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Abstract—The last wireless broadcast systems, like DVB-T2,
have reached performances close to the Shannon limit and there
remain few solutions to further increase them. One of these
solutions is the use of Multiple Input Multiple Output (MIMO )
techniques. In this article, we evaluate the performances of DVB-
T2 in a Single Frequency Network (SFN). DVB-T2 is the first
broadcast standard which provides the possibility to use some
Multiple Input Single Output (MISO) technique. Our study wi ll
focus on a system with two transmit antennas and one receive
antenna with power imbalance between the two resulting links.
We will compare the influence of this power imbalance in two
configurations (MISO distributed Alamouti scheme and SISO
SFN) and show the benefit brought by the use of a MISO
technique in a Single Frequency Network.

I. I NTRODUCTION

These last decades, new ways to access to multimedia
contents have considerably pushed the need for high bit-rate
connections. In this context, orthogonal frequency division
multiplexing (OFDM) jointly used with powerful channel
coding schemes like turbo-code or low density parity check
codes (LDPC) is playing a central role and has already led
to major performance improvements. Today, getting furtherin
terms of transmission capacity increase essentially goes with
the exploitation of the spatial component brought by multiple
antenna architectures. Multiple Input Multiple Output (MIMO)
techniques are indeed considered as the most promising solu-
tion to meet the needs of throughput increase and many recent
telecommunication systems like IEEE 802.11n or 3GPP-LTE
already integrate such schemes.

In the domain of broadcasting, MIMO techniques are
however not as well implemented as in the other telecom-
munication domains. The reasons for that can not only be
understood by the high cost of equipping broadcasting stations
with multiple antennas, but also by the fact that using MIMO
schemes in a point-to-multipoint transmission scenario consist-
ing of much contrasted reception situations is less favorable
than in a point-to-point communication with link adaptation
opportunities. However, many investigations on this subject are
pursued and interesting proposals can be found in the recent
literature [1], [2]. One first output of these research activities
has in particular been proposed in the recently normalized
second version of the Digital Video Broadcasting Terrestrial
system (DVB-T2). Indeed, the DVB-T2 standard proposes

to implement the well known Alamouti Space Time Block
Code (STBC) [3] in a distributed manner across two distinct
transmitters of a Single Frequency Network (SFN). In other
words, the transmitter pair of the SFN amounts to a virtual
single transmitter equipped with two antennas. Even if this
so-called distributed Alamouti scheme is up to now only
proposed as an option in the DVB-T2 standard, it can be
viewed as the first incursion of multiple antenna technology
in the broadcasting world.

This paper focuses on the performance of the distributed
Alamouti scheme compared to a classic Single Input Single
Output (SISO) transmission, in the context of a Single Fre-
quency Network (SFN). Comparisons will be made on the
basis of the DVB-T2 system specifications for various cases
of spectral efficiencies. From the simulation results, we will
analyze the advantages of such a scheme.

II. SYSTEM MODEL

A. Single Frequency Network

As explained in the introductive part, the distributed Alam-
outi scheme is based on an SFN topology as it can be
encountered in some broadcasting networks. An SFN is an area
within which a service is provided by several base stations or
transmitters while exploiting the same frequency band for each
station. From the receiver side, the collected signals arriving
from each station can be viewed as a single signal propagated
through an equivalent channel which impulse response is the
sum of the impulse responses associated to each individual
link. A typical example of SFN is introduced in figure 1 in
the case when the SFN consists of two transmitters. In this
paper, we will focus on this typical network topology.

Considering that the two transmitters are sufficiently far
away from each other, it can reasonably be assumed that
the signals related to each station are transmitted over two
independent channels. However, since the receiver is not
always located just in between the two base stations, some
power imbalance factor has to be introduced between the two
arriving signals. Hence, the equivalent impulse response of the
SFN can be modeled as follows,

hSFN(τ) = h1(τ) +
√

1− β × h2(τ −∆) (1)
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Fig. 1. Equivalent channel in a SFN with two base stations

where h1 and h2 are the CIR of each channel,∆ is the
propagation delay to be considered between the first and
second links, andβ is the attenuation factor that takes into
account the link budget difference between those two links.In
this paper, we will use a fixed value for∆ and focus on the
influence ofβ. We will show that this parameter has a major
influence on the performance of the system when distributed
Alamouti is carried out.

B. Transmission chain

The system considered in this paper is based on the
specifications of the DVB-T2 standard [4]. The implemented
transmitter and receiver are depicted in figure 2 and figure 3.
As evident from these figures, two transmit antennas are used
to model the SFN case with two base stations, while a single
antenna is exploited at the receiver side.
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Fig. 3. Block diagram of the receiver

Considering the transmitter structure, information bits are
channel encoded by a BCH encoder followed by a LDPC
encoder. The encoded bits are interleaved before the mapping
using rotated QAM constellations. The imaginary part of
each complex symbol is then cyclically delayed before a
second stage of interleaving and OFDM modulation. In the
traditional SISO case, the two antennas strictly transmit the
same signal. In the distributed Alamouti case however, the
signal transmitted by the first antenna is the same as in the
SISO case while the signal transmitted by the second antenna
is encoded following the modified Alamouti scheme [3, p. 95]
before the OFDM modulation.

Let αp,l,m be the complex symbol transmitted by themth

antenna on thepth data bearing subcarrier of thelth OFDM
symbol, the Alamouti scheme is defined by:

αp,l,2 =

{

−α∗

p+1,l,1 for p ∈ {0, 2, ..., NDATA − 2},
α∗

p−1,l,1 for p ∈ {1, 3, ..., NDATA − 1}.
(2)

whereNDATA is the number of data bearing subcarriers.
The baseband expression of the signal to be transmitted by

themth antenna for thelth OFDM symbol can be written as

sl,m(t) =
5√

27×KTOTAL

KMAX
∑

k=KMIN

ck,l,m × ψk,l(t) (3)

where

ψk,l(t)=

{

ej2πfk(t−t0(l)) for t0(l)− TGI ≤ t ≤ t0(l) + TU ,

0 otherwise,

KTOTAL is the number of active subcarriers,KMIN and
KMAX are the indexes of the first and the last active sub-
carriers respectively,fk is the frequency of thekth active
subcarrier,t0(l) is the time of the beginning of the useful part
of the lth OFDM symbol,TU is the duration of the useful
part of an OFDM symbol,TGI is the duration of the guard
interval, andck,l,m is the complex modulation value for the
kth active subcarrier transmitted by themth transmit antenna
during thelth OFDM symbol.

At the receiver, the captured signal is first demodulated
using an FFT and then applied to a MISO detector. The
latter uses channel coefficients obtained from an ideal chan-
nel estimation to estimate the complex symbols that where
transmitted and computes an equivalent channel coefficientfor
each symbol. After deinterleaving, a genie aided demapper
computes log likelihood ratios (LLR) using the equivalent
channel coefficients: since imaginary and real parts of each
symbol are not transmitted on the same subcarrier they are not
affected by the channel the same way. After a second stage of
deinterleaving, the LLR are fed to the LDPC decoder and the
BCH decoder.

III. S IMULATION RESULTS

For our simulations, we use the parameters listed in table I.
The P1 channel model used for the simulations is defined in
[5] and the TU6 channel model is defined in [6].



Bandwidth 8MHz
FFT size 8K

Guard interval 1/32
Pilot pattern PP8
Constellation Rotated QPSK Rotated 16-QAM

Code rate 1/2 3/4
Channel model P1, TU6

TABLE I
SIMULATION PARAMETERS

Figure 4 compares the performance in SISO and in MISO
on P1 channel, with QPSK and a code rate of 1/2, when the
signal from the two base stations have the same power and
when those signal have a 12dB power imbalance. With no
power imbalance, the performance of the MISO configuration
is better by 0.5dB compared to the SISO configuration, thanks
to the diversity gain provided by the Alamouti scheme. With
power imbalance, the performance of the SISO configuration
remains the same. The performance of the MISO configuration
is degraded by 0.9dB because of noise amplification by the
Alamouti decoder.
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Fig. 4. Influence of power imbalance on the performance of DVB-T2 MISO
and SISO transmissions with QPSK and a code rate of 1/2 onP1 channel

As shown on figure 5 results on TU6 channel are quite
similar to those onP1 channel. With no power imbalance,
the performance of the MISO configuration is better by 0.4dB
compared to the SISO configuration. With power imbalance,
the performance of the SISO configuration remains the same.
The performance of the MISO configuration is degraded by
0.9dB.

Figure 6 shows the performance of the two configurations
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Fig. 5. Influence of power imbalance on the performance of DVB-T2 MISO
and SISO transmissions with QPSK and a code rate of 1/2 on TU6 channel

as a function of the power imbalance between the two base
stations for a QPSK modulation and a code rate of 1/2.
For the P1 channel, in the SISO case, power imbalance has
no influence on the system performance. A BER of10−4

is obtained with a SNR of 2.16dB. In the MISO case, the
required SNR varies from 1.65dB to 2.54dB whenβ varies
from 0dB to 12dB. The MISO configuration outperforms the
SISO one as far as the power imbalance stays below 6dB.

For the TU6 channel, the results are similar. The required
SNR for a BER of10−4 is about 1.95dB in the SISO case
and varies from 1.57dB to 2.49dB whenβ varies from 0dB to
12dB in the MISO case. The MISO configuration outperforms
the SISO one as far as the power imbalance stays below 5dB.

Figure 7 shows the performance with a higher spectral
efficiency, i.e. 16-QAM and a code rate of 3/4 on TU6 channel.
These results are quite similar to the previous ones. The
required SNR for a BER of10−4 is about 11.85dB in the
SISO case and varies from 11.08dB to 12.37dB whenβ varies
from 0dB to 12dB in the MISO case. The MISO configuration
outperforms the SISO one as far as the power imbalance stays
below 7dB.

The use of MISO for the transmission of a DVB-T2 signal
in an SFN environment provides an improvement of the
performance of the system. Indeed, it can be assumed that
the case when the power imbalance exceeds 6dB would occur
in the areas where the receiver is close enough to one of the
transmitter to ensure a good reception of the signal, while the
case when the power imbalance is moderated corresponds to
areas where the receiver is far from each station and will fully
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Fig. 6. Required SNR to obtain aBER = 10
−4 as a function of power

imbalance for QPSK and a code rate of 1/2
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Fig. 7. Required SNR to obtain aBER = 10
−4 as a function of power

imbalance for 16-QAM and a code rate of 3/4 on TU6 channel

benefit from the diversity gain provided by the use of a MISO
scheme.

IV. CONCLUSION

As a first attempt to integrate multi antenna techniques in
digital video broadcasting systems, the distributed Alamouti
solution essentially improves the signal reception quality in
SFN areas. Future work will be the study of the performance,
in the same context, of other MIMO schemes such as the 3D
MIMO scheme [7] which have been especially designed for
the particularities of a Single Frequency Network environment.
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