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1 Introduction

Use cases for 3GPP service interactivity, and descriptions of interactive services mechanisms in ATSC and DVB have been discussed, agreed, and included in TS 26.953 [1]. This contribution proposes reference architectures for service interactivity pertaining to the unicast and broadcast delivery DASH streaming services. Emphasis of these architecture is on the transport and signaling functionality at the service layer in support of interactivity. In particular, the use of DASH Events [2] could serve as an appropriate dynamic notification mechanism to initiatie the execution of service application logic pertaining to service interactivity. Examples of service interactivity are captured in the use case descriptions in TR 26.953 [1].
2 Interactive Services Architecture Models
2.2 Unicast DASH
Figure 1 depicts the proposed system architecture and high level sequence flow for unicast/HTTP delivery of DASH streaming services with interactivity support. Optional message steps are shown by dotted lines, and optional functionality in support of interactivity are shown inside dashed boxes. The function of the Interactivity Agent was defined in Tdoc S4-AHI511 [3]. The Multimedia Framework is a software framework in the UE that handles media delivered through a network. It may provide built-in software-based codecs for popular media formats, and may also support integration with hardware codecs. The Multimedia Framework may support session management, time-synchronized rendering, transport control, and DRM. An example is the multimedia framework provided by the Android operating system. The Interactivity System collectively represents the network-side functionality that enables the desired interactive service experience by communications with, and delivering interactivity application data and interactivity media to, the UE.
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Figure 1: Service Interactivity Architecture for Unicast DASH
A high-level message sequence for interactivity event occurrence during a unicast streaming program, assuming the use of DASH Events as the interactivity trigger mechanism, is as follows:

1) Detection of an occurrence of a program-specific event, such as an injury time-out during a live football game, provides indication to the Interactivity System in the network that an interactivity notification and related event data should be sent to the service application in the UE.
2) The Interactivity System will produce related interactivity event data and pass that information to the DASH Encoder/Segmenter.

3) and 4) 
The DASH Segmenter/Encoder will create one or more DASH Event messages as defined in [2], and send those either as MPD Events, or inband event messages together with the Segments (in the Event Message box ‘emsg’) to the DASH client, via the HTTP Server.
5a) or 5b) The DASH client delivers the Event message to the Interactivity Agent function residing either in the Multimedia Framework or in the Service Application.
6a) or 6b) (Optional) The Interactivity Agent (in the Multimedia Framework or in the Service Application) may fetch additional interactivity event data from the Interactivity System to execute the interactivity application logic, in turn creating the interactivity experience provided to the end user.

The required synchronization for the display of interactivity-related media information to the user, relative to the main program, is handled by the Interactivity Agent in the device in conjunction with the Interactivity System. The start of the interactivity event and the sequence of scenes displayed in the interactivity experience are supported by the dynamic, real-time delivery of the associated DASH Event messages to the Interactivity Agent. The DASH client is not involved in the processing of the Event messages pertaining to interactivity, and merely transfers that data as an opaque object to the Agent. The timing information and message data carried in DASH Event messages enable the Interactivity Agent to execute the interactivity logic and to display interactivity media at precisely the right times.
2.3 Broadcast DASH

Figure 2 depicts the proposed system architecture and high level sequence flow for broadcast delivery of DASH streaming services with interactivity support. Optional message steps are shown by dotted lines, and optional functionality in support of interactivity are shown inside dashed boxes.
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Figure 2: Service Interactivity Architecture for Broadcast DASH

A high level message sequence for the interactivity event occurrence during a broadcast streaming program, assuming the use of DASH Events as the interactivity trigger mechanism, is as follows:

1) and 2)
Same as steps 1 and 2 in previous call flow.
3) and 4) 
The DASH Segmenter/Encoder will create one or more DASH Event messages as defined in [2], and send those either as MPD Events, or inband event messages together with the Segments (in the Event Message box ‘emsg’) to the DASH client, via the BM-SC.

5) The DASH client retrieves MPD and Segments from the local HTTP proxy/cache in the UE.

6a) or 6b) The DASH client delivers the Event message to the Interactivity Agent function residing in either the MBMS Application or in the Multimedia Framework, whereupon the interactivity application logic may be executed by the Interactivity Agent in producing the interactivity experience for the end user.
7a) or 7b) (Optional) The Interactivity Agent in the MBMS Application or Multimedia Framework may fetch additional interactivity event data from the Middleware to execute the interactivity application logic, in turn producing the interactivity experience for the end user.

3 Proposal
It is proposed that the above reference architectures for service interactivity in unicast and broadcast DASH streaming services be discussed and agreed for agreed for inclusion in TR 26.953 [1].
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