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1 Introduction

During SA4 #82, Tdoc S4-150048 [1], presented by Qualcomm, provided an overview of the ATSC 2.0 service interactivity mechanisms. This document is a follow-up to provide textul description of the slide deck material provided in that document, for inclusion in clause 6, “Interactivity Mechanisms in Broadcast and Broadband TV” of TR 26.953.
2 ATSC Service Interactivity
2.2 Introduction to ATSC

ATSC, or Advanced Television Systems Committee, Inc., is an international, non-profit organization which develops standards for digital television transmission over terrestrial, cable, and satellite networks. It was formed in 1982 by the member organizations of the Joint Committee on InterSociety Coordination (JCIC): the Electronic Industries Association (EIA), the Institute of Electrical and Electronic Engineers (IEEE), the National Association of Broadcasters (NAB), the National Cable Telecommunications Association (NCTA), and the Society of Motion Picture and Television Engineers (SMPTE). Its current member organizations represent the the broadcast, broadcast equipment, motion picture, consumer electronics, computer, cable, satellite, and semiconductor industries.

2.3 ATSC Service Interactivity Specification
ATSC published its “Interactive Services Standard” (ISS), A/105:2014 [2] in 2014, as part of a set of so-called ATSC 2.0 standards. It defined a set of services for operating over the ATSC 1.0 Digital TV (DTV) transmission system, one of which is user interactivity with the main program. The specification is based on interactive applications specified in HbbTV [3] and which are in turn derived from the Open IPTV Forum specifications. In particular, the ISS [1] adopts the so-called Declarative Application Environment (DAE), which is a declarative language, i.e. Web browser application environment based on CEA-2014-A [4] for presentation of user interfaces, including scripting support for interaction. The base set of technologies employed for the DAE in ATSC’s ISS includes HTML, CSS, DOM and ECMAScript objects, with APIs for TV environments.
Three types of interactive applications, or Declarative Objects (DOs), are defined in the ISS [2]:

1) Triggered DOs (TDOs), DOs which provide synchronized enhancements for linear TV services. TDOs can be be launched, suspended, terminated, or caused to take special actions by “Triggers” delivered to receivers in real time, via broadcast or unicast delivery, and tightly synchronized with the main audio/video programming. A Trigger is a data structure that provides dynamic notification of the time incidence of an interactivity event, and is bound to a particular program segment.
2) NRT DOs (NOs), providig interactivity for Non-Real-Time (NRT) services, and whose operation is independent of Triggers

3) Unbound DOs (UDOs), which are launched or terminated under user control

· Clickable “Link” (bookmark) installed on the TV receiver, and points to a remote UDO, or

· Clickable “Packaged Application”, or widget installed on the receiver, also referred to as a local UDO.
In ATSC 2.0, the data components that enable interactivity during linear TV services are the following:

· TDO Parameters Table (TPT). Data structure containing information about the TDOs of a program and associated interactivity-related events initiated by Triggers
· TDOs (Triggered Downloadable Object). Downloadable interactivity application which may be associated with declarative content items (e.g. text, graphics, scripts and audio) to be displayed during the interactivity event. The functionality and behavior of a TDO is specific to the main program that it accompanies.

· Interactivity Content Items. Data files required by the interactivity apps, for example media assets to be displayed during the interactivity event controlled by an application instance.

· Triggers. Data objects, bound to a particular program segment, that perform location and timing-related signaling in support of interactivity.
2.3.1 Interactivity Data Delivery
For dynamic interactivity associated with linear services, TDOs, which define the interactivity logic, are executed by the Triggers at precisely designated times. Figure 2.1 illustrates the delivery alternatives of interactivity data components in ATSC along with the main A/V content.
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Figure 2.1 – Delivery Alternatives of Interactivity-related Data Components.
As shown in Fig. 2.1, TDOs, TPT and Triggers can be delivered in different ways, depending on the system architecture, broadcaster’s preference, and device capabilities, for example, 

· Within the broadcast stream:

· In an NRT service as file objects delivered over FLUTE sessions, or

· Within the DTV Closed Captioning DTVCC) channel, via extension to CEA-708.
· Over the Internet:

· Delivery of Triggers using ACR (Automatic Content Recognition) process, via watermarking (WM) or fingerprinting (FP), or

· Delivery of TDO, TPT and Triggers by broadcaster’s designated interactive TV server.
The reason for for the DTVCC and ACR approaches is that for redistribution via cable or satellite TV system and set-top-box (STB) delivery to reach the TV set, auxiliary content (such as NRT service delivered on dedicated virtual channel) may be stripped out by the redistribution system technology such that only signals encapsulated with the main audio or video components, such via closed captioning, are not affected. Furthermore, in some scenarios, even the DTVCC channel imay become unavailable, for example when HDMI interface is used to connect the STB to the TV.
An example scenario whereby all interactivity data components are delivered via broadcast is shown in Fig. 2.2 below:
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Figure 2.2 – Main program and Interactivity Data Components are Delivered via Broadcast
In the above diagram, the SMT (Service Map Table), a type of service signaling table, provides bootstrapping information to discover and access the FLUTE session(s) in which the TPT and TDO, as NRT files, are delivered. The Triggers are carried in the DTVCC caption stream and in the above example, comprises two types: a Media Time Trigger and the Activation Trigger. The Media Time Trigger provides the time base for synchronizing the interactivity events to the playout time of the program segment. The Activation Trigger references the TDO and associated Event ID that should be executed in providing the interactivity features and display to the user, such as creation of displays in specific locations on the screen, conducting polls, launching other specialized DOs, etc., all synchronized with the audio-video program.
2.3.2 TDO Parameters Table
The TDO Parameters Table (TPT) contains the overall metadata about the interactive events pertaining to a given segment of the main program. The following information is described by the TPT:

· one or more TDOs representing the interactivity application(s),
· zero or more content items consisting of data files required by the TDO, e.g. media components, to be rendered during the interactivity event associated with the execution of that application;

· one or more interactivity events targeted to a given TDO, each uniquely identified by an event-ID and defined action for the TDO when the event is activated (e.g. “execute” or “suspend”). 
The data structure of the TPT is shown in Figure 2.3 below.

[image: image3.emf]Element/Attribute Card-inality Data Type Description and Value
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@majorProtocolVersion

0..1 integer 0..15 Major Protocol Version, default=“1”

@minorProtocolVersion

0..1 integer 0..15 Minor Protocol version, default=“0”

@id

1

anyURI

segment_id = domain_name/program_id

@tptVersion

1

unsignedByte

Data version of this TPT

@expireDate

0..1

dateTime

Date after which this TPT will not be used

@updatingTime

0..1

unsignedShort

Time interval to check for TPT updates

@serviceID

0..1

unsignedShort

NRT service_id

@baseURL

0..1

anyURI

Base URL for all relative URLs in TPT

Capabilities

0..1

nrt:CapabilitiesType

Essential capabilities for the segment associated with this TPT

LiveTrigger

0..1 Info on Internet live trigger delivery

@URL

1

anyURI

URL of server for live triggers

@pollPeriod

0..1

unsignedByte

Short polling period in seconds 

TDO

1..N

TDO (app) for the segment associated with this TPT

@appID

1

unsignedShort

Application ID of this app, unique within the scope of this TPT

@appType

0..1 integer 0-15 Application type (default: 1=”TDO”)

@appName

0..1 string Display name (for viewer launch consent)

@globalID

0..1

anyURI

Globally unique app ID

@appVersion

0..1

unsignedByte

Version of this app

@cookieSpace

0..1

unsignedByte

Persistent storage needed; default=0

@frequencyOfUse

0..1 integer 0..15 Code values per Table 6.3

@expireDate

0..1

dateTime

Expire date for caching this app

@testTDO

0..1

boolean

Flag for test app; default=”false” 

@availInternet

0..1

boolean

Default=”true”

@availBroadcast

0..1

boolean

Default=”true”

URL

1..N

anyURI

App URL(s) 

@entry

0..1

boolean

Indicator of entry point; default = “false”

Capabilities 0..1 nrt:CapabilitiesType Essential capabilities to present this app

ApplicationBoundary 0..1 Extensions to app boundary

OriginURL 1..N

anyURI

Origin to be added to app boundary

ContentItem

0..N Content item used by this app

URL

1..N

anyURI

URL(s) of content item

@entry

0..1

boolean

Indicator of entry point; default = “false”

@updatesAvail

0..1

boolean

Default=”false”

@pollPeriod

0..1

unsignedByte

Short polling period in seconds 

@size

0..1 24-bit integer Size of content item, in kilobytes

@availInternet

0..1

boolean

Default=“true”

@availBroadcast

0..1

boolean

Default=“true”

Event

1..N Event targeted to this TDO 

@eventID

1

unsignedShort

Unique identifier of this Event element within the scope of the TDO element.

@action

1 string Allowed values are “prep”, “exec”, “susp”, and “kill”

@destination

0..1

unsignedByte

Device to which the event is directed (primary screen, second screen, or both)

@diffusion

0..1

unsignedByte

Period for applying diffusion, in seconds

Data

0..N base64Binary Data to be used for this event

@dataID

1

unsignedShort

Unique identifier of this Data element within the scope of the Event element.


Figure 2.3 – TDO Parameters Table (TPT) as Defined in A/105:2014 [1]
2.3.3 Trigger Timing Example
A Trigger timing example for live content is shown in Figure 2.4:
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Figure 2.4 – Example of Trigger Timing for a Live Program

For live content, although the TPT contains data for different interactive events, actual playout times of those events cannot be known until the action in the program unfolds. Two types of Activation Triggers are shown in Fig. 24: the Retiming Event Trigger used to dynamically adjust interactivity event time, and the Immediate Event Trigger which initiates immediate execution of the interactivity event. In particular, nine triggers are shown in association with the program segment number 2. The sequence of Trigger initiated events are as follows:

1) A Pre-Load Trigger is sent to enable the receiver to acquire the TPT and interactive content via FLUTE sessions for the program segment of concern, if those contents have not been already downloaded;

2) A Media Time Trigger establishes the playout timing for segment #2;

3) A Retiming Trigger ndicates Event_1 in the TPT should be retimed to occur at Media Time 250;

4) Another Media Time Trigger is sent;

5) A Retiming Trigger indicating that Event_4 in the TPT should be retimed to occur at Media Time 455;

6) and 7): Additional Media Time Triggers;
8) An Immediate Trigger indicates that Event_11 in the TPT should be executed immediately;

9) A Retiming Trigger indicates Event_23 in the TPT should be retimed to occir at Media Time 979.

3 Summary and Proposal
The ATSC 2.0 service interactivity mechanisms have been described in Section 2. It may be adopted as the interactivity framework for the next-generation ATSC DTV standard, ATSC 3.0, whose development is ongoing. 
4 Proposal
It is proposed to review and agree to incorporate the text and diagrams in Section 2 to clause 6 of TR 26.95, “Interactivity Mechanisms in Broadcast and Broadband TV”, in a sub-clause allocated to ATSC as the terrestrial broadcast DTV standard. Other sub-clauses in clause 6 may include similar service interactivity descriptions for other terrestrial DTV standards.
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		Element/Attribute										Card-inality		Data Type		Description and Value

		TPT		 								 		 		 

		 		@majorProtocolVersion								0..1		integer 0..15		Major Protocol Version, default=“1”

				@minorProtocolVersion								0..1		integer 0..15		Minor Protocol version, default=“0”

				@id								1		anyURI		segment_id = domain_name/program_id 

				@tptVersion								1		unsignedByte		Data version of this TPT

				@expireDate								0..1		dateTime		Date after which this TPT will not be used

				@updatingTime								0..1		unsignedShort		Time interval to check for TPT updates

				@serviceID								0..1		unsignedShort		NRT service_id

				@baseURL								0..1		anyURI		Base URL for all relative URLs in TPT

				Capabilities								0..1		nrt:CapabilitiesType		Essential capabilities for the segment associated with this TPT

				LiveTrigger								0..1		 		Info on Internet live trigger delivery

				 		@URL						1		anyURI		URL of server for live triggers

						@pollPeriod						0..1		unsignedByte		Short polling period in seconds 

				TDO		 						1..N		 		TDO (app) for the segment associated with this TPT

				 		@appID						1		unsignedShort		Application ID of this app, unique within the scope of this TPT

						@appType						0..1		integer 0-15		Application type (default: 1=”TDO”)

						@appName						0..1		string		Display name (for viewer launch consent)

						@globalID						0..1		anyURI		Globally unique app ID

						@appVersion						0..1		unsignedByte		Version of this app

						@cookieSpace						0..1		unsignedByte		Persistent storage needed; default=0

						@frequencyOfUse						0..1		integer 0..15		Code values per Table 6.3

						@expireDate						0..1		dateTime		Expire date for caching this app

						@testTDO						0..1		boolean		Flag for test app; default=”false” 

						@availInternet						0..1		boolean		Default=”true”

						@availBroadcast						0..1		boolean		Default=”true”

						URL		 				1..N		anyURI		App URL(s) 

						 		@entry				0..1		boolean		Indicator of entry point; default = “false”

						Capabilities						0..1		nrt:CapabilitiesType		Essential capabilities to present this app

						ApplicationBoundary						0..1		 		Extensions to app boundary

						 		OriginURL				1..N		anyURI		Origin to be added to app boundary

						ContentItem						0..N		 		Content item used by this app

						 		URL		 		1..N		anyURI		URL(s) of content item

								 		@entry		0..1		boolean		Indicator of entry point; default = “false”

								@updatesAvail				0..1		boolean		Default=”false”

								@pollPeriod				0..1		unsignedByte		Short polling period in seconds 

								@size				0..1		24-bit integer		Size of content item, in kilobytes

								@availInternet				0..1		boolean		Default=“true”

								@availBroadcast				0..1		boolean		Default=“true”

				 		Event						1..N		 		Event targeted to this TDO 

						 		@eventID				1		unsignedShort		Unique identifier of this Event element within the scope of the TDO element.

								@action				1		string		Allowed values are “prep”, “exec”, “susp”, and “kill”

								@destination				0..1		unsignedByte		Device to which the event is directed (primary screen, second screen, or both)

								@diffusion				0..1		unsignedByte		Period for applying diffusion, in seconds

								Data				0..N		base64Binary		Data to be used for this event

								 		@dataID		1		unsignedShort		Unique identifier of this Data element within the scope of the Event element.




















TDO action: (register | suspend-execute

| terminate-execute | terminate | suspend 

| stream-event)
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