption, based on the standard for carriage of network abstraction layer (NAL) unit structured video in the ISO base media file format published in ISO/IEC 14496-15 [5].
· General bug fixes, clarifications and improvements

Some additional details and highlighted features are provided in the remainder of this white paper.

Updates to logical structures and core principles
CMAF defines several core principles and logical structural that can be used in streaming applications. In the third edition, the following several new functionalities are defined:
· The CMAF principal header is a CMAF header that includes sufficient information to enable a single initialization of media decoding, decryption and rendering systems to decode, decrypt and render all CMAF fragments in all CMAF Tracks of this CMAF Switching Set. If for example identified in a streaming manifest, this header may be used for initialization of the playback platform to ensure that all CMAF tracks in the switching set can be played back without requiring re-initialization, which often results in a degraded user experience.
· CMAF chunks are a core unit in CMAF. If such chunks fulfil certain additional requirements, then in combination with the CMAF header, the CMAF track can be randomly accessed at what is referred to CMAF Random Access Chunks, i.e. the chunk carries sufficient information to access the media in the stream, e.g. all necessary encryption in combination with the CMAF Header. Such chunks may for example be added in only a subset of CMAF Tracks of a CMAF switching set to support more frequent random access to a CMAF Switching Set than only at CMAF Fragment granularity, i.e. the switching granularity. Such functions are particularly relevant for live and low-latency live services.
· Timed metadata tracks may be added to CMAF Presentations to carry information relating to the CMAF presentation, such as programme metadata or geo-location information. These timed metadata tracks allow to declare different types of metadata the track for a CMAF Presentation. 

New HEVC Media Profiles and Common Source Formats
HEVC is commonly used nowadays as the codec for advanced media experiences. In particular, services beyond what was defined in the first edition, namely UHD formats, are getting deployed. Such services for example ask for source format for High Frame Rates up to 120 frames per second or 8K resolution. In order to address market needs identified by for example DVB, ATSC, SCTE or 3GPP, the third edition adds such additional medial profiles to support beyond common UHD formats. In addition, as ATSC3.0 plans to use HEVC and CMAF for all of their media services, but still includes legacy interlace formats, there was a request to add interlace profiles for HEVC to CMAF.

In addition, CMAF is a commonly applied packaging format in different streaming video applications, and by now also in TV-centric environments. In order to map commonly provided source formats to different HEVC media profiles, a list of common source formats based on display resolution operating point sets and frame rate operating point sets is provided.

Media Profiles for VVC
In a new Annex of ISO/IEC 23000-19, two CMAF media profiles for Versatile Video Coding (VVC) [4] are specified, namely the baseline VVC media profile and the multilayer VVC media profile. The baseline VVC media profile targets at single-layer VVC bitstreams conforming to VVC Main 10 profile and Main tier. The multilayer VVC media profile targets at multilayer VVC bitstreams conforming to VVC Multilayer Main 10 profile and Main tier, although it is allowed for the bitstream to contain only one layer (e.g., as a result of a bitstream extraction from a multilayer bitstream). Most of the constraints specified for both VVC media profiles are similar as for AVC and HEVC, enabling a smooth transition to the upgrade of the video codec to VVC for streaming applications using CMAF. One major difference is in the aspect regarding constraining the required decoding capability for decoding of a VVC bitstream resulted from switching between different CMAF tracks within a CMAF switching set, such that the need of video decoder reinitialization during a streaming session can be minimized or even avoided. Herein VVC introduced a decoding capability indication (DCI) NAL unit, which indicates the required decoding capability for the entire bitstream that can include many coded video sequences (CVSs), while in AVC and HEVC, the required decoding capability can only be indicated within the scope of one CVS. The third edition of CMAF took advantage of the VVC DCI NAL unit mechanism and specified the constraints on required decoding capability for both CMAF tracks and CMAF switching sets through specifying the presence of the DCI NAL unit and constraints on the values of the contained fields.

Another focus is the support of standard dynamic range signals, with both BT.709 colour space and wide colour gamut (WCG), as well as HDR signals for the Perceptual Quantizer (PQ) format including the usage of static and dynamic metadata and Hybrid-Log Gamma. The CMAF Media Profiles also define details on how encryption based on ISO/IEC 23001-7 [6] needs to be used, for both the 'cenc' AES-CTR scheme and the 'cbcs' AES-CBC subsample pattern encryption scheme.

Finally, the usage of the codecs parameter has been clarified. The codecs parameter can be used for example in a manifest to identify the profile, the level, and potentially also individual coding tools.

Media Profiles for EVC
In yet another new Annex of ISO/IEC 23000-19, CMAF Media Profiles for Essential Video Coding,  ISO/IEC 23094-1 [7], are defined. In particular, when the EVC media encapsulated into CMAF conform to the EVC Baseline profile, the CMAF EVC Baseline Media Profile is in use, and when the EVC bitstreams encapsulated into CMAF conform EVC Main profile, then the CMAF EVC Main Media Profile is in use. It is worthwhile to note that the two profiles where mainly defined to support different commercial deployment opportunities. The Baseline profile only contains video coding technologies that are older than 20 years and hence expected to be freely available for use. The main profile includes several coding tools that are designed to improve the compression efficiency of the codec and can be turned on/off individually. This functionality is explicitly supported by the codecs parameter that can be used, for example in a manifest to identify the profile of EVC as well as the used tools. A system, i.e. a content offering and device may use this information for appropriate capability exchange to identify that the bitstream can be decoded with the implemented tools of the bitstream. 

Beyond the capability exchange, the CMAF media profile defines restrictions for EVC CMAF Tracks, based on ISO BMFF EVC Tracks using the 'evc1' sample entry as defined in ISO/IEC 14496-15 as well as the general constraints of video CMAF tracks. The CMAF Media Profiles are also specifically focusing on deployable video formats with consistent signaling of the formats in the visual usability information (VUI) and the sequence parameter sets (SPSs). Particular focus is support of standard dynamic range signals, both with BT.709 colour space as well as with wide colour gamut (WCG), as well as HDR signals for the Perceptual Quantizer (PQ) including the usage of static and dynamic metadata and Hybrid-Log Gamma. The CMAF Media Profiles also define details on how encryption based on ISO/IEC 23001-7 needs to be used, both for the 'cenc' AES-CTR scheme as well as the 'cbcs' AES-CBC subsample pattern encryption scheme.

Media Profile for MPEG-H Audio Baseline Profile
Besides the established Low-Complexity Profile (LC) for broadcast, MPEG-H 3D Audio [8] defines the Baseline Profile (BL) that targets the specific needs of streaming services, such as 360 Reality Audio. The third edition of the CMAF standard defines the CMAF bindings for this new profile, i.e. codecs MIME parameter for IETF RFC 6381 as well as CMAF media profiles and file brands.

What’s next?
While the third edition will be published later this year in 2022 addressing the changes mentioned above, new projects on CMAF are already in progress. In particular, the second Amendment of the third edition is addressing media profiles for Low-Complexity EVC (LC-EVC) [10] as well as some clarifications resulting from the use of CMAF in DASH.

Furthermore, beyond the work on extensions to the CMAF standard, the industry is supporting the development of CMAF Interoperability efforts. Examples are the joint content conformance project aiming to provide a verification software for checking content on conformance against the CMAF specification, to be jointly developed by DASH-IF, CTA WAVE, DVB, HbbTV and ATSC. Furthermore, CTA WAVE/CMAF-IF are in the process of releasing CMAF conformance test material that may also be used in testing devices for conforming CMAF playback. The industry is clearly embracing the common format for media streaming and work will continue to support the industry’s needs in this front.
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