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Impulsive Interference in OFDM Systems
Ulrich Epple, and Michael Schnell, Senior Member, IEEE

Abstract—In this paper, we introduce advancements of the con-
ventional blanking nonlinearity for OFDM based systems, in the
following referred to as advanced blanking nonlinearity. Blanking
is a common measure for mitigating impulsive interference which
often occurs in wireless communication systems. Although the
blanking nonlinearity removes impulsive interference reliably,
it possesses various drawbacks for OFDM based systems. In
particular, the choice of the blanking threshold, in order to
decide whether a received sample is blanked, is a critical issue.
We present an algorithm for determining the optimal blanking
threshold so as to maximize the signal-to-noise-and-interference
ratio after blanking. Another drawback is that the entire received

signal is discarded during a blanking interval despite the fact that
only a fraction of the spectrum of the OFDM signal might be
affected by interference. We show, how blanking can be limited to
sub-carriers which are actually affected by interference. Further,
we show how these measures can be combined and how a priori
information, obtained in an iterative loop, can be incorporated
into the proposed scheme. Simulation results incorporating realis-
tic channel and interference models demonstrate the effectiveness
of the proposed scheme.

Index Terms—OFDM, impulsive interference, interference mit-
igation, blanking nonlinearity.

I. INTRODUCTION

NOWADAYS, the multi-carrier modulation technique or-

thogonal frequency division multiplexing (OFDM) is

deployed in numerous communication systems from a vari-

ety of different fields of applications. Consequently, OFDM

signals may be exposed to various distortions, noise, and

interference. The characteristics of these impairments highly

depend on the transmission environment in which the respec-

tive OFDM system is deployed. For example, the distortions

of an ADSL signal transmitted over wire differ significantly

from the distortions of WiFi signals in a home environment,

or from LTE signals in a rural scenario. In addition, the

receiver might be stationary in case of a DVB-T receiver at

home or highly mobile for a mobile phone used in a car or

in a train, leading to completely different distorting effects.

Besides distortions, in most applications the OFDM signals are

exposed to interference. The characteristics of the interference

may also vary from system to system. The range of potential

interference influences onto OFDM signals is clarified by
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the following examples. For power line communications, the

signal-to-noise ratio (SNR) is usually high, but impulsive

interference, e.g. generated by electrical devices connected to

the power lines, have a significant influence. Wireless DVB-T

signals may be impaired by impulsive interference which is

caused by house appliances. In urban environments, ignition

systems generate impulsive interference onto LTE signals.

In aeronautical communications, in the future L-band digital

aeronautical communications system, type 1 (LDACS1) will

be exposed to impulsive interference from distance measuring

equipment (DME). In general, all wireless systems are suscep-

tible to interference caused by other systems operating in the

same frequency range. This interference impact is expected to

increase over time with the implementation of new systems in

conjunction with the scarcity of unused spectrum.

In many OFDM applications, the interference influence is

small and well compensated by the spreading effect of the fast

Fourier transform (FFT) in conjunction with channel coding.

However, in case of strong interference or many different inter-

ference sources, the transmission performance of the OFDM

system will degrade considerably if no countermeasures are

taken. This issue puts the mitigation of interference in the

focus of this investigation. In particular, we focus on the mit-

igation of impulsive interference, since in many applications

the interference occurs as short impulses.

Recently, there has been a lot of research on the miti-

gation of impulsive interference. A common approach for

mitigating the impact of impulsive interference is to apply a

memoryless blanking nonlinearity (BN) at the receiver input

prior to the conventional OFDM demodulator [1], [2]. Iterative

receiver structures for improving the performance of the BN

are presented in [3], [4]. It has also been suggested that

the received signal is clipped at a certain level, or that a

combined blanking-clipping nonlinearity is applied [5], [6].

Decision-directed mitigation techniques are proposed in [7],

[8]. Recently, compressed sensing-based mitigation algorithms

have been suggested [9]–[11]. In [12], [13], impulsive inter-

ference is mitigated based on appropriate coding and iterative

decoding. An approach for exploiting the known spectral shape

of impulsive interference is presented in [14].

In this paper, we elaborate on BN. Therefore, a blank-

ing threshold (BT) is defined. Received signal parts with a

magnitude exceeding BT are considered as interference and

subsequently blanked. Although some of the other approaches

mentioned above are more sophisticated and may lead to

better performance under certain conditions, BN has some

advantageous features, which put it in the focus of this

investigation. The main benefits of applying BN are:
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• The BN offers a good trade-off between computational

complexity and achievable performance. Compared to

most of the algorithms mentioned, the BN has a much

lower computational complexity. Consequently, it can be

applied to a receiver without putting high requirements

on the computational power.

• The BN does not rely on any information about the

interference characteristics. That feature makes the BN

robust against varying interference conditions during a

transmission. Further, the BN removes any kind of im-

pulsive interference, making it applicable to a wide range

of systems.

• Since the BN is a blind approach, no possibly inaccurate

estimation of interference parameters can degrade its per-

formance. That makes the BN inherently robust and leads

to a reliable mitigation of the impulsive interference.

Apparently, this list is only half the story. There also

exist drawbacks of the BN in particular if applied in OFDM

systems. They are summarized in the following:

• The determination of the BT is a sensitive task. The

high peak-to-average power ratio (PAPR) of OFDM sig-

nals makes differentiation of interference pulses from

OFDM signal peaks a challenging task. Correspondingly,

a poorly chosen BT may impair the OFDM signal sig-

nificantly.

• Another disadvantage of the BN is that the entire received

signal is discarded during a blanking interval despite the

fact that only a fraction of the spectrum of the OFDM

signal might be affected by interference. In many case,

this feature leads to a waste of useful OFDM signal

energy.

• The blanking of the OFDM signal by the BN introduces

inter-carrier interference (ICI) between the different sub-

carriers in the frequency domain. This effect limits the

performance of the BN.

Currently, several algorithms to relieve these drawbacks

of the BN have been published. In [15], an algorithm for

determining the optimal BT in order to maximize the signal-

to-interference-and-noise ratio (SINR) is presented. In [16],

it is shown how the waste of OFDM signal power in case of

impulsive interference which affects the OFDM spectrum only

partially can be minimized. Algorithms for mitigation ICI in-

duced by the BN are presented in [3], [4], [17], [18]. Applying

these algorithms separately improves the performance of the

transmission. However, the possibly achievable gain is limited.

In this paper, we present an OFDM receiver concept, termed

advanced BN. This concept includes further developments

of the algorithms from [15], [16]. In addition, we show

how these algorithms can be combined beneficially. In such

a way, both the time and frequency domain characteristics

of the impulsive interference are analyzed and subsequently

exploited. Consequently, the gain by the advanced BN is

significantly increased.

II. SYSTEM MODEL

Let us consider a digital baseband model of the trans-

mission system. A stream of information bits enters an
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Fig. 1. Block diagram of OFDM transmission, including transmitter block,
channel model, and impulsive interference.

OFDM transmitter. The latter incorporates channel coding

of the source bits, mapping of the coded bits onto modu-

lated symbols, and insertion of pilot symbols. N modulated

symbols Sk, k = 0, 1, ..., N − 1, are arranged in a vector

S = [S0, S1, ..., SN−1]
T to form an OFDM symbol1. The

vector S is then transformed into the time domain using an

N -point inverse fast Fourier transform (IFFT) to obtain the

transmit vector s = [s0, s1, ..., sN−1]
T . In a real transmission,

each OFDM symbol is preceded by Ncp cyclic prefix (CP)

samples. Since we assume that the duration of the CP exceeds

the channel impulse response (CIR) duration and a perfect

time synchronization, the CP can be omitted in the model.

The transmitted vector s is then used as input to a multi-path

channel with an impulse response h = [h0, h1, ..., hN−1]
T . It

is assumed that h is constant at least for an OFDM symbol

duration, and that hl = 0 for l ≥ Ncp, where l denotes the

sample index in the time domain. We further assume that the

received signal is corrupted by additive white Gaussian noise

(AWGN) n = [n0, n1, ..., nN−1]
T and impulsive interference

i = [i0, i1, ..., iN−1]
T . Finally, the baseband model of the

received signal can be represented as

r = h⊛ s+ n+ i, (1)

where “⊛” denotes a circular convolution and

r = [r0, r1, ..., rN−1]
T is a vector of received samples.

The circular convolution is a direct consequence of omitting

CP. Note that for (1), a perfect frequency synchronization

at the receiver is assumed. The signals s, n, and i can be

assumed as statistically independent; further, without loss of

generality, we assume that the power of the transmitted signal

is normalized to one, i.e. Ps = E{|sl|2} = 2σ2
s = 1. For the

average power of the AWGN samples it holds that N0 = 2σ2
n,

with σ2
s and σ2

n being the component-wise variances of the

transmit signal and the noise signal, respectively. The system

model of the OFDM transmitter and the transmission channel

as described above is summarized in Fig. 1.

The received signal r is passed to the OFDM demodulator.

Similar to the OFDM modulation, the OFDM demodulation

of r can be efficiently implemented by means of an FFT.

Then, the output of the OFDM demodulator is denoted by

R = [R0, R1, ..., RN−1]
T . When the OFDM sub-carrier

spacing is chosen such that ICI is avoided, Rk can be written

as

Rk = HkSk +Nk + Ik, (2)

with Hk being the kth sample of the channel transfer function

(CTF) vector H = [H0, H1, ..., HN−1]
T . The CTF is the

frequency domain representation of the transmission channel,

i.e., the FFT of the CIR h. Accordingly, Nk and Ik are the

1Since the presented algorithm depends on information from the current
received OFDM symbol only, the OFDM symbol index is omitted.
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kth samples of the vectors N and I. They are obtained by a

Fourier transform of the vectors n and i.

In order to mitigate impulsive interference, we consider

applying BN to the received signal r prior to the OFDM

demodulation. Each received sample rl with a magnitude

exceeding a certain BT T BN is set to zero. Mathematically,

this can be described using a memoryless nonlinear mapping

f : C → C, specified as

yl = f(rl) =

{

rl, if |rl| < T BN,

0, else,
(3)

for l = 0, 1, ..., N − 1. The samples yl for l = 0, 1, ..., N − 1
form the vector y, and after OFDM demodulation one obtains

the vector Y = [Y0, Y1, ..., YN−1]
T . Obviously, such a mitiga-

tion removes not only the interference, but also the received

OFDM signal and AWGN during the blanking intervals. To

which extent the OFDM signal is impaired depends solely on

the choice of BT. To remove as much interference as possible,

BT should be as low as possible. However, a low threshold

leads to significant impairment of the OFDM signal. Hence,

the choice of BT is always a trade-off between removing inter-

ference and preserving OFDM signal. This issue is addressed

in detail in Section III.

The vector Y is passed to the channel estimation (CE)

block. Based on inserted pilot symbols at certain sub-carrier

positions in certain OFDM symbols, estimates of the CTF,

denoted by Ĥ = [Ĥ0, Ĥ1, ..., ĤN−1]
T , are determined in the

CE block.

Next, the received signal and the blanked signal in the

frequency domain R and Y, as well as the estimated CTF

Ĥ are passed to the frequency-selective blanking nonlinearity

(FSBN) block. FSBN accounts for impulsive interference

which affects merely a fraction of the OFDM signal band-

width. By combining both signals Y and R appropriately,

resulting in the combined signal Z = [Z0, Z1, ..., ZN−1]
T , the

loss of useful OFDM signal caused by BN is minimized. The

FSBN algorithm is presented in Section IV.

The estimates of the CTF, Ĥ, allow an equalization of

Z and subsequent demodulation. Typically, the goal of the

demodulation is to provide the channel decoder with reliability

information about the coded bits, further referred to as soft

information. Based on such soft information, the channel

decoder can achieve a much better performance compared to

hard decided coded bits, further referred to as hard informa-

tion. Typically, log-likelihood ratios (LLRs) are deployed as

soft information. Finally, the LLRs are passed to the channel

decoding block, in which estimates of the transmitted uncoded

bits are calculated. Note that depending on the applied channel

coding scheme, one obtains either hard or soft information

about the transmitted uncoded bits.

A well known approach for improving the performance of

an OFDM receiver is to apply an iterative receiver structure

with iteration index ι. Such an approach often nearly achieves

the performance of a maximum likelihood receiver. However,

its computational complexity is significantly lower. In case of

an iterative receiver structure, a priori information about the

modulated symbols at each sub-carrier k, denoted by Ŝ
(ι)
k has

to be determined based on the decoded bits. The calculation

of Ŝ
(ι)
k depends on the channel coding scheme. Some channel

decoders directly calculate soft information about the coded

bits which can be subsequently soft modulated. In case the

channel decoder calculated estimates of the uncoded bits, these

bits have to be channel encoded and subsequently modulated.

In this paper, we focus on the potentials of an iterative

loop in order to improve the interference mitigation. Details

are provided in Section III and Section IV. The potentials

of iterative loops for CE were assessed e.g. in [19], [20].

Further potentials of iterative loops for the demodulation were

evaluated e.g. in [21], [22].

The system model of the OFDM receiver structure as

described above is clarified in Fig. 2.

III. ADAPTIVE BLANKING THRESHOLD

In the following, we show how an optimal BT for BN can

be calculated. This approach is a further development of the

algorithm which we presented in [15]. The algorithm estimates

SINR after BN depending on T BN. By maximizing this SINR,

i.e., identifying T BN which provides the highest SINR, one

obtains the optimal BT

T BN
opt = arg

(

max
(

SINR(T BN)
))

, T BN > 0. (4)

The above optimization method depends on a reliable estima-

tion of the sub-carrier SINR after BN. For deriving an expres-

sion for SINR(T BN), we will first introduce two parameters.

Let us define the remaining impulse interference after BN at

sub-carrier k by I ′k. This interference is caused by received

samples comprising impulsive interference, however with a

magnitude below BT. Then, the first parameter is the average

remaining impulsive interference power at a sub-carrier after

the BN, given by PI′(T BN) = E{|I ′k|2}. Next, let us define

the sum of OFDM signal and AWGN at sub-carrier k by

Xk = Sk + Nk. The sum of remaining OFDM signal and

remaining AWGN at sub-carrier k after BN is denoted by

X ′
k. Then, we introduce the second parameter

K(T BN) =
E{|X ′

k|2}
E{|Xk|2}

(5)

which can be considered as average attenuation of the power

of the sum of OFDM signal and AWGN by BN. Given these

two parameters, according to [23] and [15], the sub-carrier

SINR can be expressed by

SINR
(

T BN
)

=
K2

(

T BN
)

Ps

K (T BN) (1−K (T BN))Ps+K (T BN)N0
· · ·

1

+PI′ (T BN)
. (6)

The numerator consists of the remaining useful OFDM signal

after BN. The denominator comprises three terms: ICI induced

by BN, remaining AWGN after BN, and the remaining im-

pulsive interference. In what follows, we briefly summarize

the algorithm as presented in [15]. Note that the approach

from [15] does only account for AWGN. In addition, it is

assumed that the impulsive interference has a constant power

spectral density (PSD). In this paper, we show how these
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Ŝ
(ι)
k

FFT

FFT

Channel
coding

Modu-
lation

Channel
decoding

Demodu-
lation

Frequency
selective

BN

Blanking
nonlinear-

ity

Channel
estimation

Equalization

Fig. 2. Block diagram of iterative OFDM receiver including proposed interference mitigation.

two limitations can be overcome. In addition, we show how

a priori information, typically obtained in an iterative loop,

can improve the performance of BN. Note that our proposed

algorithm does not require any information regarding the

impulsive interference. It exploits the structure of the received

signal, the OFDM signal power Ps, and the AWGN power N0

before BN. Both power values are known in general or can be

estimated easily in an OFDM receiver, see for example [24]

for AWGN or [25] for time-varying fading channels.

Note further that the calculation of the SINR according

to (6) is based on some assumptions, summarized in the

following. After BN, the remaining AWGN and impulsive

interference are still white, i.e., comprise a constant PSD since

the remaining AWGN and impulsive interference samples

are still uncorrelated. Note that this assumption holds for

Gaussian interference models, but not for frequency-selective

interference models. Furthermore, the remaining AWGN and

impulsive interference can be assumed to be Gaussian dis-

tributed in the frequency domain, even for small numbers

of impulsive interference samples and independently of the

considered interference model. This assumption is explained

by the noise bucket effect in [26]. In [23], it is shown that the

ICI in the frequency domain can be assumed to be Gaussian

distributed. The expected value of the useful OFDM signal

power after the BN is equal for all sub-carriers, since on

average each remaining time sample after the BN comprises

equal contributions from all sub-carriers.

A. Original Algorithm

In order to calculate the SINR from (6), we have to estimate

(i), the remaining interference power PI′(T BN) and (ii), the

attenuation factor K(T BN), as presented in the following.

Calculation of Remaining Interference Power PI′ : For

obtaining the remaining interference power PI′ we will first

calculate the expected value of the total remaining energy Ew/I

after BN depending on T BN.

The calculation of Ew/I is based on the magnitude probabil-

ity density function (pdf) of the received signal R. This pdf is

denoted by gr(a), with received signal magnitude a. Since in

general the interference conditions, and therefore also gr(a),
are not known at the receiver, we propose to approximate

gr(a) by the actual magnitude distribution of the N considered

samples of an OFDM symbol. Now, based on gr(a), the total

remaining energy Ew/I after the BN can be calculated by

Ew/I = N

∫ T BN

0

a2gr(a) da. (7)

The total number of non-blanked samples NNB within the

considered OFDM symbol is obtained by

NNB = N

∫ T BN

0

gr(a) da. (8)

Next, we are interested in the total energy Ewo/I of these

NNB samples without interference, i.e. the total remaining

OFDM and AWGN signal energy after BN. The exact value

for Ewo/I cannot be calculated without any knowledge about

the interference. However, it can be approximated based on

the magnitude pdf of the sum of OFDM and AWGN signal

if no interference has occurred. Since these two signals are

independent of each other and both Gaussian distributed, the

magnitude pdf of their sum can be described by the Rayleigh

distribution

fsn(a) =
a

σ2
sn

e
− a

2

2σ2
sn , a ≥ 0, (9)

with the constant variance σ2
sn = σ2

s+σ2
n. The expected value

of the power Pwo/I of a sample with magnitude below T BN

without interference is now obtained when dividing the total

energy by the number of respective samples. This is computed

as

Pwo/I =
N

∫ T BN

0
a2fsn(a) da

N
∫ T BN

0
fsn(a) da

. (10)

Finally, to determine the total energy Ewo/I of NNB samples

we have to multiply the average power Pwo/I with the number

of samples NNB,

Ewo/I = NNB · Pwo/I. (11)

As the impulsive interference spreads equally over all sub-

carriers, the expected value for the remaining interference

power PI′ at a sub-carrier is then obtained by

PI′ =
(Ew/I − Ewo/I)

N
. (12)
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Calculation of Attenuation Factor K: Remember the def-

inition of K from (5). Obviously, E{|Xk|2} from the de-

nominator in (5) is given by (Ps +N0). The total remaining

OFDM signal and AWGN energy after the BN, Ewo/I, has

been calculated in (11). Since this total energy spreads equally

over all sub-carriers, E{|X ′
k|2} from the numerator in (5)

is obtained by dividing Ewo/I by the number of considered

samples N . Thus K is computed as

K =
Ewo/I

N (Ps +N0)
. (13)

Note that in [23], K is defined as the ratio between the

number of non-blanked samples per OFDM symbol and the

number of total samples per OFDM symbol N . This is only an

approximation when assuming that the blanking of a sample

only depends on the impulsive interference, but not on the

OFDM signal and AWGN.

Given the results (12) and (13), we are now able to calculate

the SINR based on (6). The optimal BT T BN
opt is subsequently

obtained by applying (4). The BN algorithm including adaptive

BT calculation is further referred to as adaptive BN.

B. Realistic Channel Conditions

In the presence of channel distortions, the algorithm for

an adaptive BT calculation from Section III-A cannot be

applied directly, since the received sub-carrier signal power

is no longer Ps but may vary from sub-carrier to sub-

carrier. Furthermore, the magnitude of the OFDM signal in

the time domain is not necessarily Rayleigh distributed with

component-wise variance σ2
s = Ps/2, a prerequisite for (9). In

the following, it is shown how the algorithm for an adaptive

BT calculation is adjusted to channel distortions by two

measures.

At first, consider the magnitude distribution of the OFDM

signal after passing a time-varying transmission channel. As

explained in Section II, it can be assumed that CIR is quasi-

constant for an OFDM symbol duration. From this, is follows

that the magnitude of the samples of an OFDM symbol are

still Rayleigh distributed, however with a variance depending

on the average power PH of the transmission channel during

the considered OFDM symbol, given by

PH =

N−1
∑

k=0

|Hk|2

N
. (14)

This factor leads to a Rayleigh distribution of the magnitude

of the sum of received OFDM signal and AWGN with

component-wise variance σ2
Hsn = PHσ2

s + σ2
n. Secondly,

consider the SINR calculation from (6). Since for a frequency-

selective transmission channel, Hk differs for varying k, each

sub-carrier has a different SINR. Thus, the useful signal power

in the numerator of (6) has to be multiplied by |Hk|2. In

addition, the ICI term in the denominator has to be adapted.

In [23] it was shown, that on average all other sub-carriers

contribute evenly to ICI at the kth sub-carrier. Consequently,

the ICI term has to be multiplied by

P(H\k) =

N−1
∑

n=0

n 6=k

|Hn|2

N − 1
. (15)

Since the variables P(H\k) and PH differ only in the contribu-

tion from the kth sub-carrier, the approximation P(H\k) ≈ PH

is adopted in the following. Given these considerations and

taking (6) into account, sub-carrier SINR can be calculated by

SINRk

(

T BN
)

=
K2

(

T BN
)

|Hk|2Ps

K (T BN) (1−K (T BN))PHPs

· · ·

1

+K (T BN)N0 + PI′ (T BN)
. (16)

In order to obtain BT maximizing the overall SINR, we have to

calculate the average SINRav of all sub-carriers, and maximize

this term. Based on (16) and (14), SINRav is calculated by

SINRav

(

T BN
)

=

N−1
∑

k=0

SINRk

(

T BN
)

N
(17)

=
K2

(

T BN
)

PHPs

K (T BN) (1−K (T BN))PHPs

· · ·

1

+K (T BN)N0 + PI′ (T BN)
. (18)

This result shows that the calculation of BT can be adjusted

to realistic channel conditions by incorporating the average

power PH of CTF for the current OFDM symbol. Note, since

in general BN is applied to the time-discrete received signal

prior to other receiver components, no information regarding

the transmission channel is available and an AWGN channel

has to be assumed. However, CTF is estimated by means

of CE later on in the receiver. This estimate of CTF can

be incorporated in the BN to improve BT calculation in an

iterative loop as described in Section III-D.

C. Frequency-selective Interference

In order to calculate the remaining impulsive interference

by (12), it is assumed that the impulsive interference spreads

equally over all sub-carriers. In reality, this assumption might

not always be valid and merely certain sub-carriers might

be affected by interference. In what follows, we show how

the remaining sub-carrier impulsive interference PI′ can be

approximated for frequency-selective impulsive interference.

In general, no knowledge regarding the sub-carrier inter-

ference signal is available at BN. Hence, the sub-carrier

interference power can only be approximated based on known

statistics regarding the received signal without interference.

Since a separate approximation for each sub-carrier is not

accurate, we propose to estimate the impulsive interference

power jointly for a set of certain adjacent sub-carriers, a so-

called bin. The number of sub-carriers per bin is always a

trade-off. For large bin sizes, the estimation error is getting

less and less due to averaging, leading to more meaningful

estimates of the sub-carrier interference power. However, the
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frequency-selective behavior is not well reflected by large bin

sizes. Therefore, we propose to split the N OFDM sub-carriers

into M bins,2 each with NM = N/M sub-carriers. The set

of sub-carrier indices of each bin m = 0, 1, ...,M − 1 is

given by Km = {mNM ,mNM +1, ..., (m+1)NM − 1}. The

number of bins M can be determined in a blind approach.

In this case, a value of M ≈
√
N seems to be a good

trade-off between remaining estimation error and reflecting the

frequency-selective behavior. The determination of the optimal

M would require information about interference and channel

characteristics and is beyond the scope of the paper. However,

it should be remarked that if M is selected according to

known or estimated interference characteristics, the proposed

advanced BN is no longer a blind approach.

Next, we calculate an average sub-carrier impulsive inter-

ference power Pi,m for each bin with index m. Consider

the received sub-carrier signal Rk. Given that no interference

is present at the kth sub-carrier, i.e., Ik = 0, the expected

received power is given by

E{|Rk|2 | Ik = 0} = |Hk|2Ps +N0. (19)

Based on (19), an estimate for the average received impulsive

interference power of the mth bin is calculated by

Pi,m =

∑

k∈Km

(

|Rk|2 −E{|Rk|2 | Ik = 0}
)

NM

. (20)

Since we are interested in the remaining impulsive interference

after BN, the attenuation of the impulsive interference Pi,m in

dependence of BT has to be calculated next. Based on (7)

and (11), the total remaining impulsive interference energy

after BN is obtained by Ei′ = Ew/I−Ewo/I. The total impulsive

interference energy Ei before BN can be calculated by (7)

for T BN → ∞. Similar to (5), we can calculate a factor

Ki, defining the instantaneous attenuation of the impulsive

interference,

Ki =
Ei′

Ei

. (21)

When assuming that each spectral part is equally attenuated

by BN, the average remaining impulsive interference power

for each bin can be calculated by

Pi′,m = KiPi,m. (22)

Next, we define the average power of the transmission channel

for the mth bin as

PH,m =

∑

k∈Km

|Hk|2

NM

. (23)

Based on this result, we can adjust the calculation of the sub-

carrier SINR from (16) to frequency-selective interference and

obtain the SINR estimate for the mth bin as

SINRm =
K2PH,mPs

K (1−K)PHPs +KN0 +KiPi,m

. (24)

2For simplicity we restrict the choice of M to N modM = 0. In principle,
each M ≤ N is possible. In this case the number of sub-carriers per bin is
not constant.

In order to obtain BT maximizing SINR, we have to calculate

the average SINRav of all bins according to (17), and maximize

this term. In this way, the BT calculation is adapted to

frequency-selective impulsive interference.

D. Potentials of Iterative Loop

It is well known that OFDM signals have a relatively high

PAPR. This property makes differentiation of interference

impulses from OFDM signal peaks challenging. Specifically,

the high PAPR leads to a blanking of OFDM signal peaks if

applying the BN according to (3). This issue can be relieved by

taking a priori information into account. The idea is to apply

a second metric in addition to the magnitude of the received

signal in order to distinguish between impulsive interference

and OFDM signal peaks. We calculate the estimated sub-

carrier interference by

Î
(ι)
k = Rk − ĤkŜ

(ι)
k = Ik +Nk +N

(ι)
k,rem. (25)

The term N
(ι)
k,rem accounts for inaccurately estimated channel

coefficients and imperfect a priori information. Consequently,

when assuming perfect a priori and channel knowledge, (25)

simplifies to

Î
(ι)
k = Ik +Nk. (26)

The corresponding signal in the time domain after IFFT writes

î
(ι)
l = il + nl. (27)

The signal î
(ι)
l can be considered as an estimate of the im-

pulsive interference in the time domain disturbed by AWGN.

This allows us to apply a hypothesis test to decide whether

impulsive interference occurred or not. Assume that no in-

terference is present and that perfect a priori information

and channel knowledge is available. Then, î
(ι)
l is obviously

Gaussian distributed with component-wise variance σ2
n. This

allows us to formally pose the impulsive interference detection

problem as a composite statistical hypothesis test as follows.

Define the hypotheses H0 : il = 0 and H1 : il 6= 0.

Under H0, |̂i(ι)l | follows a Rayleigh distribution with the scale

parameter σ2
n. Under H1, the situation is different since |̂i(ι)l |

now follows a distribution of the mixture of il and nl. Thus,

in order to decide between H0 and H1 in a Neyman-Pearson-

like sense [27], we fix the probability of the type-I error at

some level pI . The type-I error is defined as the probability of

selecting H1 when H0 is true. Then, the optimal hypothesis

Ĥ is selected as

Ĥ =

{

H0 : |̂i(ι)l | < Ti,
H1 : |̂i(ι)l | ≥ Ti,

(28)

where the decision threshold Ti is calculated by

Ti =
√

σ2
n log(1/pI). (29)

(29) follows directly from the cumulative Rayleigh distribution

function. Now, a received sample is only blanked if H1 is

selected and if the received signal magnitude exceeds BT.

Besides this hypothesis test, a priori information can also

improve the calculation of the adaptive BT T BN. Specifically,
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a priori information can be used to improve the estimation

of the impulsive interference power in the frequency domain

from (20). The idea is to calculate this power rather based on

Î
(ι)
k than on Rk. Since the initially unknown OFDM signal

is subtracted in (25), a more accurate estimate is expected.

According to (19), we define

E{|Î(ι)k |2 | Ik = 0} = N0. (30)

Now it is straightforward to replace (20) by

Pi,m =

∑

k∈Km

(

|Î(ι)k |2 −E{|Î(ι)k |2 | Ik = 0}
)

NM

, (31)

for ι > 0. However, it should be emphasized that the accuracy

of this approach strongly depends on N
(ι)
k,rem. Given imperfect

a priori and channel knowledge, the contribution from N
(ι)
k,rem

will distort the estimation of the interference power and

the algorithm from (31) may even lead to a performance

degradation.

IV. FREQUENCY-SELECTIVE BLANKING NONLINEARITY

During the blanking interval, the entire OFDM signal is

discarded despite the fact that only a fraction of the OFDM

spectrum might be affected by interference. To relieve this

issue, we have introduced the FSBN scheme in [16]. The

following considerations are based on this investigation. The

proposed FSBN scheme profits from combining the received

signal with the signal after the BN. The approach is realized

by first detecting the interference at each sub-carrier using

a new Neyman-Pearson-like testing procedure [27]. Provided

that interference has been detected, both the received and

the blanked signal are subsequently optimally combined so

as to maximize the SINR for each sub-carrier. In this way,

the proposed algorithm compensates losses due to falsely

blanked OFDM signal samples that are not corrupted by

interference. In addition, the blanking of the OFDM signal is

restricted to sub-carriers that are actually affected by impulsive

interference.

At first, we briefly describe the FSBN algorithm assuming

a fixed pre-defined BT, based on [16]. Then, it is shown how

the BT calculation from Section III, originally derived for BN,

has to be adjusted to FSBN which was not addressed in [16].

Finally, we consider potential gains of FSBN in an iterative

loop.

A. Principle

Consider the block diagram of the proposed OFDM receiver

structure including FSBN, depicted in Fig. 2. The block

diagram illustrates that the FSBN is a joint time (BN block)

and frequency (FSBN block) domain interference mitigation

approach. Such a joint approach enables to take the spectral

characteristics of the impulsive interference as well as its time

domain structure into account.

The combined signal Z is computed so as to maximize the

SINR for each sub-carrier, as explained in the following. It

should be noted that the algorithm does not rely on a known

shape or model of the interference, neither in the time nor in

the frequency domain. First, we need to detect and estimate the

interference power at each sub-carrier. Therefore, we assume

that the impulsive interference Ik in the frequency domain is

Gaussian distributed for an individual sub-carrier k. In [26],

it is shown that this approximation is valid independently of

the structure of the impulsive interference due to the spreading

effect of the FFT. According to [16], [23], the signal Yk after

BN and FFT is represented

Yk = KHkSk +Dk +N ′
k, (32)

The distortion term Dk accounts for the ICI induced by BN,

N ′
k denotes AWGN after BN. (2) and (32) allows us to define

the FSBN indicator signal

∆Yk = Rk −
Yk

K
= Ik +

(

Nk −
N ′

k

K

)

− Dk

K
. (33)

Denoting the AWGN part of the FSBN indicator signal by

∆Nk = Nk −
N ′

k

K
, (34)

and defining the FSBN distortion term as

D′
k = ∆Nk −

Dk

K
, (35)

we can write the FSBN indicator signal from (33) as

∆Yk = Ik +D′
k. (36)

The signal ∆Yk is a useful indicator whether the kth sub-

carrier is affected by interference. Indeed, if Ik = 0, ∆Yk

equals D′
k only; otherwise, ∆Yk will include the combination

of D′
k and impulsive interference Ik . Unfortunately, the signal

D′
k is not available at the receiver. However, we can approxi-

mate its statistics. At first, we consider the AWGN term ∆Nk.

This term describes a zero-mean Gaussian process. Its variance

can be derived based on (34). After some calculations [16],

the variance of ∆Nk is obtained by

Var(∆Nk) =
1−K

K
N0. (37)

Secondly, we consider the distortion term Dk. In [23], it

is shown that the distortion term Dk can be approximated

by a zero-mean complex Gaussian process with variance

Var (Dk) = K (1−K)PHPs. Note that this term is basically

the ICI term from (16). Since ∆Nk and Dk are statistically

independent, the variance of D′
k can be approximated by

Var (D′
k) =

(1−K)

K
(PHPs +N0) . (38)

The result from (38) allows us to formally pose the impul-

sive interference detection problem as a composite statistical

hypothesis test as follows.

Define the hypotheses H0 : Ik = 0 and H1 : Ik 6= 0,

and consider the distribution of |∆Yk| under these hypotheses.

Under H0, |∆Yk| follows a Rayleigh distribution with the scale

parameter Var(D′
k). Under H1 the situation is different since

|∆Yk| now follows a distribution of the mixture of D′
k and Ik.

Assuming that for a specific k the interference Ik is Gaussian,

we have the following. If Ik is zero mean, then |∆Yk| can be

approximated with a Rayleigh distribution, yet with a larger
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scale parameter that accounts for the variance of Ik . When

Ik is not zero mean, then |∆Yk| can be approximated with

a Rician distribution. Thus, we need to decide between H0,

when |∆Yk| follows a Rayleigh distribution, and a composite

alternative H1, when |∆Yk| follows a Rician distribution or

a Rayleigh distribution with larger scale parameter. Note that

this is a one-sided test. Moreover, the critical region of such a

test is independent of the statistics of Ik but depends merely

on the statistics of D′
k, which are known [27]. In other words,

the critical region depends on the distribution of |∆Yk| under

the hypothesis H0. In order to decide between H0 and H1

in a Neyman-Pearson-like sense, we fix the probability of the

type-I error at some level pI . A type-I error is defined as the

probability of selecting H1 when H0 is true. Then, the optimal

hypothesis Ĥ is selected as

Ĥ =

{

H0 : |∆Yk| < TH,k,

H1 : |∆Yk| ≥ TH,k,
(39)

where the decision threshold TH,k is calculated by

TH,k =
√

Var(D′
k) log(1/pI). (40)

Equation (40) follows directly from the cummulative Rayleigh

distribution function. Obviously, if H0 is selected, then

Zk = Rk as there is no impulsive interference. However, if

H1 is selected, then Rk and Yk have to be optimally combined

based on their sub-carrier SINR to obtain Zk. Under the

assumption that Ik and D′
k are uncorrelated, the interference

power at the kth sub-carrier can be computed from (36)

and (38) as

|Ik|2 =

{

|∆Yk|2 − Var(D′
k) if |∆Yk| ≥ TH,k,

0 else.
(41)

Next, we consider an optimal combination of Rk and Yk

that maximizes the SINR. For that purpose we calculate the

combined sub-carrier signal Zk by

Zk = wkRk + (1− wk)Yk, (42)

where wk ∈ [0, 1] is a weighting factor. It is now straight-

forward to obtain the SINR of the combined signal Zk as a

function of the weighting factor wk,

SINRZk
=

|Hk|2Ps (wk + (1− wk)K)
2

w2
k|Ik|2 + (1− wk)2K(1−K)PHPs

· · ·

1

+ (K + w2
k(1 −K))N0

. (43)

After some algebra, the extremum of (43) with respect to wk

is found at

wk =

{

(1−K)(PHPs+N0)
(1−K)(PHPs+N0)+|Ik|2

H1 is selected,

1 H0 is selected.
(44)

Obviously, when no blanking is applied, i.e., K = 1 or no

interference is detected (Ik = 0) for a specific k, the signal

Yk is discarded as it contains no additional information. In all

other cases, both the received signal Rk and the blanked signal

Yk are linearly combined with the weighting factor chosen so

as to maximize the SINR.

B. Adjustment of Blanking Threshold Calculation

When applying FSBN, the adaptive BT calculation from

Section III has to be adjusted. Remember that BT is obtained

by maximizing the SINR after BN. In (24), it is shown

how the calculation of the BT T BN is adjusted to frequency-

selective interference. Now, when considering that the blanked

signal is combined with the received signal, T BN should rather

be obtained so as to maximize SINR after the combination

of both signal from (43). The SINR calculation from (43)

requires knowledge of the sub-carrier interference power |Ik|2.

However, such knowledge is not available at BN. In the

following, it is shown how |Ik|2 can be approximated, and

subsequently how an adaptive BT can be calculated for FSBN.

In the following, the FSBN with adaptive BT calculation is

referred to as adaptive FSBN.

Remember Section III-C, where the OFDM bandwidth is

segmented into M bins. Given the approximation that the sub-

carrier impulsive interference power is constant within a bin,

we can expect that |Ik|2 ≈ Pi,m for k ∈ Km. When taking

this approximation and (24) into account, we are able to write

an approximated version of (43) for each bin m,

SINRm =
PH,mPs (wm + (1− wm)K)

2

(Ki + w2
m(1−Ki))Pi,m

· · ·

1

+(1− wm)2K(1−K)PHPs + (K + w2
m(1−K))N0

.

(45)

The estimated SINRm from (45) leads also to a different result

for the weighting factor wm, which is now constant for the

bin with index m. Similar to (44), the weighting factor wm

can be obtained by

wm =
(1 −K)K(PHPs +N0) + (1 −K)KiPi,m

(1 −K)K(PHPs +N0) +K(1−Ki)Pi,m

. (46)

Based on (45) and (46), we are now able to calculate the

SINRm for each bin. To obtain BT which maximizes SINR,

we have to calculate the average SINRav of all bins according

to (17), and maximize this term. In this way, the BT calculation

is adjusted to FSBN.

C. A priori information for FSBN

If an iterative receiver structure is applied, the detection of

sub-carrier interference and the calculation of the interference

power can also profit from a priori information. Consider the

signal Î
(ι)
k from (26). Actually, this term is similar to D′

k

from (35). If no impulsive interference occurs, both terms Î
(ι)
k

and D′
k follow a Gaussian distribution with known variances

Var (D′
k) for D′

k from (38) and N0 for Î
(ι)
k from (26).

This similarity allows to apply the hypothesis test explained

in Section IV-A also to the signal Î
(ι)
k in order to obtain

an additional estimate |Iiter,k|2 of the impulsive interference

power in accordance to (41) by

|Iiter,k|2 =

{

|Î(ι)k |2 −N0 if |Î(ι)k | ≥ TH,k,

0 else.
(47)

The decision threshold TH,k can be calculated by (40), how-

ever, with variance N0. Since D′
k consists mainly of ICI
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and has only a small AWGN contribution while Î
(ι)
k consists

mainly of AWGN, both estimates of the impulsive interference

power |Î(ι)k |2 and |∆Yk|2 can be assumed to be nearly uncorre-

lated. Thus, they can be combined to obtain a more accurate

estimate |Icomb,k|2 of the impulsive interference power. It is

proposed to combine both estimates linearly according to

the variance of the signals Î
(ι)
k and D′

k given no impulsive

interference occurred. Such a weighting is reasonable since

the variances are a useful indicator for the quality of these

signals and leads to

|Icomb,k|2 =
Var(D′

k) · |Iiter,k|2 +N0 · |Ik|2
Var(D′

k) +N0
. (48)

This estimate of the impulsive interference power can be di-

rectly incorporated in the FSBN algorithm from Section IV-A.

V. COMPLEXITY

In this section, we examine the computational complexity of

our proposed advanced BN algorithm. A common scheme for

determining the computational complexity of algorithms is the

big O notation. Conventional BN shows linear complexity, all

N time domain samples are compared to BT. Consequently,

the complexity is O(N). In order to determine BT, a loop

over a set of potential BTs is carried out. A typical range

of BT is T BN = [0, 10] with a step size of 0.1, leading

to 100 runs. This number is for typical OFDM systems

below or in the range of N , hence we can approximate the

additional complexity by O(N). Within the loop, the integrals

from (7),(8), and (10) are realized as a sum. However, the

calculation can be implemented as a cummulative sum, i.e.,

taking the values from the previous run and adding the current

value. Consequently, the complexity of the loop stays O(N).
The additional calculations for realistic channel conditions and

frequency-selective are performed outside this loop and have

also a linear complexity of O(N). FSBN includes no loops

or sums, consequently, the complexity is linear, i.e., O(N).
It should be noted that FSBN requires an additional FFT

which has a complexity of O(N logN) which can be realized

in parallel, therefore not increasing complexity. Finally, the

iterative receiver structure is considered. Since the number of

iterations is a constant, pre-defined number, it does not lead

to an increase in complexity in terms of the O notation. The

calculations within the iterations include no loops or sums

but only basic operations for each sub-carrier. Hence, the

complexity stays O(N). In summary, the order of complexity

for our proposed advanced BN stays the same as for the

conventional BN and is O(N). Thus, it does not lead to a

significant increase in complexity.

VI. SIMULATION RESULTS

In order to evaluate the performance of the proposed algo-

rithm, the transmission scenario from [3] is adopted. In this

context LDACS1 [28] as exemplarily chosen OFDM system

is exposed to impulsive interference from the DME system3.

3More detailed information about the two considered systems can be found
in [3], [28].

TABLE I
PARAMETERS OF INTERFERENCE SCENARIO

Station ∆fc [MHz] SIR [dB] Impulse pair rate [1/s]

DME1 -0.5 -18.7 + SNR [dB] 3600

DME2 -0.5 -17.2 + SNR [dB] 3600

DME3 -0.5 -2.9 + SNR [dB] 3600

DME4 +0.5 -23.3 + SNR [dB] 3600

LDACS1 operates at 994.5MHz. The LDACS1 channel oc-

cupies B = 625 kHz bandwidth, resulting in a sub-carrier

spacing of ∆f ≈ 9.8 kHz, with N = 64 sub-carriers. For

channel coding, a concatenated scheme of a Reed-Solomon

code with rate rRS ≈ 0.9 and a convolutional code with rate

rCC = 1/2 is used. The coded bits are quadrature phase shift

keying (QPSK) modulated. This OFDM signal is interfered

by Gaussian shaped impulse pairs with short duration but

high power, generated by DME stations. These stations are

transmitting at a ∆fc = ±0.5MHz frequency offset compared

to the LDACS1 carrier frequency, however with a spectrum

partially overlapping with the LDACS1 bandwidth. This leads

to a frequency-selective impulsive interference, which mainly

affects the edges of the LDACS1 bandwidth. The interference

scenario from [3] comprises four DME stations, which are

characterized in Table I. The starting times of the individual

impulse pairs are modeled by independent Poisson processes.

Such a process reflects the quasi random occurrence of DME

impulses. Consequently, there may occur OFDM symbols

affected by impulse pairs form all four DME stations, but

also OFDM symbols which are affected by less DME station

or not affected by interference at all. This leads to a variety of

different interference conditions our proposed algorithms have

to cope with. The signal-to-interference ratio (SIR) is defined

as the ratio of Ps and the peak power Pi of DME impulses. The

SNR is defined as Ps/N0. Unlike the simulations, in real sys-

tems an increasing SNR corresponds to an increasing OFDM

signal power. This is taken into account when calculating the

SIR by adding the SNR.

Besides DME, we also consider a interference scenario with

a constant PSD, named gated-Gaussian interference (GGI).

This model has been considered for the investigations in [8],

[29]. Given the OFDM symbol index p, GGI is described by a

gated-Gaussian process iGGI
p,l , which is the product of a gating

process vp,l and a complex Gaussian process gp,l,

iGGI
p,l = vp,l · gp,l. (49)

For GGI, the term gp,l is characterized by a zero mean,

complex Gaussian process with the variance σ2
g and the power

PGGI
i = 2σ2

g . The gating process samples vp,l are either one

or zero. The occurrence of GGI is described by two variables.

The first is the fraction of time βGGI of an OFDM symbol

during which GGI occurs. This fraction of time translates

into Ngate affected samples in the considered OFDM symbol,

calculated by

Ngate = ⌊βGGIN + 1/2⌋. (50)

Obviously, these samples occur as a contiguous block. As the

interference bursts may occur very rarely, a repetition factor ζ
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Fig. 3. Influence of BT calculation on coded BER of LDACS1 transmission
vs. SNR for AWGN channel and DME interference.

is defined, determining that an interference burst occurs only

in every ζth OFDM symbol. Based on these two parameters,

the occurrence of GGI is mathematically described by

vp,l =











1, if pmod ζ = 0 ∧
l = l0, l0 + 1, ..., l0 +Ngate − 1,

0, else,

(51)

with l0 being a randomly chosen number from

[0, 1, ..., N −Ngate].

According to the intended operational frequency range of

LDACS1, channel models for the lower part of the L-band

from 960 to 1164MHz have to be considered. For this

frequency range, no generally accepted aeronautical channel

model is available. When designing LDACS1, the very high

frequency channel models from [30] have been adapted to

the L-band [31]. These aeronautical L-band models have been

derived mainly based on geometrical considerations [32], but

also take measurement data into account, for example to

describe the Doppler pdf of scattered signal components [33].

Therefore, a good match with realistic transmission conditions

is assumed. Consequently, the L-band models from [31] are

adopted for our investigation. In particular, we apply the en-

route (ENR) channel model and the terminal maneuvering area

(TMA) channel model, basically corresponding to take-off and

landing.

A. Adaptive BN

We start by assessing the influence of frequency-selective

impulsive interference on the bit error rate (BER) perfor-

mance for different ways of determining BT. We consider

an LDACS1 transmission exposed to DME interference from

Table I. In Fig. 3, BER is plotted versus SNR for differ-

ent ways of determining BT. In particular, a fixed BT of

T BN = 3.5 is compared to the adaptive BT calculation. The

adaptive BT calculation is performed for M = 1 and M = 8

B
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R
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w/ GGI, w/ adap. BN, M = 8

Fig. 4. Influence of BT calculation on coded BER of LDACS1 transmission
vs. SNR for AWGN channel and GGI with βGGI = 0.1, ζ = 2, SIR = -15 dB.

bins4. In addition, the performance for a transmission without

interference, and a transmission with interference but without

BN is shown. To separate distorting transmission channel

effects from interference effects, an AWGN channel is applied.

For this simulation setup, BN with a fixed threshold of

T BN = 3.5 only leads to moderate performance gain com-

pared to a transmission without interference mitigation. When

applying the adaptive BN with M = 1, no remarkable

performance gain compared to a transmission without inter-

ference mitigation is achieved. Compared to the fixed BT, the

performance is even slightly worse for high SNR due to the

improper estimation of the interference power. However, when

taking the spectral characteristics into account segmenting the

transmission bandwidth into M = 8 bins and adjusting the

threshold calculation, a huge performance gain is achieved.

Compared to a transmission with a fixed BT of T BN = 3.5,

the gain is ≈ 3 dB at BER = 1× 10−5.

It is also of interest if the adjustment of the BT calculation

to frequency-selective interference has an influence on the

performance given interference with a constant PSD. There-

fore, the simulation setup from the previous paragraph is

adopted, except the interference model. The DME interference

is replace by GGI, accounting for interference with a constant

PSD. For GGI, βGGI = 0.1, ζ = 2, and SIR = −15 dB are

chosen. For this simulation setup, the BER is plotted versus the

SNR in Fig. 4. Under such interference conditions, applying

BN leads to a huge performance gain independently of the

BT calculation. Moreover, the adaptive BN with M = 1
leads to a gain of 0.5 dB at BER = 1 × 10−5 compared to

the BN with a fixed BT of T BN = 3.5. When segmenting

the transmission bandwidth into M = 8 bins and adjusting

the threshold calculation, the performance loss compared to

M = 1 is negligible small. Thus, especially if no information

4The selection of M = 8 has been derived empirically. For OFDM system
with different FFT sizes and/or different interference conditions, a different
M may be appropriate. The optimal selection of M depends on many factors
and is subject to further research. However, our investigations indicated that

M =
√

(N) is a good trade-off.
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Fig. 5. Coded BER vs. SNR of LDACS1 transmission for QPSK modulation,
ENR channel, DME interference; perfect knowledge of CTF. Comparison of
BN and FSBN.

regarding the type of impulsive interference is available, one

should apply the spectral adjustment of the BT calculation

by segmenting the bandwidth into bins. If the impulsive

interference has a constant PSD, the performance nearly stays

the same. But if the impulsive interference shows frequency-

selective behavior, remarkable gains can be achieved as shown

in Fig. 3.

B. Adaptive FSBN

In order to evaluate the performance of the FSBN algorithm,

an LDACS1 transmission exposed to the DME interference

scenario from Table I is selected. In addition, the ENR channel

model described above is applied. The coded BER of an

LDACS1 transmission is given in Fig. 5 versus the SNR,

assuming perfect knowledge of the CTF. For the BT calcu-

lation, the OFDM transmission bandwidth is segmented into

M = 8 bins. The performance of the FSBN is compared to

the performance of the BN also with M = 8 bins. As already

presented in Fig. 3, the BN leads to a large improvement when

segmenting the bandwidth into M = 8 bins. Compared to the

BN, the proposed FSBN scheme achieves an additional gain

of 0.6dB at BER = 1 × 10−5. The remaining gap between

the performance of the proposed scheme and the interference-

free case is due to the reduction of OFDM signal power by

BN and inaccuracies in estimating the SINR of Rk and Yk.

In addition, remaining ICI after the FSBN deteriorates the

performance. This result indicates that the FSBN may work

well even under realistic channel conditions, given knowledge

of the CTF. An imperfect knowledge of the CTF most likely

degrades the performance of the FSBN algorithm. This issue

is investigated in Section VI-C.

C. Iterative receiver structure

Next, we consider the potentials of iterative receiver struc-

tures. The coded BER of an LDACS1 transmission versus SNR

is shown in Fig. 6. The TMA channel model and 2D linear

B
E

R

SNR[dB]

10−1

10−2

10−3

10−4

10−5

42 860

w/ GGI, w/o iter

w/o GGI, w/ iter, ι = 3

w/ GGI, w/ iter, perf. a priori

w/ GGI, w/ iter, ι = 1

w/ GGI, w/ iter, ι = 2

w/ GGI, w/ iter, ι = 3

Fig. 6. Coded BER vs. SNR of LDACS1 FL transmission; QPSK modulation,
iterative receiver, TMA channel, GGI with βGGI = 0.1, ζ = 1, SIR = -5 dB,
CE by 2D linear interpolation, adaptive BN with M = 8.

interpolation for CE is applied. The considered interference

scenario is GGI with SIR = −5 dB, βGGI = 0.1, and ζ = 1.

For interference mitigation, the adaptive BN with M = 8
is considered. Since for ι = 0 no estimates of the channel

coefficients are available for the calculation of the BT in the

BN block, the BER tends towards an error floor. However, for

ι > 0, a significant iterative performance gain can be observed.

A second and third iteration further improves the performance,

confirming the beneficial influence of a priori information for

BN. The gap between actually obtained and perfect a priori

information is 1.8 dB at BER = 1× 10−5. This gap is mainly

due to the imperfect CE by 2D linear interpolation.

Next, DME interference in combination with the ENR

channel model is considered. For CE, a 2D linear interpolation

is adopted. For interference mitigation, the adaptive BN as well

as the adaptive FSBN both with M = 8 are considered. The

coded BER versus the SNR is shown in Fig. 7. These results

illustrate the potentials of the proposed advanced BN. If no

iterative loop is applied, we can observe a significant gain by

BN and an additional gain of 1.2 dB at BER = 1× 10−5 by

FSBN. In case of ι = 3 iterations, both algorithms, adaptive

BN and adaptive FSBN, benefit from the a priori information.

For BN the iterative gain is 2 dB at BER = 1×10−4, for FSBN

the iterative gain is 0.8 dB at BER = 1×10−5. The remaining

gap between FSBN and the interference-free case is 1 dB at

BER = 1 × 10−4. This gap is mainly due to ICI induced by

BN. To further improve performance, the advanced BN could

be combined with ICI cancelllation schemes like [3], [4].

VII. CONCLUSION

In this paper, we elaborated on blanking nonlinearity (BN)

in order to mitigate impulsive interference in OFDM systems.

BN is a popular mitigation scheme, since it possess a good

trade-off between low computational complexity and moderate

performance gain. We characterized the drawbacks of BN in

particular for OFDM systems and proposed advancements of
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Fig. 7. Coded BER vs. SNR of LDACS1 transmission; QPSK modulation,
iterative receiver, ENR channel, DME interference, CE by 2D linear interpo-
lation, adaptive BN and FSBN with M = 8.

conventional BN in order to compensate the various draw-

backs. In particular, we introduced (i) an adaptive calcula-

tion of blanking threshold, (ii) a frequency-selective blanking

nonlinearity (FSBN), and (iii) an iterative receiver structure

including BN. Simulations showed that, depending on the

characteristics of the impulsive interference, the different mea-

sures lead to considerable performance gain. Consequently, the

different algorithms can be combined beneficially, leading to

an OFDM receiver concept to cope with different kinds of

impulsive interference. Finally, it should be emphasized that

the proposed algorithms lead to a relatively low increase of

computational complexity compared to conventional BN and

require no information regarding interference characteristics.

These two facts make our proposed advanced BN applicable

to a wide range of OFDM systems.
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