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Abstract—The last wireless broadcast systems, like DVB-T2, to implement the well known Alamouti Space Time Block
have reached performances close to the Shannon limit and tre  Code (STBC) [3] in a distributed manner across two distinct
remain few solutions to further increase them. One of these .o cmitters of a Single Frequency Network (SFN). In other

solutions is the use of Multiple Input Multiple Output (MIMO ) . . .
techniques. In this article, we evaluate the performancesfdvB- WOrds, the transmitter pair of the SFN amounts to a virtual

T2 in a Single Frequency Network (SFN). DVB-T2 is the first Single transmitter equipped with two antennas. Even if this
broadcast standard which provides the possibility to use soe so-called distributed Alamouti scheme is up to now only
Multiple Input Single Output (MISO) technique. Our study wi Il proposed as an option in the DVB-T2 standard, it can be

focus on a system with two transmit antennas and one receive yiaweq as the first incursion of multiple antenna technology
antenna with power imbalance between the two resulting link. . .
in the broadcasting world.

We will compare the influence of this power imbalance in two - o
configurations (MISO distributed Alamouti scheme and SISO  This paper focuses on the performance of the distributed

SFN) and show the benefit brought by the use of a MISO Alamouti scheme compared to a classic Single Input Single

technique in a Single Frequency Network. Output (SISO) transmission, in the context of a Single Fre-

guency Network (SFN). Comparisons will be made on the

basis of the DVB-T2 system specifications for various cases
These last decades, new ways to access to multimedfaspectral efficiencies. From the simulation results, wé wi

contents have considerably pushed the need for high lit-rahalyze the advantages of such a scheme.

connections. In this context, orthogonal frequency dorisi

multiplexing (OFDM) jointly used with powerful channel Il. SYSTEM MODEL

coding schemes like turbo-code or low density parity check

codes (LDPC) is playing a central role and has already &4 Single Frequency Network

to major performance improvements. Today, getting further  As explained in the introductive part, the distributed Alam
terms of transmission capacity increase essentially go#s Wouti scheme is based on an SFN topology as it can be
the exploitation of the spatial component brought by miétip encountered in some broadcasting networks. An SFN is an area
antenna architectures. Multiple Input Multiple Output (D)  within which a service is provided by several base statians o
techniques are indeed considered as the most promising s@liinsmitters while exploiting the same frequency band éahe
tion to meet the needs of throughput increase and many receg@tion. From the receiver side, the collected signalsiari
telecommunication systems like IEEE 802.11n or 3GPP-LTiom each station can be viewed as a Sing|e Signa| propagated
already integrate such schemes. through an equivalent channel which impulse response is the
In the domain of broadcasting, MIMO techniques areum of the impulse responses associated to each individual
however not as well implemented as in the other teleconmnk. A typical example of SFN is introduced in figure 1 in
munication domains. The reasons for that can not only ltge case when the SFN consists of two transmitters. In this
understood by the high cost of equipping broadcastingostati paper, we will focus on this typical network topology.
with multiple antennas, but also by the fact that using MIMO Considering that the two transmitters are sufficiently far
schemes in a point-to-multipoint transmission scenarsist-  away from each other, it can reasonably be assumed that
ing of much contrasted reception situations is less faleralihe signals related to each station are transmitted over two
than in a point-to-point communication with link adaptatio jndependent channels. However, since the receiver is not
opportunities. However, many investigations on this sctgee always located just in between the two base stations, some
pursued and interesting proposals can be found in the recggfver imbalance factor has to be introduced between the two

literature [1], [2]. One first output of these research atéi8  arriving signals. Hence, the equivalent impulse respofigieeo
has in particular been proposed in the recently normalizegEN can be modeled as follows,

second version of the Digital Video Broadcasting Terrabtri
system (DVB-T2). Indeed, the DVB-T2 standard proposes hspn(T) =hi(7) + /1= B X ha(T — A) 1)

I. INTRODUCTION



Considering the transmitter structure, information bits a
channel encoded by a BCH encoder followed by a LDPC
encoder. The encoded bits are interleaved before the nm@ppin
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 transhst t
same signal. In the distributed Alamouti case however, the
signal transmitted by the first antenna is the same as in the
h,(7) h,(x) 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 o, 1, be the complex symbol transmitted by theh
- - antenna on the!” data bearing subcarrier of tHi& OFDM
symbol, the Alamouti scheme is defined by:

e (T)
SFN - —04;+171,1 forp € {0,2,..., Npara — 2},
" oy 1, forpe{l,3,...Npara—1}.

()

H || | || where Np a4 is the number of data bearing subcarriers.
> The baseband expression of the signal to be transmitted by
the m** antenna for thé* OFDM symbol can be written as

Fig. 1. Equivalent channel in a SFN with two base stations

Kymax
S1m(t Chl,m X Yk (3)
t) = V27 x KTOTAL e ;Mm ®)

where h; and hy, are the CIR of each channel\ is the
propagation delay to be considered between the first antiere

second links, andB is the attenuation factor that takes into .
(o7} {eﬂﬂfk(ttﬂ(l)) forto(l) — Tar <t <to(l) + Ty,

account the link budget difference between those two litks. v, ; ()= 4
' 0 otherwise

this paper, we will use a fixed value féx and focus on the

influence of3. We will show that this parameter has a majo

ﬂ h ; t th hen distrib orar is the number of active subcarrier&,;;n and
influence on the performance of the system when distri utggfmx are the indexes of the first and the last active sub-
Alamouti is carried out.

carriers respectivelyf, is the frequency of theé:'" active
subcarrierf (1) is the time of the beginning of the useful part
of the I** OFDM symbol, Ty is the duration of the useful
The system considered in this paper is based on tpart of an OFDM symbol]; is the duration of the guard
specifications of the DVB-T2 standard [4]. The implementeidterval, andcy ., is the complex modulation value for the
transmitter and receiver are depicted in figure 2 and figure ;3" active subcarrier transmitted by the'” transmit antenna
As evident from these figures, two transmit antennas are usiding thel*® OFDM symbol.
to model the SFN case with two base stations, while a singleAt the receiver, the captured signal is first demodulated

B. Transmission chain

antenna is exploited at the receiver side. using an FFT and then applied to a MISO detector. The
latter uses channel coefficients obtained from an ideal chan
souce bl o Ll interteaver o] Mopping. ksl interieaver orom nel estimation to estimate the complex symbols that where
ki ]I transmitted and computes an equivalent channel coeffitoent
wso | [ oom |1 each symbol. After deinterleaving, a genie aided demapper
Alamout |~ |modulation computes log likelihood ratios (LLR) using the equivalent

channel coefficients: since imaginary and real parts of each
symbol are not transmitted on the same subcatrrier they dre no
affected by the channel the same way. After a second stage of
deinterleaving, the LLR are fed to the LDPC decoder and the

OFDM
Y MISO De : De Channel BCH decoder
den:it‘))?]ula ™| detection [ Interleaver —*{Demapping=+| Interleaver | decoding

Fig. 2. Block diagram of the transmitter

Il. SIMULATION RESULTS

Channel

el For our simulations, we use the parameters listed in table I.
The P; channel model used for the simulations is defined in
Fig. 3. Block diagram of the receiver [5] and the TU6 channel model is defined in [6].
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Figure 4 compares the performance in SISO and in MIS & 0 X \
. = C
on P; channel, with QPSK and a code rate of 1/2, when tkF = X Q\
signal from the two base stations have the same power & ! ®
when those signal have a 12dB power imbalance. With r | B
power imbalance, the performance of the MISO configuratic | °
is better by 0.5dB compared to the SISO configuration, than 107 ! RS-
to the diversity gain provided by the Alamouti scheme. Witl % e
power imbalance, the performance of the SISO configuratic ‘, IS
remains the same. The performance of the MISO configurati “ | _MISO - 0
is degraded by 0.9dB because of noise amplification by tl ‘( bl - 6 - iSO 5= 1245
AlamOUti deCOder' 107;2 l‘.4 1>‘<6 l‘.8 2 2.‘2 2.‘4 2.6
SNR (dB)
» Influence of power imbalance
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*\ X Fig. 5. Influence of power imbalance on the performance of BRZBMISO
RN b@ and SISO transmissions with QPSK and a code rate of 1/2 on hd6nel
X ]
>
107 ! . .
i 0 as a function of the power imbalance between the two base
X ; stations for a QPSK modulation and a code rate of 1/2.
B ! For the P1 channel, in the SISO case, power imbalance has
107 .f | no influence on the system performance. A BER 16f*
i 0 is obtained with a SNR of 2.16dB. In the MISO case, the
g | ‘, required SNR varies from 1.65dB to 2.54dB whgrvaries
| . .
| L from 0dB to 12dB. The MISO configuration outperforms the
w0 3 : 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~* is about 1.95dB in the SISO case
. and varies from 1.57dB to 2.49dB whenvaries from 0dB to
1 12dB in the MISO case. The MISO configuration outperforms
S the SISO one as far as the power imbalance stays below 5dB.
—o— SIS0 5= 12d8 Figure 7 shows the performance with a higher spectral
| L= © —MISO 3 =12dB
10 T T 1 1 1 1 1
1.4 1.6 1.8 2 2.2 24 2.6 2.8
SNR (dB)

Fig. 4.

Influence of power imbalance on the performance of BRZBMISO
and SISO transmissions with QPSK and a code rate of 1/2,0ohannel

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 ofl0—* is about 11.85dB in the
SISO case and varies from 11.08dB to 12.37dB whesaries
from 0dB to 12dB in the MISO case. The MISO configuration

outperforms the SISO one as far as the power imbalance stays
below 7dB.

As shown on figure 5 results on TU6 channel are quite The use of MISO for the transmission of a DVB-T2 signal
similar to those onP; channel. With no power imbalance,in an SFN environment provides an improvement of the
the performance of the MISO configuration is better by 0.4dBerformance of the system. Indeed, it can be assumed that

0.9dB.

compared to the SISO configuration. With power imbalancthe case when the power imbalance exceeds 6dB would occur
the performance of the SISO configuration remains the sanmethe areas where the receiver is close enough to one of the

The performance of the MISO configuration is degraded lsansmitter to ensure a good reception of the signal, white t

case when the power imbalance is moderated corresponds to

Figure 6 shows the performance of the two configuratiomseas where the receiver is far from each station and wili ful
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Fig. 7. Required SNR to obtain BRER = 10~—* 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 Alatho
solution essentially improves the signal reception guyatit
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 enviremnin



