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ABSTRACT

we introduce improvements of the traditional
blanking nonlinearity (BN) for orthogonal frequency
department multiplexing (OFDM)-based totally
systems, that's referred to inside the following as
advanced BN. Blanking is a commonplace measure
for mitigating impulsive interference that often
happens in Wi-Fi communiqué structures. Although
the BN eliminates impulsive interference reliably, it
possesses numerous drawbacks for OFDM-based
totally structures. In precise, the selection of the
blanking threshold (BT), to decide whether or not an
obtained pattern is blanked, is a crucial difficulty. We
present a set of rules for figuring out the most
fulfilling BT to enlarge the sign-to-noise-and-
interference ratio (SINR) after blanking. Another
disadvantage is that the complete acquired sign is
discarded throughout a blanking ¢ program language
period, in spite of the fact that most effective a
fragment of the spectrum of the OFDM sign might be
stricken by interference. We show how blanking may
be diminished to subcarriers which can be sincerely
laid low with interference. Further, we show how
these measures may be mixed and the way a priori
statistics obtained in an iterative loop may be
included into the proposed scheme. Simulation
effects  incorporating  practical channel and
interference fashions demonstrate the potency of the
proposed scheme.

Index  Terms—Blanking  nonlinearity  (BN),
impulsive interference, interference mitigation,
orthogonal frequency division multiplexing (OFDM).

I. INTRODUCTION

These days, the multicarrier modulation technique
orthogonal frequency-division multiplexing (OFDM)
is sent in various correspondence frameworks from a

ample dimension of fields of uses. Thus, OFDM
signals might be presented to different bends, noise,
and interference. The qualities of these hindrances
profoundly rely upon the transmission condition in
which the individual OFDM framework is sent. For
instance, the contortions of a hilter Kkilter digital
supporter line signal transmitted over wire vary
significantly from the mutilations of Wi-Fi signals in
a home situation or from Long-Term Evolution
(LTE) signals in a country situation. Likewise, the
collector may be stationary if there should arise an
occurrence of a digital video broadcast terrestrial
(DVB-T) recipient at home or exceedingly versatile
for a cell phone utilized as included in an auto or in a
prepare, prompting totally extraordinary misshaping
impacts. Notwithstanding contortions, in many
applications, the OFDM signals are presented to
interference.

As of late, there has been a lot of research on the
mitigation of impulsive interference. A typical
approach for relieving the effect of impulsive
interference is to apply a memory less blanking
nonlinearity (BN) at the collector contribution before
the customary OFDM demodulator [1], [2]. Iterative
recipient structures for enhancing the execution of the
BN are displayed in [3] and [4]. It has likewise been
recommended that the got signal is cut at a specific
level or that a joined blanking— clipping nonlinearity
is connected [5], [6].

Decision directed mitigation techniques are proposed
in [7] and [8]. As of late, compressed-sensing-based
mitigation calculations have been proposed [9]- [11].
In [12] and [13], impulsive interference is alleviated
based on proper coding and iterative unraveling. An
approach for misusing the known otherworldly state
of impulsive interference is exhibited in [14].
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In this paper, we expand on BN. In this manner, a
blanking threshold (BT) is characterized. Gotten
signal parts with a size surpassing BT are thought
about interference and are accordingly blanked.
Albeit a portion of alternate methodologies specified
before are more refined and may prompt better
execution under specific conditions, BN has some
profitable highlights that place it in the focal point of
this examination.

The fundamental advantages of applying BN are the
accompanying.

* The BN offers a decent tradeoff between
computational multifaceted nature and achievable
execution. Contrasted and the greater part of the
calculations specified, the BN has much lower
computational many-sided quality. Therefore, it can
be connected to a collector without putting high
necessities on the computational power.

* The BN does not depend on any data about the
interference qualities. That component makes the BN
robust against fluctuating interference conditions
amid a transmission. Further, the BN expels any sort
of impulsive interference, making it appropriate to an
extensive variety of frameworks.

* Since the BN is a visually impaired approach, no
potentially off base estimation of interference
parameters can debase its execution. That makes the
BN naturally robust and prompts a solid mitigation of
the impulsive interference.

Evidently, this rundown is just a large portion of the
story. There likewise exist disadvantages of the BN
specifically if connected in OFDM frameworks. They
are condensed in the accompanying.

S

(PAPR) of OFDM signals makes separation of
interference beats from OFDM signal peaks a testing
undertaking.  Correspondingly, an inadequately
picked BT may debilitate the OFDM signal
significantly.

* Another disservice of the BN is that the whole got
signal is disposed of amid a blanking interim
regardless of the way that lone a small amount of the
dimension of the OFDM signal may be affected by
interference. By and large, this element prompts a
misuse of valuable OFDM signal vitality.

* The blanking of the OFDM signal by the BN
presents intercarrier interference (ICI) between the
distinctive subcarriers in the frequency domain. This
impact confines the execution of the BN.

As of now, a few calculations to mitigate these
disadvantages of the BN have been distributed. In
[15], a calculation for determining the ideal BT to
boost the signal-to-interference plus-noise ratio
(SINR) is introduced. In [16], it is indicated how the
misuse of OFDM signal power if there should be an
occurrence of impulsive interference that influences
the OFDM dimention no one but in part can be
diminished.

This idea incorporates facilitate advancements of the
calculations from [15] and [16]. Also, we
demonstrate how these calculations can be
consolidated advantageously. In such a way, both the
time and frequency domain qualities of the impulsive
interference are broke down and thusly abused.

Il. RELATED WORK

Let us consider a digital baseband model of the
transmission framework. A fl N of oits enters
an OFDM transmitter.

S

Channel

_> _> -
Coding Modulation |

Framing P IFFT |j| h

* The determination of the BT is a touchy
assignment. The high peak-to-average power ratio

Fig.1. Block diagram of OFDM transmission, including transmitter block, channel model, and impulsive
interference.
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The last consolidates channel coding of the source
bits, mapping of the coded bits on to altered images,
and inclusion of pilot images. N balanced images Sk,
k=0,1,...,N—1, are masterminded in a vector S =
[SO, S1, ..., SN-1]T to frame an OFDM symbol.1
The vector S is then changed into the time domain
utilizing a N-point converse FFT (IFFT) to get the
transmit vector s = [s0, sl, . . ., sN-1]T . In a
genuine transmission, each OFDM image is gone
before by Ncp cyclic prefix (CP) tests. Since we
expect that the duration of the CP surpasses the
channel impulse response (CIR) duration and an
immaculate time synchronization, the CP can be
overlooked in the model. The transmitted vector s is
then utilized as contribution to a multipath channel
with an impulse response h = [h0, hl, ..., hN—1]T .
It is anticipated that h is consistent at any rate for an
OFDM image duration and that hl = 0 for 1 > N cp,
where | means the example file in the time domain.
We additionally expect that the got signal is
undermined by additive white Gaussian noise

(AWGN) n = [n0, nl, . . ., nN—-1]T and impulsive

interference [ = [i0, il, . .., iN—1]T . At long last, the
baseband model of the got signal can be spoken to as

r=h@s+n+i (1)

Where means a round convolution, and r = [r0, rl,...,
rN-1]T is a vector of got tests. The round
convolution is an immediate outcome of overlooking
CP. Note that, for (1), culminates frequency
synchronization at the collector is anticipated. The
signals s, n, and | can be accepted as factually free;
further, without loss of all inclusive statement, we
expect that the power of the transmitted signal is
standardized to one, i.e., Ps = E{|s]|]2} = 2652 = 1. For
the average power of the AWGN tests, it holds that
NO = 2on2, with o0s2 and on2 being the segment
savvy changes of the transmit signal and the noise
signal, separately.

—>

a
Channel
Estimation
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Blanking A
inearity [ ) > Channel
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0]
Sk

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

The framework model of the OFDM transmitter and
the transmission channel as depicted before is
condensed in Fig.1. The obtained signal r is passed to
the OFDM demodulator. Like the OFDM
modulation, the OFDM demodulation of r can be

effectively actualized by methods for a FFT. When,
the yield of the OFDM demodulator is meant by R =
[RO, R1,... , RN—-1]T . When when the OFDM
subcarrier separating is picked with the end goal that
ICl is stayed away from, R_k can be composed as
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Rk = HkSk + Nk + Ik (2)

With H, being the kth test of the channel exchange
work (CTF) vector H=[HO, H1, . .., HN-1]T . The
CTF is the recurrence space portrayal of the
transmission channel, i.e., the FFT of the CIR h. as
needs be, N_k and Ik are the kth tests of the vectors
N and I. They are gotten by a Fourier change of the
vectors n and I. To alleviate imprudent impedance,
we consider applying BN to the got flag r preceding
the OFDM demodulation. Each got test r_| with an
extent surpassing a specific BT T BN is set to zero.
Numerically, this can be portrayed utilizing a
memory less nonlinear mapping

it < TPN
0, else

yo=f)={" 3)
Forl=0,1,...,N —1. The examples yl for =0, 1, .

., N —1 shape the vector y, and after OFDM
demodulation, one acquires the vector Y = [YO0, Y1, .
., YN—1]T . Clearly, such moderation evacuates the
obstruction as well as the got OFDM flag and
AWGN amid the blanking interims. To which degree
the OFDM flag is impeded depends exclusively on
the decision of BT. to expel however much
impedance as could reasonably be anticipated, BT
ought to be as low as could be anticipated under the
circumstances. In any case, a low limit prompts huge
weakness of the OFDM flag. Thus, the decision of
BT is dependably a tradeoff between evacuating
impedance and saving OFDM flag. This issue is
tended to in detail in Section IlI.

The vector Y is passed to the channel estimation (CE)
piece. In view of embedded pilot images at certain
subcarrier positions in certain OFDM images,
evaluations of the CTF, which is signified by H" =
[H0, H"1, . . ., H'N—1]T , are resolved in the CE
square. Next, the got flag and the blanked motion in
the recurrence space R and Y, and also the evaluated
CTF H" are passed to the recurrence particular BN
(FSBN) square. FSBN represents imprudent
impedance that influences only a small amount of the
OFDM flag data transmission. By joining the two
signs Y and R properly, bringing about the

consolidated flag Z = [Z0, Z1, . . ., ZN—1]T , the loss
of helpful OFDM flag caused by BN is diminished.

The FSBN calculation is introduced in Section IV.
The assessments of the CTF H" permit an evening out
of Z and resulting demodulation. Normally, the
objective of the demodulation is to give the channel
decoder unwavering quality data about the coded
bits, which are additionally alluded to as delicate
data. In view of such delicate data, the channel
decoder can accomplish a vastly improved execution
contrasted and hard-choice coded bits, which are
additionally alluded to as hard data. Normally, log-
probability proportions (LLRs) are sent as delicate
data. At last, the LLRs are passed to the channel
translating hinder, in which evaluations of the
transmitted uncoded bits are ascertained.

Note that relying upon the connected channel coding
plan, one gets either hard or delicate data about the
transmitted  uncoded  bits. An  outstanding
methodology for enhancing the execution of an
OFDM collector is to apply an iterative recipient
structure with emphasis file such an approach
regularly almost accomplishes the execution of a
greatest probability beneficiary. Be that as it may, its
computational multifaceted nature is altogether
lower. If there should be an occurrence of an iterative
collector structure, from the earlier data about the
altered images at each subcarrier k, which is meant
by S°k(1), must be resolved in light of the decoded
bits. The count of S°(1) k relies upon the channel
coding plan.

I11. ADAPTIVE BLANKING
THRESHOLD

In the following, we show how an optimal BT for BN
can be deliberated. This approach is a further
development of the algorithm that we presented in
[15]. The algorithm appraises SINR afterBN,
depending onTBN. By maximizing this SINR, i.e.,
identifying TENthat provides the highest SINR, one
obtains the optimal BT, i.e.,
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TEVN ;= arg(max(SINR(T®N))), TEN > 0. (4)

The given optimization method depends on a reliable
estimation of the subcarrier SINR after BN. For
deriving an expression for SINR (T5"), we will first
introduce two parameters. Let us define the
remaining impulse interference after BN at subcarrier
k by I,. 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 subcarrier after the BN, given by PI(TEN)
= E{|Ik|2}.

Next, let us define the sum of OFDM signal and
AWGN at subcarrier k byX,, = S, + Nj,. The sum of
the remaining OFDM signal and the remaining
AWGN at subcarrier k after BN is expressed byX,,.
Then, we introduce the second parameter, i.e.,

oon XL
K= Fm ©
Which can be considered the 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 subcarrier SINR can be expressed

by
SINR(T®V)
_ K2(TBV)P, 1
T K@) (1= K(TPV)P, + K(TEV)N ;" +Py(TPV)

(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 impulsive interference.
In what follows, we briefly summarize the algorithm
as presented in [15]. Note that the approach from [15]
does only account for AWGN.

It exploits the structure of the received signal, the
OFDM signal power Ps, and the AWGN power NO
before BN. Both power values are known in general
or can be appraised easily in an OFDM receiver (see,
e.g., [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.

A. Original Algorithm

To deliberate the SINR from (6), we have to appraise
1) the remaining interference power Pl (T5") and 2)
the attenuation factor K (T2V), as presented in the
following. Calculation of Remaining Interference
Power PI: For obtaining the remaining interference
power Pl, we will first deliberate the anticipated
value of the total remaining energyE,, ,after BN,
depending onT . The calculation of E,, is based on
the magnitude probability density function (pdf) of
the received signal R. This pdf is expressed by g,.(a),
with received signal magnitude a. Since, in general,
the interference conditions and, therefore, g,(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 ong,(a), the total remaining energy E,, ,; after
the BN can be deliberated by

TBN

Bup =N [ @, @da ()
0

The total number of no blanked samplesNyzwithin
the considered OFDM symbol is obtained by

T7BN

Nyp = NJ gr(a)da (8)
0

Next, we are interested in the total energyE,, ,0f
theseNy samples without interference, i.e., the total
remaining OFDM and AWGN signal energy after
BN. The exact value for E,, ,cannot be deliberated
without any knowledge about the interference.

a?

a —
fin(@) = —-e % (9)

Usn
With the constant variances?, = a2 + g2. The
anticipated value of the power Pwo/l of a sample
with magnitude below T2V without interference are
now obtained when dividing the total energy by the
number of respective samples. This is computed as
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TBN 2
N[, a*fin(a)da
P# = TBN
Nf,  fm(@da

Finally, to actuate the total energy E,,,/,0f Nyg
samples, we have to multiply the average power
P, /1 With the number of samples Ny

Ewo = Nyg.Pwo (11)
] T

As the impulsive interference spreads equally over all
subcarriers, the anticipated value for the remaining
interference power P, at a subcarrier is then obtained

by
(25~ 5)
1 1

Py ="

(12)

Calculation of Attenuation Factor K: Remember the
definition of K from (5). Obviously, E{|Xk|2} from
the denominator in (5) is given by (P, + N ;). The
total remaining OFDM signal and AWGN energy
after the BN z.. has been deliberated in (11). Since
this total energy spreads equally over all subcarriers,
E{|Xk|2} from the numerator in (5) is obtained by
dividing E# by the number of considered samples N.

Thus, K is computed as

Ewo

“ N, + No) (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.

B. Realistic Channel Conditions

Within the sight of channel contortions, the
calculation for a versatile BT estimation from Section
I11-A can't be connected straightforwardly since the
gotten subcarrier flag control is never again Ps yet
may differ from subcarrier to subcarrier. Moreover,

the greatness of the OFDM motion in the time space
isn't really Rayleigh circulated with part insightful
variancec_s"2=P s/2, an essential for (9). In the
accompanying, it is indicated how the calculation for
a versatile BT figuring is changed in accordance with
channel bends by two measures.

From this, it takes after that the extent of the
examples of an OFDM image are still Rayleigh
conveyed, in any case, with a fluctuation relying
upon the normal power P_H of the transmission
channel amid the thought about OFDM image, which
is given by

_ Zk=olHil?

P
H=" 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 62 Hsn =
PHos2 + on2. Second, consider the SINR calculation
from (6). Since, for a frequency-selective
transmission channel, H, differs for varying k, each
subcarrier has a different SINR. Thus, the useful
signal power in the numerator of (6) has to be
multiplied by|H,|?.

nolHy?
Puo ==y -1~ 19

Since the variablesP k) and Pydiffer only in the
contribution from the kth subcarrier, the
approximationP k) ~ Pyis  endorsed in  the
following. Given these considerations and taking (6)
into account, subcarrier SINR can be deliberated by

SINR(TBM)
_ TN H 2P, 1
CKTE(1 = K(TPV)PyPR" " +K(TPN)N o + P (TPV)

(16)

To obtain BT maximizing the overall SINR, we have
to deliberate the averageSINR,,,of all subcarriers and
enlarge this term. Based on (16) and (14), SINR,,, is
deliberated by
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SINR,, (TEN) = Z SINR,(TEV)  (17)

k=0

a k2(TBVYP,P, 1
T K@EN)(1 - K(TB)P,P, +K(TP¥)N o + Py (TEV)

(18)

This result shows that the calculation of BT can be
altered to realistic channel conditions by
incorporating the average powerp,of CTF for the
current OFDM symbol.

C. Frequency-Selective Interference

To figure the staying rash impedance by (12), it is
accepted that the indiscreet obstruction spreads
similarly finished all subcarriers. In all actuality, this
suspicion may not generally be legitimate, and
simply certain subcarriers may be affected by
impedance. In what tails, we demonstrate how the
rest of the subcarrier indiscreet obstruction Pl can be
approximated for recurrence specific rash impedance.

Since a different guess for each subcarrier isn't exact,
we propose to appraise the hasty impedance control
together for an ardimentionment of certain adjoining
subcarriers, i.e., a purported canister. Be that as it
may, the recurrence particular conduct isn't all around
reflected by vast receptacle sizes. Subsequently, we
propose to part the N OFDM subcarriers into M
receptacles, 2 each with NM = N/M subcarriers. The
quantity of canisters M can be resolved in a visually
impaired approach. For this situation, an estimation
of M = N is by all accounts a decent tradeoff
between residual estimation blunder and mirroring
the recurrence particular conduct. Next, we ascertain
a normal subcarrier imprudent obstruction control
P; ,for each canister with list m. Consider the got
subcarrier flagR,. Given that no obstruction is
available at the kth subcarrier, i.e., I, = 0, the normal
got control is given by

E{lelzlk = O} = |Hk|2Ps + N, (19)

Based on (19), an appraise for the average received
impulsive interference power of the mth bin is
deliberated by

_ Zkekm(lelz - E{|Rk|21k = 0})
Ny

Pim (20)
Since we are interested in the remaining impulsive
interference after BN, the attenuation of the
impulsive interference P, ,, in dependence of BT has
to be deliberated next. Similar to (5), we can
deliberate a factorK;, defining the instantaneous
attenuation of the impulsive interference,

ie.,
K = o
i = E
2For simplicity, we restrict the choice of M to N
mod M = 0. In principle, each M < N is possible. In
this case, the number of subcarriers per bin is not
constant. When assuming that each spectral part is
equally attenuated by BN, the average remaining
impulsive interference power for each bin can be
deliberated by
Pi',m = KiPi,m' (22)
Next, we define the average power of the
transmission channel for the mth bin as

 Ykekm|H|?

Pi,m NM

. (23)

Based on this result, we can adjust the calculation of
the subcarrier SINR from (16) to frequency-selective
interference and obtain the SINR appraise for the mth
bin as

k? Py Py

SINRm =
™ T KA = K)PyP, + KN o + K, Py

. (24)

To obtain BT maximizing SINR, we have to
deliberate the average SINRav of all bins according
to (17) and enlarge this term. In this way, the BT
calculation is adapted to frequency selective
impulsive interference.

D. Potentials of Iterative Loop
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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). We deliberate the appraised
subcarrier interference by

ilgl) = Rk - H\kSAIED = Nk + Ik + Nk,(rl)em (25)

The termN, ‘", accounts for inaccurately appraised

channel coefficients and imperfect a priori
information. Consequently, when assuming perfect a
priori and channel knowledge, (25) simplifies to

i =N +1, (26)

The corresponding signal in the time domain after
IFFT writes

=i +n @27
The signal igl) can be considered an appraise of the
impulsive interference in the time domain disturbed
by AWGN.

Hy @il = 0and H1 : il = 0. Under HO, |I”| follows a
Rayleigh distribution with the scale parameter 62 n.
Under H1, the situation is different since |I"| now
follows a distribution of the mixture of il and nl.
Thus, to decide between Hyand H;in a Neyman-
Pearson-like sense [27], we fix the probability of the
type-1 error at some level pl. The type-l1 error is
defined as the probability of selecting H1 when HO is
true. Then, the optimal hypothesisH is selected as

~(D)
H — {HO .

l
Hi |0 <T,>T, (28)

Where the decision threshold Ti is deliberated by

T, = ’aﬁ log(PiI) (29)

Equation (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. The idea is to
deliberate this power rather based onf,gl)than on Rk.
Since the initially unknown OFDM signal is
subtracted in (25), a more accurate appraise is
anticipated. According to (19), we define

N 2
E{|I°[ I, = 0} = N, (30)

Now, it is straightforward to replace (20) by

 Seeten (1] = E{I) 1 = 0})
im — NM

(3D

For 1> 0. However, it should be emphasized that the
accuracy of this approach strongly depends onN,
(rem). Given imperfect a priori and channel
knowledge, the contribution fromN,, (wem) will
distort the estimation of the interference power, and
the algorithm from (31) may even lead to
performance degradation.

IV. FREQUENCY-SELECTIVE BLANKING
NONLINEARITY

Amid the blanking interim, the whole OFDM flag is
disposed of, regardless of the way that exclusive a
small amount of the OFDM dimention may be
affected by obstruction. To soothe this issue, we have
presented the FSBN conspire in [16]. The
accompanying contemplations depend on this
examination.

Given that impedance has been recognized, both the
gotten and the blanked flag are along these lines
ideally consolidated to amplify the SINR for each
subcarrier. Along these lines, the proposed
calculation repays misfortunes due to erroneously
blanked OFDM flag tests that are not undermined by
obstruction. Furthermore, the blanking of the OFDM
flag is diminished to subcarriers that are really
affected by rash obstruction.

A. Principle
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Consider the square chart of the proposed OFDM
recipient structure including FSBN, which is
appeared in Fig. 2. The piece graph shows that the
FSBN is a joint time (BN square) and recurrence
(FSBN square) space obstruction alleviation
approach. Such a joint approach empowers taking the
ghastly attributes of the incautious obstruction and its
chance space structure into account. The joined flag
Z is figured to amplify the SINR for each subcarrier,
as clarified in the accompanying. It ought to be
noticed that the calculation does not depend on a
known shape or model of the obstruction, neither in
the time nor recurrence area.

To start with, we have to distinguish and appraise the
obstruction control at each subcarrier. Subsequently,
we accept that the imprudent impedance I, in the
recurrence space is Gaussian appropriated for an
individual subcarrier k. In [26], it is demonstrated
that this appraise is legitimate freely of the structure
of the indiscreet impedance because of the spreading
impact of the FFT. As indicated by [16] and [23], the
flag Y, after BN and FFT is spoken to as takes after:

Y, = KH,S, + N’y + D, (32)

The distortion term D, accounts for the ICI induced
by BN, and N, denotes AWGN after BN. Equations
(2) and (32) allow us to define the FSBN indicator
signal as follows:

Yy N'%\ Dy
AYk=Rk_?=Ik+ NR—T —? (33)

Denoting the AWGN part of the FSBN indicator
signal by

AN, =N N (34)
k — Yk K
And defining the FSBN distortion term as
Dy = AN, — 2% (35
=AN == (35)
we can write the FSBN indicator signal from (33) as

AYk = Ik + D,k (36)

The signal AYis a useful indicator whether the kth
subcarrier is affected by interference. Indeed, if I, =
0, AY, equals D,only; otherwise, AY,, will include the
combination of D, and impulsive interference
I unfortunately, the signalDis not available at the
receiver. However, we can approximate its statistics.
At first, we consider the AWGN termA N,. This term
describes a zero-mean Gaussian process. Its variance
can be derived based on (34). After some calculations
[16], the variance of A N, is obtained by

1-K
var(A Ny) = TNO (37)

Second, we consider the distortion termD,,. In [23], it
is shown that the distortion term D, can be
approximated by a zeromean complex Gaussian
process with variance var(D',) = K(1 — K)PyP,.
Note that this term is basically the ICI term from
(16). Since AN, and D, are statistically
independent, the variance of D,can be approximated

by
, 1-K
var(D ) = ' (PyP. + N,) (38)

The result from (38) allows us to formally pose the
impulsive interference detection problem as a
composite statistical hypothesis test as follows.
Define the hypotheses HO : Ik = 0 and H1 : Ik = 0,
and consider the distribution of|AY,| under these
hypotheses. Under HO, |AY,|follows a Rayleigh
distribution with the scale parameter var(D',)Under
H1, the situation is different since |AY, |now follows
a distribution of the mixture of Dk and Ik.

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
Dk , which are known [27]. In other words, the
critical region depends on the distribution of
|AY; |under the hypothesis HO. To decide between HO
and H1 in a Neyman-Pearson-like sense, we fix the
probability of the type-l error at some level pl. A
type-I error is defined as the probability of selecting
H1 when HO is true. Then, the optimal hypothesis H"
is selected as
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_ Hy: |AY,| <T,
:{0 |AY | HK (39)

Hy: |AY,| = Tyx

Where the decision thresholdTy, x is deliberated by

TH,Kz\/Var(D'k)log<Pi) (40)

Equation (40) follows directly from the cumulative
Rayleigh distribution function. Obviously, if HO is
selected, then Z, =R, as there is no impulsive
interference. Under the assumption that I, and D',
are uncorrelated, the interference power at the kth
subcarrier can be computed from (36) and (38) as

AY,|? —var(D"), if|AY,| =T
|Ik|2 — {l kl ( k) fl kl H,K (41)
0, else

Next, we consider an optimal combination ofR, and
Y.that enlarges the SINR. For that purpose, we
deliberate the combined subcarrier signal

Zy = wiR + (1 —wp)Y,  (42)

Where wk € [0, 1] is a weighting factor. It is now
straightforward to obtain the SINR of the combined
signal Z;, as a function of the weighting factor wk,

SINRZ,
_ He PP wiRy + (1 = wy)K)? 1
T w2 + (1= wi)2K(1 = K)PyP’ " +(K + wi2(1 = K)N,

(43)

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

Wi
1 =K)(PyP + N,)
=1A = K)(PyPs + Np) + | [*
1, H, is selected

H, is selected (44)

Obviously, when no blanking is applied, i.e., K=1
or no interference is detected (1, = 0) for a specific k,
the signal Y, is discarded as it contains no additional
information. In all other cases, both the received
signal Rk and the blanked signal Y.are linearly
combined with the weighting factor chosen to enlarge
the SINR.

B. Adjustment of Blanking Threshold Calculation

When applying FSBN, the adaptive BT calculation
from Section 111 has to be altered. 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 altered to frequency-selective interference. The
SINR calculation from (4) requires knowledge of the
subcarrier interference power|I,|2. However, such
knowledge is not available at BN.

In the following, it is shown how |I,|®can be
approximated and, subsequently, how an adaptive BT
can be deliberated for FSBN. In the following, the
FSBN with adaptive BT calculation is referred to as
adaptive FSBN. We can expect that |1, |* ~ P,,, for k
€ Km. When taking this approximation and (4) into
account, we are able to write an approximated
version of for each bin m

PH,mPs(Wm + (1 - Wm)K)Z .

SINR,, = .
" (K wn2(1 = K))Pim

1
(1 = wy)2K(1 = K)PyP; + (K + wy, 2(1 — K))N,

(45)

The appraised SINR,, 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(PyP; + N,) + (1 — KK P; 1y
(1= K)K(PyP; + N,) + K(1 — K)P; 1,

. (46)

Based on (45) and (46), we are now able to deliberate
the SINR,,for each bin. To obtain BT which enlarges
SINR, we have to deliberate the average SINR,,, of all
bins according to (17) and enlarge this term. In this
way, the BT calculation is altered to FSBN.

C. A Priori Information for FSBN

If an iterative receiver structure is applied, the
detection of subcarrier interference and the
calculation of the interference power can also profit
from a priori information. Consider the signal
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|IP|from (6). If no impulsive interference occurs,
both terms |I” [and D, follow a Gaussian distribution
with known variances var(D",)for D, from (38) and
No for |i”|from (26). This similarity allows
application to the signal |I{”| as well to obtain an

additional appraise |Iim,k|2 of the impulsive
interference power in accordance to (41) by

2
|Iiter,k |

(1) 12 N
- {'IIED| — No, I = Tuxe a7y
0, else

The decision thresholdTy x can be deliberated by
(40), but with variance NO. Since D, consists mainly
of ICI and has only a small AWGN contribution,

whereasi,gl)consists mainly of AWGN, both appraises

of the impulsive interference power |I",El)|2and |AYk|2
can be assumed nearly uncorrelated. It is proposed to
combine both appraises linearly according to the
variance of the signals i,ﬁl)andc 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

, 2
var(D' ). |Licer | + No- 112
var(D'y) + N,

|Icomb,k |2 = (48)

This appraise of the impulsive interference power can
be directly incorporated in the FSBN algorithm from
Section 1V-A.

V. COMPLEXITY

Here, 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 with BT.
Consequently, the complexity is 0(N). To actuate the
BT, a loop over a set of potential BTs is carried out.
A typical dimention 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 dimention 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
cumulative sum, i.e., taking the values from the
previous run and adding the current value.
Consequently, the complexity of the loop stays 0(N)

FSBN includes no loops or sums; consequently, the
complexity is linear, i.e., 0(N)It should be noted that
FSBN requires an additional FFT that has complexity
of O(N)logNwhich can be realized in parallel,
therefore not increasing complexity. The calculations
within the iterations include no loops or sums but
only basic operations for each subcarrier. 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 0(N)Thus, it
does not lead to a significant increase in complexity.

VI. SIMULATION RESULTS

To evaluate the performance of the proposed
algorithm, the transmission scenario from [3] is
endorsed. In this context, LDACS1 [28] as
exemplarily chosen OFDM system is exposed to
impulsive interference from the DME system.3
LDACS1 operates at 994.5MHz. The LDACS1
channel occupies B = 625 kHz bandwidth, resulting
in a subcarrier spacing of Af = 9.8 kHz, with N = 64
subcarriers.

This model has been considered for the investigations
in [8] and [29]. Given the OFDM symbol index p,
GGl 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

ig,?l = Up1-9p, (49)

For GG, the term g,,; is characterized by a zero-
mean complex Gaussian process with the variance
og2 and the power PiGGI = 202 g. The gating
process samplesv,, ;are either one or zero. The
occurrence of GGI is described by two variables. The
first is the small time BGGI of an OFDM symbol
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during which GGI occurs. This small time translates
into Ny affected samples in the considered OFDM
symbol, which is deliberated by N

Nyae = |88 = 3] (50)

Obviously, these samples occur as a contiguous
block. As the interference bursts may occur very
rarely, a repetition factor ¢ is defined, determining
that an interference burst occurs only in every (th
OFDM symbol. Based on these two parameters, the
occurrence of GGI is mathematically described by

1, if pmodé =0A
Up,l = lzlo,lo+1,"';lo+Ngate_1 (51)
0, else

With 10 being a randomly chosen number from [0,
1,..,N-N gate]. According to the intended operational
frequency dimention of LDACS1, channel models for
the lower part of the L-band from 960 to 1164 MHz
have to be considered.

— wio DME
== =w/ DME, wo int. mit.
< T e/ DME, wi BN, T5% = 1.5
10—1 : \\ TnsTi] e wd DME, wi adap. BN, AF = 1
H o | -e— wi DME, wi adap. BN, Af = &
N
. N
N
o
& ¥
S Tk
10—
e G
SNR [dB]

Fig.3. Influence of BT calculation on coded BER of
LDACS1 transmission versus SNR for AWGN
channel and DME interference.

Based on geometrical considerations [32] but take
measurement data into account as well, e.g., 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
endorsed for our investigation. In particular, we apply
the enroute (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) performance for different ways of determining
BT. In Fig. 3, BER is plotted versus SNR for
different ways of determining BT. In particular, a
fixed BT of T BN = 3.5 is compared with the
adaptive BT calculation.

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 compared with a transmission
without interference mitigation.

— who GGI
== -w/ GGL wio int. mit.
e wi GGL wi BN, THN = 3.5
- w! GGL w! adap, BN, M =1
—=—w/ GGL w! adap. BN, M =&

SNR [dB]

Fig.4.Influence of BT calculation on coded BER of
LDACS1 transmission versus SNR for AWGN
channel and GGI with BGGI = 0.1, { = 2, and SIR =
—15 dB.

B. Adaptive FSBN

To evaluate the performance of the FSBN algorithm,
an LDACS1 transmission exposed to the DME
interference scenario from Table | is selected. In
addition, the ENR channel model described earlier is
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applied. The coded BER of an LDACS1 transmission
is given in Fig. 5 versus the SNR, assuming perfect
knowledge of the CTF. The performance of the
FSBN is compared with the performance of the BN,
also with M = 8 bins.

win DME
== =wl DME,

o int. mit
adap. BN, M =8
adop. FEBMN, M =4

101

BER

SNR [dB]

Fig.5.Coded BER versus SNR of LDACS1
transmission for QPSK modulation, ENR channel,
and DME interference; perfect knowledge of CTF.

Comparison of BN and FSBN.

As already presented in Fig. 3, the BN leads to a
large improvement when segmenting the bandwidth
into M = 8 bins. Compared with the BN, the
proposed FSBN scheme achieves an additional gain
0f 0.6 dB at BER =1 x 10-5.

C. lterative Receiver Structure

Next, we consider the potentials of iterative receiver
structures. The coded BER of an LDACS1
transmission versus SNR is shown in Fig. 6. The
TMA channel model and 2-D linear interpolation for
CE are applied.

A second iteration and a third iteration further
improve 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 x 10-5. This gap is
mainly due to the imperfect CE by 2-D linear
interpolation.

101 b g e ooy

10-2

o
” %
& S
T E\\\
|
'y
1 \ b}
10 — o GGL w! iter, ¢ =3 1%
- =l L, o e i )
@=-w/ GGL Wl iter, ¢ = 1 .‘1 N
~B-wl GG, wi iter, 1 =2 \ N
LOTHE s GO wi iter, 0 =3 8| 3
e i GG, Wi iter, perf. u prioei

0 2 4 6 Fl
SNR [dB]

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

* ! W0 DME, wi ler, 1 = 3
— === w' DME. wfo int. mit. wio iter
S— wf DME, wf BN, wio iter
~g- w DME, wi BN, w iter, » = 3
10— ooy | —&— w! DME, w/ FSBN, wio iter.
BY - - wl DME, wf FSBN, wi iter, + = 3
: =
N .
N,
02
o
o
b (i
4L
10
]U—-' .....................

0 2 E 6 8
SNR [dB]

Fig.7. Coded BER wversus SNR of LDACS1
transmission; QPSK modulation, iterative receiver,
ENR channel, DME interference, CE by 2-D linear
interpolation, adaptive BN, and FSBN with M = 8.

Next, DME interference in combination with the
ENR channel model is considered. For CE, a 2-D
linear interpolation is endorsed. For interference
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mitigation, the adaptive BN and 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 x 10—5 by FSBN.

VII. CONCLUSION

In this paper, we expounded on BN to relieve
impulsive interference in OFDM structures. BN is a
famous mitigation plot since it has a fantastic tradeoff
among low computational unpredictability and direct
general execution pick up. We portrayed the
disadvantages of BN especially for OFDM
frameworks and proposed enhancements of
conventional BN to remunerate the assorted
downsides. In particular, we included 1) a versatile
estimation of BT, 2) a FSBN, and three) an iterative
collector shape comprising of BN. Recreations
affirmed that, depending on the qualities of the
impulsive interference, the diverse measures cause
considerable general execution advantage.

Subsequently, the select calculations can be
consolidated usefully, fundamental to an OFDM
collector idea to address diverse sorts of impulsive
interference. At long last, it should be stressed that
the proposed calculations cause a particularly low
development of computational many-sided quality as
contrasted and regular BN and require no data with
respect to interference characteristics. These two data
make our proposed progressed BN pertinent to a
broad assortment of OFDM frameworks.
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