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Electromagnetic Interference Cancellation for RIS-Assisted Communications
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Abstract— Reconfigurable intelligent surface (RIS)-empowered
communication is an emerging technology that has recently
received growing attention as a potential candidate for
next-generation wireless communications. Although RISs have
shown the potential of manipulating the wireless channel through
passive beamforming, it is shown that they can also bring
undesired side effects, such as reflecting the electromagnetic
interference (EMI) from the surrounding environment to the
receiver side. In this study, we propose a novel EMI cancellation
scheme to mitigate the impact of the EMI by exploiting its
special time-domain structure and considering a clever passive
beamforming method at the RIS. Compared to its bench-
mark, computer simulations show that the proposed scheme
achieves superior performance in terms of the average signal-to-
interference-plus-noise ratio (SINR) and outage probability (OP),
especially when the EMI power is comparable to the power of
the information signal impinging on the RIS surface.

Index Terms— Reconfigurable intelligent surfaces, electromag-
netic interference, outage probability.

I. INTRODUCTION

RECONFIGURABLE intelligent surfaces (RISs) have
recently received growing attention due to their unique

capabilities and wide applications in wireless communications
systems [1]. In particular, RISs have been integrated to the vast
majority of existing wireless communications systems such
as multiple-input multiple-output (MIMO) [2], non-orthogonal
multiple access (NOMA) [3], [4], and many others. An RIS
is mainly used to passively steer the transmitted signal by
aligning a large number of its reflections (from the RIS
surface) such that they constructively combine at the receiver
side [1]. However, due to its inherent physical nature, an RIS
cannot selectively reflect the signals impinging its surface;
therefore, it also reflects undesired signals from the sur-
rounding environment, causing electromagnetic interference
(EMI) at the receiver side [5]. So far, few works have shed
light on this problem and took it into consideration while
designing RIS-assisted systems. In particular, the authors in [5]
provided a mathematical model for an RIS-assisted single-
input single-output (SISO) system under EMI interference,
where they modeled the EMI as a complex Gaussian random
vector with zero mean and a variance corresponding to the
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EMI power. The authors of [5] also showed that the EMI
could change the signal-to-noise ratio (SNR) scaling behavior
where, due to the EMI, the SNR grows linearly with the
RIS size and not quadratically as in the conventional case
without EMI [6], [7]. This proves that the EMI has a critical
negative impact on the performance of RIS-assisted systems
by significantly limiting the RIS passive beamforming gain.
The EMI’s main possible sources are other transmitters in
the RIS surroundings where their signals are unintentionally
reflected from the RIS to the desired user. In [8], the authors
compared RIS-assisted and decode-and-forward (DF) relaying
systems under EMI in terms of minimizing the total transmit
power. In [9], the performance of an RIS-assisted ultra-reliable
low-latency communication (URLLC) system is investigated
for multi-user scenario in the presence of EMI. In [10],
the authors investigated the EMI effect on the achievable
secrecy performance in RIS-assisted communications systems.
In [11], the performance of a multi-pair full-duplex (FD)
two-way communication system is considered under RIS
hardware impairments, spatial correlation, and EMI. In [12],
the authors used the RIS to null the mutual interference
between single-antenna transceivers in a multiuser system by
properly designing its phase shifts. Note that this kind of
interference differs from the one considered in [5], as the
latter is uncontrollable, and the associated channel cannot be
estimated. However, to the best of the authors’ knowledge,
no work in the RIS literature has yet investigated the problem
of mitigating the EMI in RIS-assisted communications.

Against this background, we propose a novel EMI cancel-
lation scheme to mitigate the EMI impact and enhance the
signal-to-interference-plus-noise ratio (SINR) at the receiver
side. In particular, by exploiting the special structure of the RIS
channels and the time-domain behavior of the EMI, we trade
off the passive beamforming gain in favor of canceling the
EMI through the proper design of the RIS phase shifts.
Computer simulations with different system settings show that
the proposed scheme has a superior performance in terms of
the average SINR and outage probability.

The rest of the letter is organized as follows. In Section II,
we introduce the system model and explain the proposed EMI
cancellation scheme. In Section III, we give outage probability
analysis. Section IV provides computer simulations followed
by conclusions in Section V.

II. SYSTEM MODEL

In this section, we first introduce the system model then
we explain the proposed EMI cancellation scheme in detail.
We consider an RIS-assisted SISO system, as shown in Fig. 1,
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Fig. 1. RIS-assisted SISO communications system under EMI.

where an RIS consisting of N elements is employed. The
direct communication link between the source (S) and the
destination (D) is assumed to be blocked due to obstacles,
and the reflection link over the RIS is the only available link.1

Furthermore, in addition to the desired transmitted signal, the
RIS is assumed to reflect EMI signals from local interference
sources close to D [5]. Accordingly, considering only the first
reflection from the RIS, at any given time slot t, the received
signal at D can be given as [5]

yt = hH
2,tΘ

H
t h1,t

√
Pst + hH

2,tΘ
H
t nt + wt, (1)

where st is the transmitted message at time slot t with
a transmit power P . Here, Θt ∈ CN×N is a diagonal
matrix containing the RIS reflection coefficients with ⌊Θt⌋i =
ηi,te

jθi,t , where ⌊z⌋i denotes the i-th entry of the vector z,
ηi,t = 1 and θi,t ∈ [0, 2π),∀i, t, are the ith element applied
reflection amplitude and phase shift at time slot t, respectively.
h1,t and h2,t ∈ CN×1 are the S-RIS and RIS-D channel
vectors at time slot t, respectively. hk,t ∼ CN (0, AβkR), k ∈
{1, 2} [13], where βk is the path gain, A = dHdV is the
RIS element area with dV and dH are the length and width,
respectively, and CN represents complex Gaussian random
distribution with R denoting the RIS correlation matrix and
0 denoting N -dimensional all-zeros column vector. Assuming
isotropic conditions for the EMI, n ∈ CN×1 is the EMI vector,
where n ∼ CN (0, Aσ2R) with σ2 is the EMI power [5].
Accordingly, the ratio of the signal power to the EMI power
at each RIS element can be expressed as ρ = β1P/σ2.
w ∼ CN (0, σ2

w) is the additive white Gaussian noise (AWGN)
sample with zero mean and variance σ2

w.
To mitigate the high path loss associated with the reflection

link, the RIS needs to be deployed close to S or D [14], where
its position can be optimized accordingly [15]. Consequently
and without loss of generality, we assume the RIS to be
deployed close to D, which typically can be at a fixed location
like a base station, while S can be a mobile user equipment.
In this way, the RIS-D channel h2 changes less frequently
compared to the other channels, where the statistical channel
state information (S-CSI) dominates the instantaneous CSI (I-
CSI) in terms of the phase shift design [16], [17]. On the other
side, depending on the nature of the interference source and
the considered system setup, the realizations of the EMI vector
n can change faster or slower than those of the other channels.

1This makes the impact of the EMI more evident. Otherwise when there
is a powerful direct link, the use of RIS becomes insufficient, unless it is
extremely large to make a noticeable difference for the SNR.

Fig. 2. The coherence intervals (CIs) T1 of h1, T2 of h2, and Tn of n
are illustrated relative to each other, where the random realization of each
channel/EMI remains constant over its corresponding CI.

While the realizations of EMI cannot be generally assumed to
be changing slower than those of other channels associated
with the considered system, we consider here a specific, yet,
realistic case where the coherence interval (CI) for n spans
several CIs of the other channels. This case can be observed
when the EMI source is a secondary transmitter in the network,
like a backscatter or Internet of Things (IoT) device with a
low transmission rate [18]. Fig. 2 illustrates the considered
CIs for different channels with respect to the EMI, where
the realizations of n and h2 change slower than that of h1,
due to the reasons explained earlier. We consider a flat-fading
channel where the channel realization remains constant within
each CI and independent from the realizations at other CIs.
In particular, as shown in Fig. 2, the realizations of h1 and
h2 remain constant over the time durations of T1 and T2,
respectively, while the realization of n remains constant for a
duration greater than T2. In order to satisfy the slow fading
condition, s is transmitted at each time slot of duration T1,
where, in addition to the EMI realization, all channels remain
constant.

From (1), the SINR at time slot t (SINRt) is given by2

SINRt =
P |hH

2,tΘ
H
t h1,t|2

Aσ2hH
2,tΘ

H
t RΘth2,t + σ2

w

, (2)

where E[|hH
2,tΘ

H
t nt|2] = Aσ2hH

2,tΘ
H
t RΘth2,t [5], and E[·]

is the expectation operator. It can be noted from (2) that
the presence of EMI has a negative impact on the SINR.
In particular, due to the EMI, it has been shown in [5] that
the SINR grows linearly with N and not quadratically as in
the conventional case without EMI [6], [7].

A. Proposed EMI Cancellation Scheme

To mitigate the EMI impact on the D side, we exploit
the system settings explained earlier to propose a novel
interference cancellation scheme. Specifically, since the EMI
realization is correlated only with Θt and h2, and not with h1,
the proposed scheme works within the CI of h2 (T2), which
can be explained as follows.

Consider the transmission of m symbols within a single CI
of h2. Thus, T2 is divided into m time slots, each with a

2Note that, as stated in [5], the EMI interference is treated as a sort of
additive noise. However, here, we refer to it as interference for notational
convenience.
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duration of T1 (T2 = mT1, m ≥ 2), where a single symbol
s is transmitted at each T1. Accordingly, the received signal
within first time slot of T2 can be obtained by rewriting (1)
as

y1 =

(
N∑

i=1

|⌊h1,1⌋i| |⌊h2,1⌋i|

)
√

Ps1 + hH
2,1Θ

H
1 n1 + w1,

(3)

where, in order to maximize the SNR, the RIS phase shifts
are adjusted such that θi,1 = arg(⌊h1,1⌋i(⌊h2,1⌋i)H),∀i [5].
By letting B =

∑N
i=1 |⌊h1,1⌋i| |⌊h2,1⌋i|, the transmitted

symbol can be detected at D using a maximum likelihood
detector, as follows

ŝ1 = arg min
s∈S

|y1 −Bs|2 , (4)

where S is the set of all possible transmitted symbols. Accord-
ingly, from (3), the SINR to detect s1 can be obtained as [5]

SINR1 =
PB2

Aσ2hH
2,1Θ

H
1 RΘ1h2,1 + σ2

w

. (5)

Next, we extract the EMI sample from y1 as follows

Ẽ = y1 −Bŝ1 (6)

= hH
2,1Θ

H
1 n1 + I + w1,

where I = B(s1− ŝ1) corresponds to the residual interference
due to unsuccessful detection of s1.

At the remaining time slots within T2, t′ ∈ {2, 3, . . . ,m},
the received signal can be obtained by rewriting (1) as follows

yt′ = hH
2,1Θ

H
t′ h1,t′

√
Pst′ + hH

2,1Θ
H
t′ n1 + wt′ , (7)

where, as illustrated in Fig. 2, h2,t′ = h2,1 and nt′ = n1,
∀t′ ∈ {2, 3, . . . ,m}. In order to cancel the EMI signals at
D in the remaining time slots t′ within T2, we destructively
add the EMI sample Ẽ (obtained at the first time slot) to yt′ ,
as follows

ỹt′ = yt′ + Ẽ

= hH
2,1Θ

H
t′ h1,t′

√
Pst′ + hH

2,1(Θ
H
t′ + ΘH

1 )n1

+ I + vt′ , (8)

where vt′ = w1 + wt′ . In order to fully eliminate the
EMI sample, the RIS phase shifts can be adjusted such that
Θt′ = ejπΘ1,∀t′, which comes at the expense of having
no beamforming gain. Accordingly, the SINR at time slot
t′ ∈ {2, 3, . . . ,m} can be obtained as

SINRt′ =
P |hH

2,1Θ
H
t′ h1,t′ |2

|I|2 + σ2
v

, (9)

where σ2
v = 2σ2

w is the variance of vt′ , which corresponds
to the sum of the variances of the two independent random
variables (RVs) w1 and wt′ .

By considering (5) and (9) together, it can be noted that,
in terms of the RIS phase shift design, there is a trade-off
between achieving passive beamforming gain and fully elim-
inating the EMI at D. In our computer simulations, we show
that at high EMI levels, sacrificing the beamforming gain in
favor of eliminating the EMI provides better results in terms
of the average SINR and outage probability performance.

Fig. 3. Fitting the distribution of SINRm to Gamma distribution, for
ρ = 0 dB.

III. OUTAGE PROBABILITY ANALYSIS

In this section, we provide the outage probability analysis to
characterize the performance of the proposed EMI cancellation
scheme, as follows.

Let SINRm denotes the average SINR over m CIs such that

SINRm =
1
m

m∑
t=1

SINRt, (10)

where, for t = 1 we have SINR1 given in (5), and for t >
1 we have t = t′ ∈ {2, 3, . . . ,m} and SINRt′ is given in
(9). Accordingly, for a given SINRm threshold r, the outage
probability (OP) can be obtained as

Pout = P (SINRm < r)

= P
(

SINRm <
r

P

)
= FSINRm

( r

P

)
, (11)

where SINRm = SINRm/P and FSINRm
(x) is the cumulative

distribution function (CDF) of SINRm. It can be noted from
(5) and (9) that SINRm involves the product and division of
multiple correlated RVs, resulting in a very challenging task to
obtain its exact probability density function (PDF). Therefore,
we use a semi-analytical approach to obtain the PDF of
SINRm using the Distribution Fitting Tool in MATLAB.
As shown in Fig. 3, the PDF of SINRm perfectly matches
the one of Gamma distribution. Consequently, Pout can be
obtained as the CDF of SINRm, which is given by

FSINRm

( r

P

)
=

γ(a, r
Pb )

Γ(a)
, (12)

where Γ(·) and γ(·) are the complete and lower incomplete
gamma functions, respectively, with a and b denoting the shape
and scale parameters of Gamma distribution, respectively. Fur-
thermore, we used the Curve Fitter Tool in MATLAB to obtain
a and b as functions of N , as shown in Fig. 4. In particular,
we obtained a = a1e

−((N−b1)/c1)
2

+ a2e
−((N−b2)/c2)

2
, with

a1 = 3.05, b1 = 799.6, c1 = 3833, a2 = 0.04247, b2 =
247.4, c2 = 109.5, and b = p1N + p2, with p1 = 5.262 and
p2 = −90.97.
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Fig. 4. Fitting Gamma distribution parameters, (a) the shape parameter a,
and (b) the scale parameter b, for T2 = 4T1 (m = 4) and ρ = 0 dB.

TABLE I
SHAPE AND SCALE PARAMETERS FOR DIFFERENT N VALUES

Fig. 5. Outage probability performance for ρ = 0 dB and different N values.

IV. SIMULATION RESULTS

This section presents comprehensive computer simulations
to examine the performance of both the proposed and bench-
mark schemes in terms of average SINR and OP, under differ-
ent system settings. The considered benchmark is the classical
passive beamforming scheme, where the RIS phase shifts
are adjusted to remove the overall S-RIS-D channel phases,
as given in (3), at all time slots. In particular, we consider
the simulation parameters considered in [5], where σ2

w =
−114 dBm, β1 = −48 dB, β2 = −38 dB. Furthermore,
as in [5], we use ρ to control the signal to the EMI power ratio,
where ρ ∈ {0, 5, 10} dB. The RIS spatial correlation model
in [13] is adopted with λ/2 separation between elements,
where λ is the wavelength associated with the operating
frequency 1.8 GHz. The considered CI of h2 is T2 = 4T1

(m = 4) unless otherwise stated. Finally, for all of our
simulations, we provide the SINR averaged over m time slots
(SINRm); that is, the SINR performance over a full CI of h2.

For the spatial correlation matrix R, its entries are given
as [R]k,k̃ = sinc

(
2
∥∥uk − uk̃

∥∥ /λ
)
, k, k̃ = 1, . . . , N [13],

where sinc(a) = sin(πa)/(πa) is the sinc function, uk =

Fig. 6. Average SINR performance for different RIS sizes and EMI power
levels, with P = 23 dBm [5].

[0, i(k)dV , ĩ(k)dH ]T , with i(k), ĩ(k), dV , and dH are
the horizontal index, vertical index, length, and width of the
element k, respectively, i(k) = mod(k − 1, NH), ĩ(k) =
⌊(k − 1)/NH⌋.

In Fig. 5, we provide the outage probability performance for
different RIS sizes, where the theoretical and simulation curves
are shown to have a close match to each other, using the fitting
parameters given in Table I. It can be seen that for an SINRm

threshold r = 200, the benchmark scheme has an OP of unity
for all considered N values, while the proposed scheme has
a superior performance that improves with increasing P and
N . Furthermore, to clarify the performance of the benchmark
scheme further, we consider different threshold (r) values,
since considering a single threshold value does not accurately
reflect the performance for different N values due to the
sensitivity of the OP to varying N . Accordingly, although the
different threshold values of the benchmark scheme are much
lower than the one of the proposed scheme, yet, it can be seen
that at high P region, the proposed scheme has a superior OP
performance. This is because, unlike the proposed scheme that
eliminates the EMI, the performance of the benchmark scheme
gets saturated due to the EMI, where asymptotically, the
average SINR approaches to a constant value as P increases.

In Fig. 6, we provide the average SINR versus different RIS
sizes and EMI power levels, where the x-axis corresponds to
the number of elements per RIS dimension, NH =

√
N . It can

be seen that increasing the RIS size (x-axis) does not affect
the SINR gap between the proposed and benchmark scheme,
as increasing the RIS size will both increase the beamforming
gain and the amount of the EMI reflected to D. Furthermore,
it can be noted that our proposed EMI cancellation scheme is
more effective when the EMI power is higher, where removing
the EMI has a better impact on the SINR compared to boosting
the received signal power through the passive beamforming.
On the other side, the benchmark scheme performs better
under low levels of EMI power, where the EMI has less
impact with the dominating AWGN power and thus, boosting
the signal power provides a better impact on the SINR than
removing the EMI.

In Fig. 7, we show the system performance as the CI of
h2 changes, which means that the CI of n changes too as the
CI of the latter is greater than T2, as shown in Fig. 2. It can be
seen that, as T2/T1 ratio increases, a better SINR performance
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Fig. 7. Average SINR performance under increasing CI length (T2) with
N = 900 and ρ = 0 dB.

Fig. 8. Average SINR performance against EMI power level with N = 900.

is achieved by the proposed scheme, where the SINR values
at t′ dominate the one obtained at the first time slot; thus, the
overall average over m increases. Furthermore, the crossing
point P = 14 dBm corresponds to the critical point at which
the EMI power starts dominating the AWGN power, where for
ρ = 0 dB we have σ2 = β1P at the RIS side, which eventually
becomes σ2 = β1β2P = −100 dBm > σ2

w at D side. Note
that this gives an advantage to our proposed scheme, which
removes the EMI and outperforms the benchmark scheme.
On the other side, before this critical point, the AWGN power
dominates, and the benchmark scheme performs better as it
boosts the SNR.

Finally, in Fig. 8, the effect of the EMI power is investigated
for N = 900, where a large RIS size is necessary here to reveal
the impact of the EMI [5]. It can be seen that the proposed
scheme performs better as ρ decreases (EMI power increases).
Also, the performance of the benchmark scheme gets saturated
in a fast manner while the proposed scheme keeps improving
with P . Overall, it can be noted that, unless the main signal
power is much stronger than the EMI, it is better to adjust
the RIS phase shifts to eliminate the EMI instead of steering
(beamforming) the main signal to D.

V. CONCLUSION

In this letter, we have proposed a novel EMI cancellation
scheme by trading off the RIS passive beamforming in favor
of eliminating the EMI by properly designing the RIS phase

shifts over different time slots. Compared to the benchmark
scheme that ignores the EMI effects, the proposed scheme is
shown to achieve better performance in terms of average SINR
and outage probability, particularly when the EMI power is
comparable to the main signal power reflected from the RIS
surface. For future research, extending the proposed scheme
to a MIMO setup seems a promising direction.
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