
Analysis of ICI compensation for DVB-T2

Pello Ochandiano, Iker Sobrón, Lorena Martı́nez, Mikel Mendicute, Jon Altuna

Electronics and Computing Department
University of Mondragon

Loramendi 4, Arrasate-Mondragon, Spain

pochandiano@eps.mondragon.edu

Abstract—This paper analyzes the impact of inter-carrier
interference (ICI) compensation on the physical layer of DVB-
T2, the new digital terrestrial television standard. We compare
the performance of a well-known low complexity soft demapper
for different time-interleaving depths and code rates in several
realistic mobile scenarios. This paper further presents an iterative
receiver design that exchanges extrinsic information between the
low-density parity-check (LDPC) decoder and the ICI canceller in
order to improve performance. Provided simulation results show
that the proposed ICI cancellation algorithms can be necessary
in several DVB-T2 transmission modes when the length of the
time interleaver is limited.

I. INTRODUCTION

Based on recent research results and a set of commercial

requirements, DVB consortium has recently developed a new

digital terrestrial television standard named DVB-T2. This new

specification has noteworthy increased the robustness and the

spectral efficiency of its predecessor (DVB-T), and although

it has been designed for fixed receptors, it must allow for

some mobility with the same spectrum characteristics as DVB-

T. However, no research work has been published showing

the performance of DVB-T2 in realistic mobile scenarios.

The main remarkable novelty of the new standard lies on the

error correction scheme, since DVB-T2 uses the same LDPC

channel codes as DVB-S2. The proposed LDPC-based forward

error correction technique offers very good performance com-

pared to convolutional codes implemented in DVB-T, resulting

in a very robust signal reception.

Regarding the modulation, the second generation digital ter-

restrial television standard uses the same orthogonal frequency

division multiplexing (OFDM) system. As well as 2K and 8K

modes, the new standard has introduced longer modes (16K

and 32K) with the aim of increasing the length of the guard

interval without decreasing the spectral efficiency. On the other

hand, three cascaded forms of interleaving have been included:

bit, time and frequency interleavers. Therefore, DVB-T2 is

a complex bit-interleaved coded modulation (BICM) OFDM

communication system.

DVB-T2 has been designed to offer a capacity gain of

about 30%. In this way, the highest constellation size has

been increased to 256 symbols (256QAM) and more efficient

pilot patterns have been included. Furthermore, DVB-T2 in-

corporates a set of novel signal processing stages which come

to offer additional robustness and diversity in challenging

terrestrial broadcasting scenarios or to reduce the peak to

average power ratio (PAPR), one of the main drawbacks of

OFDM systems.

It is well known that one of the major technical challenge

in an OFDM based mobile communication system is its

susceptibility to the Doppler frequency shift. A time-varying

channel destroys orthogonality among subcarriers giving rise

to inter-carrier interference (ICI) which makes more difficult

the signal reception. Nonetheless, “8K” mode (8192 subcarri-

ers) or higher are supposed to give support to mobile reception

in DVB-T2, both due to the deployment of single-frequency

networks (SFN) and spectrum efficiency requirements. There-

fore, the effect of ICI can be very severe comparing with other

OFDM communication systems.

This paper provides simulation results for DVB-T2 mo-

bile reception in realistic scenarios and proposes two ICI

suppressing algorithms in order to analyze their impact on

DVB-T2: a well-known maximum a-posteriori (MAP) ICI

compensating scheme [1], and an iterative version of it. ICI

cancellation in relation to first generation DVB-T systems

has been considered by others [2],[3],[4], but for our best

knowledge this is the first time that an ICI compensation

technique is applied and analyzed in the second generation

terrestrial DVB especification.

The rest of the paper is organized as follows: In Section

II we briefly introduce the system model. Whole Section III

shows the ICI compensation algorithms implemented in this

work. Section IV deals with simulation results and finally,

conclusions are drawn in Section V.

II. SYSTEM MODEL

We consider a single-input single-output DVB-T2 system,

assuming perfect synchronization and channel estimation. Af-

ter the inverse Fourier transform (IFFT), the transmitted signal

at the symbol time n is given as

x (n) =
1

N

N−1∑
k=0

Xke
j2πkn/N (1)

where Xk represents the data symbol transmitted at the kth

subcarrier. The received discrete time-domain signal r (n) is

given by

r (n) =

L−1∑
l=0

h (n, l)x(n− l) + z (n) , (2)
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where x(n) is the transmitted signal waveform, h (n, l) is

the l-th tap of the channel impulse response at time instant

n, and z (n) is additive white Gaussian noise (AWGN) with

complex variance N0/2. It is assumed that there is no inter-

symbol interference (ISI) between OFDM blocks, i.e., the

entire channel impulse response (CIR) lies inside the guard

interval. Taking the fast Fourier transform (FFT) of (2), the

received signal can be expressed in frequency domain:

Rk =
1√
N

N−1∑
n=0

rne
−2πnk/N (3)

=
1√
N

N−1∑
n=0

L−1∑
l=0

h (n, l)x(n− l) +
N−1∑
n=0

z(n)e−j2πnk/N .

Furthermore, the system can be represented in frequency

domain using matrix notation as

R = HX + Z, (4)

where g(k) = Hkk is the gain for the desired symbol and Zk is

the noise at the kth subcarrier. The NxN H matrix represents

the frequency response of the ICI channel, where N is the

number of subcarriers. It has been proved that most of the ICI

energy is concentrated closed to the diagonal of this matrix,

as it is shown in Fig. 1. Thus, the ICI channel memory length

q is much smaller than N . In fact, for many applications, one

neighboring subcarrier is only considered when suppressing

ICI.

Fig. 1. First 25× 25 values of the H matrix.

In our work, Jake’s spectrum for each of the L channel taps

is considered for Doppler frequency modelling [5]. In this case

the well-known formula for the ICI power caused by Doppler

is obtained by [6]

PICI =
π2

6
f2
d , (5)

where fd = fD/Δf is the normalized Doppler frequency, i.e.,

the actual Doppler fD divided by the sub-carrier spacing Δf .

III. ICI COMPENSATION ALGORITHMS

Many ICI compensation algorithms have been presented

during the last years: minimum mean square error detection

(MMSE) based on successive interference cancellation (SIC)

[7], low complexity zero-forzing equalization [8], low com-

plexity block turbo equalization [9], iterative MAP detection

[10], etc. We have chosen the MAP detection for ICI suppress-

ing with the aim of modifying as little as posible the receive

chain of DVB-T2. The solution proposed by [1] is one of the

least complex MAP detector suggested in the literature and

one of the most powerfull. Fig. 2 and Fig. 4 show the soft

demapper and the proposed iterative detector respectively.

A. Maximum-a-Posteriori detection with ICI cancellation

The ICI suppressing MAP detector [1] is composed of two

stages. The first one estimates the transmitted data X̃n using

a Viterbi-like algorithm and a trellis representation of the ICI.

ICI suppressing+MAP 
detection

nX� lmLkR

Fig. 2. Structure of the ICI suppressing soft demapper.

Based on the keen observation that only few carriers con-

tribute significally to ICI, we can simplify the demapping

process reducing the search dimension to a few dominant

terms.

ll-1 l+1

0,0,0

0,0,1

M-1,M-1,M-1

Fig. 3. Stage 1 computes symbol estimates using a Viterbi-like algorithm.

With three carriers considered for ICI (K = 1), the trellis

has M3 (one per each combination of three constellation sym-

bols) states and three stages, representing the three received

carriers considered. The branch cost in the trellis is determined

by the Euclidean distance between the received symbols Rk

and the three symbols. The path cost is calculated as

l+K∑
k=l−K

∣∣∣∣∣Rk −
k+K∑

i=k−K

HkiXi

∣∣∣∣∣ . (6)

Stage two computes the log-likelihood ratios using X̃n

in order to suppress ICI and exploit the frequency diversity

introduced by it. Eq. 7 describes the demapping process. In

our work we consider q = 2.

428



Llm ≈
l+q∑

k=l−q

log

⎡
⎢⎢⎣
∑

Xl∈χ+ exp

[
− 1

N0

∣∣∣Rk −
∑k+q

n=k−q,n�=l HknX̃n −HklX
+
l

∣∣∣2 +∑M
i=1,i �=m LAli

Xli

]
∑

Xl∈χ− exp

[
− 1

N0

∣∣∣Rk −
∑k+q

n=k−q,n�=l HknX̃n −HklX
−
l

∣∣∣2 +∑M
i=1,i �=m LAli

Xli

]
⎤
⎥⎥⎦ (7)

As it has already been discussed in [1], if we assume

three carriers involved in the ICI (K = 1), stage 1 requires

NM3 computations, where M is the modulation order and

N the number of carriers in the OFDM symbol. On the other

hand, the complexity of stage 2 is a function of q, so the

overall ICI suppressing MAP detector involves Nq2 +NM3

computations.

B. Iterative MAP detection with ICI cancellation

A more efficient iterative MAP detector has been proposed

which is fed with extrinsic information generated by the LDPC

decoder. The soft demapper uses the extrinsic likelihood values

as a priori information (LA) for the demapping process. Thus,

we no longer assume that all states of the constellation are

equiprobable. The LLR for the mth bit associated with the lth
bit can be computed using (7), being M the number of bits

per symbol.

STAGE 1
STAGE 2

ICI suppressing+MAP 
detection

nX� lmL LDPC decoder
EL

AL

kR

Fig. 4. Structure of the iterative ICI suppressing soft demapper.

The implementation guidelines [11] published by DVB,

suggests an iterative receiver scheme based on feedback the

extrinsic information generated by the LDPC decoder to the

demapping process as a priori information. In our work, this

turbo receiver scheme is used to implement an iterative ICI

cancellator. We call external iteration the information ex-

change between the LDPC decoder and the MAP suppressing

demapper. Internal iterations are carried out within the LDPC

decoder.

IV. SIMULATION RESULTS

DVB-T2 mobile reception has been simulated in three

realistic scenarios for different time interleaving depths. On

one hand, a 6-taps Typical Urban (TU6) channel is considered

with the aim of simulating an urban enviroment for about

140 km/hr vehicle speed at 780 MHz of carrier frequency

(100 Hz Doppler) with a relatively low code rate (2/3). The

second scenario corresponds to the same channel model with

higher code rate (5/6) and lower Doppler frequency (80 Hz).

On the other hand, 180 Hz of Doppler frequency is simulated

in a rural area enviroment (6-taps Rural Area (RA) channel)

in which a vehicle could move faster (around 250 km/hr).

The RA6 channel is less selective in frequency than the TU6

channel and takes into account the presence of the line of

sight (LOS) component. “8K” mode with 1/4 guard interval

has been used with 16QAM modulation in these simulations

and long frame size (64800 bits) for LDPC coding. 50 internal

iterations are carried out. In relation with ICI suppressing

MAP detector, we assume K = 1 in the first stage and q = 2
in the second one.

Fig. 5 depicts BER performance (after LDPC decoding) of

DVB-T2 in these three scenarios for different time interleaving

depths (1, 5 and 10 FECs). As it has been mentioned earlier,

simulation results prove that both LDPC coding and time

interleaving show very good performance against Doppler

frequency shift.

Fig. 5. BER performance of DVB-T2 over TU6 and RA6 channel using
different code rates (CR) and time interleaving depths.

In the first and the third scenarios, the time interleaver is

able to remove the typical error floor produced by the Doppler

frequency. Nevertheless, even with an interleaving depth of 10

FECs, the error floor could not be removed in the second one.

Fig. 6, 7 and 8 describe the BER performance of the

ICI suppressing demapper for the three proposed scenarios

respectively. For ICI suppressing simulations we have con-

templated the shortest time interleaving depth (1 FEC). We

observe that there is a significant improvement in the first

and second scenarios, but the ICI suppressing demapper is not

able to delete the error floor. Further external iterations do not

significantly enhance the performance. Otherwise, in the third

scenario, quasi-error free (QEF) performance is achieved with

ICI suppressing, what means that signal reception is posible

without using time interleaving.

The performance gain introduced by the ICI suppressing

demapper is similar in the first and the second scenario.

However, Fig. 8 shows that the proposed algorithm is more

powerfull in less selective channels. Since stage 1 computes

estimates using a viterbi-like algorithm, the less selective the
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channel is, the better the performance of the ICI suppressing

demapper is, i.e., estimated symbols are more accurate and the

ICI suppressing is better in the second stage.

Fig. 6. BER performance of ICI suppressing demapper over TU6 channel.
Fd=100Hz and CR 2/3.

Fig. 7. BER performance of ICI suppressing demapper over TU6 channel.
Fd=80Hz and CR 5/6.

V. CONCLUSION

As a result of the inclusion of time interleaving and the

LDPC coding scheme, DVB-T2 achieves an outstanding per-

formance against inter-carrier interference. This paper ana-

lyzes BER performance of an ICI compensation system in

several candidate scenarios. A well-known soft ICI cancel-

lation scheme has been proposed and evaluated for DVB-

T2 considering several channels and transmission parameters.

Simulation results show that the implementation of an ICI

suppressing receptor could be a good option for short time

interleaving transmission modes and could help improving

BER performance in any case. We have also verified that the

performance of this ICI cancellation scheme is better in less

selective scenarios like rural areas.

Fig. 8. BER performance of ICI suppressing demapper over RA6 channel.
Fd=180Hz and CR 1/2.
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