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Photonic-Assisted RF Self-Interference Cancellation
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Transmission Capability
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Abstract—An approach to photonic-assisted carrier-suppressed
single-sideband radio-frequency (RF) self-interference cancella-
tion with improved spectrum efficiency and fiber transmission
capability is proposed for in-band full-duplex radio-over-fiber sys-
tems. The key to achieve RF self-interference cancellation is to gen-
erate two single-sideband signals with one having a received signal
with the RF self-interference signal and the other having only the
RF self-interference signal, which is implemented by using a dual-
polarization binary phase-shift keying (DP-BPSK) modulator. By
controlling the arrival time and power of the electrical signals
applied to the DP-BPSK modulator, the RF self-interference can
be fully cancelled, and only a carrier-suppressed single-sideband
signal with modulation is obtained. In addition to self-interference
cancellation, the received signal can be directly converted to an
optical baseband signal, so that the spectrum efficiency is increased.
An experiment is performed. The results show that a cancellation
depth of around 40 dB for a single-frequency self-interference
and around 22 dB for a 100-Mbaud QPSK modulated wideband
self-interference is achieved.

Index Terms—In-band full-duplex radio-over-fiber system,
microwave photonics, optical fiber dispersion, self-interference
cancellation.

I. INTRODUCTION

DURING the past few years, radio-over-fiber (ROF) tech-
niques have been actively researched thanks to the advan-

tages of wide bandwidth and low loss when delivery of radio
signals over fibers [1]–[3]. Conventionally, a base station in a
full-duplex ROF system receives uplink signals from mobile
users in a frequency band, while simultaneously transmitting
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downlink signals in a different frequency band. A sufficiently
large frequency gap between the transmitting and receiving
signals makes the base station have no interferences.

On the other hand, the limited spectral resource and the
ever-increasing demand for higher data rates have motivated
new in-band full-duplex communications, in which the uplink
and downlink signals are located in the same frequency band
[4]. Self-interference between the transmitting and receiving
channels is the main issue to be solved in an in-band full-duplex
communications system, and also in an in-band full-duplex ROF
system, because it cannot be simply eliminated using electrical
filters. Great efforts have been made to find solutions to elim-
inate self-interference in the electrical domain using electronic
circuits [5], [6]. However, due to the well-known electronic
bottleneck, the electrical self-interference cancellation (SIC)
methods are limited in operating frequency and bandwidth. To
overcome the limitations encountered in the electrical domain,
radio-frequency (RF) SIC is desirable to be implemented using
photonic-assisted solutions, to take advantages, such as low
loss, wide bandwidth and high operating frequency, offered by
modern photonics [7]–[9].

One early approach to implement photonic-assisted RF SIC
was to use two parallel Mach-Zehnder modulators (MZMs)
operating at different optical wavelengths [10]–[12]. The MZMs
were biased at two opposite quadrature transmission points
(QTP), and self-interference was cancelled in the electrical
domain after the two photocurrents generated from the two
wavelengths are combined at a photodetector (PD). In [13],
two parallel electro-absorption modulators (EAMs) were used
in conjunction with a balanced photodetector (BPD) to realize
photonic-assisted RF SIC, where the self-interference was can-
celled after subtraction at the BPD. To further simplify the sys-
tem structure, two electro-absorption modulated lasers (EMLs)
[14], [15], or two directly modulated lasers [16] were used
instead of a single laser and two EAMs in [13]. An integrated
microwave photonic circuit for photonic-assisted RF SIC based
on the same concept was also demonstrated [17]. In [18]–[20],
similar structures based on two EMLs and a single-port PD were
proposed, where the signal subtraction was realized by inversing
the interference signal directly in the electrical domain in the
transmitter, so that the BPD can be replaced by a single-port
PD. In [21], [22], photonic-assisted RF SIC based on parallel
polarization modulators were proposed. The methods mentioned
above all have a structure with two separated optical paths. The
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paths lengths must be precisely matched to enable effective RF
SIC. For long-term operations, the path lengths must be actively
controlled. In [23], [24], photonic-assisted RF SIC using a single
modulator was proposed, the path length match problem was
solved.

Note that most of the available RF SIC approaches were
achieved in the electrical domain after photodetection. One prob-
lem associated with the cancellation in the electrical domain is
that self-interference is still included in the optical signals before
photodetection. Since these approaches are only focused on the
cancellation of the self-interference signal, they are applicable to
user terminal scenarios, where the received signals are directly
used or processed. However, in a base station of an in-band
full-duplex ROF system, the received RF signal is converted to
an optical signal and then transmitted to the central station via
optical fibers. When fiber dispersion is introduced, the phase
relationship between the optical sidebands will change, which
will influence the effectiveness of RF SIC. When the frequency
of the RF signal is low, the influence caused by fiber dispersion
is small and can be ignored. However, when the frequency of
the RF signal is high, for example, tens of GHz, fiber disper-
sion will significantly change the phase relationship between
optical sidebands, which would result in poor cancelation of
self-interference after photodetection. Another problem when
the frequency of the RF signal is high is the power fading effect
[25]. If the optical signal transmitted in the optical fiber is a
double-sideband with carrier signal, severe power fading of the
received signal in the central station may happen. Recently, we
have demonstrated two approaches to simultaneously realize RF
SIC in the optical domain and overcome the power fading effect
introduced by optical fiber via frequency down-conversion or
single-sideband modulation [26], [27], thus the two problems
mentioned above were both solved. However, one possible prob-
lem in [26], [27] is that the optical signal is a carrier-suppressed
double-sideband (CS-DSB) or a single-sideband signal with
carrier, which occupies a very large frequency band, so the
spectrum efficiency is low. In addition, a CS-DSB modulated
signal for intermediate-frequency (IF) signal generation in [26]
was still affected by fiber dispersion, although the effect was
greatly reduced due to a lower signal frequency.

In this paper, we propose a new approach to achieve RF
SIC with improved spectrum efficiency and fiber transmission
capability for in-band full-duplex ROF systems. The key to
achieve RF SIC is to generate two single-sideband signals with
one having a received signal with the RF self-interference signal
and the other having only the RF self-interference signal, which
is implemented by using a dual-polarization binary phase-shift
keying (DP-BPSK) modulator. The DP-BPSK modulator con-
sists of two dual-drive Mach-Zehnder modulators (DD-MZMs),
which are both biased as optical single-sideband modulators.
By combining the optical signals from the two DP-MZMs, the
self-interference on the optical sideband is directly cancelled
in the optical domain, with optical carrier suppressed. Using
this method, received signals in an ROF system can be directly
converted to an optical baseband signal. Furthermore, a local
oscillator (LO) signal can be added to make the system to be
an electrical IF receiver. The proposed approach can overcome

Fig. 1. Schematic diagram of the proposed carrier-suppressed single-sideband
RF SIC system. LD, laser diode; DP-BPSK modulator, dual-polarization binary
phase-shift keying modulator; DD-MZM, dual-drive Mach-Zehnder modulator;
PBC, polarization beam combiner; PR, polarization rotator; PC, polarization
controller.

the poor cancelation of the self-interference and the power
fading effect of the received signal caused by fiber dispersion.
In addition, the structure of the system is simplified and the
spectrum efficiency is greatly improved as compared with the
approach reported in [26], [27].

II. PRINCIPLE

Fig. 1 shows the schematic diagram of the proposed carrier-
suppressed single-sideband RF SIC system. A continuous-wave
(CW) light wave generated from a laser diode (LD) is injected
into a DP-BPSK modulator, which consists of a 3-dB optical
coupler, two DD-MZMs, a 90° polarization rotator, and a po-
larization beam combiner (PBC). A corrupted signal (A + B)
is applied to DD-MZM1 via the two RF ports through a 90°
hybrid coupler, where A is a desired received signal, and B is
a locally generated interference signal. The interference signal
B is applied to DD-MZM2 as a reference signal via the two RF
ports through another 90° hybrid coupler. Note that an LO signal
can also be applied to DD-MZM2 if frequency down-conversion
is needed. The optical signals with the polarization states aligned
with the two orthogonal principal axes of the DP-BPSK modula-
tor are sent via a polarization controller (PC) to a polarizer where
the two signals are combined. The combined optical signals are
detected in a receiver.

Assuming the desired RF signal isV1cos(ωst+ ϕ1), the inter-
ference signal at the same carrier frequency is V2cos(ωst+ ϕ2),
where V1 and V2 are the amplitudes, ϕ1 and ϕ2 are the phase
information of the desired and interference signals, respectively,
and ωs is the angular frequency of the RF signals, the optical
signal from DD-MZM1, which is biased at the quadrature trans-
mission point, can be expressed as

E1 (t) =
1

2
Ein (t)

{
exp

[
jm1 cos (ωst+ ϕ1)

+ jm2 cos (ωst+ ϕ2) + j
π

2

]

+ exp [jm1 sin (ωst+ ϕ1)

+ jm2 sin (ωst+ ϕ2)]
}

,

(1)

where mi = πVi/Vπ (i = 1,2) is the modulation indices, Vπ is
the switching voltage of the DP-BPSK modulator, and Ein(t) is
the input optical signal.
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Using the Jacobi-Anger expansion and expanding (1) to the
first order, we have

E1 (t) ≈ 1

2
Ein (t) [(1 + j) J0 (m1) J0 (m2)

+ (1− j) J1 (m1) J1 (m2) cos (2ωst+ ϕ1 + ϕ2)

− (1 + j) J1 (m1) J1 (m2) cos (ϕ1 − ϕ2)

− 2J0 (m1) J1 (m2) exp (−jωst− jϕ2)

− 2J0 (m2) J1 (m1) exp (−jωst− jϕ1)] , (2)

For DD-MZM2, we assume that the reference signal from
the transmitter is V3 cos(ωst+ ϕ2), and the LO signal is
VLO cos(ωLOt), where V3 and VLO are the amplitudes of the
reference signal and the LO signal, respectively, and ωLO is
the angular frequency of the LO signal. The optical signal at
the output of DD-MZM2 can be expressed as

E2 (t) =
1

2
Ein (t)

{
exp

[
jm3cos (ωst+ ϕ2)

+ jmLOcos (ωLOt) + j
π

2

]

+exp [jm3 sin (ωst+ ϕ2) + jmLO sin (ωLOt)]
}
,

(3)

wherem3 = πV3/Vπ andmLO = πVLO/Vπ are the modulation
indices. Again, using the Jacobi-Anger expansion and expanding
(3) to the first order, we have

E2 (t) ≈ 1

2
Ein (t) [(1 + j) J0 (m3) J0 (mLO)

+ (1− j) J1 (m3) J1 (mLO)

× cos (ωst+ ωLOt+ ϕ2)

− (1 + j) J1 (m3) J1 (mLO)

× cos (ωst− ωLOt+ ϕ2)

− 2J0 (m3) J1 (mLO) exp (−jωLOt)

− 2J0 (mLO) J1 (m3) exp (−jωst− jϕ2)] . (4)

Since the two optical signals from the two DD-MZMs are
aligned with two principal axes of the DP-BPSK modulator,
respectively, the optical signal from the DP-BPSK modulator are
applied to a polarizer via a PC with its principal axis oriented at
an angle of 135° to one principle axis of the DP-BPSK modulator
to combine the optical signals at the two orthogonal polarization
directions with aπ phase shift. Therefore, the optical signal from
the polarizer is given by

Eo (t) =

√
2

4
Ein (t) {(1 + j) J0 (m1) J0 (m2)

− (1 + j) J0 (m3) J0 (mLO)

+ (1− j) J1 (m1) J1 (m2) cos (2ωst+ ϕ1 + ϕ2)

− (1− j) J1 (m3) J1 (mLO) cos (ωst+ωLOt+ ϕ2)

− (1 + j) J1 (m1) J1 (m2) cos (ϕ1 − ϕ2)

+ (1+j) J1 (m3) J1 (mLO) cos (ωst− ωLOt+ ϕ2)

+ 2 [J0 (mLO) J1 (m3)− J0 (m1) J1 (m2)]

× exp (−jωst− jϕ2)

− 2J0 (m2) J1 (m1) exp (−jωst− jϕ1)

+ 2J0 (m3) J1 (mLO) exp (−jωLOt)} . (5)

Under small signal modulation condition (m1,m2,m3,
mLO << 1), (5) can be further simplified as

Eo (t) ≈
√
2

4
Ein (t) {−2J0 (m2) J1 (m1) exp (−jωst− jϕ1)

+ 2 [J0 (mLO) J1 (m3)− J0 (m1) J1 (m2)]

× exp (−jωst− jϕ2)

+ 2J0 (m3) J1 (mLO) exp (−jωLOt)} . (6)

As can be seen from (6), a first-order optical sideband of
the RF signal carrying both the information from the desired
signal and the interference signal, as well as a first-order optical
sideband of the LO signal, is generated, in which the optical
carrier is suppressed. In order to cancel the self-interference
directly in the optical domain, the self-interference signal and
the reference signal applied to the two DD-MZMs should have
an equal arrival time, and the following condition should also
be satisfied,

J0 (mLO) J1 (m3) = J0 (m1) J1 (m2) , (7)

which means the power of the signals should also be controlled.
In fact, under small signal modulation condition, the relationship
between the modulation indices can be relaxed to m2 = m3.
Under these conditions, (6) can be simplified as

Eo (t) =

√
2

4
Ein (t) [−2J0 (m2) J1 (m1) exp (−jωst− jϕ1)

+ 2J0 (m3) J1 (mLO) exp (−jωLOt)] . (8)

As can be seen, a first-order optical sideband carrying only
the information of the desired signal and a first-order optical
sideband of the LO signal are generated with the optical carrier
fully suppressed and self-interference fully cancelled. Since the
optical carrier is suppressed, the generated optical signal occu-
pies a much small bandwidth as compared with the approaches
in [26], [27], resulting in a much higher spectrum efficiency.
After detecting the optical signal at the PD, the desired signal is
generated at the IF band with the self-interference completely
cancelled.

Under a special case, where the LO signal is disconnected
from the system, i.e., mLO = 0, the optical signal shown in (8)
is given by

Eo (t) = −
√
2

2
Ein (t) J0 (m2) J1 (m1) exp (−jωst− jϕ1) .

(9)
Equation (9) indicates that only a first-order optical sideband

carrying the desired signal is generated with the optical carrier
fully suppressed and the self-interference fully cancelled. Com-
pared with the case that employs an LO signal, the received
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Fig. 2. Experimental setup of the proposed carrier-suppressed single-sideband
RF SIC system. LD, laser diode; OC, optical coupler; DP-BPSK modula-
tor; dual-polarization binary phase-shift keying modulator; PBC, polarization
beam combiner; PR, polarization rotator; PC, polarization controller; EDFA,
erbium-doped fiber amplifier; PD, photodetector; EA, electrical amplifier;
MSG, microwave signal source; AWG, arbitrary waveform generator.

signal is directly converted to an optical baseband signal, so
that the spectrum efficiency is further increased and RF down-
conversion in the system is no longer needed. It should be noticed
that if the desired signal is a phase-modulated signal as shown
in the deductions, an optical LO signal should be employed in
the receiver to convert the phase-modulated signal to a signal in
the IF band or in the baseband. However, it can be easily derived
that when the modulated signal is an intensity-modulated signal,
the optical baseband signal can be directly detected at a PD to
recover the information.

III. EXPERIMENTAL RESULTS

Fig. 2 shows the experimental setup of the proposed carrier-
suppressed single-sideband RF SIC system. A CW light wave
from an LD (Anritsu MG9638A) is sent to a DP-BPSK mod-
ulator (Fujitsu FTM 7980EDA) through an optical coupler
(OC1). The DP-BPSK modulator has a 3-dB bandwidth of about
20 GHz. The interference RF signal is generated from an arbi-
trary waveform generator (AWG, Keysight M8195A), which is
split into two paths by a 3-dB electrical coupler and applied to the
DP-BPSK modulator. Specifically, one output from the electrical
coupler is sent to a 90° hybrid coupler with precise power and
delay control, and the other output of the electrical coupler is
combined with an desired RF signal from a microwave signal
generator (MSG, Agilent E8254A) in a second 3-dB electrical
coupler, and then sent to a second 90° hybrid coupler. The two
outputs from each 90° hybrid coupler are applied to one of the
two DD-MZMs in the DP-BPSK modulator. The optical signal
from the DP-BPSK modulator is sent to a polarizer via a PC,
and then amplified by an erbium-doped fiber amplifier (EDFA)
and combined with an unmodulated optical carrier from the LD
at another optical coupler (OC2), and then applied to a PD.
Note that the unmodulated optical carrier is used to heterodyne
with the carrier-suppressed single-sideband modulated signals
to show the RF SIC performance in the electrical domain.

First, the system is adjusted to make the self-interference
signal and the reference signal applied to the two DD-MZMs
have the same arrival time and power. The S21 parameters of the
four electrical paths are measured by a vector network analyzer

Fig. 3. Measured S21 parameters of the four electrical paths from the AWG
to the two DD-MZM. (a) Magnitude response and (b) group delay response.

(VNA, Keysight N5224A), with the results shown in Fig. 3. The
3-dB bandwidth of the two 90° hybrid couplers are from 8 to
12.4 GHz and from 1 to 18 GHz, thus the operating bandwidth of
the system is limited from 8 to 12.4 GHz. As shown in Fig. 3(a),
the four magnitude responses of the four paths are very close
over the whole bandwidth from 8 to 12.4 GHz with a maximum
variation of less than 2 dB. Fig. 3(b) shows the group delays of
the four paths, which all vary around 8 ns. By further adjusting
the time delay and amplitude, the S21 parameters of the four
paths can be made very close in a small bandwidth, in which,
the RF SIC can be implemented.

Then, the RF SIC is investigated in the optical domain. In the
study, the desired RF signal is disconnected from the system.
The power of the optical signal centered at 1553.275 nm from
the LD is set at 8 dBm, and the power of the single-frequency
self-interference RF signal is set at 20 dBm. The optical spectra
from the two DD-MZMs and the polarizer with and without
RF SIC are measured using an optical spectrum analyzer (OSA,
Ando AQ6317B) and shown in Fig. 4, with the frequency of the
self-interference signal tuned from 8 to 12.4 GHz.

As shown in Fig. 4, the optical signals from the two DD-
MZMs have similar optical spectra, which both consist of an
optical carrier and a first-order optical sideband. When the RF
SIC is enabled without the desired RF signal, the optical carrier
and the first-order optical sideband that have relatively high
power from the DD-MZMs are both deeply suppressed. When
one path of the interference signal is disconnected from the
system, the suppressed first-order optical sideband reappears,
whereas the optical carrier is still deeply suppressed. From
the optical spectra shown in Fig. 4 with and without RF SIC,
a self-interference cancellation depth of more than 44 dB is
achieved.

Then, wideband RF SIC is also verified in the optical domain.
Since the resolution bandwidth of the OSA is 0.015 nm, the
wideband self-interference signal from the AWG is selected as
a 5-Gbaud QPSK modulated RF signal with 1 V amplitude
to have a better observation of the RF SIC by monitoring the
optical spectrum. Fig. 5(a) and (b) shows the measured optical
spectra when the frequency of the RF signal is set at 10.2
and 12.4 GHz, respectively. The two outputs from the two
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Fig. 4. Measured optical spectra with and without RF SIC when the central
frequencies of the input single-frequency self-interference signals are (a) 8 GHz
(b) 10.2 GHz, and (c) 12.4 GHz.

Fig. 5. Measured optical spectra with and without RF SIC when the central
frequencies of the input wideband self-interference signals are (a) 10.2 GHz and
(b) 12.4 GHz.

DD-MZMs have about the same optical spectra, both with an
optical carrier and a first-order optical sideband. It should be
noticed that the first-order optical sideband is modulated by
the wideband self-interference signal, and the optical carrier
is information free, due to the small signal modulation con-
dition. When the RF SIC is enabled, the pure optical carrier
and the data-modulated first-order optical sideband are both
deeply suppressed. Furthermore, if one path of the wideband
self-interference signal is disconnected from the system, the
data-modulated first-order optical sideband reappears and the
optical carrier is still suppressed. From the optical spectra shown
in Fig. 5(a) and (b) with and without RF SIC, a self-interference
cancellation depth of more than 19 dB is achieved. It is noticed
that when the pure optical carrier is suppressed, a modulated
spectral profile on it appears, which is the very weak modulation

Fig. 6. Electrical spectra of the RF signal with and without single-frequency
RF SIC when the central frequencies of the input signals are (a) 8 GHz, (b)
10.2 GHz, and (b) 12.4 GHz; electrical spectrum of the RF signal with and
without wideband RF SIC when the central frequencies of the input signals are
(d) 8.1 GHz, (e) 10 GHz, and (f) 12.3 GHz.

component on the optical carrier under small signal modulation
condition.

In the above experiment, the desired RF signal is not applied
to the system because it is difficult to distinguish it from the
self-interference signal via the optical spectrum. However, if the
desired RF signal is connected, the first-order optical sideband
from DD-MZM1 contains both the self-interference and the
desired RF signal, whereas the optical carrier remains almost
unchanged due to the small signal modulation condition. The
optical signal from DD-MZM2 remains unchanged. Therefore,
after combing at the polarizer, it can be easily known that only a
first-order optical sideband of the desired RF signal is generated,
with the optical carrier suppressed.

Then, the RF SIC is demonstrated in the electrical domain
after photodetection. The power of the optical and electrical
signals is the same as that used in the demonstration of RF SIC
in the optical domain. Since the generated optical signal after
RF SIC is a carrier-suppressed single-sideband signal that cannot
be directly detected in a PD, we use OC1 and OC2 to direct an
optical carrier from the LD for converting the optical sideband
to an RF signal. Fig. 6(a)–(c) shows the single-frequency RF
SIC, where the frequencies of the self-interference signal are 8,
10.2 and 12.4 GHz, respectively. When the RF SIC is enabled,
the single-frequency self-interference is more than 40 dB sup-
pressed in these three cases. The three RF signals without RF
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Fig. 7. Cancellation depth for a (a) single-frequency self-interference signal
and (b) wideband self-interference (200-Mbps QPSK) signal.

Fig. 8. Experimental setup of the proposed carrier-suppressed single-sideband
RF SIC system when an LO signal is introduced.

SIC do not show very good noise performance. This is caused by
the beating between the optical carrier and the first-order optical
sideband from two physically separated optical paths.

The wideband RF SIC in the electrical domain is also demon-
strated. In the experiment, the desired RF signal is a pure RF
signal, whereas the self-interference signal is a 100-Mbaud
QPSK modulated signal with its frequency tuning from 8.1 to
12.3 GHz. Since the self-interference signal from the AWG is
only 1 V, the generated electrical signal at the output of the PD
has very low power. Therefore, a low-noise electrical amplifier
with 45-dB gain from 8 to 18 GHz is used to amplify the RF
signal from the PD. Fig. 6(d)–(f) shows the wideband RF SIC,
with the central frequencies of the self-interference signal tuned
from 8.1 to 12.3 GHz. When the RF SIC is disabled, the desired
pure RF signal is mixed with the wideband self-interference. In
contrast, if the RF SIC is enabled, the wideband self-interference
is cancelled with a cancellation depth of more than 22 dB,
whereas the desired pure RF signal does not have significant
power degradation.

Fig. 7 shows the cancellation depth of the proposed system
versus the central frequency of the RF signal. For the single-
frequency RF SIC, the cancellation depths are around 41 dB,
whereas those for the wideband RF SIC are around 23 dB.

Then, the performance of the system with an LO signal that
is used to perform frequency down-conversion is also verified.
An LO signal is combined with the reference signal, and then
applied to DD-MZM2. In the experiment, the frequency of the
LO signal is set to 1 GHz lower than that of the RF signal. The
structure of the experimental setup is shown in Fig. 8.

Fig. 9(a) and (b) shows the electrical spectra of the down-
converted 1-GHz IF signals for the single-frequency RF SIC,
where cancellation depths of 42.2 dB and 40.5 dB are achieved

Fig. 9. Electrical spectrum of the down-converted IF signal with and without
single-frequency RF SIC when the central frequencies of the input signals are
(a) 10.2 GHz and (b) 12.4 GHz; electrical spectrum of the RF signal with and
without wideband RF SIC when the central frequencies of the input signals are
(c) 10.2 GHz and (d) 12.3 GHz.

Fig. 10. Cancellation depth of a (a) single-frequency self-interference signal
and (b) wideband self-interference (200-Mbps QPSK) signal.

for RF signals at 10.2 and 12.4 GHz, respectively. Fig. 9(c) and
(d) shows the electrical spectra of the down-converted 1-GHz
IF signals with and without the wideband RF SIC. It should be
noticed that no desired RF signal is applied to the modulator,
thus, no discrete frequency component at the center of the
spectra is observed as compared with those shown in Fig. 6.
The cancellation depths for the 10.2 and 12.3 GHz wideband
self-interference are 22.1 dB and 23.7 dB, respectively.

The cancellation depth of the system with an LO signal is also
verified and shown in Fig. 10. For the single-frequency RF SIC,
the cancellation depths vary around 40 dB. For the wideband RF
SIC, the cancellation depths are around 22 dB.

Since the single-sideband carrier-suppressed operation is im-
plemented, only a first-order optical sideband of the desired RF
signal is generated if no LO signal is applied. When the LO signal
is applied, an IF signal from the PD is generated by beating the
first-order optical sidebands of the LO signal and the desired
RF signal. Different from the results shown in [26], where the
IF signal is generated by combing two beating products from
the lower first-order optical sidebands and the higher first-order
optical sidebands, the IF signal generated here is only generated
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Fig. 11. Theoretical power fading for the DSB modulated signal and the
measured relatively detected power for the IF signal generated in this article,
when the length of the optical fiber is 25 km.

by one beating product either from the lower first-order optical
sidebands or the higher first-order optical sidebands. Although
the power fading effect in [26] is very small, the work here
has further improvement with no power fading effect. Since the
power fading effect for 1-GHz IF transmission is very small, we
only compare the power fading effect of the proposed system
with that of the DSB-modulated signal, with the results shown
in Fig. 11. When the length of the optical fiber is 25 km,
serious power fading effect is observed as the solid curve for
the DSB-modulated signals. In the experiment, we measure the
power of the 1-GHz IF signal with the frequency of the RF
signal tuned from 8 to 12.4 GHz, which is shown as cross line in
Fig. 11. The optical power is normalized to remove the influence
of the frequency response of the system. As can be seen from
Fig. 11, the power of the received 1-GHz IF signal remains nearly
unchanged in the whole frequency tuning range, which proves
the effectiveness of the approach in the elimination of the power
fading effect.

In the experimental demonstration, we only verified the per-
formance of the system in a frequency range from 8 to 12.4 GHz,
which is limited by the operating bandwidth of one of the 90°
hybrid couplers. In fact, the operating frequency range of the
system can be further increased by using 90° hybrid couplers
with wider bandwidths.

In practical applications, the received signals in a base sta-
tion are combined at a remote node and then transmitted to
the central station. If no LO signal is applied, the received
signal in a base station is a baseband-modulated optical signal
with no self-interference. Therefore, different baseband optical
signals from different base stations can be multiplexed in a
remote note, as shown in Fig. 12, and then transmitted to
the central station, where a channelized receiver [28] can be
used to channelize and demodulate the desired received sig-
nals from different base stations. Without electrical or optical
filtering, the technique can not only realize RF SIC in the
optical domain to make it suitable for fiber transmission, but
also convert the RF signal modulation in an ROF system to
an optical baseband modulation, which greatly improves the
spectrum efficiency, reduces system complexity, and makes
it possible to combine with the photonic-based channelized
receiver.

Fig. 12. Schematic diagram of the application of the proposed RF SIC tech-
nique in an ROF system. BS, base station; RN, remote node; CS, central station.

IV. CONCLUSION

We have theoretically and experimentally investigated a
photonic-assisted carrier-suppressed single-sideband RF SIC
system with improved spectrum efficiency and fiber transmis-
sion capability for in in-band full-duplex ROF systems based
on a DP-BPSK modulator. The key contribution of the work
was that the self-interference in the RF band was cancelled in
the optical domain with the desired RF signal simultaneously
converted to the baseband or the IF band with carrier-suppressed
single-sideband operation, thus, the spectrum efficiency of the
system was greatly improved. In addition, the cancellation of
the self-interference in the optical domain and the carrier-
suppressed single-sideband operation made the system perfectly
immune to the fiber dispersion, so the proposed system was very
suitable for signal transmission from a base station to the central
station in an in-band full-duplex ROF system after the RF SIC
is realized in the base station. An experiment was carried out.
RF SIC from 8 to 12.4 GHz was demonstrated in both single
frequency and wideband. The cancellation depth was around
40 dB for the single-frequency self-interference, and that for the
100-Mbaud QPSK modulated wideband self-interference was
around 22 dB. The influence on the power of the transmitted
signal was also evaluated and the results showed no significant
power degradation.
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