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Abstract: Managing the users multimedia and long-range based demands, the radio over fiber
(RoF) mechanism has been introduced recently. RoF mingles the optical and radio communication
frameworks to increase mobility and offer high capacity communication networks (CNs). In this
paper, a full-duplex RoF-based CN is investigated for the next-generation passive optical network
(PON), utilizing wavelength division multiplexing (WDM) technology. The desolations on account of
optical and electronic domains (OEDs) are addressed, using dispersion compensation fiber (DCF)
and optical and electrical filters, including modulation scheme. The analytical and simulation models
are analyzed in terms of phase error (PE), radio frequency (RF), fiber length and input and received
powers. The performance of the proposed model is successfully evaluated for 50 km range, −40
to −18 dBm received power, −20 to 0 dBm input power, where below 10−6 bit error rate (BER) is
recorded. Thus, this signifies that the presented model exhibits smooth execution against OEDs
impairments.

Keywords: full duplex RoF technology; issues related to optical and electronic domains; next
generation passive optical networks; dispersion compensation fiber; modulation format

1. Introduction

The traffic on internet services has been increased exponentially in the last few years,
and it is expected that the data rate demands will touch the zettabyte digit between 2022
to 2025 [1,2]. Therefore, a developed approach is required to support growing needs like
propagation range and multimedia based data transmissions. Passive optical networks
(PONs) are considered fruitful solutions for transmitting high capacity data with minimum
bit error rate (BER). Furthermore, the installation of PONs is acceptable to the entire world
for increasing speed and capacity to the users [3,4]. However, the wired based PONs
contain extra issues like nonlinear impairments (NLIs) while transmitting high bandwidth
data over fiber for long range, which badly disturbs the system flexibility [5]. On the other
side, the physical-less based communication network (CN) presents accurate probability
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within the flexible environment; however, it fails to accommodate a considerable number of
users with the high bandwidth capacity of long range transmission [6]. Thus, to overcome
on NLIs and support above mentioned demands, the new approach named radio over
fiber (RoF) links is developed, which combines the physical and physical-less setups of
CNs [7–10]. Moreover, the wavelength division multiplexing (WDM) technology and
advanced modulation schemes have developed the fidelity many times of the RoF system.
This advanced methodology of CN minimizes the NLIs, and the system performance
increases in terms of transmission range, number of users and capacity. In contrast, the
RoF system uses the concept of electrical to optical (E/O) and visual to electrical (O/E)
conversion procedures, which make space for the peak to average power ratio impairments
(PAPRIs) [11,12]. Therefore, this paper investigates the novel WDM based RoF technology
which aims to suppress the NLIs and PAPRIs.

1.1. Related Work

The RoF technology is considered a unique solution to design the CN healthier against
NLIs and PAPRIs. Various researchers have already worked on NLIs and PAPRIs and
made some productive solutions. Some of them are discussed as follows. In [13], authors
have studied a novel adaptive RoF system for next-generation cloud radio access network,
which goal is to maintain power consumption and to compensate NLIs. In [14], the authors
have developed 2 × 2 multiple input multiple output based OFDM methodology for
improving the RoF structure functionalities. An advanced WDM-RoF system is discussed
in [15,16], where 0.45 nm are chosen for channel transmission with keeping constant the
input power. The study in [17] explores multi-mode operation in RoF technology using
multi-wavelength optical comb and pulse shaping. The 4QAM-OFDM procedure is applied
before transmitting signals over WDM within a 5G carrier frequency. In [18], the authors
have employed a cascaded in-pulse quadrature modulator and intensity modulator for
D-band vector millimetre waves in the RoF system. Muramoto et al. in [19] have presented
a graded-index plastic optical fiber technique for OFDM based RoF system to minimize
noise and distortions. In [20], authors have demonstrated that an RF transmission system
in S-band using 2 × 2 multi input multi output (MIMO)-OFDM with orthogonal and
biorthogonal wavelets, employing phase shift keying (PSK) modulation format. In [21],
Coelho et al. have proposed the OFDM based WDM RoF system by applying fiber brag
grating (FBG).

However, these previously proposed solutions are limited to addressing NLIs and
PAPRIs for long range transmission CNs. Moreover, these schemes require different costly
carriers to transmit long distances with low BER data. In the existing models, the phase
errors (PEs), NLIs and PAPRIs are not studied for RoF system, which have limited the
high capacity fifth generation services. The enhancement in online services and long range
range communication requirements, it is necessary to minimize the issues generated by
PEs, NLIs and PAPRIs. Therefore, in this paper, based on PON, a full duplex RoF system is
presented, using WDM technology to decrease the factors of NLIs and PAPRIs.

1.2. Major Contributions

This section shows that multimedia and transmission range demands are significant
issues in today’s world. Secondly, High bandwidth capacity and long distance CNs include
the issues like NLIs. The full duplex WDM-RoF CN also produces PAPRIs by reason of
O/E and E/O conversions. The main objectives of this system are to manage the NLIs and
PAPRIs, that ROF could transmit data up to a long range, including maximum capacity
information. The primary goals of the proposed framework are listed as follows.

1. The techniques like balancing phase error (PE), dispersion compensation fiber (DCF),
optical and electrical filters and full duplex RoF CN are applied for investigating and
compensating the NLIs and PAPRIs.

2. The mathematical estimations are conducted for the above mentioned techniques
aiming to enhance the accuracy of the proposed RoF system.
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3. The simulation model is examined using the analytical approach in terms of laser
power, received power, RF frequency, fibre length, and filters.

4. Two measuring parameters, bit error rate (BER) and normalized signal to noise ratio,
are used to estimate the conduction of the proposed RoF model against PAPRIs, NLIs
and PEs.

Following the introduction section, the rest of the paper includes the layout of the
proposed model in Section 2, analytical modelling in Section 3, results and discussion of
offered CN in Section 4 and conclusion of the proposed system in Section 5.

2. Proposed Radio over Fiber Network

The detailed structure of the proposed full-duplex RoF model, aiming to suppress
the factors of NLIs and PAPRIs, is presented in Figure 1. WDM multiplexing and de-
multiplexing techniques are applied, linking N channels within the central station (CS)
and base station (BS) for upstream and downstream signals. At input side, the CS block
covers continuous wave (CW) laser with 193.1 THz launching frequency and 5 MHz
linewidth, launch power under −20 to 0 dBm range, pseudo-random bit sequence (PRBS)
generator to induce 100 Gbps for initiating Gaussian pulse generator, and radio frequency
(RF) based amplitude modulator, converting baseband signals into RF clock utilizing
amplitude shift keying (ASK) [22]. Similarly, essential parameters like hybrid coupler (HC)
operating at 90◦ is also installed inside CS. Which function is to attain the integrated RF
and subcarrier multiplexed signals. Moreover, the process of getting information in the
optical domain is performed in the CS section with the help of a dual drive and dual-port
liNb much Zehnder modulator (MZM). It takes two forms of signals from 90◦ HC and
optical waves from CW laser. The CS outflow is connected to WDM multiplexer reflective
wavelength block-1 for transmitting and receiving the upstream and downstream signals.
WDM multiplexer transmitter optical signals over single-mode fiber (SMF), purposing to
cover long-range. In order to minimize the impact of NLIs and PAPRIs and balance the
phase of propagating signals, SMF is followed by DCF and erbium-doped fiber amplifier
(EDFA). Correspondingly, the BS block comprises WDM de-multiplexer, PIN photodetector,
bandpass filter (BPL), RF de-modulator, BER analyzer and reflected wavelength block-2.
The block of reflected wavelength reuses the downstream wavelength without the extra
component of the CW laser. The performance of the received upstream signal through SMF
is evaluated by a BER analyzer. The list of used parameters for investigating outcomes of
the proposed full-duplex RoF model is depicted in Table 1.
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Figure 1. WDM based full duplex RoF system including CS and BS.
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Table 1. List of elements applied for measuring the proposed model outcomes.

Description Magnitude

Effective area 80 µm2

Launch power −19 to 1 dBm
Transmission range 1 to 10 km
Received power −40 dBm to −20 dBm
Spacing among channels 25 to 50 GHz
Reference wavelength 1553 nm
Channel Quantity 4–16
Nonlinear dispersion −2.5 ps3/km
RF range 4 to 6 GHz

Line width 5 MHz
Extension ratio 10 dB

3. Mathematical Calculations for Optical and Electronic Domains Based Parameters in
Radio over Fiber Network

The fiber cable provides medium to deliver the wireless signals in their own RF waves
as declared in Figure 2. It can be seen that the RoF system directly convert the optical
signals into RF at high frequency. The optical signal of RF waves at the transmitter can be
estimated [23–25] as

E(t) = A+ cos[w0 + 3wLO(t + dτ) + θ] (1)

where A is the amplitude of the signal, w0 denotes angular frequency of the optical signal,
wLO describes the angular frequency of local oscillator (LO), dτ is the time delay and θ is the
phase of the optical signal.

RoF, Tx

RF to Optical 
Signal

RAU

Optical to 
RF

RF waves

Figure 2. RF and optical waves convergence scheme.

The induced multilevel pulses are estimated as [26–28] as

Nout(t) =


a, 0 ≤ t < t1

bNin(t) + a, t1 ≤ t < t1 + tc

a, t1 + tc ≤ t < T

(2)

where the incoming signals are denoted by Nin, linear gain is presented by b, a is applied
for bias parameters, bit period is defined by T, tc is the duty cycle and pulse position
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is denoted by t1. The waves explain in Equation (4) are interfered by HC with 50 MHz
frequency [29], which output is given as

Nout(t) = D[I(t)cos(2π fct + ωc)− (3)

Q(t)sin(2π fct + ωc)] + a

Here electrical input signals are shown by I and Q, D means gain of element, fc is
the carrier frequency and ωc is phase of the signal. To estimate the PAPRTs, considering
liNb MZM transmission with n sub-carriers with frequencies ( fi, i = 1, 2, ..., n). The con-
tinuous time signal S(t) based on modulation interval T and nT duration of inter symbol
interference (ISI) [30–32] is defined as

S(t) =
0 ≤ t < nTmax|ζ(t)|2

E|ζ(t)|2 (4)

The parameter E[ζ(t)] explains the expectation. The gain of electrical amplifier which
suppress the high PAPRIs [33–36] is measured as

Pout

Pin
= 10b/10 (5)

The outcomes of Equation (7) are measured in dB, which gives the amplifies electrical
signals and is presented as

Eout = Ein
√

b (6)

At the presence of PAPRIs and NLIs the power spectral density (PSD) function is
induced and calculated as

PSD =
√

Pnoise. fs (7)

Here Pnoise means the noise power and fs denotes the frequency grid spacing which is
defined as

fs =
Rs

ψs
(8)

In order to transmit the RF signals over optical CN the laser source is needed. So,
in this model CW optical laser source is used. The electric field intensity of CW laser is
define as

E1 = E0ej2π fct (9)

From Equation (1) to Equation (10) the cosine of RF signal S(t) is calculated as

S(t) = VRFcos(2π f ) (10)

where VRF shows the driving voltage of RF. The optical field at output of intensity modulatot
(IM) is given as

E1 =
E0

2
[ejπ(

VDC+S(t)
Vπ

) + e−jπ(
VDC+S(t)

Vπ
)] (11)
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where VDC is the DC bias voltage and Vπ explains the IM half wave voltage. Assuming
ξ = πVRF/Vπ and v = πVDC/Vπ , which explain the modulation index and initial phase
caused by VDC of the IM respectively. From Equation (13) the E1 can be extended as

E1(t) = E0exp(j2π fct).{
cosv[J0(ξ) + 2Σ∞

i=1(−1)i J2i(ξ)cos(4iπ fst)]
+sinv[2Σ∞

i=1(−1)i J2i−1(ξ)cos(2i− 1)2π fst]
(12)

Here Ji means the ith order of Bessel function. The transfer function of the transmitted
signal is measured as

H( f ) =


α (| f | < f1)

β ( f1 ≤ | f | < f2)

0 f2 < | f |
(13)

where β is written as

β =
√

0.5α2.1 + cos((| f | − f1/rp.δ).π) (14)

Here α denotes insertion loss, rp means roll of factor and f1, f2 are calculated as

f1 = 1− rP fc(0 ≤ rp ≤ 1) (15)

f2 = 1 + rP fc(0 ≤ rp ≤ 1) (16)

To describe, measuring the NLIs in the propagation of light wave in fiber are given
below:

i∂A/∂z− β2(∂
2 A)/(∂t2)− iβ3∂3 A)/(∂t3) + γ|A|2 A

= −iα/2A. (17)

where complex term of electromagnetic field is defined by A, z is the fiber distance, t is
the time, β2 and β3 are the group velocity dispersion (GVD) and nonlinear dispersion,
respectively. The term γ is used for nonlinear coefficient and α means attenuation of the
fiber. The nonlinear coefficient is further calculated as in terms of nonlinear refractive index
n2 and carrier wavelength λ0.

γ = (2πn2)/λ0. (18)

The estimation of power consumption is written as,

PT = Ω−1
D C(PCW + Pmap+

PHC + PISI + Pre f lectiveblock−1 + nMZM.PMZM) (19)

where Ω denotes power conversion efficiency, Pmap is the signal mapping of power con-
sumption, PHC means power consumption due to HC, PISI explains ISI power consumption,
Pre f lectiveblock−1 denotes power consumption reflective block-1 and nMZM means the quan-
tity of MZMs required for WDM-RoF transmission. Similarly, the power consumption at
the Rx side is measured as

PR = Ω−1
D C(PWDMde−MUX + PPD + Pre−modulation+

PISI + Pamp + Pre f lectiveblock−2) (20)

The parameters PWDMde−MUX, PPD, Pre−modulationi, PISI , Pre f lectiveblock−2 and Pamp de-
fine the power consumption because of WDM de-MUX, PD, re-modulation, ISI transmis-
sion, amplification and reflective block-2, respectively. The BER is used for the analysis of
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NLIs and PAPRIs parameters, means that if these issues exist then how many bit can be
transferred including low error size per bit. BER is given as

BER =
1

2er f
√

OSNR
2

(21)

The er f denotes error function the optical signal to noise ratio (OSNR) is described as

OSNR = ESNR
ϕ

2Br.msys
(22)

where Br defines the reference bandwidth, ESNR is the electrical SNR, ϕ is the total trans-
mission symbol rate measured in Gbps and the last term of Equation (22) msys describes is
the system margin.

4. Experimental Analysis and Discussion

This proposed model is analyzed analytically in Section 3, which describes that NLIs
and PAPRIs create discontinuity in the transmission signals. Furthermore, current CNs
face high capacity demands, the number of channels, data rates, and long transmission
path. The full-duplex RoF-based CN is analyzed in this model to minimize the order of
NLIs and PAPRIs. The simulation results are investigated in this section based on block
description and analytical models.

The performance analysis of received power and BER, 1 to 10 km of transmission
length, and 4 to 6 GHz RF range are presented in Figure 3. At −35 dBm received power,
the outcomes are achieved above the threshold range. The order of NLIs and PAPRIs
are enhanced with transmission range and the frequency of RF waves. Below 10−4 and
10−5 BERs are achieved at −20 dBm received Power 10 km length for 6 GHz and 4 GHz
RF waves, respectively. Thus, there is a 0.1 BER difference between 6 and 4 GHz RF
transmission. The phase errors (PEs) are induced in the transmission pulses by reason of
NLIs and PAPRIs, which impact is declared in for different 0, 2.5, 5, and 8 deg PEs in terms
of normalized signal to noise ratio and BER, with increasing PEs, the WDM-RoF presents
the worst results. The simulation results in Figure 4 are investigated for RF 4 GHz, and
length 5 km, the maximum 8 deg PE attains the threshold early than 0, 2, and 2.5 deg PEs.
The analysis of the normalized signal to noise ratio as a function of BER at 5 km and 6 GHz
RF waves is shown in Figure 5. This describes that with increasing the frequency of RF
waves, the outcomes become worse as compared to Figure 4 which presents the outcomes
of the presented model at 5 km and 4 GHz RF range. Similarly, Figures 6 and 7 contain the
results of the presented model of 4 GHz and 6 GHz RF range at 10 km transmission length.
It is depicted from the results that the PEs factors disturb system fidelity. It is recorded that
till six normalized signals to noise ratio, the outcomes of the full-duplex system are above
the threshold BER. With increasing the PE till 8 deg, then the proposed model presents bad
outcomes as shown in Figures 6 and 7. Greater than seven normalized signals to noise ratio,
the factors of NLIs, and PAPRIs are compensated successfully as declared in Figures 6 and 7.
The main mechanisms to evaluate the PAPRIs and NLIs are full-duplex RoF linked with
WDM and the DCF with−20,−30,−35, and−40 ps/nm/km dispersion magnitudes. These
mentioned DCF dispersion are studied and analyzed using 4 and 6 GHz RF waves and 5 to
10 km transmission range. Figure 8 explains the information among the transmission range
and BER, for −20, −30, −35, and −40 ps/nm/km DCF dispersion values, operating at
4 GHz RF range, which clarify that the above 8 km of fiber length the influences of NLIs and
PAPRIs produce BER in the limited range. Moreover, the achievements of the full-duplex
WDM based RoF model at −40 ps/nm/km DCF dispersion are efficient compared to −35,
−30, and 20 ps/nm/km dispersion of DCF. Keeping DCF dispersion at −40 ps/nm/km
for 5 km fiber length and RF 4 GHz, 2.2× 10−7 BER is attained. On the other hand, the
outcomes touch the threshold range by employing DCF with−35, −30, and−20 dispersion
with the above-covered path and RF values. Figure 9 defines the same results as discussed
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in Figure 8 with transmission range and BER parameters, however here, the capacity
of RF signals increased to 6 GHz. This concludes that the capacity of transmitted data
has valuable contributions towards NLIs and PAPRIs. Figure 10 depicts the behavior
of NLIs and PAPRIs and the proposed full-duplex RoF model and the outcomes while
compensating these factors. The simulation results on account of launch power and BER
are shown in Figure 10 RoF model, which covers 5 km transmission length and 4 GHz RF
capacity. The destructive analysis is presented when NLIs and PAPRIs are not balanced.
The results in Figure 10 are compared among with addressed NLIs and PAPRIs and without
addressed NLIs and PAPRIs. Moreover, the results include the individual performance
of each addressed NLIs and PAPRIs and without addressed NLIs and PAPRIs, which
denotes that in every case, the outcomes without addressing NLIs or PAPRIs are weak and
interrupt CN efficiency. The order of NLIs and PAPRIs are increased directly with RF and
transmitted length as presented in Figures 11–13. Figure 11 explores the relation among
input power and BER for 5 km 6 GHz, Figure 12 presents the outcomes of the presented
model based on input power and BER for 10 km 4 GHz and Figure 13 defines the results
at 10 km and 6 GHz RF waves, using input power vs BER. In Figure 11 at 0 dBm input
power for 5 km length and 4 GHZ RF, 10−7 BER is attained, with applying management
techniques, minimizing NLIs and PAPRIs. However, about 0.001 less BER is gained using a
conventional system if no mechanism is installed for treating the effects of NLIs and PAPRIs.
Similarly, 10−6 is calculated of the proposed full-duplex RoF model, working at 10 km
and 4 GHz RF parameters. Furthermore, Figure 13 estimates 10−5 and 3.1× 10−3 BER at
0 dBm, comparing compensation of NLIs and PAPRIs. From Figures 10–13 it is evaluated
that outcomes of the full-duplex RoF model are destroyed badly if there are no procedures
applied for deducing the NLI and PAPRIs. In addition, it is showed the negative impacts
of NLIs are higher than PAPRIs. Figure 14 evaluates the received power vs input power
at −10 to 0 dBm for 1, 5, and 10 km fiber length and 6 GHz RF waves. It is depicted
from Figure 14 that for higher length because of NLIs, PAPRIs and PEs, the maximum
penalty is recorded in received power. The presented model is also investigated, employing
BER analyzer, optical spectrum analyzer and RF spectrum analyzer, which are explained
in Figures 15a–d, 16a–d and 17a–d. Figure 15a shows the performance of the full-duplex
RoF model at 10 km of transmission range and 6 GHz of RF waves. When there is no
technique addressed for controlling NLIs and PAPRIs. Figure 15b presents the model
without NLIs and PAPRIs compensated at 10 km and 4 GHz RF waves. The compensated
NLIs, PAPRIs results of the full-duplex RoF model where NLIs and PAPRIs are reduced
depict in Figures 15c,d for 10 km, 4 GHz, and 10 km 6 GHz, respectively. Figure 16a shows
the input transmitted signals, Figures 16b,c clarify without NLIs and PAPRIs managed
signals at 5 km and 10 km of path cover with RF 4 GHz, respectively. The NLIs and PAPRIs
compensated output signals at path cover of 10 km are presented in Figure 16d. Figure 17a
contains the results of input signals. Figure 17b consists of interrupted signals due to NLIs
and PAPRIs of the proposed full-duplex RoF model at Length = 5 km and RF = 4 GHz.
The worst performance at 10 km length and RF 4 GHz of the model without compensated
NLIs and PAPRIs is explained in Figure 17c. While outcomes of the applied technique to
suppress NLIs, and PAPRIs at 10 km and RF 4 GHz are described in Figure 17d.
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Figure 3. Received power against BER at 2, 5, 10 km fiber range, 4 and 6 GHz radio frequency, and
100 Gbps data rate.
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Figure 4. BER in terms of normalized signal to power ratio for fiber length of 5 km, 4 GHz RF range
and PEs with 0, 2.5, 5 and 8 deg.

0 1 2 3 4 5 6 7 8 9
1 E - 1 0

1 E - 9
1 E - 8
1 E - 7
1 E - 6
1 E - 5
1 E - 4

0 . 0 0 1
0 . 0 1

0 . 1
1

BE
R

N o r m a l i z e d  S i g n a l  t o  N o i s e  R a t i o  ( d B )

   P E  =  0  d e g
   P E  =  2 . 5  d e g
   P E  =  5  d e g
   P E  =  8  d e g

L e n g t h  =  5  k m
R F  =  6  G H z

T h r e s h o l d

Figure 5. Normalized signal to noise ratio vs BER at 0, 2.5, 5 and 8 deg of PEs, 6 GHz RF range, fiber
length with magnitude of 10 km and 100 Gbps data rate.
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Figure 6. Results among BER and normalized signal to noise ratio with length = 10 km, RF = 4 GHz,
data rate = 100 Gbps and PEs =0, 2.5, 5 and 8 deg.
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Figure 7. Simulation analysis for 10 km of optical fiber, 100 Gbps data rate, PEs with 0, 2.5, 5 and
8 deg and 6 GHz RF magnitude based on normalized signal to noise ratio and BER.
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Figure 8. Estimation of −20, −30, −35 and −40 ps/nm/km DCF with transmission range as a
function of BER at RF = 4 GHz, data rate = 100 Gbps and 16 channels. (Updated)
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Figure 9. BER against transmission path cover at 6 GHz of RF waves, DCF = −20, −30, −35 and
40 here. ps/nm/km, data rate = 100 Gbps and channels = 16.
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Figure 10. Input power in terms of BER at length 5 km and 4 GHz RF range for evaluating with and
without addressed NLIs and PAPRIs.
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Figure 11. BER as a function of launch power with 5 km fiber length and 6 GHz frequency range.
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Figure 12. Launch power against BER for length of 10 km, RF = 4 GHz at with and without addressed
NLIs and PAPRIs.
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Figure 13. Input power against BER for 6 GHz RF values, length = 10 km, data rate = 100 Gbps and
channels = 16 to analyze NLIs and PAPRIs.
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(a) (b) (c)

(d)
Figure 15. BER eye-diagrams; (a) BER at 10 km distance and 6 GHz RF without addressed NLIs, and
PAPRIs, (b) BER at length = 10 km RF = 4 GHz without addressed NLIs and PAPRIs, (c) BER at 10 km
distance and 6 GHz RF with addressed NLIs and PAPRIs, and (d) BER at L = 10 km distance and
RF = 4 GHz with addressed NLIs and PAPRIs.

(a) (b) (c)

(d)
Figure 16. Optical spectrum analyzer; (a): Input transmitted signals, (b): Without addressed of
NLIs and PAPRIs at 5 km of length, (c): Without addressed of NLIs and PAPRIs at 10 km of length,
(d): Output signals with managed of NLIs and PAPRIS at 10 km of length.

The proposed outcomes, which are explained in Figures 3–17d depict that the per-
formance of the treated NLIs and PAPRIs model is efficient many times as compared to
without approached NLIs and PAPRIs. The presented RoF model outcomes are correlated
with existed models as shown in Table 2, which specifies the fruitful outcomes of the
proposed framework.
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(a) (b) (c)

(d)
Figure 17. RF spectrum analyzer; (a): Input signals, (b): NLIs and PAPRIs interrupted signals,
(c): Interrupted signals due to NLIs, and PAPRIs at length = 5 km and RF = 4 GHz, (d): Output signals
with addressed NLIs, and PAPRIs with length = 5 km and RF = 4 GHz.

Table 2. Correlation of proposed framework with existed models.

Parameter Description [37] [38] Presented RoF Model

Modulation scheme OFDM 64-QAM Dual drive and dual port liNb MZM
Received power (dBm) −35 to −25 dBm −40 to −22 dBm −36 to −18 dBm
Input Power (dBm) −22 to −3 dBm −23 to −2 dBm −20 to −0 dBm
Input Power (dBm) −22 to −3 dBm −23 to −2 dBm −20 to −0 dBm
Length 6 km 8 km 10 km
BER 1.4× 10−3 2× 10−5 4.1× 10−7

5. Conclusions

The full duplex RoF model is considered a fruitful solution in current era to support
maximum number of users including video based services. Therefore, in this paper a
full duplex WDM based RoF model is projected in terms of hybrid coupling mechanism.
The prominent factors like NLIs and PAPRIs are studied and minimized in this presented
model. The background of the proposed model is analyzed with RF and optical domain
infrastructure. Mathematical model is investigated to explore the originality of transmitted
signals, the discontinuity of pulses due to optical domain and electrical domain related
issues like NLIs, and PAPRIs, using the proposed analytical model. The presented results
are investigated in terms of 1 km to 10 km of transmission range 4 and 6 GHz of RF magni-
tudes, input power between -20 to 0 dBm, received power with −40 to −18 dBm values
and 0 to 8 normalized to signal noise ratio. It is concluded that there is a clear difference
among with suppressed NLIs, and PAPRIs and without managed NLIs and PAPRIs.
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