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Scope

The scope of this document is to provide a DASH interoperability point according to MPEG-DASH
[2] that is based on DASH-IF IOPs [1] and provides extensions to address use cases and require-
ments of ATSC 3.0 [3].
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Disclaimer

This is a document made available by DASH-IF. The technology embodied in this document may
involve the use of intellectual property rights, including patents and patent applications owned or
controlled by any of the authors or developers of this document. No patent license, either implied
or express, is granted to you by this document. DASH-IF has made no search or investigation for
such rights and DASH-IF disclaims any duty to do so. The rights and obligations which apply to
DASH-IF documents, as such rights and obligations are set forth and defined in the DASH-IF
Bylaws and IPR Policy including, but not limited to, patent and other intellectual property license
rights and obligations. A copy of the DASH-IF Bylaws and IPR Policy can be obtained at
http://dashif.org/.

The material contained herein is provided on an "AS IS" basis and to the maximum extent permit-
ted by applicable law, this material is provided AS IS, and the authors and developers of this
material and DASH-IF hereby disclaim all other warranties and conditions, either express, implied
or statutory, including, but not limited to, any (if any) implied warranties, duties or conditions of
merchantability, of fitness for a particular purpose, of accuracy or completeness of responses, of
workmanlike effort, and of lack of negligence.

In addition, this document may include references to documents and/or technologies controlled by
third parties. Those third--party documents and technologies may be subject to third party rules
and licensing terms. No intellectual property license, either implied or express, to any third--party
material is granted to you by this document or DASH-IF. DASH-IF makes no any warranty what-
soever for such third--party material.

If you have comments on the document or identify and bugs or problems, please submit comments
as follows:

e at the github repository https://github.com/Dash-Industry-Forum/ATSC/issues
e atthe public repository https://gitreports.com/issue/Dash-Industry-Forum/ATSC

Note that technologies included in this document and for which no test and conformance materi-
al is provided, are only published as a candidate technology, and may be removed if no test ma-
terial is provided before releasing a new version of this guidelines document. The status of the test
material can be verified on http://testassests.dashif.org.
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Acronyms, abbreviations and definitions

For acronyms, abbreviations and definitions refer to ISO/IEC 23009-1 [2] and DASH-IF IOP [1].
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1. Introduction

This document provides a DASH interoperability point that is based on DASH-IF IOPs and pro-
vides extensions to address use cases and requirements of ATSC 3.0.

The documents minimizes references to ATSC specifications; it is expected that ATSC will refer-
ence this document in order to enable a full ATSC 3.0 service.

The usage of this Interoperability Point is not restricted to ATSC3.0.

This specification defines the identifiers in

Table 1.
Table 1 Identifiers defined in this Document

Identifier Semantics Type Section
http://dashif.org/guidelines/dash-atsc- Main DASH Interoperability IOP 3.1
main Point for ATSC
http://dashif.org/guidelines/dash-atsc- | Color gamut capability Video 53.2.7
cgcompatibility
http://dashif.org/guidelines/dash-atsc- View position for stereo- Video 5.3.2.7
videoposition scopic content

http://dashif.org/guidelines/dash-atsc- | Scene disparity signaling Video 5.3.2.7
scenedisparity

http://dashif.org/guidelines/dash-atsc- Temporal Sub-Layering Video 53.2.7
temporalsub-layering

http://dashif.org/guidelines/dash-atsc- | Staggercast signaling Audio 5435
staggercast

http://dashif.org/guidelines/dash-atsc- Program Signaling Function = 5.7.2
program

http://dashif.org/guidelines/dash-atsc- | Closed Caption Subtitle 5532
closedcaption

http://dashif.org/guidelines/dash-atsc- Rating Rating 5.7.3

RRTrating:1

DASH-IF supports these guidelines with test and conformance tools:

e DASH-IF conformance software is available for use online at http://dashif.org/conform-
ance.html. The software is based on an open-source code. The frontend source code and
documentation is available at: https://github.com/Dash-Industry-Forum/Conformance-
Software. The backend source code is available at: https://github.com/Dash-Industry-Fo-
rum/Conformance-and-reference-source.
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e DASH-IF test assets (features, test cases, test vectors) along with the documentation are
available at http://testassets.dashif.org.

e DASH ldentifiers for different categories can be found at http://dashif.org/identifiers/.
DASH-IF supporters are encouraged that external identifiers are submitted for documen-
tation there as well. Note also that DASH-IF typically tries to avoid defining identifiers.
Identifiers in italics are subject to discussion with other organizations and may be depre-
cated in a later version.

Technologies included in this document and for which no test and conformance material is pro-

vided, are only published as a candidate technology and may be removed if no test material is
provided before releasing a new version of this guidelines document.

Version 1.1 of this document applies the following modifications compared to version 1.0:

e Update of references to refer to the latest correct versions

e Clarification on track selection in clause 2.3.3 and addition of a new clause 2.7.5

e Addition of a placeholder for a non-real time profile in clause 4.1.3
e Updates to the ROUTE protocol constraints when used with $TIMES in clause 4.2.2

e Clarification on the usage of @r=-1 with the Segment timeline in clause 4.3.1.

o Reference to DASH-IF IOP for joining, initial buffering and playout in clause 4.4.

e Addition on a note on the deployment for High Frame Rate in clause 5.3.2.8 and 5.3.2.9.
e Addition of High Dynamic Range (HDR) video in clause 5.3.3.

e Clarification on ATSC events and DASH events in clause 5.6.3

e Update to xlink behavior in clause 6.5.1

e Miscellaneous editorial updates

2. Background and Assumptions (Informative)
2.1. Introduction

To set the context, this section provides background and assumptions, primarily shared by ATSC
with DASH-IF. For a detailed overview on ATSC3.0, please refer to ATSC A/300 [3]. The ATSC
AJ300 standard [3] is the initial entry point to the ATSC 3.0 system. It provides both an overview
of the system and a guiding structure to the pertinent ATSC component standards that are to be
followed depending on how the system is configured, as indicated by the system signaling.

2.2. ATSC3.0 Protocol Stack

According to the ATSC A/331 [4] the protocol stack as presented in Figure 1 expresses the major
components of the ATSC delivery system. In particular, DASH formats play a central role as the
encapsulation and delivery format in the context of ATSC 3.0 for broadcast, broadband and hybrid
delivery.
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In case of broadcast delivery, the interface between the underlying delivery system and the DASH
Player is at least conceptually based on an HTTP proxy that is included in the end point of the
delivery system. In addition to the interfaces to the transport system, the DASH Player as shown
in Figure 1 also provides the functionality to play media properly and to interface with native or
downloadable applications, typically in a browser-centric runtime environment.

Applications (HTML 5/1S/native)
MPU /1) o
£ & DASH Player/Decoders
Player/Decoders T ol g o ;
ver/ 2S5l NRT NRT ':':'jfg
= &2 ®| Files Files | opiect
| EME/CENC | |5 3|5 3 | EME/CENC jects
S (o
MPU (ISO BMFF) & DASH S;;rp;nt{lso
| HTTP Proxy |
MMTP ROUTE HTTP
| SLT
UDP TCP
IP
Broadcast Broadband

Figure 1 ATSC Protocol Stack?
2.3. Client Reference Architecture

2.3.1. Introduction

ATSC 3.0 as well as MPEG-DASH are defining emission standards. In addition, DASH formats
terminate (at least primarily) in the DASH Player and it is assumed that the DASH Player controls
the streaming session by issuing HTTP requests scheduled at appropriate times to download Seg-
ments from an HTTP server (possibly a distributed architecture using a CDN). In order to map
DASH formats on top of ATSC delivery and create the appropriate service and user experience, it
is considered useful to specify a reference architecture of an ATSC 3.0 receiver (or “client”) de-
vice, referred to in this document as the Client Reference Model (CRM), in order to define and/or
verify the proper emission specifications.

1 Reproduced with permission.

DASH-IF Interoperability Point for ATSC 3.0 16



CO~NO UOIh WN P

A decomposition of the functions and interfaces in the client enables the definition of proper emis-
sion formats in order to verify that the distribution formats result in expected functionality to fulfill
the ATSC 3.0 system requirements.

By no means would such a reference client imply a normative implementation, as it would only
provide an example implementation to verify the adequacy of the delivery specification.

The CRM is expected to decompose the ATSC 3.0 receiver device into the relevant network inter-
faces, device internal functions, interfaces to the application and interfaces to the media playout
pipeline.

2.3.2. Overview: Functions and Interfaces

Figure 2 provides an overview of relevant functions and interfaces (IF) in the decomposition of
the signaling and processing routines of the DASH Player. The DASH Player acts as a component
in the ATSC 3.0 receiver client device.

The functions in the client are informative and do not imply a specific implementation. For exam-
ple, Cache and HTTP Proxy may be implemented differently, but serve as a conceptual model and
logical endpoint for service delivery.

The following functions are identified in the client reference model:

e ATSC 3.0 Physical Layer connections (possibly comprising multiple RF channels) and
broadband connections provide the connectivity, via broadcast and broadband networks,
to broadcasters/content providers to receive service signaling and data.

e ROUTE/UDP/IP and HTTP/TCP/IP that provide an object--oriented transport protocol run-
ning on top of IP in order to receive DASH resources as well as other objects and files that
are relevant for the ATSC 3.0 service, or an application associated with the service.

e HTTP proxy: A local (i.e. device-resident) HTTP proxy that may be used to abstract the
underlying physical and transport layer to a client application, in particular the DASH
player, but may also be a broadcaster application. Application specific data, transient ser-
vice objects and NRT content may be provided through the HTTP proxy.

e Low-Level Signaling: Signaling delivered over UDP/IP that provides channel scanning and
basic service description and entry point information to enable service selection and acqui-
sition by the Basic TV Function.

e Service Signaling: A function that picks up service-related signaling for the selected ser-
vice which provides information to the receiver and DASH Player on IP-level service ac-
quisition, as well as static and dynamic configuration of the service.

e Cache: Temporary storage and handling of the MPD, Initialization Segment and Media
Segments whose reception are facilitated by service signaling.

e Basic TV Function: A platform that provides at the minimum rendering capabilities for
A/V services as well as simple means for interactivity, typically via a remote control.

o Application/Interactive Presentation: A native or downloaded application that makes use
of broadcast or broadband delivered data in order to provide a potentially richer and inter-
active presentation to the end user.

e ATSC Events: A function that operates as a sink for ATSC events as defined in [5].

e DASH Player: A function that consumes MPDs and Segments, and communicates with
other components in the CRM to which it interfaces to personalize the media experience

DASH-IF Interoperability Point for ATSC 3.0 17
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2.3.3.

— (screen/remote control/platform |«

based on platform capabilities, user preferences and user interaction. The DASH player
also provides information to a DRM engine and media player in order to decrypt and de-
code media.

Persistent Objects: Persistent storage of typically non-real time objects. This function may
provide the media resources for a DASH Media Presentations through the HTTP Proxy.

Basic TV Functi - .
asic unction _| Application/Interaction

capabilities) Presentation
Iy [ A A
IF-2 IF-3
| Media Playgr
| DRM Engine ¥ .
ATSC Persistent
r— |F-1 4_{ DASH Player Objects
Events
f; [
|F74ﬁ
Cache
(MPD, Is, <—>{ HTTP Proxy
Segment, etc.)
A
‘ t
Low Level Service Y
Signaling Signalling

‘D{ ATSC3.0 Physical Layer ‘

I@l Transport @
1r illi !

Broadband ‘

Figure 2 Client Reference Model
Relevant Interfaces

The logical functions in the CRM exchange information via the defined interfaces as described in
this section to support the processing and playout of media data. Although the documented inter-
faces are conceptual, some of them may exchange information in a more formalized manner using
well-defined APIs.

IF-1: The ATSC specific events received by the DASH Player are dispatched to the ATSC
event application through this interface.

IF-2: If the service metadata includes an MPD, the MPD is handed to the DASH player
and the DASH player is activated. In addition, the DASH player may exchange capability
information with the Basic TV Function, for example on rendering and DRM capabilities,
as well as on user preferences and settings.

IF-3: For an app-enhanced linear service, or an app-based service, the app and the DASH
player may exchange over IF-3 information regarding capabilities, personalization, app-
specific events, targeting, etc._IF-3 may also be used if the track selection is done in the
application.

IF-4: A regular HTTP interface between the DASH player and the proxy. The interface
follows HTTP methods, and may support extensions pertaining to error robustness and
network information.
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Other interfaces are conceptual and out of scope of this specification. More details on interfaces
and the messages exchanged on the interface are provided in the remainder.

2.3.4.

Typical Bootstrap and Service Signaling

A typical bootstrapping sequence is presented in the following:

1.

The Basic TV Platform requests a pre-configured Service List Table (SLT) in Low Level
Signaling (LLS). SLT is delivered to the Basic TV Function, which then provides a user
interface for ATSC 3.0 Service selection. User chooses a particular ATSC 3.0 Service for
rendering.

By using the SLT, the user selects the service to consume, and the Basic TV Function
uses the Service Layer Signaling (SLS) entry point information carried in the SLT for the
selected service to provide access information to the ROUTE/UDP/IP stack to retrieve
the SLS. SLS is delivered to the Basic TV Function, but certain elements are added as
transient service objects to be available directly for the application, i.e. the DASH player.
By using the SLS, the Basic TV Function provides access information to the
ROUTE/UDP/IP stack for downloading the DASH-formatted media components of the
selected Service, which can be in turn sent to the HTTP proxy/cache to be temporarily
stored. Assuming that the selected Service is a linear service that includes a targeted ad
insertion broadcaster application, the receiver platform provides access information to the
ROUTE/UDP/IP stack for downloading the broadcaster application. Ad files can be
downloaded as NRT content and passed to and cached in persistent storage (as Persistent
Objects).

The broadcaster application may be automatically launched upon reception, or launched
under the control of the receiver platform.

Via IF-2, the DASH Player exchanges service capability information with the Basic TV
Function, for example on rendering and DRM capabilities, as well as on user preferences
and settings.

Upon the selection of a service, the Basic TV Function activates the DASH Player via IF-
2, causing the DASH Player to request Media Segments from the HTTP proxy, via IF-4,
at or after the Media Segment availability start times. Media Segments delivered via
broadcast will be sent by the ROUTE/UDP/IP stack to the Cache, for subsequent for-
warding to the HTTP Proxy. Media Segments delivered via broadband will be directly
sent by the HTTP/TCP/IP stack to the HTTP Proxy.

DASH Player sends Segment request/receives Segments to/from the HTTP proxy/cache
over IF-4. In an alternative implementation, the ROUTE receiver, i.e. the
ROUTE/UDP/IP stack in the Transport block, may stream MDE(s) to the DASH Player
as described in Annex A of A/331 [4]

Upon reception of Media Segments or MDE, the composite function comprising the
DASH Player, DRM Engine and Media Player decodes the received media content, and
the decoded media is returned to the Basic TV Function for screen display.
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9. During Service reception there may be the occurrence of an ad avail. The DASH Player
will pass a remote Period element with XLink for resolution by the broadcaster applica-
tion. The broadcaster application may provide the DASH Player a replacement Period
which points to, for example, an Ad in the Persistent Objects store or other location.

10. After the ad avail, playout of the main program resumes based on repetition of steps 6-8.

2.4. Client and Service Types

2.4.1. Introduction

The service that includes a DASH Media Presentation may support different types and receiver
models, with different levels of involvement of the application or browser in the DASH media
consumption. Different service types are discussed in this sub-clause.

2.4.2. Client Type 1: Stand-alone

Client Type 1 is considered as a standalone without any interface to an app or browser, i.e. IF-3in
Figure 2 is not present and the client obtains all information primarily from IF-2.

2.4.3. Client Type 2: App-based Enhancement

In client type 2 as shown in Figure 3, the DASH player still acts as a stand-alone player, but through
IF-3 in Figure 2 the DASH and media player may be partially controlled or at least some amount
of interaction applies. The initial presentation is still launched through the DASH Player.

Runtime Environment
A broadcast application J
| \ \
ATSC HTML5 | | W3C MSE/ IF-3
API Video EME API

‘ DASH & Media Player ’
(MPD Parsing)
I

Figure 3 App-based Enhancement
244, Client Type 3: DASH Player in Video Element

In this case the app launches a DASH player through a <video> element that is provided with a
URL to an MPD.

2.4.5. Client Type 4: App-based

In client type 4 as shown in Figure 4, the initial MPD is consumed in the app and all control is
done in the application. In order to enable such a deployment, the content needs to be offered
conforming to Media Source Extensions (MSE) [15].
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Runtime Environment

Broadcast application (with MPD parsing)
| | | |

ATSC W3C MSE/ HTML5 W3C XHR /
API EMEAPI [ | Video WebSocket AP

Figure 4 App-based Client
2.5. IF-1: Application Interface

The Application Interface enables communication of the DASH client with the application. An
implementation of this interface is expected to be provided by a JSON RPC API defined in A/344

[11].
As an example, non ATSC-specific event streams may be supported. In addition, personalization
information may be exchanged over this interface.

2.6. |IF-2: Capabilities and User Settings/Interface
2.6.1. General

The MPD contains signaling on the property of the delivered media streams. These properties are
also provided such that a Receiver can use this information to check if the stream matches platform
capabilities. If the platform capabilities are not sufficient, the media stream is not considered for
decoding and presentation. If the service contains more than one media stream of the same media
type, then additional information needs to be provided to differentiate the media streams with the
same media type and the DASH player typically needs to select one. In addition, annotation can
be provided that is used by the system to map against user preferences and presets (e.g. language
or accessibility settings). Also signaling may be provided that supports the player in selecting a
media stream when joining as well in the absence of other information. IF-2 is used by the DASH
player to gather information from the platform on supported capabilities and user preferences and
settings. Such a selection process needs to be done at join time and in case new content is spliced,
i.e. DASH when a new Period is signaled.

The conceptual interface IF-2 expects that the DASH client can use the information in the MPD
to query the platform for supported capabilities. The implementation of this interface is out of
scope for this document. However, if for example an HTML-5 based user agent would be used to
support track selection, parts of the interface may be implemented accordingly.

2.6.2. Video Specific Capabilities in context of ATSC 3.0

In the case of ATSC 3.0, typical differentiation of receiver capabilities for the video decoding and
rendering pipeline may use one or multiple of the following properties:

o Codec capabilities
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o Single Layer Codec, Profile and Level
o Scalable Codec
o Temporal Sub-Layering
o Display/rendering capabilities
o spatial and temporal resolution
Scan Format, interlace or progressive
HDR capabilities
3D capabilities
Color space capabilities
2.6.3. Audio Specific Capabilities in context of ATSC 3.0
In the case of ATSC 3.0, typical differentiation of receiver capabilities for the audio decoding and
rendering pipeline may use one or multiple of the following properties:
e Codec capabilities:
o Codec, Profile and Level
e Rendering capabilities/environment
e User preferences and settings (accessibility, language, role)
e User interaction and Personalization

2.6.4. Subtitle/Caption Specific Capabilities in context of ATSC 3.0
In the case of ATSC 3.0, typical differentiation of receiver capabilities for the subtitle and caption
decoding and rendering pipeline may use one or multiple of the following properties:

e User preferences and settings (e.g., accessibility, language)

e Rendering capabilities (e.g., text profile, image profile)

2.6.5. Transport Specific Capabilities in context of ATSC

In the case of ATSC 3.0, typical differentiation of receiver capabilities for the transport are:
e Broadcast-reception only
e Broadcast & Broadband

e Broadband only (no ATSC use case for broadband only, but media may primarily arrive
through broadband, signaling always through broadcast)

e Maximum available broadband bandwidth
e Reception conditions, for example due to different robustness on the transport certain re-
sources may or may not be available depending on the reception conditions.
2.6.6. DRM Specific Capabilities in context of ATSC

In the case of ATSC 3.0, typical differentiation of receiver capabilities for the DRM are:
e available DRM systems

O O O O
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2.7. IF-3: Application Interfaces
2.7.1. Introduction

The runtime environment is a relevant concept in ATSC 3.0. This section looks into possible in-
terfaces between the DASH Player and an application.

2.7.2. Parental Control

Content advisories, in ATSC, are metadata associated with Programs, and not with individual com-
ponents in contrast to the Rating descriptor in DASH. Each Program in the broadcast schedule
may be associated with a content advisory rating. In the ATSC system, content advisory ratings
shall be signaled as described in Section 5.7.3. The DASH client may communicate with the
platform to understand the content rating associated with platform and apply this on Program level.

2.7.3. Personalization and Ad Insertion

Personalized content may be distributed. If done, then the content is differentiated through a
RESTful architecture, i.e. personalization is achieved using personalized HTTP URLs and other
HTTP methods that enable targeted content. The logic on how to personalize requests is outside
the DASH Player, but the DASH Player communicates through IF-3 with the application for per-
sonalization information.

2.7.4. Media Control

The application may control the media playout, potentially in a dynamic fashion. Examples for
media control may include scaling and positioning the video, muting audio, trick modes such as
pause and resume or other aspects. The DASH Player may get information on how the media is
controlled and may use the information to optimize its processing, e.g. selection of Adaptation
Sets and Representations. For example, if audio is muted, download of audio may be dispensed. If
the video is consumed in a thumbnail version with no audio then only a low resolution video may
be downloaded. Details on how such information is exchanged between the DASH Player and
application are out of scope, but a DASH MPD is expected to provide information in order to react
to such dynamic information from the application.

2.7.5. Track Selection

The application may be involved in the track selection following the description in ATSC A/344
[11]. In this case, the MPD or at least the parameters assigned to available Adaptation Sets and
Preselections are handed to the application. Then the application instructs the DASH client to se-
lect the Adaptation Sets and/or Preselections. The @1d is used for referencing and the app instructs
the DASH player on what track is selected by using the value of the @ id.

2.8. IF-4: Transport Interfaces
2.8.1. Introduction

Figure 5 provides an overview on the transport interfaces. A DASH Player can communicate with
a local proxy and cache that has intelligence to receive content from broadcast through ROUTE
and broadband through HTTP/TCP/IP.
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Note: This description is only one possible implementation in order to show the use of a DASH Player in
the ATSC 3.0 receiver model.

MPD
i Segments
Broadcast RRDU.TE Objects, HTTP S &Advinced v DASH Client
eceiver Cache/Proxy

Objects

HTTP/TCP/IP

CDN Broadband Stack

Figure 5 Receiver model for Broadcast and Broadband Reception
2.8.2. MPD and Segment-based — Regular File Delivery

In the regular file or Media Segment delivery mode, the DASH Player makes a content request for
an entire Segment as the delivery object from the HTTP Proxy over IF-4. It uses the MPD to
construct the Segment URLSs for the requests. The corresponding media stream(s) is(are) delivered
via broadcast and/or broadband, and forwarded by the Transport block as shown in Figure 2 to the
HTTP Proxy, as an example implementation method depicted in the diagram. In this implementa-
tion method, the HTTP Proxy acts as a local HTTP server to return the requested Segments to the
DASH Player over IF-4.

2.8.3. MDE-based for reduced startup delay

Figure 6 provides a possible implementation of the receiver in case the timing of the playout is
controlled by the broadcast network and not the availability times in the MPD. DASH formats are
distributed over broadband or broadcast. The MPD may be used as entry point or for example only
when the broadband components are added. However, the timing of the broadcast/ROUTE distri-
bution is determined by the broadcast transport and all relevant information may be provided
through broadcast metadata. Startup may happen prior to reception of MPD and/or full segment.
The MPD/DASH Player is still necessary for any hybrid aspects and to describe service details.
ROUTE

I1SO BMFF Stream 1SO BMFF request data 1SO BMFF
Buffer Decoder

| Packet H Packet H RAP Packet| Receiver and

Qutput Buffer

+ (E)FDT(TOI <> URL)

DASH
Client

T

* MPD

Segments

Figure 6 Model for MDE-based receptions
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MDE-based delivery may be implemented by a regular DASH client using HTTP requests prior
to full reception of segments and the proxy/cache provides the data with HTTP Chunked Transfer.
By this, a progressive media consumption is enabled. If HTTP Chunked Transfer is not supported,
then other means may be used to enable early consumption of Media Segments, e.g. using the
WehSocket API to directly feed the MSE source buffer. For more details refer to Annex A.

2.8.4. Specific Methods for ATSC 3.0 beyond regular HTTP
2.8.4.1. Status Codes

Guidelines for handling request responses according to case 4 from above are provided in MPEG-
DASH, Annex A.7 [2].

2.8.4.2. Robustness

Typical problems affecting robustness are documented in DASH-IF IOP, Annex B. The HTTP
proxy and DASH Player may communicate using the tools defined in DASH-IF IOP, clause 4.8.

2.8.4.3. Network redirection

Suitable methods for communication between the HTTP Proxy/Cache and the DASH Player are
provided in ETSI TR 26126.946 [13], clause 7.2.4.

Note: It is expected that updates will be provided once MPEG SAND H81[20] is fully
defined and 3GPP has aligned as well.

2.8.4.4. Partial File Handling

Suitable handling of partial files is defined in clause 7.9.2 of ETSI TS 26:126 346 [12].
Guidelines for handling request responses with 200 OK with the Content-Type set to applica-
tion/3gpp-partial and 416 Requested Range Not Satisfiable are provided in Annex A.9 of TS
26.247 [14].

2.9. Scope of this Specification

The scope of this specification is the definition of the DASH formats that conform to MPEG-
DASH; but provide additional restrictions and extensions to fulfill the use cases and requirements
documented by ATSC. The extensions include signaling for specific functionalities from ATSC
including broadcast and hybrid services, specific media formats and codecs, subtitles, events,
metadata, security and ad insertion functions.

In order to enable a complete end-to-end system, it is expected that receiverssDASH Players im-
plement certain functions and processes, but this is outside of the scope of the specification. Nev-
ertheless, expected receiver behavior is added in order to explain the assumptions when document-
ing the signaling requirements. It is expected that this information may be used to define more
detailed receiver requirements in the context of receiver specification for the ATSC 3.0 emission
standard.
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3. DASH MPD and Segment Constraints

3.1. Interoperability Points Signaling
The conformance to DASH-IF ATSC Main may be signaled by a @profiles attribute with the

value it . = hif rolopidaelin = K +
AEEp: S Eorgiguracetines/aash—at

matahttp://dashif.org/guidelines/dash-atsc-main.

A Media Presentation (MPD and Segment formats) conform to the IOP by offering content fol-
lowing the requirement and recommendations in the following sections:

o Clause 3.2: The requirements and recommendations from MPEG-DASH

o Clause 3.3: Requirements and recommendations related to DASH-IF IOPs

e Clause 4: Restrictions and Extensions on the Distribution Formats

e Clause 5: The Media Profiles and metadata as well as their mapping to DASH
e Clause 6 Ad Insertion requirements and recommendations

e Clause 7: DRM and Security Related requirements and recommendations

It is expected that with the combination of the ATSC specification and a usage of the DASH client
following the CRM in clause 2.3, the ATSC use cases and requirements can be fulfilled.

3.2. Relation to MPEG-DASH

A DASH-IF ATSC Main Media Presentation shall conform to the ISO BMFF Broadcast TV Profile
as defined in ISO/IEC 23009-1:2017, clause 8.11 [2].

Note: As this profile is not yet fully defined and published, the key principles are included
in clause 4 and Annex B.

3.3. Relation to DASH-IF IOP

The Media Presentation is built on the features from DASH-IF IOP ¥3-3-[1]. However, the
DASH+ATSC Media Presentation is not expected to be conforming to DASH-IF IOP taking into
account that certain features and requirements for ATSC need to be enabled, that had not been
included in the requirements for DASH-IF IOP.

A DASH-IF ATSC Media Presentation shall follow the requirements and recommendations from
DASH-IF IOP of the following features and sections:

e The DASH formats in clause 3.2.1, including segment formats and only non-multiplexed
Representations.

e The DASH timing model in clause 3.2.7

e The Recommendations on Bandwidth and Minimum Buffer Time in clause 3.2.8
e The Trick mode support in clause 3.2.9

e The Adaptation Set Constraints in clause 3.2.10

e The Segment-based Media Time Information in clause 3.2.11

e The Content Offering within a Period in clause 3.2.12

e The Switching across Adaptation Sets in clause 3.8

e The Simple Live Operation as defined in clause 4.9.2
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Note that the main live operation as defined in clause 4.9.3 may be used as well.

4. Distribution Formats

4.1. Introduction
4.1.1. Broadcast Distribution

In Broadcast Distribution, the broadcast channel is the only communication channel available to
the DASH Player. Therefore, the DASH Player can only receive MPD and media segments
through the broadcast channel. No return channel capability is available, but the client reference
model as defined in clause 2 permits interfacing between the broadcast distribution and the DASH
client.

Key aspects for linear TV services, in particular, broadcast services, are end-to-end latency and
rapid channel change times. The distribution format should be easily integrated into ATSC deliv-
ery protocols, in particular ROUTE/UDP/IP for broadcast according to the CRM as introduced in
clause 0. The distribution format is expected to support synchronization of supplemental content,
such as accessibility components, supplementary languages, etc. with primary A/V content; both
the supplemental content and the primary content may be delivered via Broadcast.

4.1.2. Hybrid Distribution

In addition to the broadcast channel, a broadband channel may also available to the DASH Player.
While AV services may be pure broadcast, or hybrid broadcast/broadband, service signaling al-
ways starts on the broadcast channel. According to the ATSC A/331 specification [4], only a
single MPD is used to signal content offerings on broadcast and broadband, the DASH Player may
receive one MPD and Media Segments through the broadcast channel and/or the broadband chan-
nel.
The broadband channel may for example be used to:
e send additional service information,
o send Media Segments as part of a pure broadband service (on-demand content, catch-up
content, time-shift services, etc.),
o send Media Segments as part of additional service components to a broadcast service,
o send additional Media Segments as an enhancement to broadcast Media Segments (using
scalable coding),
o send Media Segments as a temporary replacement to broadcast Media Segments (for error
recovery purposes (retransmission) or fast channel change purposes).
The formats should be easily integrated into ATSC delivery protocols, in particular, HTTP/TCP
and ROUTE/UDP/IP. The same service may be offered through broadcast and broadband (with
different quality), seamless transition from broadcast to broadband and back to broadcast is ex-
pected. The system is expected to support synchronization of supplemental content with primary
content; both the supplemental content and the primary Content may be delivered via broadcast or
broadband. The system is expected to provide the means for coping with variable content delivery
latency.
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4.1.3. Non-real time

This aspect is for further study.

4.2. Distribution Format
4.2.1. DASH Profile

This distribution format provides a restricted subset of MPEG-DASH primarily for distributing
broadcast TV over broadcast and broadband services, including service offerings for combined
broadcast and broadband services.

A DASH-IF ATSC Main Media Presentation shall conform to the ISO BMFF Broadcast TV Profile
as defined in ISO/IEC 23009-1:2017, clause 8.11 [2].

Note: As the profile is not yet published, the profile is documented in Annex B.

In addition, the following constraints apply to the profile:
- The MPD@type shall be set to dynamic

- All Representations in one Adaptation Set shall have equal timescale values in all @t ime-
scale attributes and ‘tkhd’ timescale fields in Initialization Segments.

- The random access type as defined in ISO/IEC 23009-1:2017 clause 5.3.3.5, shall either
be "closed" or "open".

Note that “publishing a new MPD” for broadcast distribution is equivalent of sending an MPD
such that the new MPD is available on the local cache in the device.

The MPD Base URL's for broadcast resources are identified by using a relative reference per
RFC3986 [28], where the first character in the URI iscannot be a “/~"/" or "..".

4.2.2. ROUTE protocol constraints

JIn order for the ROUTE receiver to properly identify DASH segments, the following options are /

possible:
- If $Numbers based addressing is used, the TOI field of a given ROUTE packet should be

set to the snumbers, value of the DASH segment it contains-and-the. ROUTE File mode

with EFDT templating should be used. The template mechanism shall ensure that TOI val-
ues of ‘0’ and ‘1’are not generated,

- If sTimes based addressing js used-ard-ne, without segment sequences, and the length of

stimes value shedlddoes not exceed 32bits—Fhe, the TOI field of a given ROUTE packet

should be set to the sTimes value of the DASH segment it contains. ROUTE File mode
with EFDT templating should be used. sTimes values of ‘0” and “1° shall not be used.

- If sTimes based addressing is used and the length of the sTimes value exceeds 32 bits,
ROUTE Entity mode should be used.

- If segment sequences are used with hierarchical addressing, then the entity mode ROUTE

is expected to be applied in order to properly signal the Segments.
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4.2.3. Segments, Random Access and Switching Points

Constraints on segmentation, random access and switching points follows the ISO BMFF Broad-
cast TV Profile as defined in ISO/IEC 23009-1:2017, clause 8.11. More details on requirements
for random access and switching points may be provided for each codec.

Note: More details will be added in the next revision of this document.
4.3. Basic Use Cases and Recommendations

4.3.1. Broadcast Distribution
For broadcast distribution, the following recommendations apply:

- Only a single Representation per Adaptation Set should be present for broadcast distribu-
tion.

- the @minimumUpdatePeriod shall be set to 0. This permits to update the MPD with
every new Segment.

emeline with Gre— .

- The open-ended Segment Timeline with @x=-1 should be used to describe the Segments
at the live edge. This enables that Segments of the same duration may be distributed with-
out updating the MPD and that a Segment may be announced before its duration is known.
For clarification purpose, this does not imply that Seements need to be of the same duration

Segments not at the live edge can be described properly by the Segment Timeline in a
causal fashion.

4.3.2. Hybrid Distribution
For hybrid distribution, the following recommendations apply:

- Representations that are expected to be seamlessly switchable (regardless whether they are
distributed through broadcast or broadband) shall either be in the same Adaptation Set or
the Representations shall be linked by using the Adaptation Set Switching signaling.

- If there are differences on the availability times between broadcast and broadband Repre-
sentations, the @availabilityTimeOffset should be used.

4.4. Client Recommendations

The DASH client should check MPDs regularly for changes on the local cache, but should avoid
parsing MPDs that have not changed.

Broadcast only clients are expected to support the simple live operation as defined in 4.9.2 of
DASH-IF IOPs.

Hybrid clients are recommended to support the main live operation as defined in 4.9.3 of DASH-
IF 1OPs.
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Access gain for applications to events carried in the event stream (which may be either signaled in
the MPD, or carried in the Segments of a Representation) is relevant. Broadcaster-supplied appli-
cations can register for events of interest using a JSON RPC API defined in A/344 [11]. The ap-
plication identifies events of interest by specifying their schemeIdUri and (optionally) value.
For each event associated with a registered event, the receiver’s DASH Player is expected to pass
the associated data to the application over interface IF-3. Both “static” Events, whose timing is
known well in advance, as well as “dynamic” Events, the timing of which can only be determined
in real time as the program unfolds, are e-expected to be supported by the receiver’s DASH Player
if the Runtime Application Environment specified in A/344 [11] is supported.

If an event is signaled as an inband event, the client is expected to parse each random access seg-
ment at least up to the first 'moof ' box. The DASH client parses the segment information and
extract the earliest presentation time of the media segment.
Ifan 'emsqg" is detected that is set to the value defined in the MPD, the DASH client is expected
to parse the segment information and extract the following values:

e emsg.ptd the presentation time delta as documented in the emsg.

e emsg.ed the event duration as documented in the emsg

® emsg.message data
After parsing, the Segment is typically forwarded to the media pipeline if it is also used for ren-
dering, but it may either be dumped (if the Representation is only used to access the DASH event,
such as muted audio).

The DASH Client should follow the guidelines in the DASH-IF IoP v4.1 regarding Section 4.3.4.4

Joining, Initial Buffering and Playout Recommendations, including starting playback at the MPD
Anchor, if one is present.

5. Mapping of ATSC Media to DASH

5.1. Introduction

The media profile focusses on mapping ATSC media, in particular video, audio and subtitles/CC
to MPEG DASH. This includes issues for MPD signaling as well as Representation/File Format
constraints.

In addition, this section provides also the signaling of other media related information, such as the
content model or media-time related events.

5.2. Content Model and Metadata
5.2.1. Introduction

The ATSC program or content played out by the user may be tracked for usage reporting. Content
Identifiers are utilized for this tracking. Content identifier labeling is expected to be supported for
broadcast and broadband content (including advertisements). As a minimum Content identifier
values of type EIDR and Ad-ID, along with broadcaster-defined IDs (e.g., house numbers), are
expected to be supported.

o “EIDR” indicates a content identification per the EIDR registry (http://eidr.org).
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e “Ad-ID” indicates a content identifier per the Ad-ID registry (http://ad-id.org).
Extensibility should be provided for adding other content identifier types in the future. Support for
multiple content identifier values for the same content should be considered. Static (e.g. list of
future scheduled content related content identifier values) and dynamic (e.g. unscheduled dynam-
ically inserted advertisement related content identifier values) content identifiers signaling associ-
ated with content should be considered.

Programs and associated Ratings are defined in clause 5.7.

5.2.2. MPD Signaling

In order to annotate content, the DASH+ATSC Media Presentation author may use the Asset Iden-
tifier descriptor on Period level as defined in ISO/IEC 23009-1, clause 5.8.4.10 .

Two schemes are defined here:

- the value of @schemeIdUri setto "urn:eidr" and then the value of @value attribute
descriptor shall be a valid canonical EIDR entry as defined in [24].

- the value of @schemeIdUri set to the “Designator” for either the “full” or “compact”
encoding as defined in SMPTE 2092-1 [25] and then the value of @value attribute de-
scriptor shall be a valid Ad-ID entry as defined in [25].

Other schemes may be used, including user private schemes, by using appropriately unique values
of @schemeIdUri.

5.3. Video
5.3.1. Background and Use Cases (Informative)

ATSC A/300 mandates that when HEVC video compression is used with ATSC 3.0, the ATSC
AJ/341 standard [6] is followed. When HEVC is used, support is provided for up to 3840 x 2160p
at 120 fps iswith HEVC Main 10 or Scalable Main 10 Profile, Level 5.2, Main Tier. The HEVC coded
video includes legacy SD video and Interlaced HD video for support of existing content as well as
Progressive Video. The progressive video allows the full range of advanced features including high
dynamic range (HDR), wide color gamut (WCG), 3D, and temporal layering.

AFD and Bar Data are considered such that the active area of the picture does not necessarily need
to fill the entire coded area.

When Spatial Scalable Coding is employed, both HD and UHD videos are encoded where HD
video is coded in a base layer and UHD video is coded in enhancement and base layers.

When Temporal sub-Layering is applied, one video stream shall include two temporal video sub-
steams. The video stream can be decoded with different frame rates according to the decoder’s
capabilities.

5.3.2. Service Offering Requirements and Recommendations
5.3.2.1. Constraints on HEVC Adaptation Sets and Bitstreams
The HEVC Adaptation Sets and bitstreams shall conform to DASH-IF IOP, Section 6.2 [1].

Switching type shall either be set to media switching or to bitstream switching.

DASH-IF Interoperability Point for ATSC 3.0 a1
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5.3.2.2. MPD Signaling
5.3.2.2.1. IOP Constraints -
Elements and attributes are expected to be present for certain Adaptation Sets and Representations
to enable suitable initial selection and switching.
All constraints of DASH-IF 10P, section 3.2.4 [1] on any Video Adaptation Set are applied except
the constraint on @scanType.
For this IOP:
e For any Adaptation Set or for any Representation within an Adaptation Set with econ-
tentType="video" the attribute escanType need not be present, or if present, shall be set
{0 "progressive" Of "interlaced".

Note: default @scanType value is "progressive".
5.3.2.3. DASH-specific aspects for H.265/HEVC video
For any Adaptation Set or for any Representation within an Adaptation Set with econ-
tentType="video", all constraints of DASH-IF IOP, section 6.2.3 [1] are applied.
The ATSC 3.0 video profiles are defined in A/341 [6].
Additionally, DASH-IF I0P, table 16 [1] is extended with the following entries from Table 2.

Table 2 Codecs parameter according to ISO/IEC 14496-15 [10}[16]

Profile Level Tier Constraints The @codecs The lhevcptl
parameter parameter

progressive_source, hevl.2.4.193.B0 n\a
i non_packed, frame_only
31 Yk | P hevl.2.4.L93.60 ma
non_packed
progressive_source, hevl.2.4.1L123.B0 n\a
41 Mai non packed, frame only
HEVC Main . ain interlaced source, hevl.2.4.L123.60 n\a
10 non packed -
. progressive_source, hev1.2.4.1L150.B0 n\a
5.0 Main non packed, frame only
. progressive_source, hevl1.2.4.L153.B0 n\a
5.1 Main non packed, frame only
2 e progressive source, hevl.2.4.L156.B0 n\a
. ain non_packed, frame only
HEVC Scal- 5.1 Main progressive_source, lhel 0,
ble Mai non_packed, frame_only, 1.0.7.80.L153.BD.88
aniepain non temporal layering
10 progressive source, lhel 0,
non_packed, frame only, 1.0.7.80.L156.BD.88
G non temporal layering
5.2 Main progressive_source, lhel 0,
non_packed, frame_only, 1.0.7.80.L153.BD.88,
temporal layering 2.1.7.80.L156.BD.88

Note: The 'hevl', 'hev2' and ' Lhel ' sample entry ensures convenient random access and switching
without the need of searching and fetching parameter sets from earlier samples. The other sample entries
("hvel', 'hve2', and '1hvl ') do not guarantee such convenient random access and switching. Part
15 mandates parameter sets presence for 'hevl', 'hev2',and '1lhel" types to randomly access at
any IRAP picture and rely only on parameter sets from either the sample description (i.e., the IS) or from
that sample onwards.
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Note: The "hev2 ' sample entry is only used for a representation exclusively containing the higher sub-
layer of the base layer.

Note: When an HEVC Main 10 Profile or HEVC Scalable Main 10 Profile bitstream has a constant picture
rate equal to 120, 120/1.001, or 100 pictures per second, temporal sub-layering with two temporal sub-
layers may be applied.

When temporal sub-layering with two temporal sub-layers is applied, the bitstream shall contain
exactly two sub-layers, with TemporalId equalto 0 and 1, respectively. Each sub-layer can be
the output layer set.
Additionally, all relevant constraints to HEVC codec of DASH-IF-IOP, section 6.2.5 [1] are ap-
plied.
Note: The Codecs parameter signals the profile and level of the entire bitstream. For instance, when Tem-
poral Layering is used, the Codecs parameter indicates the profile and level of the entire bitstream.
5.3.2.4. ATSC Legacy SD

This section defines the DASH related constraints required for Legacy SD in DASH-IF IOP Sec-
tion 6.2.1 [1].
Any Adaptation Set signaling Legacy SD shall contain only one Representation.

5.3.2.5. ATSC Interlaced HD video
This section defines the DASH related constraints required for Interlaced HD in DASH-IF IOP

Section 6.2.2 [1].
Any Adaptation Set signaling Interlaced HD shall contain only one Representation.

5.3.2.6. ATSC progressive video

This section defines the DASH related constraints required for ATSC progressive video in DASH-
IF IOP Section 6.2.3 [1].

If the content is encoded using HEVC Scalable Main 10 Profile, the base layer Representation of
each enhancement layer Representation shall be identified using edependency1d.

5.3.2.7. Adaptation Sets constraints

All constraints of DASH-IF IOP, section 6.2.5 [1] on any Adaptation Set are applied except the
following constraints:

e Only the active video area shall be encoded so that devices can frame the height and width
of the encoded video to the size and shape of their currently selected display area without
extraneous padding in the decoded video, such as “letterbox bars” or “pillar-box bars”.

The additional following constraints are applied to the Adaptation Sets:

e Color space of all representations within one Adaptation Set shall be the same. The color
space shall be one of the followings: Rec. 709 [26] or Rec. 2020[27].

e If the color space of the content of an Adaptation Set is Rec. 2020, then an Essential or
Supplemental Descriptor shall be present at that Adaptation Set element, with escheme1-
duri Of urn:mpeg:mpegB:cicp:colourprimaries URI and evalue of 797 [17].

e If the color space of the content of an Adaptation Set is compatible with Rec. 709, then an
Essential or Supplemental Descriptor shall be present at the Adaptation Set element, with
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@schemeIdUri Of http://dashif.org/guidelines/dash-atsc-cgcompatibility

URI and evalue of "1".

For stereoscopic video content, the view position shall be signaled using an Essential or a

Supplemental Descriptor at the Adaptation Set element of the “left” video, with

@schemeIdUri Of http://dashif.org/guidelines/dash-atsc-videoposition URI

and evalue equal to the value of eia of the “right” Adaptation Set. The scene disparity

range shall be signaled using a Supplemental Descriptor at the Adaptation Set element of
either left or right video, with —@schemeIrduri Of http://dashif.org/guide-
lines/dash-atsc-scenedisparity URI and evalue of comma separated of two pa-
rameters. The first parameter represents the minimum disparity; and shall be an integer
between -1024 and 1023. The second parameter represents the maximum disparity and

shall be an integer between 0 and 2047.

When Temporal Sub-Layering with constraints defined in section 6.3.4 of A/341 (6] is

used in a Representation, then a Supplemental Descriptor shall be present at that Repre-

sentation, with @scheme1duri Of nttp://dashif.org/guidelines/dash-atsc-tem-
poralsub-layering URI. The value of the evalue attribute shall consist of two parts
separated by a delimiter ©,” with second part optionally present:

— The first part will be an 8-bit unsigned integer with value equal to the Level for tem-
poral sub-layer zero of the Representation. This will be equal to the value of syntax
element sub_layer level idc[ 0 ] of the Representation.

— The second part if present will be coded as a string using_the process defined for Co-
decs MIME type specification in Annex E section E.3 of ISO/ IEC 14496-15 for single
layer HEVC with syntax element sub layer profile space[ 0 1,
sub layer tier flag[ 0 ], sub layer profile idc[ 0 ],
sub_layer profile compatibility flag[ 0 ][ j ] forjintherange
of 0 to 31, inclusive, and each of 6 bytes of the constraint flags starting from
sub_layer progressive source flag[ 0 ] respectively substituted for
element general profile space, general tier flag, gen-
eral profile idc, general profile compatibility flag[ J ]
for 5 in the range of 0 to 31, inclusive, and each of 6 bytes of the constraint flags
starting from general progressive source_ flag. If the second part is ab-
sent then all other profile tier level () parameters for the temporal sub-
layer zero besides the sub_layer level idc[ 0 ] parameter which is sig-
nalled in the first part shall be inferred to be same as the value of those parameters
signalled in Codecs parameter for the Representation. If all Representations of an Ad-
aptation Set contain Temporal Sub-Layering with constraints defined in section 6.3.4
of A/341 [6] and all Representations have the same profile, tier, level and flags infor-
mation for temporal sub-layer zero, then the above descriptor may be used at the Ad-
aptation Set element.

When temporal sub-layering with two temporal sub-layers is used in two Representations,

each temporal sub-layer is carried in a Representation respectively, ecodecs values shall

be present at the Representation to signal the profile/level/tier described in Sample De-
scription of the track contained in each Representation (see 5.3.2.8 for details). When the
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first containing VCL NAL units with TemporalId greater than 0 only and the second
containing VCL NAL units with TemporalId equal to 0 only, the first Representation
shall be associated to the second Representation by using @dependencyId attribute in
the MPD.

5.3.2.8. Segment Format and Encapsulation Requirements for H.265/HEVC
video

The encapsulation of HEVC single-layer bitstream in a file shall be according to Clause 8 and
Clause 9 of ISO/IEC 14496-15 [16] with the following constraints applied:

Each track shall carry only one layer or a subset of one layer, and the HEVC bitstream

shall be carried in at most two tracks.

Each track shall be encapsulated in one DASH Representation.

Extractors and aggregators shall not be included in any track.

If a track carries a subset containing VCL NAL unit with TemporalId greater than 0

only, the sample entry type shall be 'hev2'. Otherwise, the sample entry type shall be

'hevl' asdefinedin [16].

When temporal sub-layering is applied and all samples (for both TemporalId=0and 1)

are carried in a single track, the track shall contain sample group description box contain-

ing sample group entry type 'tscl' and corresponding sample-to-group box which as-
signs a sample group for each sample within that track.

When temporal sub-layering is used and sub-layers are carried in separate tracks, the fol-

lowing requirements apply.

— The ‘hevl’ sample entry of the track (carrying VCL NAL unit with TemporalId
equal to O only) shall indicate the level of the substream, i.e. the value of
sub layer level idc]| 0 ] in the SPS if the value of
sub_layer level present flag[ 0 ] equaltol.

— The ‘hev?2’ sample entry of the track (carrying VCL NAL unit with TemporalId
greater than 0 only) shall indicate the level of entire stream (including both temporal
sub-layers).

— In the track with sample entry type of ‘hev2’, the decoding time of each sample con-
taining VCL NAL units shall be equal as in the case when both temporal sub-layers
are stored in a single track.

The encapsulation rules for HEVC as defined in DASH-IF IOP 3-3-[1] apply.

The encapsulation of an SHVC bitstream in a file shall be according to Clause 9 of ISO/IEC 14496-
15 [16] with the following constraints applied:

Each track shall carry only one layer or a subset of one layer, and the SHVC bitstream
shall be carried in at most two tracks.

Note: With this constraint in place, a sample entry cannot contain both the HEVC and L-HEVC configura-
tions, and the two layers of an SHVC bitstream have to be carried in two tracks, one for each layer.

Each track shall be encapsulated in one DASH Representation.
Extractors and aggregators shall not be included in any track.
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e The base track (i.e., the track containing the base layer) shall use the sample entry type
"hevl' as defined in [16].

e For each track that carries a layer for which the VCL NAL unit has nuh_layer id greater
than 0 or a subset of such a layer, the sample entry type shall be '1he1'.

e The external base layer sample group shall not be included in any track.

e  When temporal sub-layering is applied and all samples (for both TemporalId=0and 1)
of a layer are carried in a single track, the track shall contain sample group description
box containing sample group entry type ' tscl' and corresponding sample-to-group box
which assigns a sample group for each sample within that track.

No additional constraint on Segments other than imposed by the DASH profile is specified.

Note: Switching from the base layer (BL) to the enhancement layer (EL) can only occur at a segment or
subsegment of the EL Representation starting with a sample containing an IRAP picture at the EL. Switch-
ing from the EL to the BL can occur at the start of any segment or subsegment of the BL Representation,
regardless of whether that segment or subsegment starts with a sample containing an IRAP picture at the
EL.

5.3.2.9. Multiple Frame Rate Temporal Filtering Information Signaling

The Multiple Frame Rate Temporal Filtering allows efficient delivery of video with independent
effective shutter intervals. When the Multiple Frame Rate Temporal Filtering described in A/341
Section 6.3.4.1 and Annex D [6] is used, the constraints described in section A/341 6.3.4 regarding
High Frame Rate Temporal Sub-Layering also apply. When Multiple Frame Rate Temporal Filter-
ing as described in A/341 Section 6.3.4.1 [6] is used in a Representation, then a Essential Descriptor
shall be present at that Representation, with @schemeIdUri set equal to
http://dashif.org/guidelines/dash-atsc-multiframerate-temporal-
filtering. The value of the @value attribute shall indicate a parameter which indicates a 2 bit
field expressed as a 2 character string representing 2 binary bits which shall indicate the values of
temporal filtering parameters temporal filter wl and temporal filter w2. The
temporal filter wl and temporal filter w2 parameters are used in the recovery
process as described in the Annex D, section D.1.1 in A/341 [6]. In this case temporal fil-
ter wl parameter shall indicate the weight of the temporally preceding temporal sub-layer 1 pic-
ture that contributes to the current temporal sub-layer 0 picture and temporal_filter w2 parameter
shall indicate the weight of the high frame rate picture (not provided in the raw stream) in the
current temporal position that contributes to the current temporal sub-layer 0 picture. The values of
temporal filter wl and temporal filter w2 are inferred based on the signaled
@value as shown in Table 3. The value of temporal filter wl plus temporal fil-
ter w2 shall equal 1.

Note that this technology is expected to require specific APIs from the DASH client to the media
decoder implementation and video display pipeline and may therefore not be usable to systems
where the-such APIs are not available.

Table 3 Values of Multiple Frame Rate Temporal Filtering parameters

@value parameter temporal_filter_w2 temporal_filter_w1
‘00 4/5 1/5
‘01 2/3 1/3
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A receiver capable of High Frame Rate playback but not capable of recovery process as described
in A/341 Section 6.3.4.1 [6] should select a Representation (if available) without a Essential De-
scriptor with @schemeIdUri set equal to http://dashif.org/guidelines/dash-
atsc-multiframerate-temporal-filtering.

If all Representations of an Adaptation Set use Multi-Frame Rate Temporal Filtering with the same
temporal filter weights then the above descriptor may be used at the Adaptation Set element.
Regarding switching, the following is supported:

a) A receiver capable of only Standard Frame Rate playback as defined in A/341 Section
6.3.4.1 [6] may switch between a Standard Frame Rate Representation and a Representation
utilizing High Frame Rate Temporal Sub-Layering as defined in A/341 Section 6.3.4 [6]
with Multiple Frame Rate Temporal Filtering as defined in A/341 Section 6.3.4.1 [6]. If
multiple Representations with Multiple Frame Rate Temporal Filtering with different
weighting factors are available, the one with the highest available value for tem-
poral filter wl minimizes temporal aliasing (strobing) and may be preferred.

b) A receiver capable of only Standard Frame Rate playback as defined in A/341 Section
6.3.4.1 [6] may switch between a Standard Frame Rate Representation and a Representation
utilizing High Frame Rate Temporal Sub-Layering as defined in A/341 Section 6.3.4 [6] but
not utilizing Multiple Frame Rate Temporal Filtering.

c) A receiver capable of High Frame Rate playback as defined in A/341 Section 6.3.4.1 [6]
may switch between any Representations utilizing High Frame Rate Temporal Sub-Layer-
ing as defined in A/341 Section 6.3.4 [6] with or without Multiple Frame Rate Temporal
Filtering as defined in A/341 Section 6.3.4.1 [6].

d) A receiver capable of High Frame Rate playback as defined in A/341 Section 6.3.4.1 [6]
may switch between a Standard Frame Rate Representation and a Representation utilizing
High Frame Rate Temporal Sub-Layering as defined in A/341 Section 6.3.4 [6] with or
without Multiple Frame Rate Temporal Filtering as defined in A/341 Section 6.3.4.1 [6].

5.3.3. High Dynamic Range Video
5.3.3.1. Introduction

This clause defines DASH specific extension for adding High-Dynamic Range signaling in DASH
for ATSC.

5.3.3.2. PQ Transfer Characteristics
5.3.3.2.1. Introduction

For HDR video with the PQ transfer characteristics the elementary stream constraints in
A/341 [6], clause 6.3.2.2, apply. In addition, the additional constraints defined in clause
10.3.2 of DASH-IF IOP [1] shall apply.

Conformance to this operation point may be signaled using "http://dashif.org/quide-
lines/dash-if-uhd#hevc-hdr-pg10".

DASH-IF Interoperability Point for ATSC 3.0 a7
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5.3.3.2.2. MPD Signaling

The MPD shall conform to DASH-IF ATSC Profile Main I0OP with the additional constraints
defined in clause 10.2.3.4 of DASH-IF IOP [1]. The Rcodecs parameter shall not exceed
and should be set to either "hvcl.2.4.L153.B0" or "hevl1.2.4.1153.B0".

5.3.3.2.3. File Format Requirements

The file format requirements as defined in DASH-IF 10P [1], clause 10.3.3.3 shall apply.
5.3.3.2.4. Adaptation Set Constraints
The same requirements as defined in clause DASH-IF IOP [1], clause 10.3.3.4 shall apply.

5.3.3.3. HLG Transfer Characteristics
5.3.3.3.1. Introduction

For HDR video with the HLG transfer characteristics the elementary stream constraints in
A/341 [6], clause 6.3.2.3, apply.

In addition, the same requirements as for UHD HEVC 4k as documented in section 10.2
of [1]_hold, expect for the changes as detailed below.

The changes in the HEVC HDR HLG10 profile that extend it beyond the HEVC 4K profile
include:

e NAL Structured Video Streams conforming to this interoperability point SHALL be
encoded using the characteristics the elementary stream constraints in A/341 [6],

clause 6.3.2.3.
e Clients shall be able to correctly decode content that is encoded using that color
space.
5.3.3.3.2. MPD Signaling

The MPD shall conform to DASH-IF ATSC Profile Main IOP with the additional constraints
defined in clause 10.2.3.4 of DASH-IF IOP [1]. The @codecs parameter shall not exceed
and should be set to either "hvcl.2.4.L153.B0" or "hev1.2.4.L153.B0".

5.3.3.3.3. File Format Requirements

The file format requirements as defined in DASH-IF I0OP [1], clause 10.2.3.3 shall apply.
5.3.3.3.4. Adaptation Set Constraints

The same requirements as defined in clause DASH-IF IOP [1], clause 10.2.3.4 shall apply.

5.4. Audio

5.4.1. Background and Basic Use Cases (Informative)

The use cases provided by ATSC to DASH-IF are expected to be supported by the client reference
model. The client can select audio components based on e.g.:

¢ the audio language preference setting of the receiver
o the accessibility settings of the receiver

DASH-IF Interoperability Point for ATSC 3.0 a8
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e the codec capabilities of the receiver
e the output preference of the receiver (e.g. stereo vs. multichannel output)
e new parameters or methods for signaling of next generation audio defined by DASH-IF
in order to signal immersive and personalized content
e the network connectivity, if applicable (access to hybrid content via Ethernet or WiFi).
Fhis-may-forFor example-include-that certain languages are only available if the receiver
provides broadband connectivity.
e the usage of impairment techniques which rely on additional audio streams
Audio that consists of multiple components that contribute to an experience is expected to be sup-
ported. Personalization based on multi-component audio is expected to be supported. Multi-com-
ponent audio is able to coexist with single-component audio. Signaling is defined to be agnostic
to the underlying format of the audio stream. Signaling of availability of audio tracks to provide
for user selection is expected. Signaling of Next Generation Audio (NGA) on systems level as well
as evaluation of related content signaling by the decoder is expected to be enabled in order to
address requirements of different client architectures. NGA codecs introduce the concept of Pre-
selections which cannot be described sufficiently by today’s collection of DASH parameters. The
audio and DASH signaling experts extended parameters as required to enable NGA Preselections.
ATSC 3.0 also expects the availability of signaling for accessibility services. The signaling is also
expected to enable utilization of NGA codec features i.e. coding of audio elements. The signaling
should enable delivery of audio elements for impairment services via broadcast as well as via
broadband.

5.4.2. Assumptions and Definitions
54.2.1. Introduction

The Preselection element as defined in ISO/IEC23009-1:2014/Amd.4:2016 [2] is used for audio
signaling in the context of ATSC 3.0. Itis specifically adapted to address the next generation audio
concepts. For common concepts of ATSC 3.0 audio, see A/342-1 [7].

Note: As ISO/IEC23009-1:2014/Amd.4:2016 [2] is not yet published, the relevant con-
cepts are provided in Annex C.

5.4.2.2. Bundle

In the context of ATSC 3.0 audio, a Bundle is a closed set of audio elements that can contribute to
the playout of one NGA audio decoder. Examples for audio elements are an English dialogue,
German dialogue, or Music & Effects. The referred audio elements can be carried in one or sepa-
rate tracks or in one or separate Adaptation Sets. Typically, not all audio elements of one bundle
are played out at the same time. The set of audio elements of one audio Bundle can provide mul-
tiple personalization options like different languages, flexible gain or spatial location of audio el-
ements, typically exposed through a user interface. A Bundle typically contains several Preselec-
tions.

5.4.2.3. Preselection

A Preselection is a personalization option to produce a complete audio experience. It is associated
with one or more audio elements from one Bundle plus additional parameters like gain or spatial
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location. A Preselection can be considered the NGA equivalent of alternative audio tracks contain-
ing complete mixes using traditional audio codecs. Multiple Preselection instances can refer to the
same set of elements in a Bundle for example with different settings for gain and spatial location.
Only audio elements of the same Bundle can contribute to the decoding and rendering of a Prese-
lection.

The Preselection concept is common to both NGA codecs referenced by ATSC 3.0 and is mapped
to the systems layer to provide a basic selection mechanism, e.g. for user preferred languages,
accessibility, etc.

5.4.2.4. Compound Stream
One audio elementary stream comprising more than one audio element.

5.4.2.5. Full-Compound Stream
One audio elementary stream comprising all audio elements belonging to one audio Bundle.
5.4.3. Codec-Independent Mapping to DASH

5.4.3.1. Additional Attributes

The following attributes are available in Adaptation Sets and Media Content Components for
ATSC 3.0 as given in ISO/IEC23009-1:2014/Amd.4:2016 [2].

Table 4 MPD Adaptation Set

Element or Attribute Name Use Description
Adaptation Set
Qtag (e] Tag to be used to identify this adaptation set

towards an external scope (e.g. decoder)

Table 5 MPD Media Content Component

Element or Attribute Name Use Description
Media Content Component
@tag o Tag to be used to identify this content component

towards an external scope (e.g. decoder)

5.4.3.2. Preselection

A Preselection is a personalization option to produce a complete audio experience as defined above
in clause 5.4.2.3. By using a Preselection as a starting point, the client can avoid unnecessary
consumption of network resources by selecting only those Adaptation Sets necessary for a specific
Preselection and only downloading one Representation of each selected Adaptation Set.

Two different methods are defined how to signal Preselections in the MPD: The Preselection De-
scriptor and the Preselection Element.

The Preselection descriptor is defined in 5.3.11.2 of ISO/IEC23009-1:2014/Amd.4:2016 [2]. It
enables simple setups and backward compatibility; but may not be suitable for advanced use cases.
The usage of the Preselection descriptor in ATSC 3.0 is provided in clause 5.4.3.4.
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The Preselection element is defined in 5.3.11.3 and 5.3.11.4 of ISO/IEC23009-
1:2014/Amd.4:2016 [2]. More refinements for NGA in ATSC 3.0 on Preselection Elements are
defined in clause 5.4.3.3.

5.4.3.3. Preselection Element

The concept of Preselection Elements is orthogonal to the concept of Adaptation Sets. The Prese-
lection element is provided on Period level.

A subset and constrained usage of the Preselection element is shown in Table 6. Note that the “Use”
column may be different from what is defined in ISO/IEC23009-1:2014/Amd.4:2016 [2] and
prevideprovides specific constraints when using the Preselection element for NGA in ATSC 3.0.
Other elements and attributes than provided in Table 6 should only be present if needed for back-
ward-compatibility and may be ignored by the DASH client. The detailed semantics can be found
in ISO/TEC23009-1:2014/Amd.4:2016 [2].

Table 6 MPD Preselection for NGA in ATSC

Element or Attribute Name Use | Description
Preselection

@id
oD See ISO/IEC23009-1:2014/Amd.4:2016 [2].
De-

fault=1
audioSamplingRate O | See ISO/NIEC23009-1:2014/Amd.4:2016 [2].
@Qcodecs

M See ISO/IEC23009-1:2014/Amd.4:2016 [2].

@selectionPriority OD | See ISO/IEC23009-1:2014/Amd.4:2016 [2].

de-
fault=1

preselectionComponents M | See ISO/IEC23009-1:2014/Amd.4:2016 [2].

Gtag M | See ISO/IEC23009-1:2014/Amd.4:2016 [2]. Note that

the tag is mandatory ATSC Audio and provides a
unique binding of the Preselection to the decoder.

Language 0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2].

Note that the @ 1ang attribute should not be
present. If present, at least one Language

element shall be present that expresses the
language of @1ang redundantly.

Rol
ore 0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2]. The us-

age should be restricted to the Role scheme defined
in ISO/IEC 23009-1 [2] and the following values:
main, alternate, supplementary, commentary,
dub, and emergency.

x i
ccessibility 0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2]. The us-

age should be restricted to the Role scheme defined
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Element or Attribute Name Use Description

in ISO/IEC 23009-1 [2] and the following values: de-
scriptions, enhanced-audio-intelligibil-
ity.

Viewpoint )
0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2]. The view

-point descriptor may be used to annotate Adaptation
Sets from different media types that are preferably
played jointly, e.g. and audio and video presenting
the view from the same view point.

Rating 0. N | SeeISO/IEC23009-1:2014/Amd.4:2016 [2]. For

usage, please refer to clause 5.7.3.

Label 0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2].

AudioChannelConfiguration | , | geq|S0/IEC23009-1:2014/Amd.4:2016 [2].

EssentialProperty 0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2].
The following schemes and values are expected to be
recognized by a receiver:

- Content Interactivity descriptor as defined
in ISO/IEC23009-1:2014/Amd.4:2016 [2],
clause 5.8.5.11 with value set to 1.

- Others defined by the codec specifically

0...N | See ISO/IEC23009-1:2014/Amd.4:2016 [2].

SupplementalProperty

Legend:
For attributes: M=Mandatory, O=Optional, OD=Optional with Default Value, CM=Conditionally Mandatory.
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold,; attributes are non-bold and preceded with an @.

5.4.3.4. Preselection Descriptor

A scheme is defined to be used with an Essential or Supplemental Descriptor as
“urn:mpeg:dash:preselection:2016”. The value of the Descriptor provides two fields, sepa-
rated by a comma:

o the tag of the Preselection

e theid of the contained elements/content components of this Preselection list as white space

separated list in processing order. The first id defines the main element.

If the Adaptation Set includes the main element, then the Supplemental descriptor may be used to
describe contained Preselections in the Adaptation Set.
If the Adaptation Set does not contain the main element the Essential Descriptor may be used
instead.
The bundle is inherently defined by all elements that are included in all Preselections that include
the same main element. Preselections are defined by the metadata that is assigned to each of the
elements that are included in the Preselection.

Note: This signaling may be simple for basic use cases; but is expected to not provide full coverage for all
use cases.
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Note: The signaling constraints in Table 6 apply on Adaptation Set level if the Preselection property de-
scriptor is used.

5.4.3.5. Staggercast Audio Descriptor

Staggercast is a robustness feature that can be optionally added to a program. It consists of deliv-
ering a redundant version of the audio possibly coded with lower quality (e.g. lower bitrate, num-
ber of channels, etc.) and with a significant lead ahead of the audio with which it is associated.
Note: For live content, staggercast audio stream may be sent ahead of the main audio stream by, for instance,
taking advantage of the internal delay of encoding a video GoP. =
Receivers that support the Staggercast feature can switch to the Staggercast stream should main
audio become unavailable. The delivery offset (delay) between Staggercast audio and regular au-
dio should be chosen high enough to provide robustness given the sufficient time diversity between
both audio streams.

To explicitly signal that a Representation is only suitable for Staggercast, a scheme is defined to
be used with an Essential Property Descriptor as "http://dashif.org/guidelines/dash-atsc-
staggercast". The value of the Descriptor is a comma-separated list of the id attribute of the
Adaptation Sets to which the Staggercast Representation belongs.

To enable staggercast audio impairment capability, the MPD shall be constructed as follows:

e Include an additional Adaptation Set-that that contains one and only one Staggercast audio
Representation.
Annotate the Adaptation Set with a Staggercast Audio descriptor.

e Staggercast Representation shall be time-aligned with the Representation it belongs to in the
main Adaptation Set.

If an Adaptation Set is annotated with a Staggercast Descriptor then the receiver is expected to not
select such Representation for regular playout. If the receiver supports the Staggercast feature, it
is expected to buffer both the main audio and the Staggercast audio in order to be able to switch to
the Staggercast audio, should main audio become unavailable.

Note: The amount of delay between main audio and Staggercast audio can be inferred from the MPD by
comparing the value of the @GavailabilityTimeOffset information of the two Adaptation Sets.

5.4.4. Codec-specific Issues
5.4.4.1. Introduction

This section provides codec-specific issues that on how codecs can be mapped on the generic data
structure defined in clause 5.4.3. This typically includes for each codec

e Codecs parameter settings

e Usage of the Preselection elements

e Random Access Point and Switching Point requirements

e The definition of bitstream switching or media level switching

e File format encapsulation requirements

DASH-IF Interoperability Point for ATSC 3.0 43



0 N o hlhw NP

5.4.4.2. Dolby AC-4 specific details

5.4.4.2.1. General < | Formatted: Indent: Left: 0 cm, Hanging: 1,27 cm, Tab
) ) ) ) ) ) stops: Not at 4,44 cm

This section provides more details on Attributes and Elements used with AC-4. See ATSC A/342-

218].

ISO Base Media File Format Packaging Rules for AC-4 are described in ATSC A/342-2 [8], sec-
tion 5.6. Random Access and Bitstream Switching is defined in ATSC A/342-2 [8], section 5.6.4.

Table 7 provides the element and attribute settings for AC-4.
Table 7 — AC-4 Elements and Attributes

Element or Attribute Name Description

€codecs For AC-4, the value of the codecs attribute shall be created according to the syntax

described in RFC 6381 [22].

The value shall consist of the dot-separated list of the 4 following parts of which the
latter three are represented by two-digit hexadecimal numbers:

e The fourcc "ac-4"
e Thebitstream version asindicated inthe ac4 dsi_v1 structure.

e The presentation version as indicated for the selected presenta-
tioninthe ac4_dsi_v1 structure.

. The mdcompat parameter as indicated in the ac4_presenta-
tion vl dsi structure of the selected presentation.
Exampl