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Abstract—In order to increase the scalability and reduce the
complexity of photonic multipath SIC systems, a photonic mul-
tipath self-interference cancellation (SIC) method based on optical
frequency comb (OFC) is proposed. The OFC is generated by
continuously frequency-shifting the seed laser in the re-circulating
frequency shifter (RFS) loop. The reference signal is modulated
to the multiple combs of the OFC via a Mach-Zehnder modulator
(MZM), and the received signal is loaded into another MZM. These
two MZMs work at opposite quadrature bias points to reverse
the phase of the received signal and the reference signal. After
splitting and filtering with a dense wavelength division multiplexer,
the reference modulation signals are injected into a multipath
amplitude-delay matched link, where the amplitude and delay time
are accurately controlled by several sets of optical variable atten-
uators and tunable delay lines. Both the inversion and amplitude-
delay matching of the reference signals are realised in the optical
domain, contributing to a broad bandwidth and high operational
frequency. Experimental results show that the cancellation depth
is greater than 45.9 dB for single-frequency signals, and 23.9 dB
for signals with a bandwidth of 100 MHz in a setup with three
self-interference paths. The proposed method is characterized by
easy scalability, good flexibility, and low cost, making it suitable for
complex multipath SIC in in-band full-duplex wireless systems.

Index Terms—In-band full duplex, re-circulating frequency
shifter, optical frequency comb, multipath self-interference
cancellation.

I. INTRODUCTION

W IDEBAND in-band full-duplex (IBFD) wireless sys-
tems have found a diverse range of applications in new-

generation mobile communications, satellite communications,
radar communications, etc. In IBFD technology, signals are
sent and received simultaneously at the same carrier frequency,
which can greatly improve the spectrum utilisation through
doubling of the data rate. However, IBFD also suffers from
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serious self-interference (SI) problems. Microwave photonics
technology has attracted widespread attention owing to its large
bandwidth, low loss, and resistance to electromagnetic inter-
ference [1], [2], [3], and this technology has been used for
SI cancellation (SIC), as it gives the SIC a larger operating
bandwidth and more accurate phase matching compared with
the SIC in the electrical domain [4]. SI signals are generated by
leakage between antennas or reflection from external obstacles.
At higher power, SI signals generally submerge the signal of
interest (SOI), leading to deterioration of the system sensitivity
and dynamic range. In order to achieve SIC, the transmitting
signal is split through a power divider to provide a reference
signal (SR), which is then adjusted to give an equal amplitude
and a reverse phase to the SI. In recent years, a variety of RF SIC
methods based on microwave photonics have been proposed.
Delay adjustment can be achieved through the use of optical
tunable delay lines (OTDL) [5], [6], fibre Bragg gratings (FBG)
[7], [8], or dispersive elements (DE) [9], whereas amplitude
adjustment can be implemented with optical variable attenuators
(OVA) [10] or semiconductor optical amplifiers (SOA) [11].
The inversion of the SI and SR signals can be realised by an
electric phase shifter (EPS) [12], a balanced detector (BPD)
[13], [14] and an RF Balun transformer [15]. In these methods,
the phase inversion is implemented in the electrical domain,
leading to a limited SIC cancellation depth and bandwidth. To
extend the bandwidth and regulate the phase more precisely,
several phase inversion methods have been investigated in the
optical domain, for example using a dual phase modulator (PM)
[16], dual Mach-Zehnder modulator (MZM) [17], dual-parallel
MZM (DP-MZM) [18] or dual-parallel polarization modulators
(DP-PolM) [19]. These solutions have been demonstrated to be
effective for a single-path SIC, but they are not suitable for a
multipath SIC.

In practical applications, multiple obstacles are commonly
encountered along the transmitting path from the transmitting
antenna. This means that multiple self-interfering signals will be
detected by the receiving antenna, resulting in a complex mul-
tipath SI problem. In complex IBFD multiple-input multiple-
output (MIMO) systems, in addition to the SI signals described
above, co-site multipath SI becomes an issue, which is caused
by the reflection of multiple local transmitting signals. Single-
path SIC approaches cannot effectively suppress multiple SI
signals. In order to solve the multipath SIC problem, a series of
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incoherent SR signals must be introduced, and the number of SR
signals should match the number of interfering paths. Therefore,
the key to multi-path SI cancellation lies in creating multiple
incoherent SR signals. Several multipath SIC schemes based
on multiple tunable lasers or single-frequency lasers have been
proposed. In [9], a PolM and a polarizer were combined to
reverse the SR signal, and delay matching was accomplished
by tuning the wavelength to change the time delay after passing
through a DE. This method achieved a two-path cancellation
depth of 44 dB over a bandwidth of 50 MHz. However, several
costly tunable lasers were required, and the accuracy of the delay
matching was determined by the tunability accuracy of the laser.
In [20], multipath SIC was realised by multiple lasers and PMs,
with a cancellation depth of more than 26 dB for a two-path
bandwith of 100 MHz. However, single sideband modulation
was realised with an optical processor, meaning that the lowest
operational frequency of the RF signal was limited by the slope
edge of the optical filter. Recently, a new photonics-assisted
multipath SIC method based on a dual-MZM structure was
proposed for wideband IBFD MIMO radio-over-fibre (ROF)
transmission systems [21]. Experimental results showed that
cancellation depths of 30.18, 24.9, 22.7 and 20.88 dB could
be achieved with bandwidths 100 MHz, 500 MHz, 1 GHz and
2 GHz, respectively. In the methods described above, the number
of lasers determines the number of SI paths that can be cancelled,
and as the number of SI paths increases, the system complexity
and cost will increase significantly. In view of this, a laser sharing
scheme based on a single-mode to multimode (SM-MM) coupler
has also been proposed [10], [22]. Since SM-MM couplers make
the spatial modes of the different input signals almost orthogonal
to each other [23], several SRs do not mutually interfere in a
multi-mode photodetector (PD), thus enabling multipath SIC.
In [10], phase inversion of the SR was achieved by a polarisa-
tion controller (PC) and polariser, and this approach featured a
large operation bandwidth. The scalability of this scheme was
limited by the number of orthogonal spatial modes that could
be multiplexed by the SM-MM coupler. However, this element
relies on a coupling lens system, and its structure will grow more
complex as the number of inputs increases [24]. Furthermore, to
simplify multipath systems, several digitally assisted multi-path
SIC methods have been proposed based on a least square (LS) al-
gorithm [25], recursive least square (RLS) algorithm [26], [27],
and least mean square (LMS) algorithm [28] etc. These methods
require an additional transmitter system for digitally generating
the reference signals. The algorithms adaptively adjust the de-
lay and amplitude of the multiple reference signals. However,
the bandwidth of digitally-assisted multi-path SIC systems is
limited by electrical devices, particularly the digital-to-analog
converters (DACs).

Optical frequency comb (OFC) lasers have received signifi-
cant research interest owing to the high stability of the frequency
and phase between the combs. OFCs have been widely used in
the fields of distance measurement [29], [30], microwave pho-
tonic channelised receivers [31], [32], frequency measurement
[33], etc. When OFCs are combined with multipath SIC, the need
for multiple discrete lasers can be avoided, and the complexity
and cost of the system are both reduced. OFCs can be generated

by many schemes, such as micro-ring resonant cavities [34],
mode-locked lasers [35], electro-optical modulators [36], four-
wave mixing [37], and re-circulating frequency shifters (RFS)
[38]. In the RFS method, an OFC is generated by constantly
shifting the frequency of the seed laser in the loop through
carrier-suppressed single-sideband (CS-SSB) modulation. This
method has the advantages of a simple structure, a high number
of combs, precise control over the number of combs, and fine
flatness. All of these factors can improve the scalability and
stability of the system. It is worth mentioning that high-order
comb noise floor will rise due to the accumulation of ASE noise
when the RFS loop outputs a large number of combs, which can
be effectively solved by a finite impulse response (FIR) filter
[39].

In this paper, we propose and demonstrate a photonics-
assisted multipath SIC method based on an OFC. The OFC is
generated by continuous frequency-shifting and CS-SSB modu-
lation in the RFS loop. The combs are used as optical carriers for
the multiple reference signals. Inversion of the reference signals
is achieved by using dual-MZM modulators, after which the
SR signals are split via a dense wavelength division multiplexer
(DWDM). Several sets of OVAs and OTDLs are used to precisely
control the amplitude and delay of the SR signal to satisfy the
cancellation conditions. The received signal and the SR signal
are coupled by another DWDM, and the SOI can be recovered
after frequency beating at the PD. Experimental results demon-
strate the capability of multipath SIC and signal recovery. It is
easy to increase the number of optical carriers output from the
RFS-OFC, meaning that the system avoids the need for multiple
discrete lasers and has good scalability; meanwhile, the number
of optical carriers can be changed by adjusting the bandwidth
of the optical bandpass filter in the RFS loop, enhancing the
system’s flexibility and compactness.

II. RINCIPLE

A schematic of the proposed scheme is shown in Fig. 1(a).
The optical carrier output from a laser diode (LD) is divided
into two beams through an optical coupler (OC): one is fed to
MZM1 for modulation of the received signal, and the other is
injected into the RFS loop to generate an OFC. The received
signal contains the SOI and the SI signal. The SR is modulated
to the OFC through MZM2. To accomplish the inversion of the
SI and SR signals, MZM1 and MZM2 operate at the positive and
negative slope quadrature bias points, respectively. The OFC is
demultiplexed by DWDM1. The number of DWDM channels is
no less than the number of SI paths. The amplitude and delay
of the SR for each path are then adjusted through the use of
an OVA and an OTDL. Following this, another DWDM is used
to combine all the paths, and multipath SI cancellation can be
implemented after frequency beating at the PD.

The transmitting signal is split through a power divider to
produce the SR. The SR signal SSR and the SI signal SSI can
be expressed as{
SSR (t) = αSRVRF cos (ωRF t)

SSI (t)=
∑N

n=1 Sn (t) =
∑N

n=1 αnVRF cos [ωRF (t+ τn)]
(1)
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Fig. 1. Schematic diagram of the proposed method. LD: laser diode; MZM: Mach-Zehnder modulator; SR: signal of reference; SOI: signal of interest; SI:
self-interference signal; LO: local oscillator signal; OC: optical coupler; OBPF: optical bandpass filter; OCF: optical comb filter; PD: photodetector; PC: polarisation
controller; EDFA: Erbium-doped fibre amplifier; CS-SSB: carrier-suppressed single-sideband; DWDM: dense wavelength division multiplexing; OTDL: optical
tunable delay line; OVA: optical variable attenuator.

where VRF and ωRF are the amplitude and angular frequency
of the transmitting RF signal, αSR is the attenuation coefficient
of the power divider, Sn is the SI signal in the nth path, N
is the number of self-interfering paths, and αn and τn are the
attenuation coefficient and delay time of the SI signal, in the nth

path, respectively.
The optical carrier is split into two arms, one of which is used

to modulate the received signal, and the other to supply the seed
laser for the RFS loop. In order to simplify the analysis below, the
SOI signal is removed to clearly show the cancellation process.
Thus, only the SI signal modulates MZM1, which works at the
positive slope orthogonal bias point. After expansion using the
Jacobi-Anger formula and ignoring small signals, the output of
the MZM1 can be written as

ESI−MZM1 (t) ∝ E0e
jωct

[
e
jπ

(
SSI (t)

Vπ
− 1

2

)
+ e

jπ
(
−SSI (t)

Vπ

)]

∝
N∑

n=1

E0e
jωcte−j π

4

[
1 + J1 (m0αn) e

jωRF (t+τn)

+J1 (m0αn) e
−jωRF (t+τn)

]
(2)

where E0 and ωc are the amplitude and angular frequency of
the optical carrier input to MZM1, and m0 = πVRF /Vπ is the
modulation depth, where Vπ is the half-wave voltage.

The seed laser is fed to the RFS loop, and CS-SSB modulation
produces a frequency shift of ωLO for each cycle, so the RFS
output after the 1st loop can be expressed as

E1 (t) ∝ E0e
jωct + l0g0E0e

j(ωc+ωLO)t (3)

where l0 is the loss factor of the RFS loop, and g0 is the gain
coefficient of the EDFA.

After the M th loop, the output can be expressed as

EM (t) ∝ E0

M∑
n=0

ln0 g
n
0 e

jωnt (4)

where ωn = ωc + nωLO. In order to output a flat OFC, the
EDFA gain is adjusted to satisfy l0g0 = 1. The number of
combs in the OFC is M + 1, which is determined by the optical
bandpass filter (OBPF). M can be designed to be equal to the
number of self-interfering paths, i.e., M = N .

The SR is then injected into MZM2, which operates at the
negative slope orthogonal bias point. After small signal approx-
imation, the output of MZM2 can be expressed as

ESR−MZM2 (t) ∝ E0

N∑
n=0

ejωnt

[
e
jπ

(
SSR(t)

Vπ
+ 1

2

)
+ e

jπ
(
−SSR(t)

Vπ

)]

∝
N∑

n=0

E0e
jωntej

π
4

[
1− J1 (αSRm0) e

jωRF t

−J1 (αSRm0) e
−jωRF t

]
(5)

The reference optical signals for the different paths are di-
vided by DWDM1. The amplitude and phase of the SR signals
on different paths are adjusted by sets of OVAs and OTDLs,
respectively, and after being combined by DWDM2, the output
can be described as

ESR−MZM2 (t) ∝
N∑

n=1

α′
nE0e

jωntej
π
4

[
1− J1 (αSRm0) e

jωRF (t+τ ′
n)

−J1 (αSRm0) e
−jωRF (t+τ ′

n)

]
(6)

where α′
n is the attenuation coefficient of the OVA and τ ′n is

the delay of the OTDL for the nth path.
It is worth noting that the carrier is filtered out after DWDM1,

since this carrier has been utilised by the received RF signal.
Finally, a PD is applied to complete the optical-electrical con-
version. Neglecting the DC and higher order terms, the output
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Fig. 2. Diagram of three-path self-interference cancellation experimental setup. MSG, microwave signal generator; ESA, electrical spectrum analyzer.

photocurrent can be denoted as

IPD(t) = η|ESI−MZM1 (t) + ESR−MZM2 (t)|2

∝ η

N∑
n=1

E2
0J0 (m0αn) J1 (m0αn) cos [ωRF (t+ τn)]

−
N∑

n=1

α′2
nE

2
0J0 (αSRm0) J1 (αSRm0) cos [ωRF (t+ τ ′n)]

(7)

where η is the responsivity of the PD. From (7), it can be derived
that the following conditions need to be satisfied for multipath
SI cancellation{

τn = τ ′n
α′2
nJ0 (αSRm0) J1 (αSRm0)=J0 (m0αn) J1 (m0αn)

(8)

It can be seen that the phase deviation, tuning accuracy of the
delay line and attenuator are three important factors affecting
the cancellation performance in multipath SIC systems.

III. EXPERIMENTAL RESULT AND DISCUSSION

The feasibility and effectiveness of the proposed method was
verified by building an experimental link as shown in Fig. 2.
The optical carrier was output from the tunable laser (NKT
Photonics) with an output centre wavelength of 1550.12 nm
and power 14.2 dBm. After passing through a 1×2 OC, one arm
was used as the reference light. The received signal (including
SI and SOI) was loaded into MZM1, which operated at the
positive slope quadrature bias point. The other arm went to the
RFS link to generate the OFC, which was then loaded with a
reference signal through MZM2. This modulator was adjusted
at the negative slope quadrature operating point. A microwave
signal generator (MSG1, Agilent E8257D) was used to produce
an LO signal to drive the CS-SSB module in the RLS-OFC,
and an OFC with a frequency spacing of LO frequency was
generated. The transmitting signal generated by the MSG2

(Rohde & Schwarz SMB 100A) was split into four paths by
a power splitter. One path formed the SR, and the other three
were used as the SI signals. MSG3 (Rohde & Schwarz SMB
100A; Keysight N5182B) generates the SOI signal. The SI and
SOI signals were combined through a power splitter and then
loaded into MZM1 as the received signal. The OFC was input
to MZM2 as a reference optical signal and output multipath
SR after modulation via MZM2. The multipath SRs were split
by DWDM1, and the amplitude and delay of the SI and SR
signals were matched by adjusting the OTDLs and OVAs. After
being combined by the DWDM2, all optical signals entered the
PD (FINISAR, XPDV2120R, 50 GHz), and the output signal
was measured by a spectrum analyzer (SA, Keysight N9020A).
The OBPF (BVF-300CL) was applied to control the number
of combs in the passband, while suppressing the out-of-band
accumulated noise of the optical frequency comb. The maximum
saturation output power of the EDFA was 22 dBm. In general,
the bandwidths of commercial DWDMs are 25, 50, 100 GHz,
etc., however, due to the limitations on the bandwidth of the
LO source, it is difficult to generate OFCs with comb intervals
greater than 40 GHz. Hence, the LO frequency had to be set
to 25 GHz. When the RF frequency was low (<10 GHz), the
OFC can be demultiplexed directly using a 25 GHz DWDM, as
shown in Fig. 3(a). However, when the RF frequency is higher,
the bandwidth of the optical reference signal of a single path
will be greater than 25G, causing serious frequency mixing. To
optimise the system bandwidth of the RF signal, we combined
an OCF with a 50 GHz DWDM as shown in Fig. 3(b). The
OCF is used to filter out half of the optical comb, changing the
comb spacing to 50 GHz. Accordingly, the maximum bandwidth
of the system was doubled. Simultaneously, the minimal work
frequency was not constrained.

The OFC was then modulated by the SR and split into three
reference signals by DWDM1, where the three channels of
the DWDM had centre wavelengths of 1549.72, 1549.32, and
1548.92 nm, respectively. By using an OVA and an OTDL
(MODL-300), the SR of each path was adjusted to ensure an
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Fig. 3. Spectrograms diagram: (a) with a 25G DWDM and (b) with a 50G
DWDM and an OCF.

Fig. 4. Spectrograms: (a) output of carrier suppression single sideband mod-
ule; (b) optical frequency comb; and (c) after the OCF.

equal amplitude and time delay as the SI signal of the corre-
sponding path. The delay range and adjustment accuracy of the
OTDL were 0–333 ps and 0.1 ps, respectively. The attenuation
range of OVA in the experiment was 0.8–60 dB, and the ad-
justment accuracy was 0.02 dB. Finally, these three reference
signals and the received signals were combined into a beam,
and the multipath SI signals were eliminated after frequency
beating in the PD.

A. Performance of the OFC

The OFC generated by the RFS link was measured using an
optical spectrum analyser (Yokogawa, AQ6370C). The CS-SSB
module was driven with a LO signal at 25 GHz. The output
spectrum is shown in Fig. 4(a), and its spurious suppression
ratio (SSR) reached 25.4 dB. By tuning the powers of the seed
laser and the LO signal, the bandwidth of the OBPF was adjusted
to retain the desired seven-comb OFC, and the output spectrum
of the OFC is shown in Fig. 4(b). The average comb power
was −8.1 dBm, and the effective optical SNR (OSNR) reached

Fig. 5. (a) Amplitude match between the SR and SI paths; (b) Phase difference
between the SR and SI paths; and (c) measured cancellation depth with and
without SIC for a large bandwidth (2–10 GHz).

34.3 dB. In addition, these seven combs had a fine flatness of
1.9 dB. After the OCF, the OFC comb spacing was 50 GHz, and
as shown in Fig. 4(c).

B. Performance of the Multipath SIC

In order to achieve optimal cancellation performance of
the link, a vector network analyser (VNA, Rohde & Schwarz
ZNB40) was used to adjust the reference paths one by one,
to match the cancellation conditions. The scanning frequency
range of the VNA was 2–10 GHz. After selecting a pair of SR
and SI paths, the DC bias voltages of MZM1 and MZM2 were
adjusted to maximize the system gain of the two paths, while
maintaining a difference of about Vπ in the DC bias voltages to
achieve the inversion of SR and SI. Subsequently, the VNA was
used to measure the time delay of the SR and SI paths separately.
The length of the paths was adjusted to ensure that the time delay
of each group of SRs and SIs was equal. Once each group of
SR and SI paths had the same delay, the amplitude and phase
difference between the SR path and the SI path were measured
with the SI path as the reference. The OVA was adjusted to
minimize the amplitude mismatch to near zero and the OTDL
was adjusted to minimize the phase difference to near 180°.

The amplitude mismatch and phase difference after matching
the three sets of paths are shown in Fig. 5(a) and (b), with a
maximum deviation of 0.4 dB in amplitude and 5.4° in phase.
After fine matching, the link was measured by using the VNA
with and without the SR signal loaded, the results are shown
in Fig. 5(c). It is observed that the cancellation depth is limited
with only one path cancellation. With two-path cancellation, the
average cancellation depth has improved from 2.6 dB to 8.1 dB.
However, the cancellation capability is still limited for more SR
paths exists. After three-path cancellation, the cancellation depth
is more than 16.6 dB within the 8 GHz bandwidth.

The multipath cancellation effect was first verified using a
single-frequency signal. In order to relax the analysis, the SOI
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Fig. 6. Spectra after the PD, with and without SIC, for an SI with frequency
(a) 4.0 GHz, (b) 6.0 GHz, (c) 8.0 GHz, and (d) 10.0 GHz.

signal was not loaded. The frequency of the microwave signals
generated from the MSG was set to 4, 6, 8 and 10 GHz, and the
resolution bandwidth (RBW) and video bandwidth (VBW) of
the spectrometer were set to 100 kHz and 1 kHz, respectively.
The measured output spectra are shown in Fig. 6. For the case
where no SR was injected, the spectra without the SIC are
shown as blue curves. For the one-path, two-path and three-path
reference signals, the measurement results are shown as the
green, cyan and red curves, respectively. It can be observed
that the depth of cancellation does not decrease significantly
when the number of SRs is insufficient. This is mainly caused
by the interaction between the residual interfering signal and
the reference signal. Then, when the three-path SI signals are
cancelled simultaneously, the depth of cancellation at the cor-
responding frequency points reaches 48.9, 47.8, 47.5, and 45.9
dB, respectively. For the single-frequency single-path SIC, the
simulation results show that the theoretical cancellation depth
does not exceed 33.5 dB when the phase deviation between
the reference signal and the interfering signal is 1.0° and the
amplitude deviation is 0.1 dB [33]. Hence, according to the
single-frequency SIC simulation results, it can be inferred that
the experimental system has a high accuracy of phase and
amplitude adjustment.

Next, a linear frequency modulation (LFM) signal was used
as the transmitting signal to verify the broadband multipath
cancellation ability of the system. In order to demonstrate the
cancellation effect more intuitively, a single-frequency signal
was used as the SOI signal in this experiment. The MSG was
set to output LFM signals with centre frequencies of 4, 6, 8 and
10 GHz, with bandwidths the same as 100 MHz. The spectra
were measured as shown in Fig. 7. For the one-path, two-path
and three-path reference signals, the measurement results are
shown as the green, cyan and red curves, respectively. From the
blue curves, it can be seen that the SOI signals are completely
submerged by the SI signals. One-path and two-path cancella-
tions were then implemented. It was found that the three-path SI
signal was effectively suppressed when there were not enough

Fig. 7. Spectra after the PD, with and without SIC, when SI is a 100 MHz
broadband signal with centre frequencies of (a) 4.0 GHz, (b) 6.0 GHz, (c)
8.0 GHz, and (d) 10.0 GHz.

reference signals as a match. In addition to the interference
from the residual SI signal, the non-uniformity in the frequency
response of the system also caused depressions and lifts in the
spectra. When three reference signals were applied for cancel-
lation, the cancellation depths of the LFM signals with centre
frequencies of 4, 6, 8 and 10 GHz were 32.7, 26.1, 28.5 and
23.9 dB, respectively.

Finally, the recovery of the vector signal under three SI paths
was experimentally verified. A vector signal generator (VSG,
Keysight, N5182B) was used to generate an SOI signal with a
centre frequency of 6 GHz, a modulation format of 16 QAM,
and a code rate of 10 Mbps. The SI signal was a LFM signal
with a bandwidth of 20 MHz. The blue curve in Fig. 8(a)
and (b) show the spectrum and constellation diagram for the
received signal when the multipath SIC was not used. It can be
seen that the received signal is severely distorted and cannot be
demodulated. As shown in Fig. 8(c) and (d), after one-path and
two-path cancellation, the EVM values are still greater than the
13.5% threshold mandated by the 3GPP protocol. The spectrum
after multipath SIC is shown as the red curve in Fig. 8(a),
and the constellation diagram after multipath SIC is shown in
Fig. 8(e). The constellation diagram is much clearer, meaning
that the multipath SI signals have been effectively suppressed.
The error vector magnitude (EVM) is reduced from 22.4% to
8.9%, which satisfies the requirements for the 3GPP protocol
for the demodulation of 16QAM signals.

Various SIC methods are compared in Table 1. Reference [17]
can only realize a single-path cancellation, rather than multi-path
cancellation. In reference [9], the time delay is controlled by a
dispersion element, and the SIC depth is quite fine. However,
higher requirements have been put forward for tunable lasers,
including tuning accuracy and the range. In reference [20], the
number of multiple lasers and PMs increases with the number of
cancellation paths, which constrains system scalability. Mean-
while, since an optical filter is applied to extract one of the RF
sidebands produced by the PMs, the low operation frequency of
SI is limited. Similarly, multiple lasers are also required to form
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TABLE 1
COMPARISON OF VARIOUS SIC SCHEMES

Fig. 8. (a) Spectra before and after cancellation; (b)–(e) constellation dia-
gram with no SIC, one-path cancellation, two-path cancellation, and three-path
cancellation.

several incoherent SR paths for multi-path SIC in [21], so the
system cost and complexity are high. Reference [22] reduces
the number of lasers through an SM-MM coupler, however,
this coupler can only supply limited incoherent SR signals. In
the proposed method, a single laser is applied to generate OFC
through the RFS loop. Except the original optical carrier, other
combs can be applied as multiple incoherent SR optical signals,
avoiding the usage of multiple lasers. On the one hand, a large
number of incoherent SR optical signals can be produced, mak-
ing this method highly scalable and more suitable for complex
practical applications that require multiple incoherent SR paths.
Additionally, the number of SR optical signals in the OFC can be
easily controlled by adjusting the bandwidth of the OCF in the
RFS loop, making the system more flexible and more compact
compared to other multi-laser schemes.

IV. CONCLUSION

An optical-domain multipath self-interference cancella-
tion method based on RFS-OFC was theoretically and

experimentally verified for multipath SIC. An RFS-OFC based
on CS-SSB modulation was introduced to the multipath SIC,
which was used to provide reference optical signals. This struc-
ture is more flexible and compact than other multi-laser schemes,
and no special devices are required to remove coherence be-
tween multiple reference signals compared to other single-laser
methods. The RF signals were phase-inverted by dual MZMs
working at opposite quadrature bias points. The amplitude and
delay matching were realised by sets of VOLs and OTDLs
rather than electrical devices. For a situation with three SI paths,
the experimental results showed that the system had a single
frequency and a wideband cancellation depth of more than
45.9 dB and 23.9 dB, respectively. The 16QAM signal could
be recovered with an excellent constellation diagram. The EVM
of this signal was improved from 22.4% to 8.9%. Full optical
domain regulation of the delay, phase and amplitude is beneficial
in terms of an increase in the bandwidth and the operating
frequency of the SIC system. By adjusting the bandwidth of
the bandpass filter in RFS, the number of optical carriers can
easily be raised, meaning that the system has good scalability
and flexibility for practical complex scenarios with more SI
paths.
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