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ABSTRACT

DVB-T2 is offering a new way for broadcasting value-added
services to end users, such as High Definition (HD) TV and
3D TV. Thanks to the advances made in digital signal pro-
cessing, and specifically in channel coding, DVB-T2 brings
an increased transfer capacity of 50% and a new flexibility in
services’ broadcasting in contrast with the first generation
DVB-T standard. As DVB-T2 is still in deployment’s test,
simulation model could be an interesting way to evaluate
the performance of this network in supporting new value-
added services. In this paper, we describe the new features
and enhancements we have integrated within the DVB-T2
module in OPNET, and in particular: (i) realistic physi-
cal model;(ii)) MPEG-TS layer with an IP encapsulator;(iii)
hierarchical application layer ables to use pcap traces to sim-
ulate real video traces. Finally, we validate the developed
DVB-T2 model according to the standard recommendation
in terms of physical layer performance (BER versus SNR).
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1. INTRODUCTION

DVB-T2 [1] is the second generation standard for digi-
tal terrestrial television broadcasting. Thanks to the ad-
vances made in digital signal processing, and specifically in
channel coding, DVB-T2 brings an increased transfer ca-
pacity of 50% and a new flexibility in services’ broadcasting
when compared to the first generation DVB-T standard pub-
lished in 1997. To allow a high robustness against multipath
propagation, DVB-T2 uses a Coded Orthogonal Frequency
Division Multiplexing (COFDM) multi-carrier modulation,
in a similar way to DVB-T. A wider range of schemes is
proposed, from 1K carrier up to 32K carrier, to meet the
requirements of a wide range of receiving situations (fixed
and mobile) and network topologies (single and multiple fre-
quency networks). In terms of channel coding, DVB-T2
uses Low Density Parity Check (LDPC) block codes and
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Bose-Chaudhui-Hochquenghene (BCH) coding, which pro-
vide more robust error correction than the convolutional and
Reed Solomon encoding used in DVB-T. Most of the capac-
ity gain of DVB-T2 comes from this fundamental change of
channel coding. The DVB-T2 physical layer data channel is
divided into logical entities called the Physical Layer Pipes
(PLP). Each PLP carries one logical data stream. Exam-
ples of such a logical data stream, would be an audio-visual
multimedia stream along with the associated signaling in-
formation, or an hierarchical application streams, which can
address at the same time different qualities as it is the case
for Scalable Video Coding (SVC) [2]. The PLP architecture
is designated to be flexible so that arbitrary adjustments of
robustness and capacity can be easily done. Thus, using
different PLP enables broadcasting of multiple services or
groups of services with separate channel coding and modula-
tion settings on a single radio channel. Broadcasting several
service components over the same channel is thus made pos-
sible, with differentiated levels of robustness, which was not
possible with the previous DVB-T standard. Regarding the
upper layers, the DVB-T2 provides two main IP encapsula-
tion protocols, the MPEG-TS [3] packetization, which has
been the classical encapsulation scheme for DVB services,
and the Generic Stream Encapsulation (GSE) [4], which was
designated to provide appropriate encapsulation for IP traf-
fic.

Simulation tools, meanwhile, are a good mean to evaluate
the performance of a system in different conditions. This
is also useful to dimension a system and optimize its per-
formance, which represent an interesting issues, particularly
for DVB-T2 network as it is still in test. Among the existing
network simulation tools, OPNET [5] is one of the leading
simulator that provides powerful simulation capability for
testing networks architectures and protocols. It includes
simulation models from the application layer to the lower
layers of networks, including wired and wireless connection.
Reader can refer to [6], for an interesting comparison of sev-
eral computer simulations, with a brief focus on OPNET.
In this work, we describe the features and enhancements we
added to support DVB-T2 simulation in OPNET. The most
important features we introduced are: (1) realistic physi-
cal layer that uses measured Bit Error Rate (BER) versus
Signal-to-Noise Ratio (SNR) traces for different modulation
schemes; (2) MPEG-TS layer, with an IP encapsulator based
on Unidirectional Lightweight Encapsulation (ULE) [7]; (3)
application layer that supports hierarchical streams, and as-
sociates each stream with a PLP. Furthermore, the devel-
oped application layer is able to parse pcap traces to simu-
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Figure 1: Layered DVB-T2 model OPNET
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Figure 2: Transmitter node model

late real video traffics. The purpose of this simulation model
is to enable the evaluation, in a realistic environment, the ca-
pacity of DVB-T2 to support new services, such as High Def-
inition video broadcast, for both fixed and mobile receivers.
To the best of our knowledge this is the first simulator plat-
form for DVB-T2 networks. Note that, this DVB-T2 sim-
ulation model could be extended easily to simulate DVB-H
or DVB-S2, which share many features with DVB-T2 (only
the physical layer that needs modification).

This paper is organized as follow: section 2 presents the
developed DVB-T2 model in OPNET. In section 3, we val-
idate the physical layer model regarding the Nordig recom-
mendations [9]. We conclude this paper in section 4.

2. DVB-T2 OPNET MODEL
2.1 Model Overview

To simulate and evaluate the performance of DVB-T2
network, we have introduced new features and enhanced
other available features in OPNET. The proposed model
is able to simulate the entire DVB-T2 chain, by includ-
ing models for the DVB-T2 broadcast gateway (transmitter)
as well as fixed and mobile receivers. Each entity includes
the IP/ULE/MPEGTS/PLP transmit/receiver capability as
showed in Figure 1. Herein, we describe the main features
we introduced to support DVB-T2 in OPNET. For more
details on the entire model, reader can refer to [10].

3. TRANSMITTER MODEL (DVB-T2 GATE-
WAY)

Figure 2 presents the design architecture of the trans-
mitter node model. This model consists of the application
source, the data splitter, the MPEG-TS layer (including the
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Figure 3: Receiver node model

IP encapsulator) and the physical layer. For this model, the
physical layer is using three physical layer pipelines (PLP)
(the number of PLP is not fixed, it can be extended to n
PLP); each PLP has its own physical modulation and FEC
protection. To configure one PLP, we have to extend its
attributes. Thus, it is possible to define the available phys-
ical modulations (16QAM1/2, 64QAM3/5, 256Q AM3/4,
256QAM3/5 and 256QAM5/6), the frequency, data rate
and the power of transmission for each PLP. Concerning
the application, there is three sources attached to the split-
ter, which represents, for instance, three applications sources
(audio/video), or one scalable application like SVC. The
main functionality of the splitter is to redirect each applica-
tion layer data to its associated PLP. Then these data are
fragmented (if they exceed the 1500Bytes) in IP packets. To
transmit an IP packet in the DVB chain, ULE encapsulation
is used. Therefore, each IP packet is encapsulated in ULE
packet. Here, it is important to note that the standard way
to carry IP datagrams over MPEG2-TS are multiprotocole
Encapsulation (MPE) [8] and ULE.

An alternative to MPEG2 TS, for encapsulating IP pack-
ets, is Generic Stream Encapsulation (GSE). GSE encapsu-
lation reduces the overhead by a factor of 2 to 3 times when
compared to MPEG-TS. However, GSE is not well deployed
in the DVB-T2 products. For this simulation model we
decided to implement the ULE encapsulation mechanism,
since it reduce overhead and ensure more functionalities
than MPE. Each ULE packet is then sent to the MPEG-
TS layer. This layer will fragment each ULE Packet into
different MPEG-TS packets. The size of MPEG-TS packet
is 188Bytes. After that, these packets are directed to the
PLP, which transmit them over the radio channel. Note
that, each PLP is associated with an antenna. The same an-
tenna model is used by the three PLPs. The antenna model
used for transmission is an Omni directional antenna.

4. RECEIVER MODEL

Figure 3 shows the architecture design of the receiver node
model. This model is used either to simulate a fix or mobile
station. The receiver node model is asymmetric to the trans-
mitter node model, it is constituted by the same layers (ap-
plication, MPEG-TS and physical layer). The radio receiver
(PLP) begins by receiving the broadcasted frame. Then the
received frame is sent to the MPEG-TS layer, which waits
for a number of packets to re-constitute an ULE packet.
The ULE layer receives the ULE packet and extracts the IP
packet, which is directed to the muxer. This entity (muxer)
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Figure 5: 64 QAM 3/5 Simulated BER vs SNR

will receive the three applications streams sent through the
three PLP, and reconstitute the application stream. The
main differences between the transmitter and the receiver
models are:

e The antenna model, where a directional antenna is
used in case of fix receiver, and an omnidirectional
antenna for mobile receivers;

e The muxer, which reconstitutes the application streams
from different PLPs.

5. PHYSICAL MODEL VALIDATION

In order to validate the simulation model, we compared
the performance of the physical channel results against the
nordig recommendations. Indeed, these recommendations
specify the SNR value from which the BER must appear for
each physical modulations. Each commercial DVB-T2 re-
ceiver must satisfy these requirements. In this way, we show
in Figures 4-5-6-7 the BER versus SNR for 5 physical modu-
lations, namely 16QAM1/2, 64QAM3/5, 254QAM3/4 and
256QAM3/5. From these figures, it appears clearly that the
physical layer model respects the recommendation of NorDig
[9] for DVB-T2 receivers. For instance, the NorDig recom-
mends that in case of Gaussian channel and 16QAM1/2
modulation, the BER is about 10~7 when the SNR reaches
6db, which is practically respected by our simulation model
(see Figure 9). The same behavior is noticed for the other
modulations, where our physical model respects the recom-
mendation of the NorDig.
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