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Abstract. The transmitter-induced adjacent channel inter-
ference (ACI) due to power amplifier nonlinearity poses se-
vere desensitization to the receiver in frequency-division du-
plexing transceivers. To tackle this issue, this paper proposed
a digital suppression method with a low-complexity circuit
structure to eliminate the interference. The transmitter base-
band signal and leakage were employed to estimate the system
nonlinear parameters in the digital baseband domain, and
the interference was regenerated and then subtracted from
the received signal. The proposed method can simplify the
circuit structure and facilitate engineering implementation in
practice. The simulation and experimental results show that
the proposed method can suppress about 25 dB ACI, which
can effectively improve the signal-to-interference-plus-noise
ratio of the desired signal.
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1. Introduction
Wireless communication system usually achieves

frequency-division duplex (FDD) operation by using du-
plexer. In these FDD applications, it is still a big challenge
to provide isolation simultaneously over both the TX and RX
branches [1].

To eliminate the interference, bandpass filtering is usu-
ally conducted to isolate the TX and RX branches in du-
plexer [2], [3]. However, the steep cut-off characteristic of
the filter will result in a larger duplexer and higher cost. In
the case of narrow separation, the duplexer filter may fail to
block the interference induced by the TX branch.

In order to obtain a smaller and cheaper duplexer, people
have to sacrifice the isolation bandwidth of the duplexer. As
a result, traditional duplexers can provide 45–55 dB isolation

on the transmit branch but only achieve 20–30 dB isolation
on the receiving branch [4]. A direct consequence of the
insufficient isolation bandwidth is that the transmitter leak-
age through the duplexer will pose serious interference to the
desired signal [5], [6]. Therefore, the suppression and elimi-
nation of the transmitter leakage have become a hot issue of
recent research [7], [8].

Regenerating and eliminating the leakage at the receiver
has been considered as an effective technique to suppress in-
terference. In [9–11], the radio frequency (RF) signal gen-
erated by the auxiliary branch was subtracted from the re-
ceived signal to suppress the interference and finally achieved
21.6 dB interference suppression. However, the isolation
bandwidth is limited by frequency-domain variation in the
antenna and balancing reflection coefficients in these meth-
ods. Therefore, providing isolation in both the bands entails
increased RF complexity in the balancing network. Higher-
order RF processing not only increases the size and cost of
the radio frequency front end but also requires higher-order
multi-dimensional optimization to tune the circuit parame-
ters [12], [13].

As shown in [14], [15], a low sampling rate digital
baseband suppression model was proposed to eliminate the
transmitter leakage, and eventually, the leakage is suppressed
by approximately 20 dB. However, the focus of the above re-
search is to reduce the aliasing effect on interference suppres-
sion caused by the sampling rate reduction. The sampling rate
is reduced from the traditional 368.64MSPS to 61.44MSPS
for a 20MHz baseband signal in [14]. Although the sampling
rate has been greatly reduced, the analog-to-digital converter
(ADC) sampling bandwidth is three times the baseband sig-
nal bandwidth and still requires a certain amount of hardware
resources.

To tackle this issue, this paper proposed amemory poly-
nomial (MP) method with duplexer fitting, which employed
the transmitter leakage and baseband signal to estimate the
system nonlinear parameters and then regenerated and elim-
inated the interference. Compared with the RF domain sup-
pression method, the proposed method effectively simplifies
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the circuit structure and is easy to implement in engineering.
Since the ADC output signal can be directly used for param-
eter estimation, the required ADC sampling bandwidth is the
same as the bandwidth of the baseband signal, which also
reduces the requirements for hardware resources.

The remainder of this paper is organized as follows.
Detailed system architecture and principle of operation are
presented in Sec. 2. The simulation results are given in Sec. 3,
and the experimental results are reported in Sec. 4. Finally,
Section 5 concludes this paper.

2. Adjacent Channel Interference
Suppression

2.1 System Model Block Diagram
The detailed system block diagram of the proposed

method is illustrated in Fig. 1. The transmitter and receiver
share a common antenna through a duplexer. The TX fre-
quency is 𝜔2, the RX frequency is 𝜔1, and we may assume
that Δ𝜔 = 𝜔1 − 𝜔2. The baseband signal of the transmit-
ter passes through a digital-to-analog converter (DAC) and
an upconversion circuit, and the RF signal after power am-
plification enters the duplexer. Due to the PA nonlinear char-
acteristics, the RF signal spectrum will broaden, then the
extended sidelobe will leak into the receiver through the du-
plexer, causing adjacent channel interference (ACI) to the
desired signal.

To mitigate the ACI, an auxiliary branch was added in
the transceivers to estimate the system nonlinear characteris-
tics. The transmitter baseband signal 𝑥 [𝑛] and the receiver
ADC output signal 𝑟 [𝑛] were employed to regenerate the
interference. Finally, the regenerated interference was sub-
tracted from the received signal to suppress the ACI.
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Fig. 1. The system block diagram. (a) Due to the nonlinearity
of the power amplifier, the spectrum is broadened by the
intermodulation products of the TX signal. (b) Due to
the insufficient isolation of the duplex filter, the filtered
spectrum regrowth will still seriously interfere with the
desired signal. (c) The ACI and the desired signal are
downconverted to baseband signals. (d) After subtract-
ing the reconstructed signal to suppress the ACI, the SNR
of desired signal is improved.

The power amplifier (PA) in the transmitter is the main
reason for the introduction of system nonlinear distortion.
In order to accurately regenerate the ACI, this paper used
memory polynomial (MP) with duplexer fitting to describe
the nonlinear characteristics of the PA [16].

The input signal 𝑠[𝑛] of the PA can be denoted as

𝑠[𝑛] = 𝑥 [𝑛]ej𝜔2𝑛 (1)

where 𝑥 [𝑛] is the baseband signal of the transmitter, 𝜔2 is
the TX frequency.

The output signal 𝑦[𝑛] of the PA can be obtained as [17]

𝑦[𝑛] =
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

𝑤𝑘𝑞𝑠[𝑛 − 𝑞] |𝑠[𝑛 − 𝑞] |2𝑘+1 (2)

where𝑄 is the maximummemory depth of the memory poly-
nomial, (2𝐾 + 1) is the maximum nonlinear order, 𝑤𝑘𝑞 is the
complex coefficient of the MP model.

Substituting (1) into (2), it yields

𝑦[𝑛] =
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

𝑤𝑘𝑞𝑥 [𝑛 − 𝑞]ej𝜔2 (𝑛−𝑞)
���𝑥 [𝑛 − 𝑞]ej𝜔2 (𝑛−𝑞) ���2𝑘+1

=

𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

𝑐𝑘𝑞𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1 ej𝜔2𝑛,

(3)

where 𝑐𝑘𝑞 = exp(−j𝜔2𝑞)𝑤𝑘𝑞 denotes the equivalent com-
plex coefficients of the MP model [17].

The input signal 𝑧[𝑛] of the receiver can be denoted as

𝑧[𝑛] = 𝑦[𝑛] ∗ ℎ[𝑛] + (𝑒[𝑛] + 𝑤 [𝑛])ej𝜔1𝑛 (4)

where ℎ[𝑛] is the impulse response of the duplexer, the sym-
bol (∗) denotes the convolution operation, 𝑒[𝑛] is the desired
signal, and 𝑤 [𝑛] is the gaussian white noise.

Then the baseband signal 𝑟 [𝑛] can be obtained as

𝑟 [𝑛] = ©­«
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

𝑐𝑘𝑞𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1 ∗ ℎB [𝑛]
ª®¬ e−jΔ𝜔𝑛

+ 𝑒[𝑛] + 𝑤 [𝑛],
(5)

where ℎB [𝑛] is the equivalent baseband representation of
ℎ[𝑛].

In order to facilitate the problem analysis, Figure 2
shows the spectra of the baseband signal 𝑥 [𝑛], 𝑧B [𝑛](the
equivalent baseband representation of the transmitted signal
𝑦[𝑛]) and 𝑦B [𝑛](the equivalent baseband representation of
the ACI 𝑧[𝑛]). It can be easily seen from the figure that the
maximum sidelobe of the ACI is approximately −20 dBm,
which is much larger than the desired signal. Therefore,
the leaked ACI must be suppressed to improve the signal-to-
interference-plus-noise ratio (SINR) of the desired signal.
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Fig. 2. The spectra of 𝑥 [𝑛], 𝑧B [𝑛] and 𝑦B [𝑛].

2.2 Principle of ACI Suppression
Before starting ACI suppression, the system conver-

gence solution must be obtained through parameters training,
i.e., when the receiver does not contain the desired signal, the
training sequence is used to obtain the system nonlinear pa-
rameters. In the subsequent ACI suppression process, the
obtained parameters and the baseband signal 𝑥 [𝑛] were used
to regenerate and eliminate the ACI, thereby improving the
SINR of the desired signal.

From the above analysis, it is not difficult to deduce
that the estimation of the parameters in the training phase is
crucial for interference suppression.

The system nonlinear parameters are calculated by the
suppression model in the auxiliary branch. The detailed
block diagram of the model is shown in Fig. 3, where DPF
stands for duplexer fitting. The signal processing that needs
to be completed in the suppression model mainly includes

I. Upconversion

In the receiver, the ADC output baseband signal 𝑟 [𝑛]
is re-upconverted to obtain 𝑧B [𝑛], i.e., the nonlinear out-of-
band components of the transmitted signal 𝑦[𝑛].

𝑧B [𝑛] = 𝑟 [𝑛]ejΔ𝜔𝑛

=
©­«
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

𝑐𝑘𝑞𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1ª®¬ ∗ ℎB [𝑛]
+ 𝑤 [𝑛]ejΔ𝜔𝑛. (6)

II. Nonlinear Parameters Estimation

Based on the baseband signal 𝑥 [𝑛] and transmitted sig-
nal 𝑦[𝑛], the system nonlinear parameters can be obtained
through MP or GMP method [16], [17]. For the convenience
of representation, (5) is rewritten into matrix form

r = X𝛀 + w (7)
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Fig. 3. The detailed block diagram of suppression model.

whereX denotes 𝑁×𝑘 𝑝matrices of the baseband signal 𝑥 [𝑛],
𝑁 is the length of the observed signal, 𝑘 is the polynomial
order, 𝑝 is the memory depth.

X = [X0,X1, . . . ,X𝑁−1]T (8)

where X𝑛 = [𝑥𝑛,0,0, . . . , 𝑥𝑛,𝑘,0, . . . , 𝑥𝑛,0, 𝑝 , . . . , 𝑥𝑛,𝑘, 𝑝]T,
𝑥𝑛,𝑘, 𝑝 = 𝑥𝑛 (𝑘, 𝑝) = 𝑥 [𝑛−𝑝] |𝑥 [𝑛 − 𝑝] | (2𝑘+1) , and𝛀 is 𝑘 𝑝×1
polynomial parameters need to be estimated.

III. Duplexer Fitting

After filtering by the duplexer, we can obtain 𝑧[𝑛] from
the transmitted signal 𝑦[𝑛]. For the convenience of presen-
tation, the process is also rewritten into matrix form

r̃ = Hr = HX𝛀 (9)

where r̃ denotes the observated signal with noise,
H denotes (𝑁 + 𝑁F − 1) × 𝑁 matrices constructed by
the impulse response coefficients of duplexer ℎB [𝑛] =

ℎB [0], ℎB [1], . . . , ℎB [𝑁 − 1],

H =



ℎB [0] 0 . . . 0
ℎB [1] ℎB [0] . . . 0
...

...
...

...

ℎB [𝑀 − 1] ℎB [𝑀 − 2] . . . ℎB [0]
...

...
...

...

ℎB [𝑁 − 1] ℎB [𝑁 − 2] . . . ℎB [𝑁 − 𝑀]
...

...
...

...

0 0 . . . ℎB [𝑁 − 1]


. (10)

However, it should be noted in (9) that the observated
signal r̃ length is 𝑁 , the right matrices length is 𝑁 + 𝑁F − 1,
which makes it impossible to directly solve the equation. The
reason is that in band-pass filtering, when the data of the cur-
rent frame begins to enter the shift register, the data of the
previous frame has not been completely moved out, resulting
in cross-coupling between adjacent frames. Therefore, the
left side of the (9) can process continuous signals, while the
right side of the equation can only process finite-length sig-
nals according to the matrix multiplication rules, resulting in
different signal lengths on both sides of the equation.

Therefore, it is necessary to process (9) as
Ξ̃r = ΞHX𝛀 (11)

where Ξ denotes signal truncation. The signal length on both
sides of the equation is equal by preserving the data in the
middle of the frame. In order to completely eliminate the
data with cross-coupling errors at the beginning or end of the
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frame, the length of the truncated frame should be no greater
than 𝑁 − 2𝑁F.

Then the formula can be easily solved by Least Squares
method [18]

�̂� = ((ΞHX)H (ΞHX))−1 (ΞHX)H (Ξ̃r) (12)

where (ΞHX)H denotes the conjugate transpose matrix of
ΞHX, (ΞHX)−1 denotes the inverse matrix of ΞHX.

When the iterative calculation converged, the estimated
parameters �̂� and the baseband signal 𝑥 [𝑛] can be used to
reconstruct the transmitted signal �̂�[𝑛]

�̂�[𝑛] = X�̂� =

𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

�̂�𝑘𝑞𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1 . (13)

IV. Filtering and Downconversion

To suppress the ACI, it is necessary to filter the regener-
ated signal �̂�[𝑛] again to take out the out-of-band nonlinear
components, and then downconverted the filtered signal to
obtain the zero-frequency baseband signal 𝑐[𝑛]

𝑐[𝑛] = ©­«
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

�̂�𝑘𝑞𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1 ∗ ℎB [𝑛]
ª®¬ e−jΔ𝜔𝑛.
(14)

V. ACI Suppression

By fine-tuning the time delay, the waveform of the re-
ceived signal 𝑟 [𝑛] is aligned with the regenerated signal 𝑐[𝑛]
in the time domain [19]. Then 𝑟 [𝑛] is subtracted from the
received signal to suppress the ACI. The residual interference
after suppression is given as

𝑟 [𝑛] − 𝑐[𝑛] = (
𝐾∑︁
𝑘=0

𝑄−1∑︁
𝑞=0

(𝑐𝑘𝑞 − �̂�𝑘𝑞)𝑥 [𝑛 − 𝑞] |𝑥 [𝑛 − 𝑞] |2𝑘+1

∗ ℎB [𝑛])e−jΔ𝜔𝑛 + 𝑤 [𝑛] .
(15)

It can be easily seen that the residual interference is
proportional to the estimation error of the MP coefficients
𝑐𝑘𝑞 − �̂�𝑘𝑞 .

From the above discussion, it is not difficult to see that
the overall system complexity is considerably lower, and the
power consumption of the system can be dramatically re-
duced because a much lower clock rate is required.

3. Simulation Results
To verify the feasibility of the proposed method, com-

puter simulation was conducted in Matlab in this section.
Table 1 shows the settings of various parameters in the sim-
ulation system, in which a finite impulse response band-pass
filter is used to approximate the filtering characteristics of
the duplexer.

System parameter Value
Signal bandwidth 20MHz
TX frequency 2.412GHz
RX frequency 2.437GHz

Stop frequency 1 / Pass frequency 1 9 / 13MHz
Stop frequency 2 / Pass frequency 2 27 / 31MHz

Band attenuation 50 dB

Tab. 1. Parameter settings of simulated system.

Sincemore andmore communication systems are work-
ing in the license-free 2.4GHz industrial scientific medical
(ISM) frequency bands, where neither resource planning nor
bandwidth allocation can be guaranteed, so ACI in the ISM
frequency band is also the most severe. To demonstrate
the ACI suppression effect of the proposed method, we use
2.4GHz as the research object in the following simulation
and experiment.

The transmitter baseband signal enters the duplexer af-
ter passing through the power amplifier with memory effect.
The complex coefficients of the MP model of PA are set as
follows [16]

𝑤10 = 1.0513 + 0.0904j, 𝑤30 = −0.0542 − 0.2900j,
𝑤50 = −0.9657 − 0.7028j, 𝑤11 = −0.0680 − 0.0023j,
𝑤31 = 0.2234 + 0.2317j, 𝑤51 = −0.2451 − 0.3735j,
𝑤12 = 0.0289 − 0.0054j, 𝑤32 = −0.0621 − 0.0932j,
𝑤52 = 0.1229 + 0.1508j.

(16)

The transmitter baseband signal and the upconverted
ACI are simultaneously sent to the auxiliary branch for pa-
rameters estimation. To have a better observation of the
estimation accuracy, more tests of ACI suppression with dif-
ferent system configurations were performed. Residual in-
terference after suppression was evaluated against different
nonlinear orders and memory depths [20].

The interference cancellation process is actually per-
formed in the baseband. In order to facilitate the observa-
tion of the corresponding relationship between the interfer-
ence and the transmitted signal, in the following experimen-
tal results, we will give the equivalent baseband spectra of
the receiver and the transmitter signals side by side on the
frequency axis.

Under the conditions of 𝐾 = 3 and 𝑄 = 3, the corre-
sponding ACI suppression results are shown in Fig. 4. It
can be easily seen from the figure that the ACI is suppressed
by approximately 20 dB. Only the third harmonic can be re-
generated and eliminated, and higher harmonics are ignored.
Therefore, the suppression effect on ACI is not ideal from the
perspective of the entire channel bandwidth.

When the MP parameters are increased to 𝐾 = 5 and
𝑄 = 9, the corresponding ACI suppression results are shown
in Fig. 5. Since more high-order nonlinear harmonics are
suppressed, the residual interference is much smaller than
the case of 𝐾 = 3 and 𝑄 = 3. It is not difficult to see from
the figure that about 40 dB ACI is suppressed, which can
significantly increase the SINR of the desired signal.
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The comparison of the bit error rate (BER) of the system
with and without ACI suppression is shown in Fig. 6. The
SINR in the figure represents the power ratio of the desired
signal to theACI plus noise in theRXbranch. It is not difficult
to see from the figure that when the ACI is suppressed, the
bit error rate of the system has been significantly improved,
which proves the effectiveness of the proposed method.

Fig. 4. Simu. result of ACI suppression when 𝐾 = 3 and𝑄 = 3.

Fig. 5. Simu. result of ACI suppression when 𝐾 = 5 and𝑄 = 9.
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Fig. 6. Comparison of BER with and without ACI suppression.

4. Experimental Results
To further test the effectiveness of the proposedmethod,

experimental measurements are conducted on a real PA.
The test platform setup includes a PC, a software-defined
radio (SDR) platform, attenuators, and a PA, as shown in
Fig. 7 [21], [22]. The SDR transmit chain and receive
chain are used to realize spontaneous transmission and self-
receiving. The transmit chain includes upconversion circuit
and DAC (12J4000 from Texas Instruments). The receive
chain includes downconversion circuit and ADC (AD9129
from Analog Devices).

The photo of the experimental platform and the corre-
sponding principle block diagram are shown in Fig. 7.

In the transmit chain, a 20 MHz baseband signal modu-
lated by 16 QAM is first generated, then the baseband signal
is upconverted to a carrier frequency at 2.4GHz and sent to
the DAC on the SDR via ethernet. The output analog signal
of DAC is fed to the PA (Mini-Circuits ZX60-V82+) and at-
tenuator (40 dB). To ensure that the PA can generate sufficient
nonlinear distortion, multiple active PAs can be connected in
series if necessary.

In the receive chain, the signal was downconverted and
re-digitized, and then the side lobe of the transmitted signal is
taken out with aMatlab band-pass filter (the center frequency
is𝜔2) to obtain theACI. At the same time, an auxiliary branch
is constructed in Matlab, and the transmitter baseband signal
and the receiver ACI were employed for parameters estima-
tion. Finally, the interference was regenerated and subtracted
from the received signal.

For a fair comparison, all the experimental conditions
were set the same as that in simulation. The experimental
results of the proposed method for suppressing ACI at 𝐾 = 3
and 𝑄 = 3 are shown in Fig. 8. The residual interference af-
ter suppression is significantly reduced compared against the
original ACI. Since the MP model parameter values are set
small, the system can only suppress low-order third nonlinear
harmonics. It can be seen from the spectrum that the resid-
ual interference is relatively large between 10MHz–20MHz,
which is not conducive to the improvement of the SINR of
the desired signal.

Up Convert Down Convert

Suppression 
Model

RX

ADC

PA

Bandpass Filter

Matlab
+

-

DAC

Attenuator

SDR

TX

1f

Fig. 7. Laboratorial photo and the corresponding block diagram
of the experiment setup.
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The experimental results of the proposed method for
suppressing ACI at 𝐾 = 5 and 𝑄 = 9 are shown in Fig. 9.
As can be seen from the figure, because the system non-
linear characteristics are described in more detail, the MP
model can suppress high-order nonlinear distortion. Com-
pared against Fig. 8, the interference suppression effect has
been significantly improved. The system can suppress the
ACI of about 25 dB, which can effectively improve the SINR
of the desired signal.

Table 2 gives a comparison of the experimental results
between current approaches and the proposed method.

Compared against the interference suppression results
in [10], [14], the proposed method has a substantial improve-
ment in suppressingACI under the premise of simplifying the
circuit structure, which further verifies the effectiveness and
feasibility of thismethod. It also provides necessary data sup-
port for the practical application of interference suppression.

Work in [10] Work in [11] This work
Processing domain RF Baseband Baseband

Sample rate 20MSPS 61.44MSPS 20MSPS
Circuit complexity High Low Low

ACI suppresion 20 dB 21.6 dB 25 dB

Tab. 2. The comparation of experimental results.

Fig. 8. Exp. result of ACI suppression when 𝐾 = 3 and 𝑄 = 3.

Fig. 9. Exp. result of ACI suppression when 𝐾 = 5 and 𝑄 = 9.

5. Conclusion
This paper proposed a suppression method to elimi-

nate the ACI in FDD transceiver by using the transmitter
leakage and baseband signal. The interference regeneration
and cancellation were carried out in the digital baseband do-
main, which is preferable compared to RF domain complex-
ity. There is also no need for high-rate sampling rate ADC in
the proposed method, which is substantially convenient for
engineering realization. Computer simulation results and ex-
perimental circuit results show that the proposed method can
effectively suppress the ACI, thereby improving the SINR of
the desired signal. This paper also provided a new method
reference for the engineering application of ACI suppression.
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