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[bookmark: _Hlk525466611]Introduction
This discussion paper addresses the following objective of the SerInter work item:
“Define the means for the BM-SC to signal, and the MBMS client to unambiguously identify, interactivity-related content items (e.g. HTML pages, Javascript and CSS files, multimedia assets) for delivery/reception over an MBMS or unicast bearer.” 
The Web app-based model for interactivity applications is assumed in this document. See TR 26.953 [1] for more information on Web app-based interactivity applications. In particular, the assumed service context is a DASH-over-MBMS service for which the associated MBMS service application in the UE is an interactivity-enabled Web application. Besides managing the presentation of the DASH Media Presentation, this application includes logic that enables an interactivity feature, i.e., interactive service experience to be provided to the user. An example interactivity feature might be targeted ad insertion resulting from user engagement with UI controls presented along with the media program. Another example might be an interactive viewing experience, for example user-selectable display of game statistics, league scores, and video highlight clips, overlaid on the screen during a live sports event.
This DP addresses the envisioned architecture and functionality associated with the signaling, transmission, reception, and execution of an interactivity-enabled service application associated with a broadcast DASH streaming service. The following aspects are discussed:
· End-to-end system architecture illustrating the broadcast delivery of a DASH streaming service, contents of the interactivity-enabled service app data, and interactive event data
· Signaling, download delivery and reception of content components of such application;
· Execution of the application from the received application content.
System Architecture
Figure 1 depicts a high-level system architecture for the broadcast delivery of a) a DASH-over-MBMS service and its MPD, b) the files of the interactivity-enabled service application, and c) interactivity event information carried in DASH Events.



Figure 1 – System Architecture for DASH-over-MBMS service with Interactivity Feature 
As shown in the above diagram, data delivered on the MBMS bearer includes not only the MPD and DASH-formatted media content, but also application related files and DASH Events pertaining to notifications of interactivity event occurrences during the Media Presentation. As a Web app, the interactivity-enabled MBMS app (a.k.a. MBMS Aware Application or MAA) is launched in the User Agent (browser) from its launch/entry page. The launch page may be delivered to the User Agent via either the MBMS bearer or the unicast bearer. Therefore, implicit functionality in the architecture includes the description of the content components of the interactivity-enabled MBMS application (including the app launch page) and if delivered over broadcast, the delivery schedule of those contents, via the MBMS service announcement mechanism. Also shown in Fig. 1 are:
a) MBMS Service APIs as defined in TS 26.347 which enable the interactivity-enabled MBMS app (a.k.a. MBMS Aware Application or MAA) to register with the MBMS client to consume the DASH streaming service. In addition, the app can register its callback listeners to the MBMS client to enable the app to receive asynchronous notifications of relevant events associated with the streaming service;
b) DASH client APIs (ongoing work by the DASH-IF in support of 3GPP) in support of subscription by the interactivity-enabled MAA for the dispatch of DASH Event based interactivity event notifications to the app from the DASH client, and the measurement and reporting of interactivity-specific consumption by the end user; and
c) Subsequent reporting of service interactivity related consumption by the DASH client, on behalf of the MAA, to an interactivity usage report server in the network.
The DASH client/player function is assumed to be implemented by a Javascript library that is instantiated by the MAA and to which the MAA subscribes for the reception of interactivity-specific DASH Events (by schemeIdUri/value). Via the callback function provided in the subscription request, the DASH client/player dispatches event data for DASH Events matching the subscription. The DASH client/player plays the DASH Media Segments of the streaming service as well as any other DASH-formatted content as dictated by the app’s interactivity logic.
Signaling and Delivery of Interactivity Application Files
The existing scope of MBMS User Service Announcement and associated data delivery over the MBMS bearer is limited to the media contents of the MBMS User Service (file download service, DASH streaming service, or RTP-based streaming service), along with any associated application service description documents such as the MPD. The MBMS USD will need to be extended to describe the files of the interactivity-enabled MAA and the MBMS User Service to which the app is associated, and if sent over broadcast, the delivery schedule of the application files as NRT content. The additional service announcement functionality can be considered application signaling, and might be implemented as a new USD fragment “Application Signaling Description”. A possible modification of the MBMS Service Announcement data model in support of such application signaling is shown in Figure 2:


Figure 2 – MBMS Service Announcement with App Signaling Description
As indicated in the above diagram, a given MBMS User Service may contain zero, one, or multiple application-based features, each represented by a unique instance of the Application Signaling Description. Assuming broadcast delivery of the corresponding application files, each application feature will be associated with a delivery method (namely the download delivery method), and will reference exactly one Schedule Description fragment whose file delivery schedule conveys the time intervals those application files will be sent. The detailed data structure of this new metadata fragment will need to be further studied for proposal as technical solution. Currently, ATSC has defined a similar application signaling mechanism in the ATSC 3.0 specification which could be used as a reference or potential baseline by SA4.
Web Application Reception and Activation
As indicated in Section 1, the Web app-based MBMS service application constitutes a set of documents comprising an HTML5 launch page along with one or more of the following contents: additional HTML5 documents, JavaScript, CSS, XML and media files. These documents may be delivered separately or together within one or more file packages, and may be delivered via unicast or broadcast. A file package which contains the HTML5 launch page can be called a launch package. The remaining files associated with this interactivity-capable app might be included in the same launch package, or could be delivered separately while being identifiable as belonging to the application. The interactivity-enabled application is linked to the corresponding MBMS User Service, and its files, when delivered via broadcast are transmitted by the MBMS download delivery method as NRT content. Upon user selection of a broadcast DASH streaming service associated with an interactivity app, the corresponding app files must be downloaded by the receiver and the application must be launched to enable subsequent consumption of the streaming service content and associated interactivity-related displays.
Figure 3 shows the functional components and internal interfaces of a hypothetical MBMS UE that contains a W3C-compliant User Agent, within which the interactivity-enabled MBMS application, as a Web app, executes.


Figure 3 – UE Handling of Content Reception and App Signaling Management
The interactivity-enabled MAA is launched after the MBMS client acquires the signaling information in the Application Signaling Description fragment and then forwards the launch URL contained in the application signaling to the User Agent. The depicted method in Figure 3 presumes that the launch page is delivered via broadcast, such that the User Agent will in load the application launch page from the local HTTP server whose cache holds the previously downloaded application files. It is also possible for the launch page to be only accessible via unicast fetch. Once the MAA begins execution, it may request additional content from various local or external URLs. This may be done through JavaScript or standard HTML5 href requests in a W3C-compliant fashion. It is assumed that any application-related content received over MBMS download delivery is available in the local cache and can be accessed from the HTTP Server in the UE. When a particular application file needed by the MAA, for example a multimedia file to be rendered in accordance to the interactivity logic, is not available in the local HTTP cache/server, it may be fetched by the User Agent from a network server via unicast, using application signaling information.
Assuming that the interactivity-enabled MBMS application subscribes to notifications of interactivity event occurrences carried by DASH Events, matching Event messages (by schemeIdUri/value in the subscription request) will be dispatched to the application, and the application logic will utilize the data contained in the Event messages to provide the interactivity experience for which it is designed. 
Summary and Proposal
[bookmark: _GoBack]This DP describes an envisioned system architecture and necessary functionality regarding the signaling, transmission, reception, and execution of an interactivity-enabled service application affiliated with a broadcast DASH streaming service. It is pointed out that the current MBMS User Service Announcement mechanism lacks the capability of signaling application-related files as NRT content to be downloaded and cached by the MBMS client for subsequent access by the User Agent to launch the interactivity-enabled MAA, and for the MAA to acquire additional application-related files in performing its service interactivity tasks.
It is proposed that MBS reach agreement that the MBMS User Service Announcement will need to be extended in support of application signaling as described in this document. Further study on the data structure of an “Application Signaling Description” fragment of the USD will be necessary towards formulating a  technical solution in the future.
References
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