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1 Introduction

This document pertains to the recently approved Rel-14 EnTV Study Item, Tdoc S4-160561 [1] and addresses the following objectives of that study item:
· “Study the SA1 service requirements, map existing user service features on service requirements and identify the gaps and optimization potentials in “3GPP PSS/DASH and MBMS User Services” (referred to as 3GPP User Services in the remainder) to fulfil the requirements, in coordination with other 3GPP groups, among others:
a. Service Announcement and Discovery
b. Generic Service Layer functionalities such as consumption and QoE reporting, robustness, etc.
e. TV Service Metadata, including Program rating and parental control
g. DRM, Conditional Access and Security Aspects (in coordination with SA3)
j. Stage 1 requirements relating to regional and regulatory aspects (e.g. blackouts, Emergency Alert System (EAS))”

· “Identify the relevant enablers and gaps for enabling existing TV service layers on top of 3GPP User Services or MBMS Bearer services.”

It provides an overview of broadcast TV service layer functionality as defined in DVB and ATSC, with focus on service level signaling. Broadcast TV service layer functionality described in this document are defined by two different organizations/SDOs: 1) DVB/ETSI, in the form of Service Information (SI) associated with TV services delivery over DVB-T/T2 systems (as well as via satellite and cable network distribution), and 2) ATSC, via Service Signaling for TV services delivery over ATSC 3.0 defined transport. 
2 Broadcast TV Service Signaling
With some functional similarity to MBMS User Service Announcement/Discovery metadata, DVB has defined Service Information (SI) that is carried in the broadcast bitstreams. A portion of the SI contains information to assist end user selection of services and/or programs within the bitstream, and is specified in ETSI EN 300 468 [2]. Another portion of the SI enables automatic configuration of the TV receiver (referred to as an Integrated Receiver Decoder, or IRD) for reception of the selected service, and is mostly specified in ISO/IEC 13818-1 [3] as Program Specific Information (PSI). Similar to the DVB SI, ATSC, in A/331 [4] has defined service signaling, in two functional tiers. The lower layer, referred to as Low Level Signaling (LLS), enables rapid acquisition of basic service information by the receiver, and provides auxiliary metadata to the receiver such as system time, content rating, and emergency alert related information. The upper layer signaling, referred to as Service Layer Signaling (SLS) contains basic information for the user to perform service selection, as well as provides various transport and content level information for the receiver to download and process content components of the selected service. There is considerable similarities between SLS metadata fragments and the MBMS User Service Announcement/Discovery fragments, as described below in Sec. 4.
3 DVB 
3.2 General Description
DVB’s generic service delivery model, which depicts service distribution not only over terrestrial broadcast TV networks, but also via satellite and cable systems, is shown in Fig. 1 below:
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Figure 1: DVB Service Delivery Model
In DVB, a network consists of one or more Transport Streams that are broadcast by the same entity. A Transport Stream (TS) is an MPEG-2 stream containing several services, and each service is a TV channel, comprising a series of events one after the other. In DVB standards, the term “service” is synonymous to a TV channel. Each event is a single TV show, and consists of a number of elementary streams, where each elementary stream is a packetized MPEG-2 stream containing MPEG-2 encoded audio, video or binary data. The SI is one type of binary data carried in the TS. Multiple services, possibly from several different Transport Streams, can be grouped together logically in a bouquet. Every service in a DVB network can be uniquely identified by three values. These values are the original network ID (the ID of the network that originally broadcast the service), the Transport Stream ID (to identify a particular TS from that network) and the service ID to identify a service within that TS. The structure of a DVB Transport Stream is shown in Figure 2.
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Figure 2: DVB Service Delivery Model
3.3 DVB SI
DVB SI, as specified in ETSI TS 101 211 [5], is a set of binary-coded signaling tables which describe the delivery system, and the content and scheduling/timing of services and events. It includes some of the MPEG-2 Program Specific Information (PSI) as defined in ISO/IEC 13818-1 [3], along with DVB-defined extensions which, collectively, describe the contents of Transport Stream packets for the purpose of the multiplexing and presentation of programs. The overall structure of the DVB SI tables is shown below in Figure 3.
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Figure 3: Structure of DVB Service Information
The full names of the DVB SI Tables as given by their abbreviations in Fig. 3 are listed below, and described in Sec 3.3:

PAT – Program Association Table

PMT – Program Map Table

CAT – Conditional Access Table

TSDT – Transport Stream Description Table
NIT – Network Information Table
TDT – Time and Date Table
SDT – Service Description Table
EIT – Event Information Table

TOT – Time Offset Table

BAT – Bouquet Association Table

RST – Running Status Table

ST – Stuffing Table

Since DVB SI tables can sometimes be quite large, they are split to fit inside a transport packet. Each such segment of data is known as a section, which may be variable in length, and can be used to hold any type of binary data, not just SI tables. The section number, an 8-bit field, is incremented each time a new table section is sent. The maximum number of sections per table is 256. The section length for all tables is 1021 bytes, except for the EIT (Event Information Table) which is 4096. Each section is uniquely identified by the combination of

· table_id,

· table_id_extension,

· section_number,
· version_number, and

· Current_next_indicator.
Sections that contain data and not audio or video streams are typically known as private sections, even when the data format is publicly known. These sections mostly follow a standard format. Each SI table section may contain one or more descriptors to provide extended information. Each descriptor will include an 8-bit descriptor_tag field identifying the descriptor, and an 8-bit descriptor_length field specifying the total size of the data portion of the descriptor following this field. The complete set of DVB SI descriptors, and in which SI tables these may be included, is shown in Table 12 in section 6.1 of ETSI EN 300 468 [2].
Four of these SI tables, namely the Program Association Table (PAT), Program Map Table (PMT), Conditional Access Table (CAT), and the Transport Stream Description Table (TSDT), originate from and are identical to the Program Specific Information (PSI) tables with the same names as specified in ISO/IEC 13818-1 [3]. As shown in Fig. 3, the mandatory SI tables in DVB system implementations are the PAT, PMT, NIT (Network Information Table) for the current network, TDT (Time and Data Table) and the SDT (Service Description Table) for the current TS.
4 ATSC 3.0

4.2 General Description
ATSC 3.0 service delivery model is based on service signaling and IP-based delivery of a variety of ATSC 3.0 services and contents to ATSC 3.0-capable receivers over broadcast, broadband and hybrid broadcast/broadband networks. Service signaling corresponds to the data formats and information components necessary to discover and acquire:

· Linear services – (e.g., linear TV or radio services);
· Application-based service – non-linear services based on applications that provide the User Interface (UI) and functionality of the service, e.g., Video on-Demand (VoD) content items such as catch-up TV episodes;
· Data services – services for which the primary content consists of discrete or continuous content items that might be delivered via broadcast and locally cached for time-shifted consumption, or retrieved via unicast for immediate consumption.
ATSC 3.0 service signaling is used for service discovery and acquisition, and in particular, its Service Layer Signaling (SLS) component is functionally equivalent to the user service announcement/discovery functionality and metadata as defined for MBMS. ATSC 3.0 also defines an electronic service guide (ESG), referred to as “Service Announcement” in ATSC terminology, and is based on the OMA BCAST Service Guide [6] with certain restrictions and extensions. The ATSC 3.0 ESG data model is described in the A/332 standard [7]. The ESG, as an application layer function, is mainly intended for consumption by the end user, whereas service signaling is for use by the receiver device to discover the location and acquire the content components of the user-selected service in the broadcast stream. Despite the logical separation between ATSC 3.0’s service signaling and service guide metadata, there is a core linkage between them in the form of a globally-unique service identifier, present in both types of metadata for each of the ATSC 3.0 services available to the end user. Because 3GPP’s interest is primarily on the service signaling function of the broadcast TV service layer, the ESG will not be further discussed in this document.
The IP-based delivery functionality specifies two application transport protocols for the carriage of media content and service signaling data over broadcast and/or broadband networks to receivers: MMTP (MPEG Media Transport Protocol) as defined in ISO/IEC 23008-1 [8] and profiled in ATSC A/331 [4], and ROUTE (Real-Time Object Delivery over Unidirectional Transport) as specified in A/331 [4]. The delivery functionality also includes mechanisms for the synchronization of media components delivered on the same or different transport networks, and application-layer forward error correction methods that enable error-free reception and consumption of media streams or discrete file objects.
As indicated, a primary difference between ATSC 3.0 and DVB-T/T2 service delivery operation is the native use in ATSC 3.0 of IP for the packetization and transport of service contents over the broadcast channel, vs. the use of MPEG-2 TS based encapsulation and delivery of service contents over the broadcast network in DVB-T/T2.
The ATSC 3.0 protocol stack model is shown in Figure 4.
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Figure 4: Conceptual Protocol Stack Model of ATSC 3.0
Service Signaling in ATSC 3.0 provides service discovery and description information, and comprises two main functional components: Low Level Signaling (LLS) providing bootstrap information for fast channel acquisition, and Service Layer Signaling (SLS) providing detailed service discovery and acquisition information for the ATSC 3.0 receiver device. Five basic types of ATSC 3.0 services are defined:
a) Linear Audio/Video Service.

b) Linear Audio-Only Service

c) App-Based Service.

d) ESG (Electronic Service Guide) Service.

e) EA (Emergency Alert) Service.

Linear services may be carried by the ROUTE or MMTP protocol, whereas app-based services, the ESG service, and the EA service are strictly delivered using the ROUTE protocol.

Each ROUTE session comprises one or more LCT channels which carry as a whole, or in part, the content components that make up the ATSC 3.0 service. In streaming services delivery, an LCT channel may carry an individual component of a user service such as an audio, video or closed caption stream. Streaming media as DASH Segments is formatted per the DASH/ATSC profile [9] of MPEG DASH [10], produced by the DASH-IF, as DASH Segments. Each MMTP session comprises one or more MMTP packet flows which carry MMT signaling messages or as a whole, or in part, the content component. An MMTP packet flow may carry MMT signaling messages or components formatted per ISO/IEC 23008-1 [8] as MPUs.
Figure 5 illustrates the types of services and their constituent content components as defined for ATSC 3.0:


[image: image5.emf]Linear 

Service

App-based 

Service

Data 

Service

Presentable 

Video 

Component

Service(Abstract)

Presentable 

CC 

Component

Presentable 

CC 

Component

Presentable 

Component

App-based 

Feature

TimeBase

Notification 

Stream

App

Locall Cached 

Content Item

Network 

Content Item


Figure 5: Conceptual model of ATSC 3.0 Services and Constituent Content Components 
4.3 Service Signaling
The combination of the ATSC 3.0 LLS and SLS metadata will be considered in the functional comparison with/mapping to MBMS User Service Announcement information (the ‘USD’).

4.3.1 LLS

The LLS represents service signaling information which supports rapid channel scans and bootstrapping of service acquisition by the receiver. There are four types of LLS information, each carried in the form of a LLS Table:

· Service List Table (SLT). The SLT supports a rapid channel scan which allows a receiver to build a list of all the services it can receive, with their channel name, channel number, etc., and provides bootstrap information to enable the receiver to discover the SLS for each service. For ROUTE/DASH-delivered services, the bootstrap information includes the destination IP address and destination port of the LCT channel that carries the SLS.
· Rating Region Table (RRT). The RRT is an XML instance document, one or more of which may be contained in the broadcast emission for a given ATSC 3.0 service, each corresponding to a particular identified value of a Rating Region (for example, United States, Canada, Mexico, Korea). Each RRT instance contains content advisory rating information, in the form of both an integer value and human-readable string, according to one or more dimensions (“violence”, “comedy”, etc.), with each dimension comprising one more levels.
· SystemTime fragment. The System Time fragment is an XML document that carries auxiliary, time-related information with respect to the system time delivered in the ATSC 3.0 PHY layer (a 32-bit count of the number of seconds and a 10-bit fraction of a second (in units of milliseconds) since January 1, 1970 00:00:00, International Atomic Time (TAI), which is the Precision Time Protocol (PTP) epoch as defined in IEEE 1588 [11]). The auxiliary data carried in this fragment includes time offset between the TAI and UTC, time offset between UTC and the time zone of the originating broadcast station, leap second information, and Daylight Savings Time status. The System Time fragment is functionally similar to the combination of the TDT and TOT in the DVB SI.
· Common Alerting Protocol (CAP) message. An XML document that describes an ATSC 3.0 Emergency Alert (EA) service that delivers rich media resources, based on version 1.2 of the CAP specification [12], with ATSC-defined extensions.
4.3.2 SLS
SLS provides information for discovery and acquisition of ATSC 3.0 services and their content components. Taking for example the use of ROUTE as the application transport protocols for broadband and unicast delivery of ATSC 3.0 services, and DASH as the streaming media format, the SLS for the ROUTE/HTTP/DASH system (“ROUTE/DASH” for short) includes the User Service Bundle Description (USBD), the S-TSID (Service-based Transport Session Instance Description), the DASH Media Presentation Description (MPD), and optionally the Associated Procedure Description (APD). Similar to the MBMS USD, each of these SLS fragments is instantiated as an XML document. The data model of the ROUTE SLS information is shown in Figure 6:
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Figure 6: SLS Data Model for ROUTE/DASH
Notice the similarities between the ROUTE/DASH SLS and that of the MBMS USD data models. Substantial effort was undertaken in the development of A/331 [4] to align with MBMS service signaling where possible and practical. Table 1 provides a brief description for each of the SLS fragments for ROUTE/DASH.

	SLS Fragment Name
	Functional Description
	Comments

	USBD
	“Entry point” SLS fragment, providing basic information for a single ATSC 3.0 service, such as service ID, name, language and status (active/inactive), references to additional SLS fragments including the S-TSID, MPD and APD, and identifies the delivery method(s) for the service
	Based on MBMS’ USBD, but contains fewer parameters. Information in the ATSC USBD are assumed to be generally static.

	S-TSID
	A sort of aggregated Service Description Fragment for the multiple content components of the ATSC 3.0 service described by the USBD, and in which the    ATSC 3.0’s File Delivery Table, referred to as ‘EFDT’, or Extended FDT, may be either embedded or referenced.
	Centralized as opposed to the distributed SDPs as employed in the MBMS USD for describing the transport and AL-FEC information for the different content components. Another key difference is to enable out-of-band and advanced delivery of FDT Instance parameters prior to the delivery session of the content the FDT describes

	MPD
	In the case of DASH-formatted services,  the DASH MPD, delivered as a metadata fragment, to be forwarded by the receiver platform/middleware to the DASH client in the receiver 
	Identical function as the Media Presentation Description fragment in MBMS USD

	APD
	Optional metadata fragment in support of  file repair
	Only file repair functionality is specified at this time in the ATSC 3.0 APD (i.e., it does not contain reception reporting or consumption reporting signaling)


Table 1: Summary Descriptions of ROUTE/DASH SLS Fragments in ATSC 3.0
5 Summary, Proposal and Next Steps
It is proposed that the contents of this contribution be discussed and agreed for inclusion in TR 26.xyz, “User Service Enhancements to Support Television Services”.
A logical follow-up to the description of the DVB SI and ATSC 3.0 Service Signaling functionality in the document would be to perform a comparison of those service signaling capabilities with that offered by the MBMS USD, and identify commonality and differences or gaps in MBMS service layer capabilities relative to those specified in broadcast TV standards.
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