
HAL Id: hal-01832197
https://ensta-bretagne.hal.science/hal-01832197

Submitted on 17 Jan 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Cancelation of LNA distortions in in-band full-duplex
systems

Abass Nasser, Ali Mansour, K. Yao, H. Abdallah, H. Charara

To cite this version:
Abass Nasser, Ali Mansour, K. Yao, H. Abdallah, H. Charara. Cancelation of LNA distortions in
in-band full-duplex systems. Transactions on emerging telecommunications technologies, 2018, 29 (9),
pp.E3426. �10.1002/ett.3426�. �hal-01832197�

https://ensta-bretagne.hal.science/hal-01832197
https://hal.archives-ouvertes.fr


Cancelation of LNA distortions in in-band full-duplex 
systems

1Lab-STICC, CNRS UMR 6285,

ENSTA-Bretagne, Brest, France

2Computer Science Department,

American University of Culture and

Education, Beirut, Lebanon

3Lab-STICC, CNRS, UMR 6285, UBO,

29238 Brest, France

4Computer Science Department, Faculty

of Science, Lebanese University, Beirut,

Lebanon

Abstract In-band full-duplex (FD) transceiver has been recently proposed to double the channel efficiency. The 

main challenge of such FD transceiver consists in achiev-ing an efficient self-interference cancelation. This fact is 

prevented by receiver imperfections such as the oscillator phase noise, the analog-to-digital converter noise, and the 

nonlinear distortion (NLD) of the low-noise amplifier (LNA). This paper deals with the mitigation of the NLD of the 

receiver's LNA by proposing a new FD transceiver architecture. Based on the fact that the NLD coefficients are 

changing slowly over time, then the period between two successive estimations of the NLD coefficients may be 

relatively long. Motivated by this fact, a new wire connection is introduced between the transmitting circuit and the 

receiving one in order to neglect the wireless channel effects when estimating the NLD coeffi-cients. If the estimation 

of the NLD coefficients is required, then the transmitter stops the wireless transmission and sends a sequence to the 

receiver via the wire channel. This procedure does not affect the throughput rate since it is repeated every several 

frames due to the slow time-variation of the NLD coefficients. The estimated coefficients are used to attenuate the 

effects of NLD at the receiver's side, where an auxiliary chain is introduced to act as reference to the receiver's 

ordinary chain. As a proof of the concept, intensive simulations have been done using realistic data parameters. Our 

numerical results corroborate the efficiency of the proposed architecture, where the NLD of LNA is highly attenuated 

leading to an efficient self-interference cancelation.

1 INTRODUCTION

In-band full-duplex (FD) communication may double the spectrum efficiency. Thus, it has been proposed as a key solu-

tion for the coming standard of fifth generation, where an enormous demand on the wireless spectrum is expected.1-3

FD transmission is not a new idea in the field of telecommunication, but several problems such as receiver imperfec-

tions and channel estimation have limited its application. The recent advances in both self-interference cancelation (SIC)

and hardware imperfection mitigation techniques make the attenuation of the residual self-interference (RSI) to the

noise floor feasible, which is the main challenge of SIC techniques in a FD transceiver. For example, in Wi-Fi systems,
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the SIC gain of 110 dB should be achieved.4 FD communication has recently been combined and investigated in several

other emerging technologies aiming at increasing the spectrum efficiency,5 such as the cognitive radio6-9 and the massive

multiple input and multiple output.10-12 However, the application of FD in these technologies depends on the efficiency

of the SIC techniques.

To achieve an efficient SIC, passive suppression and active cancelation are considered.13-17 The passive suppression can

be related to many factors that can reduce the self-interference (SI) in radio frequency domain, such as the gain and the

radiation patterns of the antenna, the transmission direction, the absorption of the metals and the distance between the

transmitting antenna,TX, and the receiving antenna,RX. On the other hand, the active cancelation reduces the SI by using

a known image of the transmitted signal in baseband domain. Generally, the received signal at RX contains both the SI

and the signal of interest (SoI), if any. The main aim of the FD system is to completely eliminate the SI in order to purely

get the SoI. Here, the problem concerns the very low power of SoI relative to SI due to a short distance between TX and

RX and, generally, a long distance between the SoI transmitter and RX. The estimation of channel coefficients between TX
and RX becomes, in this case, an essential factor in the active cancelation process. Any error in the channel estimation

may highly decrease the SIC gain.

Besides that, experimental results show that hardware imperfections such as the nonlinear distortion (NLD) of the

low-noise amplifier (LNA) are ones of themain limiting performance factors.4,18-20 Indeed,NLDof LNAaffects the channel

estimation process and adds residual noise effects to the received signal. These residuals are of considerable power relative

to SoI, since they are related to the SI power that is much greater than the SoI power. Thus, NLD may deteriorate the

useful received data and affects the estimation reliability of the channel between TX and RX. Therefore, the elimination

of the NLD of LNA becomes of high importance.

To reduce this imperfections, an algorithm is proposed in the works of Ahmed et al4,21 to estimate the channel and the

NLD of LNA. The latter algorithm requires two training symbol periods. During the first period, the channel coefficients

are estimated in the presence of the NLD. The nonlinearity of the amplifier is estimated in the second period using the

already estimated channel coefficients. It is worth mentioning that the NLD parameters estimated in the second phase

depend on the estimated channel coefficients achieved in the first phase. However, the estimation of the channel coeffi-

cients in the first phase also depends on the unknown NLD parameters. In addition, this algorithm is designed to deal

only with the NLD of first order, thus the NLD of higher orders cannot be eliminated using this algorithm. To solve the

previous dilemma, we propose hereinafter a new model for the FD receiver chain capable to highly attenuate the NLD

effects, leading to better channel estimation.

In this paper, the proposed architecture deals with the attenuation of the hardware imperfection, ie, the NLD of the

LNA. To well estimate the NLD coefficients, we propose a new circuit architecture that can work offline by switching the

transmitting chain to the receiving one via a wire. Working offline means that the transceiver stops communicating with

its peers but continue transmitting through the wire. Such operation helps the transceiver to estimate the coefficients

of the NLD of LNA without being affected by the wireless channel between TX and RX. In this case, the transmission

rate of the FD transceiver is not greatly affected since the period between two successive operations of NLD coefficients

estimation is relatively long due to the fact that these coefficientsmay slowly change over time.4 The estimated coefficients

are used later on to attenuate the NLD effects leading to accurately estimate the channel coefficients and efficiently cancel

the SI and the LNA residuals.

An auxiliary reference chain is associated with the ordinary one. This chain can only generate linear components.

Knowing that the received power of SI at RX is very high, LNAmay be eliminated from the auxiliary chain. Therefore, the

auxiliary circuit becomes NLD-less and can be considered as a reference for the ordinary receiver circuit. While in ordi-

nary receiving chain, LNA cannot be eliminated because the SoI reaches the antenna RX with a low power. By using the

estimated NLD coefficients of the offline phase, the auxiliary chain regenerates the nonlinear components with their cor-

responding coefficients. Then, the linearization of the processed signal is done by subtracting the regenerated nonlinear

components from the processed signal, prior to the estimation the channel coefficients.

The main aim of this paper is to evaluate our proposed architecture through massive simulations using realistic

parameter values of a FD orthogonal frequency-division multiplexing (OFDM) transceiver.

The rest of this paper is presented as follows. In Section 2, an overview on theOFDMreceiver is presented by focusing on

theNLDof LNA. Section 3 dealswith the cancelation of theNLDof the LNA,where a proposed architecture is presented in

order to reduce the distortion power. The impact of reducing theNLDpower on the channel estimation is also investigated

in this section. The efficiency of the proposed architecture is analyzed using intensive simulations. At the end, Section 5

concludes this work.
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FIGURE 1 Classical full-duplex orthogonal frequency-division multiplexing receiver. ADC, analog-to-digital converter; CP, cyclic prefix;

FFT, fast Fourier transform; LNA, low-noise amplifier

2 SYSTEM MODEL

By assuming perfect filters, negligible phase noise,22,23 and analog-to-digital converter noise,4 Figure 1 presents the OFDM

receiver's block diagram. The baseband received signal y(n) at RX is a mixture of SI, SoI (if any), and the noise21,24

𝑦 (n) =

K∑

k=0

ak (h(n) ⋆ x (n)) |h(n) ⋆ x (n)|2k + w(n) + 𝜂s(n)

= a0 (h(n) ⋆ x (n)) +

K∑

k=1

ak (h(n) ⋆ x (n)) |h(n) ⋆ x(n)|2k + w(n) + 𝜂s(n), (1)

where⋆ stands for the convolution product, h(n) is the channel impulse response betweenTX andRX, x (n) is the SI signal,

s(n) stands for the SoI signal including the channel effect and the hardware imperfections, 𝜂 is the channel indicator, ie,

𝜂 = 0 when s (n) is absent and 𝜂 = 1 otherwise, w(n) is a zero mean additive Gaussian noise (GN), and ak, k ∈ {0;K},

represents the NLD coefficient of order k where K stands for the NLD order.

The first coefficient, a0, stands for the linear output component of LNA. The other coefficients (ak, k ≥ 1) stand for the

nonlinear components contributing in NLD.

After the cyclic prefix (CP) removal and fast Fourier transform (FFT) operations, the frequency domain signal, Y(m),

of y(n) is presented by

Y (m) =

K∑

k=0

akDk (m) +W(m) + 𝜂S (m), (2)

where

Dk(m) = FFT
{
(h(n) ⋆ x (n)) |h(n) ⋆ x (n)|2k

}
. (3)

W(m) and S (m) are the discrete Fourier transform of w(n) and s (n), respectively. Since a copy of the SI signal, X (m) =

FFT{x(n)}, is known to the receiver, in the classical SIC techniques, the channel effect H(m) can be estimated by He(m)

as follows, assuming SoI is absent25:

He(m) =
Y (m)

X(m)
=

∑K
k=0 akDk(m) +W(m)

X(m)

=
a0H(m)X(m) +

∑K
k=1 akDk(m) +W(m)

X(m)
. (4)
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However, once the channel estimation is done, SI is regenerated in order to cancel its effect from the received signal

and obtain the resulting signal Ysic(m)

Ysic(m) = Y (m) −He(m)X(m). (5)

The main challenge of a FD system is to accurately evaluate He (m) in order to cancel the SI effect. That cancelation is

prevented by the NLD of LNA.

As shown in Equation (4), the term
∑K

k=1 akDk(m) affects the accuracy of the estimated channel coefficients and leads

to a poor SIC performance, since the SIC is essentially related to He (m) as shown in Equation (5).

In addition, the term
∑K

k=1 akDk(m) can dominate the SoI due to the huge power of the SI relative to SoI.

In order to highly attenuate theNLDpower and avoid the effect of theNLD on the channel estimation, new architecture

is proposed in this paper, which aims at canceling the NLD prior to the establishment of the channel estimation process;

this fact leads to well estimate the channel and consequently to efficiently cancel the SI.

3 PROPOSED ARCHITECTURE FOR NLD MITIGATION

Asmentioned above, the NLD of LNA is an important SIC performance limiting factor in real-world applications. Accord-

ing to Equation (3), the distortion term
∑K

k=1 akDk(m) contains the SI signal, the channel effectH(m), and the nonlinearity

coefficients {ak}. In this case, {ak} becomes hard to be estimated even if the SI signal is known because the channel effect

is unknown. In our other work,26 we introduced a least square error estimator to estimate the NLD coefficients. Although

the algorithm shows good performances, the estimation process requires the estimation of second- and higher-order

cumulants of the received signal (orders 2, 4, and 6) in radio frequency domain (2.4 GHz for a Wi-Fi signal). This latter

estimation may introduce nonlinearity in the electronic components and corrupt the estimation results.

A new receiver architecture is proposed here, associated with a minimum variance unbiased (MVU)27 estimator that is

used to estimate the NLD coefficients of the LNA in digital frequency domain. The new receiver architecture introduces

a new wire between the transmitter and receiver circuits, which are on the same radio unit. This wire is only used when

the estimation of the NLD coefficients is needed. Figure 2 shows the block diagram presented to overcome the channel

effect. As the LNA characteristics are changing slowly depending on the circuit age and its temperature,4 the estimation

process should be repeated every several transmitted frames. As shown in Figure 2, when the switch is on the position (1),

this means that the system is working under normal conditions.

To avoid the effect of the wireless channel, the transmitter may send a training sequence to the receiver using the wire.

In this case, the transmitter should control the power of the transmitted sequence to the receiver in order to avoid any

saturation in the circuit.

3.1 NLD coefficient estimation

The estimation process of the NLD coefficients stands for communicating a sequence x1(n) from the transmitter to the

receiver via awire channel with a flat frequency responseG that is assumed to be perfectly known. At this stage, the switch

passes to its second position (2) and the circuit cir1 (green color) is responsible for regenerating the NLD terms. These

terms are used in the NLD coefficients estimation process. This wire helps the circuit to totally avoid the wireless channel

effects. The received signal frequency domain, Y1(m), after the CP removal and the FFT operations is presented by

Y1(m) =

K∑

k=0

akGkQk(m) +W1(m), (6)

where Gk = G|G|2k and Qk(m) is defined as follows:

Qk(m) = FFT
{
x1(n)|x1(n)|2k

}
. (7)

By applying theMVU estimator, the coefficients {Ak = akG|G|2k}, k ∈ {0,K}, can be estimated usingUk (see the work

of Barkat27)

Uk = V†YT
1 (m), (8)

where

V† =
(
VHV

)−1
VH (9)
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cir1

cir2

FIGURE 2 A full-duplex system capable to reduce the nonlinear distortion (NLD) of the receiver low-noise amplifier (LNA). The circuit

cir1 (green color) stands for the estimation of the NLD coefficients using a wire in order to avoid the effect of the wireless channel, in this

case, the switches are on position (2). When the switches are on the first position (1), the transceiver works in ordinary conditions, and the

circuit cir2 (pink color) helps in reducing the NLD before estimating the channel. ADC, analog-to-digital converter; CP, cyclic prefix;

FFT, fast Fourier transform

and

V =
[
QT
0 (m) QT

1 (m) · · · QT
K(m)

]
. (10)

As x1(n) is known to the transceiver, then Qk(m) can be generated in digital domain (cir1), as shown in Figure 2. If

the training sequence x1(n) does not change from NLD estimation to another, then Qk(m) may be saved and used when

needed without the need to regenerate them at each NLD estimation operation. After evaluating Uk = {uk}, k ∈ {0,K},

the estimated âk of ak can be found as follows27:

âk =
uk
Gk

. (11)

The estimated coefficients will be used to eliminate the NLD effects and enhance the estimation of the wireless channel

between RX and TX as shown in the next section. Back to Equation (8), when the transceiver adopts the same training

sequence to estimate the NLD coefficients, the term V† = (VHV )−1V H can be calculated once and saved in the memory.

This operation reduces the complexity of the estimation process as that term can be retrieved later on from the memory

whenever it is needed.

5



3.2 Channel estimation

Once theNLD coefficients are estimated, the circuit returns back to its ordinary situation, ie, the switches are reconnected

to their position (1). Both the ordinary and auxiliary receiver chains are connected to RX, whereby the auxiliary chain

does not have a LNA and serves as reference for the ordinary chain by reproducing the NLD terms based on the already

estimated coefficients of NLD. As previously mentioned, an accurate channel estimation is an essential goal to achieve

an efficient SIC. The estimation of the NLD coefficients is directly related to this goal as shown hereinafter. Instead of

dividing Y(m) by X(m) (as in Equation (4)), the nonlinearity terms are subtracted from Y (m) prior to the estimation the

channel. These terms are found using the circuit cir2 (pink color in Figure 2). This auxiliary circuit does not include LNA

based on the fact that the SI is received with high power. In contrast, the LNA cannot be removed from the ordinary

receiving chain since the SoI may reach the receiving antenna with a very low power.

Consequently, cir2 does not contain any nonlinearity caused by the LNA. Based on this fact, the nonlinearity terms

including the wireless channel effects are regenerated at this stage of the circuit in the digital domain, and each

term is multiplied by its corresponding estimated coefficient as mentioned in the previous section. The first term (ie,

a0H(m)X(m)) is excluded from this process since it represents the useful term. The output of cir2 is subtracted from the

output of the receiver ordinary chain in order to cancel the effect of the NLD before estimating the channel by obtaining

Y1(m)

Y1(m) = Y (m) −

K∑

k=1

âkDk(m)

= a0H(m)X(m) +

K∑

k=1

(ak − âk)Dk(m) +W(m). (12)

The aforementioned operation helps the transceiver to cancel the NLD effects and accurately estimate the channel as

shown in the following equation assuming that the SoI is absent during the channel estimation stage:

He1(m) =
Y1(m)

X(m)

=
a0H(m)X(m) +

∑K
k=1(ak − âk)Dk(m) +W(m)

X(m)

= a0H(m) +

∑K
k=1(ak − âk)Dk(m) +W(m)

X(m)
. (13)

The main advantage shown in Equation (13) with respect to Equation (4) is that the NLD is canceled prior to the channel

estimation. For an ideal estimation, the coefficients ak − âk, k ∈ {1,K}, become null so the NLD effect is totally canceled

and the GN becomes the only performance limiting factor.

However, once the channel is estimated as mentioned in Equation (13), the SI (ie, a0H(m)X(m)) can be regenerated using

the channel estimation (ie, He1(m)) and be subtracted from Y1(m)

Ysic (m) = Y1(m) −He1(m)X(m). (14)

Notice that, at this stage, Y1(m)may include the SoI along with the NLD residuals and the SI.

4 NUMERICAL RESULTS

In this section, the performance of the proposed architecture is evaluated through intensive simulations. The aim of these

simulations is to verify the efficiency of the proposed architecture in attenuating the NLD power and how this attenuation

impacts the SIC reliability and the transceiver throughput. In the forthcoming simulations, the SI power at RX is fixed

to 0 dBm and the NLD is 56 dB under the linear amplified component. The GN power is fixed to −75 dBm. The other

parameters of the simulations are shown in Table 1. The parameters of the simulations are set according to the National

Instrument transceiver.28
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TABLE 1 Simulations parameters according to National Instruments28

Signal bandwidth 20 MHz

QAMmapping 64

Number fast Fourier transform points 64

QAMmapping 64

Cyclic prefix length 16

Number of guard-band point 11

Channel order 10

Number of orthogonal frequency-division multiplexing symbols (Ns) 25

Number of training symbols (Nt) for channel estimation 4

Received self-interference power 0 dBm
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FIGURE 3 The effect of the Gaussian noise (GN) power on the residual nonlinear distortion (NLD) power using minimum variance

unbiased estimator

In order to illustrate the reliability of our proposed suppressor against the GN, Figure 3 presents the effect of the GN

power on the NLD coefficients estimation. The NLD power, K, and the number of training symbol of NLD coefficients

estimation, Nnld
t , are fixed at −56 dBc (ie, the power of the NLD of LNA is 56 dB below the linear component), 3 and

12, respectively. The NLD coefficients estimation is sensitive to the GN power, where the results in Figure 3 show that

the NLD residual has the same power as NLD when the noise power reaches −35 dBm approximately. However, in real

applications, when the NLD is lower than the noise floor, we can neglect it as its effect on the channel estimation becomes

negligible. In NI 5664R, at a received power of 0 dBm, the noise power is about −75 dBm, the NLD power is about

−56 dBc, (ie,−56 dBm) when the amplification gain is 0 dB. This means that the NLD power is about 20 dB over the noise

floor. In this case, the NLD has to be eliminated in order to omit its effects on the SIC process. By referring to Figure 3,

after the NLD mitigation using our proposed architecture, the residual NLD power becomes about −90 dBm, which is

neglected relative to the GN power in this case (−75 dBm).

To show the reliability of the proposed NLD suppressor toward the value of the nonlinearity order K, Figure 4 shows

the reduction of the NLD power after applying our proposed suppressor with respect to various values of the factor K

by considering several values of the number of training symbols Nnld
t used in the NLD coefficients estimation phase. In

addition, this Figure presents the performance of the algorithm presented in the work of Ahmed and Eltawil.4 Note that

this algorithm is applicable only when K = 1. As shown, the NLD reduction increases with the increase Nnld
t . For K = 1

and for only Nnld
t = 1, the NLD power is reduced by 33 dB, making the NLD residual power at −88 dBm, which is under

the GN floor by 13 dB. With the algorithm proposed in the work of Ahmed and Eltawil,4 when Nnld
t = 1, then the NLD

residual becomes −79 dBm, thus a gain of 9 dBm is obtained by our technique compared with the one presented in the

aforementioned work.4 This gain is reached for all considered values of Nnld
t . Note that the suppressor in the work of

Ahmed and Eltawil4 needs 2 × Nnld
t training symbols in order to estimate the NLD coefficients as it is developed in the
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FIGURE 4 The power of the residual nonlinear distortion (NLD) in terms of the number of training symbols for different values of the

NLD order. The received signal power is fixed to 0 dBm and the NLD power is −56 dBc (ie, −56 dBm for a 0-dB gain of the low-noise amplifier)

-70 -65 -60 -55 -50 -45 -40

NLD power (dBc)

-80

-70

-60

-50

-40

-30

-20

-10

0

P
o

w
e

r 
(d

B
m

)

RSI Power: Proposed

RSI Power without NLD suppression

SU received power

Noise floor

Algorithm of Ahmed and Eltawil [4]

FIGURE 5 The evolution of the residual self-interference (RSI) power in terms of the nonlinear distortion (NLD) power. SU, secondary user

following two stages: Nnld
t symbols used in the estimation of the channel (first stage) and Nnld

t symbols dedicated to the

NLD coefficients estimation (second stage) based on the estimated channel in the first stage.

On the other hand, the NLDmitigation is affected by the NLD order, since the NLD residual increases with K as shown

in Figure 4. However, for all the considered values of K, the NLD residual power keeps its value under the noise floor. For

example, for K = 5 and Nnld
t = 8, the residual NLD power becomes around −85 dBm. Such a value of NLD mitigation is

enough to avoid any influence of the NLD on the channel estimation process and the power of Ysic.

Figure 5 presents the RSI power of Ysic(m) after applying our proposed suppressor as well as the results of the classical

SIC one and the algorithm presented in the work of Ahmed and Eltawil.4 The parameters of Table 1 are considered in

addition to the setting of the NLD of LNA, where Nnld
t and the NLD power are fixed at 4 and −56 dBc, respectively.

As shown in Figure 5, for all considered values of the NLD power, the RSI is reduced to −70 dBm. This fact means that

our proposed suppressor eliminates almost all the NLD power. On the other hand, the RSI corresponding to the classical

SIC is increasedwith theNLDpower. Similarly, the algorithmproposed byAhmed and Eltawil4 exhibits the same increase

of the NLD residual power but with a gain of 9 dB compared with the classical SIC. However, the suppressor proposed by

the same authors4 has almost the same performance as our proposed suppressor at a low power of NLD (−70 dBc), but

its efficiency fails with the increase of the NLD power contrary to our proposed suppressor that remains robust.
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FIGURE 6 Full-duplex (FD) and half-duplex achievable rates at different received power of signal of interest (SoI) signal

In the next simulations, the throughput of the FD transceiver corresponding to the new proposed architecture is pre-

sented. A comparison is made with the classical FD system, the FD system with a perfect linear LNA (ie, ak = 0∀k ≥ 1),

the suppressor proposed by Ahmed and Eltawil,4 and the half-duplex (HD) where the two communicating peers operate

in two different frequency bands. By assuming the Gaussianty of SI and SoI, the throughput rate of HD, RHD, and of FD,

RFD, systems are given as follows:

RHD = log(1 + 𝛾HD) (15)

RFD = 2 log(1 + 𝛾FD), (16)

where 𝛾HD is the signal-to-noise ratio when the transceiver operates in HD on the operating frequency band. 𝛾FD stands

for the signal-to-noise-and-interference ratio (SNIR) when the transceiver operates in FDmode. Here, the interference is

represented by the residuals of NLD since they interfere with the SoI at the same band. The factor “2” in Equation (16)

refers to the FD transmission at the same frequency band of the two communicating peers contrary to theHD transmission

where the two peers transmit on two different bands. TheNLDpower is fixed at−56 dBc and the values of the values of RSI

power for the classical SIC and the proposed one are extracted from the results of Figure 5 (ie, −48 dBm for the classical

FD, −56 dBm for the suppressor in the work of Ahmed and Eltawil,4 and −70 dBm for the proposed SI canceler). For the

linear FD system, we assume that the RSI power level is attenuated until the GN power level, then it is fixed at −75 dBm.

The numerical results of Figure 6 show the impact of eliminating the NLD throughput rates. When adopting the clas-

sical SIC architecture (NLD elimination is not performed), the rate is deteriorated and becomes much smaller than the

rate of HD functioning. In contrast, our SIC architecture significantly enhances throughput rate due to its capability in

attenuating the NLD.When the SoI received power is below−95 dB, both HD and our architecture-based FD have almost

the same rate. Beyond −95 dB of the SoI received power (the received SoI power becomes 10 dB over the GN power),

our architecture leads to notable benefits in the rate relative to HD. In contrast, the throughput rate corresponding to the

suppressor discussed in the work of Ahmed and Eltawil4 remains below the one of HD when the SoI received power is

below −35 dBm. Thus, a remarkable throughput gain is obtained by using our proposed architecture compared to the

aforementioned work.4

5 CONCLUSION

In this paper, we present a new transceiver architecture for an in-band FD communication system. The proposed archi-

tecture deals with the mitigation of the NLD of the LNA. It consists in connecting the transmitting chain to the receiving

one with a wire in order to avoid the wireless channel effects when estimating the NLD coefficients. Intensive simulations

proved the efficiency of the proposed architecture by enhancing the channel estimation performance and reducing the

residuals of the low-noise power distortion.
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