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1 Introduction

A key enabler for service interactivity, as identified in the FS_IS3 Technical Report, TR 26.953, is the trigger mechanism which provide dynamic notification of interactivity events and their timing during the playout of a content (which may be a main program or an advertisement) to an interactivity-aware service application. This document further describes the trigger functionality by identifying potential solution mechanisms and provides a comparison between them. 
2 Interactivity Trigger Functions

The main functionality of the Interactivity Trigger are described in clause 7.1 of TR 26.953 (“Component Model for Interactivity”), and in the case of DASH service delivery, in the interactive service architecture and related message flows indicated in clause as well in clause 5.1 of the TR. In addition, interactivity notification functionality is described in clauses 6.1 and 6.2 for DVB and ATSC 2.0 interactive applications/services, respectively.
Interactivity Triggers provide dynamic notification of the occurrence of interactivity events, and related timing information. The trigger notification may be tied to a non-deterministic and real-time event such as a time-out called during a live football game. Triggers may contain or reference application data, as well as references interactivity media that are used and displayed by the interactivity application. Triggers and their associated message contents are delivered to the UE, and are typically forwarded to and processed by the responsible application entity, for example the Interactivity Agent as described in clause 7.1 and as shown in Figure 7.1. In the case of DASH services delivered over the unicast or MBMS bearers, and assuming the use of DASH Events to convey the interactivity triggers notifications, DASH Events, in the form of an Event Stream, are produced by the DASH Segmenter/MD Generator. The DASH Event Stream is then sent to the DASH client by the HTTP Server or BM-SC, via unicast or broadcast service delivery, respectively, to be in turn forwarded to the Interactivity Agent as shown in Figures 5.1 and 5.2.
In DVB signaling and carriage of interactive applications, the synchronization of interactive applications or services to video or audio content is performed by the use of DSMCC stream events, which can comprise either “do-it-now” events for immediate triggers, or stream events according to the DVB timeline, for better timing accuracy.
In the ATSC 2.0 interactive service model, Triggered Declarative Object (TDOs) correspond to downloadable interactivity applications related to the main, linear TV service. TDOs can be be launched, suspended, terminated, or caused to take special actions by interactivity triggers, which represent data objects, bound to a particular program segment, that perform location and timing-related signaling in support of interactivity. Two types of interactivity triggers are defined in ATSC 2.0: the 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.
3 Potential Trigger Mechanisms
3.2 DASH Events
3.2.1 Overview: 
A potential trigger mechanism for interactivity event notification is DASH Events as defined in MPEG DASH standard [3], although not yet included in the 3GPP-DASH specification, TS 26.247. DASH Events are logically generic notification messages that can be contained either in the MPD or inband to the Representation, to signal aperiodic information to the DASH client or to an application. The characteristics of DASH Events are as follows:

· Events are timed – the validity of an Event is defined by a specific media presentation time, and each Event typically has a duration.
· An Event pertains to one of two types of notifications: 1) DASH-specific, or 2) application-specific. In the latter category, an appropriate scheme identifier is used to reference the application to which the DASH client will forward the Event. 
· Events of the same type are clustered in Event streams, i.e., a sequence of Event messages of the same type. A DASH client may subscribe to an Event Stream of interest and ignore all other, non-relevant Event Streams.
· Each Event message with the Event stream may contain a message body, whose syntax and semantics is defined by the owner of the scheme identified by the scheme identifier.
· Three types of DASH-specific Events are defined in the MPEG DASH standard [3]: 
· An Event message conveying the impending expiration of the current MPD;

· An Event message conveying the impending expiration of the current MPD, and in addition, the Event message includes an MPD Patch, which complies to the XML Patch Operations framework as defined in IETF RFC 5261 [4];
· An Event message conveying the impending expiration of the current MPD, and in addition, the Events message encapsulates a complete (and valid) instance of an MPD that updates the to-be-expired MPD
For application-specific Events (i.e., non DASH-specific Events as described immediately above, the MPEG DASH standard [3] does not define the usage of Events. Instead the related semantics and syntax are left to the owner of the Event scheme and associated application, in the form of a @schemeIdUri attribute that provides a URI to identify the Event scheme and an optional attribute @value defining the value space of that scheme. Such usage of @schemeIdUri and @value is in accordance to the use of MPD descriptors.
The use of MPD Events (Events signaled in the MPD) is indicated by the presence of one or more Period.EventStream elements, each instance denoting Events of a common type. The use of inband Events is signaled in the MPD by one or more InbandEventStream elements in the AdaptationSet or Representation element of the MPD. The functionality of an application-specific Event message is the same regardless of whether it’s carried in the MPD or inband to a Representation.
The semantics of the Period.EventStream element is shown in Figure 1 below.
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Element or Attribute Name Use Description

EventStream

Specifies an Event Stream

@xlink:href

O Specifies a reference to an external 

EventStream

element

@xlink:actuate

OD

default:

onRequest

Specifies the processing instructions, which can be either "

onLoad

" or "

onRequest

".

This attribute shall not be present if the 

@xlink:href 

attribute is not present.

@schemeIdUri

M

Identifies the message scheme. The string may use URN or URL syntax.  When a URL is used, it 

is recommended to also contain a month-date in the form mmyyyy; the assignment of the URL 

must have been authorized by the owner of the domain name in that URL on or very close to that 

date.  A URL may resolve to an Internet location, and a location that does resolve may store a 

specification of the message scheme.

@value

O Specifies the value for the event stream element. The value space and semantics must be defined 

by the owners of the scheme identified in the 

@schemeIdUr

i attribute.

@timescale

O

Specifies the timescale in units per seconds to be used for the derivation of different real-time

durationvalues inthe

Event

elements.

If not present on any level, it shall be set to 1.

Event

0 ... N

Specifies an event and contains the message of the event, formatted as a string. The content of 

this element depends on the event scheme.

@presentationTime

OD

default: 0

Specifies the presentation time of the event relative to the start of the Period.

The value of the presentation time in seconds is the value of this attribute divided by the value of 

the 

@timescale

attribute.

If not present, the value of the presentation time is 0.

@duration

O

Specifies the presentation duration of the event.

The value of the duration in seconds is the value of this attribute dividedby the value of the 

@timescale

attribute.

If not present, the value of the duration is unknown.

@id

O

Specifies an identifier for this instance of the event.  Events with equivalent content and attribute 

values in the 

Event 

element shall have the same value for this attribute. 

The scope of the 

@id

for each Event is by the 

@schemeIdURI

and 

@value

pair.

@messageData

O Specifies the value for the 

EventStream

element. The value space and semantics must be 

defined by the owners of the scheme identified in the 

@schemeIdUri

attribute.

NOTE: this attribute is an alternative to specifying a complete XML element(s) in the Event. It is 

useful when an event leans itself to a compact string representation.

Figure 1: Semantics of the EventStream element in the MPD
3.2.2 DASH Events for Interactivity Triggers
DASH Events, either delivered in the MPD or inband to Segment, fulfil the majority of the necessary functions for triggering the occurrences of service interactivity. A key salient feature of DASH Events, given its definition at the DASH/ISOBMFF level, is that it can be used as the interactivity event notification mechanism for both interactivity-enabled Web applications and native applications. Each Event conveys the start time of the associated interactivity event (as presentation time of the event relative to the start of the Period) and may optionally indicate the validity interval of the interactivity event. In addition, the payload of the Event message, via either the Period.EventStream.Event@messageData attribute of MPD Events, or the message_data[] field of the Event Message box ‘emsg’ for inband Events, can convey the necessary data related to the interactivity event and application. For example, the message may include an Event identifier, application data pertaining to the layout of the interactive display, location where the interactivity media assets to be rendered during the interactivity event can be obtained, information on retiming of the occurrence of the interactivity event, etc.
Another potentially salient feature of the DASH Events mechanism for use as interactivity triggers is its basic built-in support for personalization of the interactivity experience for the end user. Similar to the @xlink:href attribute in the Period element, the EventStream element in the MPD may optionally include @xlink:href. As described in the DASH-IF Interoperability Points guidelines [5], as well as in TR 26.848 [6] on targeted advertising functionality, there can be various ways to provide the DASH client a customized remote element entity via XLink resolution. In this case, similar to returning a customized remote Period element pertaining to a personalized Ad Period, a customized external EventStream element may be returned by the XLink resolver, pertaining to personalized interactivity event notification messages. Different collections of interactivity event notifications whose components are timed to fire at different times, and which may reference different interactivity application or media data, can result in customized interactivity experiences depending on the targeted end users. More recently, the MPEG DASH is undergoing amendments to add support for advanced and generalized HTTP feedback information”. Here, the changes to the DASH spec pertain to client-side insertion of custom parameters into HTTP GET requests, to enable customized content to be returned to the HTTP response. In particular, the use of query template in the XLink URL is specified.
The suitability of the DASH Events mechanism as interactivity triggers may depend on how close in time the interactivity event fired by the trigger must match the corresponding program incident that initiated the delivery of the Event. The interactivity event signaled by an instance of the DASH Event message is defined to start at a specific media presentation time (relative to the start of the containing Period). For example, should the media content be played out from the time-shift buffer, then the execution of the interactivity event will be delayed by the amount of time shift in the actual play-back of content. Therefore, DASH Events may be unsuitable as interactivity triggers for launching interactivity features associated with emergency alerts, for which the related interactivity experience must be rendered very close in real time to the occurrence of the alert. On the other hand, for live programs such as a football game or a car race, the program content is typically consumed at the live edge, allowing the time-shift buffer depth to be set to a small enough value such that media time and the real-time are sufficiently close to each another to meet the requirement of the service/content provider delivering the interactivity experience.
3.3 HTML5 Text Track
This mechanism is specific to the use of Web applications as the service application and/or interactivity agent which executes the interactive application logic pertaining to the scenes to be displayed during an interactivity event. It might not be applicable to a service application/interactivity agent implemented as a native application, i.e., written for a certain mobile device or platform. As defined in the W3C HTML5 standard [7], a media element (e.g. audio, video) can have a group of associated text tracks, known as the media element’s list of text tracks. The text tracks corresponding to the <track> element children of the media element. The <track> element and its associated text tracks provide a standardized mechanism to add subtitles, captions, screen reader descriptions, chapters and metadata to video and audio, via the attribute kind, which can be subtitles, captions, descriptions, chapters or metadata. Each text track has a corresponding TextTrack object. The track element’s src attribute points to a text file that holds data for timed track cues, which can potentially be in any format a browser can parse.
The ability to carry structured data in cues enables flexible use of the track element. For example, for interactivity support, the type (i.e., kind) of cue data may be set to metadata, for use by Javascript. Such cue data could convey interactivity notifications to which an interactivity-enabled Web application can listen for as cue events, extract the text of each cue as it fires, parse the data, and then use the results to make DOM changes for presentation of the interactivity display, synchronized with media playback. One the other hand, when cue data is not of a form such as captioning or subtitles, which can be handled directly by the media player, the application is then responsible for handling it. There can be issues, however, in the timing of how the application receives this event data, which has been identified by the HbbTV Association [8]. In particular, interactivity events of duration less than 250 msec may be missed by the application.
4 Comparison of Potential Trigger Mechanisms

Table 1 below provides a comparison between the three potential mechanisms for the interactivity trigger.
	Mechanism
	Summary
	Pros
	cons

	DASH Event Messages
	Dynamic notification messages carried either in the MPD, or inband to the Representation, and forwarded by the DASH client to the responsible application associated with the schemeIDUri/value of the Event Stream 
	Meets interactivity trigger requirements including synchronization to the media presentation timeline, and providing a message payload for carrying application and media data specific to the interactivity event.
Can be used by both Native- and Web App-based interactivity applications

Built-in support for personalization, via EventStream@xlink:href
	When used by Web app-based interactivity applications, DASH Events require the application (HTML/Javascript) to execute the events at the media playback time. However, the application may not have time-accurate insight into the media playback status.
‘emsg’ based Event support does not exist in current browsers; even if browsers propagated ‘emsg’ data into Javascript, the event handler in the application could become a bottleneck

	HTML5 Timed Text Track
	Use of HTML’s <track> element to convey media-timed event data
	Leverage existing <track> element and associated TextTrack objects for conveying interactivity related cues that can be listened for by Javascript application
	Designed for Web applications – may not be useable by Native applications
Very short (< 250 msec duration) text track cues might not be reliably delivered to the interactivity application


Table 1: Comparison between DASH Events and HTML5 Timed Text Track as Interactivity Trigger Mechanisms
5 Summary and Proposal
It is proposed that SA4 discusses and agrees to adopt the text in Section 2, 3 and 4 of this document to be included in TR 26.953. Should general agreement be reachable on the preferable mechanism(s) for interactivity triggers, such finding should be further documented in the TR.
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		Element or Attribute Name						Use		Description

		EventStream						 		Specifies an Event Stream

				@xlink:href				O		Specifies a reference to an external EventStream element

				@xlink:actuate				OD
default:
onRequest		Specifies the processing instructions, which can be either "onLoad" or "onRequest".
This attribute shall not be present if the @xlink:href attribute is not present.

				@schemeIdUri				M		Identifies the message scheme. The string may use URN or URL syntax.  When a URL is used, it is recommended to also contain a month-date in the form mmyyyy; the assignment of the URL must have been authorized by the owner of the domain name in that URL on or very close to that date.  A URL may resolve to an Internet location, and a location that does resolve may store a specification of the message scheme.

				@value				O		Specifies the value for the event stream element. The value space and semantics must be defined by the owners of the scheme identified in the @schemeIdUri attribute.

				@timescale				O		Specifies the timescale in units per seconds to be used for the derivation of different real-time duration values in the Event elements.
If not present on any level, it shall be set to 1.

				Event				0 ... N		Specifies an event and contains the message of the event, formatted as a string. The content of this element depends on the event scheme.

						@presentationTime		 OD

default: 0		Specifies the presentation time of the event relative to the start of the Period.
The value of the presentation time in seconds is the value of this attribute divided by the value of the @timescale attribute.
If not present, the value of the presentation time is 0.

						@duration		 O		Specifies the presentation duration of the event.
The value of the duration in seconds is the value of this attribute divided by the value of the @timescale attribute.
If not present, the value of the duration is unknown.

						@id		O		Specifies an identifier for this instance of the event.  Events with equivalent content and attribute values in the Event element shall have the same value for this attribute. 
The scope of the @id for each Event is by the @schemeIdURI and @value pair.

						@messageData		O		Specifies the value for the EventStream element. The value space and semantics must be defined by the owners of the scheme identified in the @schemeIdUri attribute.
NOTE: this attribute is an alternative to specifying a complete XML element(s) in the Event. It is useful when an event leans itself to a compact string representation.














