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1 Introduction & Context
In document [1], an overview of past experiments in mobile broadcasting has been presented; enabling and disabling factors for the success of broadcast access roll-out have also been analysed. Starting from this, initiatives of broadband-broadcast cooperation have been summarized, assuming that a key element of success is that broadcast-capable chipsets must be integrated in smartphones and tablets. Specific emphasis is put on 3GPP-DVB discussions aiming at defining Common Broadcasting Specifications (CBS).

In order to assess the interest of such a unification of standards, a reference business chain, for the delivery of mobile multimedia services, has been proposed and added value of CBS for each player has been discussed. 

In the meanwhile initiatives on broadcast-broadband cooperation have multiplied:

· FoBTV (Future of Broadcast TV) gathers together worldwide actors of broadcasting in order to define worldwide standards;

· EBU-CTN (European Broadcasting Union-Cooperative Terrestrial Networks) “work will address the future terrestrial broadcasting and wireless broadband networks in terms of their potential to carry broadcasting services both linear and non-linear. Scope and conditions for co-operation between different terrestrial networks will also be investigated.”
· DVB strategy document underlines that “new solutions need to be agreed that will allow broadcast and traditional mobile applications to co-exist in the most effective and efficient manner.”

In parallel, World Radio Conference 2012 paved the way for discussion on the 700MHz band: second digital dividend or co-primary usage by broadcast and broadband?
In this context this document addresses the potential impact of CBS on network architectures.

After a detailed presentation of 3GPP and DVB broadcast networks, this new document will elaborate on a draft architecture proposal presented by Mark Richer in 2011.
2 3GPP E-MBMS Network Architecture
2.1 End-to-End architecture

The diagram below describes the network architecture to support MBMS (Multimedia Broadcast Multicast Service) in 3GPP LTE (Long Term Evolution):
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E-MBMS logical architecture
Entities

· MCE (Multicell/Multicast Coordination Entity): it is a logical entity designed to coordinate the cells in an MBSFN (Multimedia Broadcast multicast service Single Frequency Network) area which is difficult to achieve in the flat architecture of LTE. This entity allocates the radio resources used by all the eNodeB in the MBSFN area, ensuring that the same resource blocks are used across the whole MBSFN area for the same service, and it decides the radio configuration (Modulation and coding scheme). Thus these functions which are normally the responsibility of the eNodeB are instead centralized.

· MBMS-GW (MBMS Gateway): The MBMS-GW is a logical entity whose principal function is the broadcasting of MBMS packets to each eNodeB transmitting the service. The MBMS-GW uses IP Multicast as the means of forwarding MBMS user data to the eNodeB. 

· BMSC (Broadcast Multicast Service Centre): the BMSC is a functional entity. It provides functions for MBMS user service provisioning and delivery. The main functions performed by the BMSC are:

· Session and transmission function: initiates and terminates MBMS bearer resources prior to and following the transmission of MBMS data (for control plane) and sends MBMS data to MBMS-GW.

· MBMS user service announcement/discovery function: allows the user being informed about the range of available services and all information that a terminal needs in order to join an MBMS service. 

· BMSC Proxy and Transport Function: a Proxy Agent for signalling over SGmb reference points between MBMS-GWs and other BMSC sub-functions.

· MME (Mobility Management Entity): The MME supports the following functions in order to enable MBMS support for E-UTRAN:

· Reception of MBMS service control messages from MBMS-GW over the Sm interface.

· Reliable delivery of Session Start/Stop messages to E-UTRAN;

Interfaces:

· M1: pure user plane interface uses IP multicast to deliver the MBMS content to the eNodeB. The SYNC protocol is used to ensure that the content is synchronized for multi-cell transmission.

· M2: pure control plane interface, used to carry the session control signalling to the eNodeB. It adds the radio configuration data for MBSFN transmission in order to deliver synchronized content.

· M3: pure control plane interface. It allows for MBMS Session Control Signalling on E-RAB level (i.e. does not convey radio configuration data). The procedures comprise MBMS Session Start and Stop. SCTP is used as signalling transport (Point-to-Point signalling is applied).

· SGmb: It is the reference point for the control plane between BMSC and MBMS-GW (signalling between BMSC and MBMS-GW is exchanged at this interface)

· SGi-mb: It is the reference point between BMSC and MBMS-GW function for MBMS data delivery.

· Sm: It is the reference point for the control plane between MME and MBMS-GW.

Note that MCE and MBMS GW are defined as logical entities and consequently can be either a standalone equipment or a located one in an existing node. The MCE might be integrated in an eNB. 

2.2 Introduction of E-MBMS features

The audiovisual service platform (AVSP) is the global service platform used for delivering audio visual content in unicast to mobile subscribers. The audiovisual contents are provided by content providers, i.e. Live TV Channels and VoD content Providers. 

The target architecture for the AVSP aims at separating the service command and the broadcast service functions. In this target architecture, a Service Platform is centralized while several Broadcast Platforms are dedicated to the broadcast flow and are dispatched into the core network. The figure below shows the target AVSP in an LTE network.


[image: image2]
Simplified Target AVSP Architecture

· Service platform: provides the content management and content presentation (e.g. Gallery and charging functions) modules, Service Access Control Management and referent data bases management (client DB, catalogue DB and terminals/profiles DB).

The Gallery is a web application performing the content presentation to customers. It adapts the pages presentation according to the terminal used.

· Broadcast Platform: receives Live TV flow from the Live Encoding Platform (unicast or multicast reception modes are planned) and broadcasts the flow. Broadcast platform performs also SDP (Session Description Protocol) generation and sending.

SDP is used to describe the user service session. Notably the semantics of a streaming session description includes the following parameters: the sender IP address, the destination IP address and port number for each RTP session, the start time and end time of the session, media type (audio, video, and text), QoE metrics...

· LEP (Live Encoding Platform): is essentially composed of two encoders: a principal and a backup.

· WISP (The Wireless Internet Service Platform): performs functionalities such as Protocol conversion (WAP on the user side to HTTP on the Content provider side) and WML encoding.

· CSG (The Content Services Gateway): enables to bill the user based on the provided content.

· P-GW (The PDN Gateway): responsible for IP address allocation for the UE, as well as QoS enforcement. The P-GW is responsible for the filtering of downlink user IP packets into the different QoS based bearers.

· S-GW (The Serving Gateway): all user IP packets are transferred through the S-GW, which serves as the local mobility anchor for the data bearers when the UE moves between eNodeBs.

Let us consider the introduction of a standalone platform supporting BMSC functions for the broadcast service i.e. the Service Announcement Function and the Session & Transmission function.

This scenario is meant to introduce BMSC functions without using or impacting existing audiovisual service platforms; it could also be interesting when considering BMSC sharing with other operators.


[image: image3]
BMSC standalone Platform

Electronic service guides (ESG) serve to provide users with information regarding a variety of scheduled programs, allowing a user to navigate, select, and discover content by time, title, channel, genre, etc... ESG is therefore the end-user entry points to discover the currently available services and content. The structure of the Service Guide data is represented as fragments.  Electronic service guide fragments are independently-existing pieces of the electronic service guide. These fragments can comprise XML documents, Session Description Protocol (SDP) descriptions, textual files, images and other items, and they describe one or several aspects of currently available services and future services. 

In the case of a stand-alone platform supporting BMSC functions, the unicast and broadcast electronic service guides (ESG) as well as their retrieval are different. However, the presentation in the UE may be unified. The following figure gives an overview of the different SG features in this scenario. The UE may retrieve broadcast SG by an interactive HTTP exchanges on the BMSC platform or by a broadcast file delivery, and the UE retrieves unicast SG using HTTP exchanges on the unicast Gallery server and the detail SDP on the unicast “broadcast” platform. 
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Separate platforms and Service Guides case
3 DVB Network Architecture
3.1 General considerations
A terrestrial DVB network architecture is intended for providing audio and video contents to an infinite number of viewers, in a delimited area. It is a single broadcast network (DL only), without any native return channel (UL).
DVB terrestrial networks exist in several flavours: 
· DVB-T and DVB-T2 which currently sharing close architectures and network design.

· DVB-H with tailored features for reaching handheld devices, in a suited network design (widely on decline). 
· DVB-SH based on an hybrid mobile broadcast network, mixing satellite and a complementary terrestrial component. There is no known deployment, except the commercial ICO tentative.
A common feature is the SFN capability, which in the CBS context is relevant to consider. In some cases there are local or regional contents to manage (insertion, substitution). As impact in a CBS context is still unknown, it is advisable to take into account this scenario.
For DVB-T/T2, addressed devices are generally domestic television sets. Depending on the network design, television sets are fed thanks to a roof-top antenna or an indoor antenna. In the CBS context, an efficient broadcast network must be designed for reaching portable or mobile devices. However this related network planning issue is not discussed here.
According to current trends, only the cases of DVB-T/T2 networks are really interesting to consider here.
3.2 Comparison between DVB-T and DVB-T2 protocol stacks
A quick comparison between DVB-T and DVB-T2 protocol stacks is of interest, mainly for understanding what is carried by the broadcast contribution network. What is shown below is a macroscopic view of what is typically delivered by a head-end.
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3.3 Typical DVB-T and DVB-T2 network architectures
3.3.1 DVB-T Network Architecture based on a Satellite Contribution Network

The satellite is one of the commonly used mediums for a national broadcaster and is used to send programming from a national centre directly to transmitter sites, or to regional affiliates. Satellite is a medium which perfectly matches the broadcast model (one to many); but bandwidth remains limited even with the use of DVB-S2, and is not suited for the carriage of regional programming. For dealing regional content, it is necessary to have a secondary contribution network. Usually this secondary network is unidirectional, built with microwave links and optic fibre. Common physical layer is MPEG-2 TS over ASI.
The re-multiplexer equipment can be located in the Regional Broadcast Centre, or alternatively in one of the main transmitter site.
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3.3.2 DVB-T Network Architecture driven by an IP Contribution Network

The use of IP networks as broadcast contribution networks is increasing quickly. They provide a better flexibility on capacity versus costs, with suited QoS levels and multicast filtering capabilities. Hereafter is an example for a DVB-T network, using a broadband IP network for the contribution part.

Please note that IP/ASI and ASI/IP gateways are often integrated to the neighbouring equipments, such as re-multiplexer or RF modulator.
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3.3.3 DVB-T2 Network Architecture driven by an IP Contribution Network

DVB-T2 network architecture is close to the previous one. Instead of SFN adapters and ASI/IP gateways, T2-MI gateways are used. The scenario depicted here is based on multi PLP (Physical Layer Pipe) broadcasting (at least two PLP). Regional content is carried by a dedicated PLP. PLP substitution is processed by the Local Inserter.  If main contribution network is unidirectional type (e.g. satellite), a Local Inserter has to be installed on each transmitter site.
If the DVB-T2 transmission is performed in mode A (single PLP) with a large transport stream, content substitution is tricky, as SFN time stamping is located at T2-MI level. That's why the current solution is the recovery and the processing of all regional contents at the National Broadcast Centre level. All the required T2-MI streams are built and sent through the broadcast IP network. This is an expensive solution that can be considered temporarily, or suited for limited geographical areas.
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4 CBS Network Architecture Proposal and Comments
This section is based on the network architecture proposed in October 2011 by Mark Richer (see [2]).

It assumes a common broadcast layer, enhanced version of 3GPP E-MBMS (lower inter-carrier spacing, longer cyclic prefix for larger coverage...), and defined for a dedicated carrier case.
It proposes a high-powered broadcast overlay network, on the top of existing LTE networks, using UHF spectrum see below).
The objective is twofold:
· Extend the broadcast capability

· Allow mobile operators to offload part of their traffic on a broadcast access.
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The following network architecture is proposed to support this overlaid broadcast access.
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In this example, the overlay network will be operated in 500-600MHz band (US case).
On the right-hand side, the E-MBMS architecture presented in ‎2.1 can easily be identified.
On the left hand-side (classical broadcast side), two elements have been added:
· A mobile broadcast gateway

· A policy charging enforcement function.

The broadcast overlay network can be seen as the core of the broadcast “branch” as it encompasses the mobile broadcast convergence gateway that feeds the base stations dedicated to broadcast only.
Key requirements for an evolved broadcasting system are the following:
· Mobility
· Broadband interoperability (convergence)

· Dynamic or on-demand configuration (services, reception path, self-organising networks, …)

· Return channel, interactivity
When crossing these requirements and the existing architectures, a possible transposition for a European CBS solution could be as follows:
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5 Conclusion

Broadband-broadcast cooperation is more than ever on the agenda; some initiatives, mainly driven by broadcasting camp, all around the world (FOBTV, EBU...), tend to demonstrate that such cooperation could help to absorb the increasing mobile data traffic and could be a way to keep 700MHz band for broadcasters.
This document and its initial version explained what could be the added value of common broadcasting specifications for each player of the business chain, and gave some tracks on the impacts of such specifications on the networks architecture.
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