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Abstract

This paper analyzes the linearity and resolution requirements of RF modules and AD con-
verter in full-duplex radio transceivers. It is shown that the linearity of the transmit and receive
chains can easily limit the device operation, thus motivating for efficient linear and nonlinear
self-interference suppression in the overall receiver chain. Also AD converter requirements
can become an implementation bottleneck unless sufficient RF and analog baseband cancel-
lation is achieved.

1 Introduction

Full-duplex radio transceivers are an emerging topic in the area of wireless communications. The
idea is to transmit and receive signals simultaneously on the same frequency band, thus in princi-
ple almost doubling the spectral efficiency in comparison to either TDD (time-division duplex) or
FDD (frequency-division duplex) transceivers. Several promising implementations of full-duplex
transceivers have already been demonstrated [1, 2]. Currently, the most significant issue in imple-
menting a full-duplex transceiver in practice is to sufficiently attenuate the powerful own transmit
signal in the receiver chain. This jamming signal caused by the own transmission is referred to as
self-interference (SI). Since it can be in the order of 60–100 dB stronger than the actual received
signal of interest, depending on the implementation, a significant amount of attenuation is required
for the transceiver to be able to perform properly.

However, in addition to SI cancellation, there are also other implementation problems which
must be considered. In this paper, a brief analysis is presented regarding the nonlinear distortion
occurring in the transceiver, and the limits posed by the dynamic range of the AD converter (ADC).
It is clear that, with the SI signal being significantly stronger than the weak received signal of
interest, the components at the receiver must be sufficiently linear to avoid excessive distortion.
Also the nonlinearity of the transmitter chain is a concern in terms of SI cancellation, which is
currently based on linear channel estimation and processing mechanisms. In addition, the ADC has
limited dynamic range, and a strong SI signal will reserve most of it, thus decreasing the resolution
of the signal of interest. With high transmit powers, this phenomenon is obviously intensified, and
it might be a significant factor in the overall performance of a full-duplex transceiver.

The rest of the paper is organized as follows. In Section 2, the used full-duplex transceiver
model is presented and its nonidealities are discussed. Section 3 presents a numerical analysis on
the effect of nonlinearities and the dynamic range of the ADC. Conclusions are drawn in Section 4.

2 Full-Duplex Transceiver Model

The analyzed full-duplex transceiver is illustrated in Fig. 1. We consider a standard direct-con-
version architecture, with certain modifications to enable proper full-duplex operation. The at-
tenuation of the SI signal is done in two stages: RF cancellation mitigates the SI before it enters
the actual receiver chain, and digital cancellation further suppresses it in the digital domain. In
addition, the SI signal is also attenuated by the coupling channel between the transmit and receive
antennas.
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Fig. 1: The analyzed direct-conversion full-duplex transceiver.

The role of RF cancellation is to mitigate SI below the saturation point of the receiver chain,
and to guarantee that the signal of interest can be detected after the AD conversion and digital can-
cellation. Without RF cancellation, the active components of the receiver chain might enter their
saturation zones. With sufficient RF cancellation, this can be avoided, but there will nevertheless
be nonlinear distortion, as the power of the total signal is still increased by the residual SI.

2.1 Nonlinear Distortion

In the analyzed full-duplex transceiver, the nonlinear distortion in the receiver chain is produced
by three components: low-noise amplifier (LNA), IQ mixer, variable gain amplifier (VGA), and
power amplifier (PA). The power level of nth-order nonlinear distortion can be approximated as

Pnth,dBm = Pout,dBm − (n−1)(IIPn−Pin,dBm) (1)

where Pout,dBm is the total output power, IIPn is the nth-order input-referred intercept point, and
Pin,dBm is the total input power of the component, all in dBm. From (1) it can be observed that
with higher input powers, also the power of nonlinear distortion is higher. Thus, a strong SI signal
will also increase the power of nonlinear distortion in each active component.

• In the receiver chain, the final amplifier (VGA) turns out to be the most significant producer
of nonlinear distortion, assuming feasible linearity figures. The reason for this is that the
signal is at its strongest at the input of the VGA, and thus also the power of the nonlinear
distortion is stronger at its output.

• In the transmitter chain, it is observed that the most significant source of nonlinear distortion
in the analyzed scenario is the power amplifier (PA). Assuming typical parameters of the PA,
and considering transmit powers suitable for indoor communications, it can be calculated
with (1) that, at the input of the receiver chain, the power of the nonlinear distortion of the SI
signal is of the same magnitude as the power of the received signal of interest. Furthermore,
as the reference signal for RF cancellation is typically taken from the input of the PA, the
nonlinear distortion of the SI signal cannot be suppressed. Taking the reference signal from
the output of the PA would make it necessary to use an attenuator to achieve the correct
signal level for the cancellation signal, thus increasing the noise level and decreasing the
performance of the full-duplex transceiver. It is thus apparent that the nonlinearity of the
PA is a significant concern in a full-duplex transceiver that is employing only linear SI
cancellation mechanisms.

XXXIII Finnish URSI Convention on Radio Science and SMARAD Seminar 2013

182



Parameter Value
SNR requirement 5 dB

Bandwidth 3 MHz
Receiver noise figure 4.1 dB

Sensitivity -100.1 dBm
Received signal power -95.1 dBm

Antenna separation 30 dB
RF cancellation 40 dB

Digital cancellation 35 dB
ADC bits 10

ADC voltage range 0.45 V

(a) System level parameters.

Component Gain IIP2 IIP3 NF
PA (Tx) 27 dB - 15 dBm 5 dB

BPF (Rx) 0 dB - - 0 dB
LNA (Rx) 25 dB 43 dBm -15 dBm 4.1 dB
Mixer (Rx) 6 dB 43 dBm 15 dBm 4 dB
LPF (Rx) 0 dB - - 0 dB
VGA (Rx) 0-69 dB 43 dBm 10 dBm 4 dB

(b) Parameters for the relevant components.

Fig. 2: Parameters of the analyzed full-duplex transceiver.

2.2 Quantization Noise

A strong SI signal will produce a challenging scenario also for AD conversion. The role of the
VGA is to amplify the signal so that it utilizes the whole available dynamic range of the ADC.
Thus, a strong interfering signal (SI in this case) will decrease the voltage of the signal of interest,
and effectively decrease the amount of bits that are reserved for it. In practice, this is observed as a
lower resolution of the signal of interest after digital cancellation. It is thus clear that the dynamic
range of the ADC is a key factor in the design of a full-duplex transceiver, and the strong SI signal
poses a serious challenge also in this context.

3 Example System Calculation Scenarios

In order to quantify the aforementioned phenomena, some system calculations are performed. For
brevity, only the essential results are shown herein, while a more thorough analysis of these system
calculations is carried out in [3]. The parameters chosen for the transceiver and its components
are listed in Table 2. These values are selected according to previous literature [1, 4, 5].

To determine the significance of nonlinear distortion, the powers of the different signal compo-
nents at the receiver after digital cancellation are plotted in Fig. 3(a) in terms of transmit power. It
can be observed that the nonlinear distortion produced by the PA is the strongest signal component
already with relatively low transmit powers. With transmit powers higher than 20 dBm, nonlinear
distortion produced by the receiver chain must also be considered. However, it is important to
note that the performance of the full-duplex transceiver is limited by the nonlinearly distorted SI,
which must be suppressed before the effect of the other distortion sources can be observed.

The effect of SI on the ADC requirements can be observed from Fig 3(b), where the amount
of lost bits with respect to the transmit power is plotted. It can be seen that the SI signal will
reserve a significant amount of the dynamic range of the ADC already with relatively low transmit
powers. Thus, in order to preserve a sufficient resolution for the signal of interest, the amount
of ADC bits should be increased. However, if additional SI cancellation can be performed in the
analog domain, the requirements for the ADC will be correspondingly decreased. This can be
done, for example, by injecting a digital cancellation signal to the input of the ADC via digital-
to-analog-converter, thus attenuating SI in the analog domain, and decreasing the dynamic range
requirements of the ADC.
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digital cancellation: 35 dB, ADC bits: 10, sensitivity level: −100.1 dBm
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(b) The amount of lost bits due to SI.

Fig. 3: System calculation results with the specified parameters.

4 Conclusion

We demonstrated that nonidealities, intensified by the strong SI signal, should be carefully taken
into account when implementing a full-duplex transceiver. The receiver chain produces nonlinear
distortion to the signal, whose total power is increased by the strong SI. For the same reason, the
resolution of the signal of interest is lowered, as a significant amount of the dynamic range of
the ADC is reserved by the SI signal. Perhaps the most problematic nonideality is the nonlinear
distortion produced by the PA at the transmit side. As all the current SI cancellation mechanisms
rely on linear methods, the nonlinear distortion of the SI signal cannot be suppressed, and thus it
will remain as residual SI. Furthermore, as the power of the SI signal is very high, this nonlinear
component is also considerably strong. It is thus clear that the analysis and suppression of these
nonidealities in a full-duplex transceiver is an interesting topic for future research.
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