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Radio over fiber (RoF) can be assessed as a system of most convenient
combination of optical fiber and radio signals. The technique of orthogonal
frequency division multiplexing (OFDM) considers as a data distribution over a
huge number of carriers having spaced from each other with specific
frequencies at overlap bands. Hence incorporates OFDM with the optical fiber,
OFDM-RoF system can be increased the modulation RF access capacity
besides high-speed data transmission, it considers a broadband communication
trend of the current and future applications specifically for 5G mobile. The
optical network scenarios of various RF can be model with optisystem
software, and OFDM in addition to use a section of the orthogonal multiplex
frequency of 16-quadrature amplitude modulation (QAM) RF modulating
signal. In the optical domain, Mach-Zehnder modulator (MZM) optical
modulators are used to carry out different results with different fiber lengths.
An OFDM-RoF wireless communication system considers as advanced data
rate transmission achievement by minimum delays. The essential goal of this
paper is for identifying the minimum bit error rate (BER) for the 16-QAM
modulation with varying fiber length. The OFDM-RoF system can be able for
realizing a fiber length 100 km with a restricted decreasing in the received
power so that the constellation noise is became greater despite of applying
electrical amplification and optical amplification.
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1. INTRODUCTION

In view of high data rate requirements and large network capacity can be seen a challenging recently
in modern wireless communication due to high request of network access and support of users mobile [1].
The voice and video applications of increasing data rates have considered a main purpose for development
the network data transmission [2]. Thus, several solutions lately have been projected to improve networks
capacity, but the achievement of high-speed data rate as well as broadband facilities can be realized through a

multicarrier modulation [3].

In wireless networks and specifically cellular networks, there is a general connection delay that
established between base station and a core network represented by uplink or downlink medium and
considers as a backbone connection for wireless networks. This connection is responsible of data scheduling
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and routing among the network nodes; thus, this medium link will proficiently increase the data rates in
networks, also increase the E2E delays when accurately organized. The light links of optical fiber presents a
great and effective network links that may be utilized between various network basics for high speed
communications by the light speed.

Practically, the millimeter waves used by radio over fiber (RoF) are proposing to solve the spectral
congestions and local area topics when their components are economical and a power consumption is
reduced [4]. The integrating of RF and optical carrier techniques have providing large bandwidth as well as
consenting power consumption totally. In Radio over fiber the modulating radio frequencies will carry in
optical mediums after being suitably convert to optical from electrical form and then transmitting over the
fiber, while a reverse conversion can be used for recovering the originally radio electrical signal [5].

The RoF technology performances have been studied abundantly, starting when designed by low-
cost optoelectronic apparatuses for distributing antennas applications in wireless networks [6]. The
configuration of RoF system in application scenarios is consisting of central units (CU) as the main unit and
the remote antenna system (RAS) or base station unit (BS) which is connecting with optical link backhaul
with the signals will be directly passed in fiber optics link to the base station. The RoF's main advantage can
be focused at communication supports due to the combination of both optical communication and wireless
systems. The main necessities of RoF link architecture summarized with duplex process of downlink and
uplink, realistic length represented by several tens of kilometers, few requirements of millimeter-wave
components in the BS only and finally limited optical components with high-performances [7].

Radio over fiber regards as a favorable high data rates in wireless network communication and
optical networks. Now, RoF technology is a well-known applicant of communication system due to it
backings for both forms of communication schemes [8]. The mobile communication operators have no
multiple broadbands besides adapted services delivered in near future due to inadequate bandwidth with very
low frequency spectrums, so that a RoF technology is capable for offering better wireless signals in addition
to effective radio access for optically communication system, and hence this can be achieved with technology
enhancement of the network transmission links.

2. METHOD AND MATERIAL

Explaining currently, the wireless signal suffers losing due to the several requests of the users in
data transmission standard. Thus, a wireless communication's data capacities have been totally expanded to
multimedia with an evolutional upcoming service, and a requirement for increasing high capacity towards
access network in the existing wireless communication structures. RoF systems are broadly applied for
improving cellular coverage inside buildings like workplaces, shopping malls, offices besides airport
terminals. They are appeared as a useful method to minimize the costs of radio systems since it facilitates a
remote antenna site as well as increases an expensive radio equipment sharing which are positioned at
suitably sited mobile switching centers (central unit). This system has an advantage of using in both fixed and
mobile broadband networks such as 3G, 4G, WiMax, as well as the advanced protocols may have supporting
to the forthcoming wireless network system corresponding to the mobile generations.

2.1. Radio over fiber overview

A technology of radio over fiber (RoF) is an optical communication that modulating light from RF signal
then transmitting it as an optical signal via a link of fiber optics. This technology is supporting wireless access
network as well as optical to have essentially a communication system with large bandwidth system, increasing
capacity and subcarrier frequency meanwhile, this system has ability for become as a promising candidate for
making comprehensive to various communication standard, like Wi-Fi, video digital, digital subscriber loop
(DSL), and WIMAX which offers between 75 and 100 Mbps for fixed and mobility at 2-66 GHz frequencies,
IEEE 802.16 and recently, for mobile communication system whereby allowing two vehicle for sharing data and
communicating the information at high speed processing [9]. Now, most network provider are choosing it for
supporting network reliability even with bad conditions of weather in addition to the unreachable zones.

RoF system is a suitable of lower cost and less power consumption, because it lets the electrical signal
to modulate the optical signal then along the fiber optics to the remote antenna sites. A modulated RF signal is
directed to optical link, then consumed power is dropped though the antenna side which has carriers of high RF.
The RoF technology cost reduction can be clarified in several methods, a first methods deals with central station
(CS), that provides resources suitable for sharing by set of base stations (BSs), the other is these BSs have
executed very simple function besides, these BSs are small sizes with less cost consumption [10].

Radio over fiber system, can be considered as integration of RF and optical network that gives an
increasing channel capacity of mobility and application systems, also to decrease the consumption power and
cost. The radio access provides by RoF system has many applications for combining in the recent wireless
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systems in addition to the next generation systems [11]. The transmitting optical signal between CS and BS
can be completed in optical band over RoF network. At BS (remote antenna site), the conversion of optical to
electrical (O/E) in addition to electrical to optical (E/O) can be done in this model, as show in Figure 1.
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Figure 1. RoF block diagram

Now, the increasing of network capacity with shifting channels per cell from specified 450 MHz &
900 MHz channels at most of setnet system [12]. The optically connected system will be solving the
transmission of long-distances typically for dead coverage and deficient areas like tunnels due to the confront
of macros' base stations which often unable for covering these buildings.

RoF technology can be used for dead zone cover, everywhere the wireless signal transmission is
impossible to distribute due to the wave propagation characteristics such as mountains undergrounds, tunnels,
and isolated places [13]. Also, RoF technology can be considered for distributed antennas system (DAS) to
support mobility users and to cover the stadium zones. Base stations can be kept in one structure, while the
remote antennas are sited over all scenes for supporting high-capacity users.

2.2. Orthogonal frequency division multiplexing

The communication systems need to be spaced as closely with reduced spacing between multiple
carriers for avoiding the interfering intersymbol amongst channels. The transmission as orthogonal permits
for sending overlapping waveforms from the transmitter that have properties of orthogonality applied at the
receiver side. Orthogonal frequency division multiplexing (OFDM) can be considered a transmission
technique of multi carrier modulation technology for future broadband wireless communications that offers
greater robustness compared to frequency selective fading besides narrowband interference, also it effective
in relations with multi path delay spread [14]. To complete these purposes, OFDM separates the accessible
spectrum with multi carriers, each carrier may be modulated with lower rate data streams that employed in
parallel transmission, thus it has improved the symbol duration. The modulation of subcarriers is done with
quadrature amplitude modulation (QAM) with high frequency carrier of 2 GHz for broadband wireless
communication. The orthogonal of subcarrier may be regarded in time domain and frequency in which the
cycle numbers between separately carriers are varies from binary phase shift keying (BPSK) to quadrature
phase shift keying (QPSK), and QAM. Accordingly, OFDM receiver computes the spectrum values with the
maximum points of the separated subcarriers in the absence of interferences from others, Figure 2 shows the
OFDM spectrum of N subcarriers.
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Figure 2. OFDM spectrum
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2.3. OFDM-RoF system

The OFDM combination with RoF systems (OFDM-RoF) has concerned significant consideration
for future wireless communication with gigabit broadband. For executing OFDM optically, two essential
techniques can be adapted, the first is direct detection (DD) while the second is coherent detection (CD)
which has specifically two basic procedures, direct execution utilizing the optical medium and fast Fourier
transform (FFT)-based CO-OFDM. This OFDM-RoF system architecture can be describes with 4, 16,
64-QAM OFDM-RoF system for coherent detection.

A main topic of high peak to average power ratio (PAPR) besides an optical transmitter with nonlinear
distortion can be advanced by OFDM with RoF systems, respectively. Optical transmission systems represented
by fibers had popularity rising due to their positive features: they can go further and further than other physical
forms of media, and their speed and distances remain relatively stable over time, in addition to optical fibers
consider an outstanding medium for RF transmitting signal with huge bandwidth, small cross section, light
weight, very low losses, low cost, in addition to high flexibility. While the potential of OFDM to respond to
channel distortion owing to discrete multitone modulation is another valuable feature.

An OFDM-RoF external modulation system consists of a three main sections, transmitter, fiber link,
and receiver as shown in Figure 3. At transmitter, the designed OFDM system is forming by inverse fast fourier
transform (IFFT), in addition to a cyclic expansion and execution for obtaining a spectral modulator. The
OFDM transmitter comprises a generator of pseudo random binary sequence (PRBS), a QAM generator, the
OFDM modulator that have an output of I and Q produced from M-QAM generator, the quadrature modulator
at 7.5 GHz, the Mach-Zehnder modulator LiNb MZM connected to CW laser as Continuous Wave with
frequency 193.1 THz, in addition to optical filter. The adding of MZM external modulator to the optical link for
enhancing the optical power to get better performances and to control the optical wave amplitude [15].

The receiver's end RF signal is demodulated with the opposite logic used for demodulating and
recovering the signal. An PIN photodetector specification with a typical responsivity of 1 A/W at 1550 nm with
10 nA dark current is utilized. The electrical output signal produced by the detector is duplicated by quadrature
demodulator, then multiplied it by sine and cosine carriers, finally applied to the low pass filter processing.
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Figure 3. OFDM Tx/Rx block diagram

3. RELATED WORK

The wireless and mobile communication for future generation system can be enhanced for
inaccessible area with high-quality bandwidth services. The current wireless network suppliers need high
transmission bandwidth to access the voice, data and multimedia application services for fixed and mobile
employers. In the 1980, Okoshi and Kikuchi presented a technique of frequency stabilization to the
semiconductor lasers which alleviated the frequency drifting and minimized the linewidth below
10 MHz [16]. Also, in 1980 Yamamoto and Yoshihisa were made a comparison between optical system with
simple coherent depend on PSK and that which were created on IM-DD, they found that the coherent system
had been improved the receiver sensitivity [17].

The invention of Erbium doped fiber amplifier (EDFA) at 1990 was interrupted the coherent optical
transmission investigation since there was a distance extension in power-limited transmission of the IM-DD
scheme. Moreover, EDFA-based IM-DD is combined wavelength division multiplexing (WDM) for increasing
the transmission capacity of single-mode fiber [18]. While in 2000, attempt of many researchers started to
concentrate on executing of IM-DD at higher data rates above 10 Gbps per WDM channel. In 2002, the (ITU)
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announced ITU-T G.694.1 WDM compliment that agrees 80 optical carriers with a space of
50 GHz to be transmitted jointly over a single fiber, and each optical carrier utilize IM-DD at 10 Gbps data rate
per channel, using ON/OFF keying (OOK), completing a collected capacity of 800 Gbps over single fiber [19].

The return of coherent optical communication established with the growth of coherent optical
system depend on optical (DQPSK) Between 2005 and 2010 [20], which give an increased bit rate with
4-times associated to IM-DD systems, and achieved 40 Gbps at 20 G-baud per WDM channel. In 2010, the
initial coherent optical system which is depended on QPSK and orthogonal polarization division multiplexing
(PDM) and became accessible commercially. It provides 100 Gbps at 25 G-baud and applied DSP broadly
for bit coding, fiber non-linearity pre-compensation, laser source non-linearity compensation, pulse shaping,
carrier phase and frequency estimation, as well as CD and PMD compensation [21]. Currently, the techniques
of coherent optical communication at data rates more than 100 Gbps per optical channel have more attention
for investigations. They want to achieve 400 Gbps per WDM by utilizing QAM modulation formats with
high order like 16-QAM to 128-QAM. Many publications were reported 400 Gbps by using 16-QAM [22], in
addition to big data rate by utilizing 64-QAM at 60 Gbaud [23].

4. SYSTEM MODEL-QAM BASED OFDM-ROF SYSTEM

The proposed architecture function is for executing BER besides Q-factor for the OFDM-RoF scheme.
A main fundamental technique is adapted to execute optical OFDM. The coherent optical OFDM system
supports both OFDM and optical domain which achieve high spectral efficiency via overlapping the sub-
carriers in the OFDM signal. PRBS is utilized for generating bit sequence for the specified input data for OFDM
signal generator of RF-OFDM transmitter [24]. The input data associated to a QAM sequence generator can be
modulated with OFDM. The bit sequence is designed to set the characteristics of the randomized data. The
randomized bit sequence data can generate N of bits. The QAM code sequence generator will produce two
parallel M-ary OFDM signals with different phases associated with binary signals via PRBS quadrature
amplitude modulation. A QAM sequence code generator might be splitted into double parallel subsequences bit
symbol in addition to each symbol should be transmitted into double Quadrature symbols [25].

Figure 4 below shows the general methodology that followed here to deploy the models using the
mentioned platforms, randomly generated bit rate is carried with the OFDM transmitter and then modulated
with laser wave by the optical modulator then transmitted over amplified fiber and detected in the receiver
side by the photo detector which converts it back to electrical signal then recovering the original data by
reversing the OFDM receiver block.

Digital Input
Random bits + | y OFDI_\(I Optical Fiber OFDM | o
Carrier frequency I Transmitter Receiver F Digital Output

™7
s

Laser ! J Optical

Continues wave | Modulator Photo Detector

Amplifier

Figure 4. OFDM RoF system model

The model is design by using Opti-system to introduce the complexity of transmitters and receivers
from analog to digital domain. The input data for the OFDM modulator is internally modulated using- QAM
modulation format. The bit data signal at 2 Gbps generated by pseudo random bit sequence generator connected
to the OFDM transmitter which includes the QAM sequence generator with 4bits per symbol [26]. After the
OFDM modulator and quadrature modulator (where the RF signal is up converted to the 1.5 GHz carrier
frequency), as shown in Figure 5. The RF OFDM signals then used to drive an LiNb MZ modulator.

The RF to optical up-converter represented by 1/Q optical modulator can be designed with a
combination of X-coupler, two MZM modulators, in addition to an optical combiner. A CW laser source
produces optical signal is applied to the input port of X-coupler for yielding | and Q carrier components, that are
provide the MZMs. A dual-drive type of LiNb-MZM is used. The controlling of each MZM can be done with
positive and negative signals of the components of | or Q baseband OFDM modulating signal at the two MZM
inputs [27]. Each MZM output signal is then combined by the optical power converter to procedure CO-OFDM
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signal. Here, an EDFA amplifier can be connected as a booster amplifier for compensating the losses acquired
in the transmitter besides enhancing the signal in the fiber optics channel as shown in Figure 6.

Figure 5 shows the 2.5 GHz random binary bits are carried with 2 GHz carrier frequency with
90-degree phase shifted are OFDM modulated using the OFDM transmitter block then modulation of the
OFDM signal and MZM modulated Laser continuous wave with 10 km fiber length. Similar simulation
parameters are used in the two models with different modulator and fiber length for each modulator type;
these Simulation parameters for the two models are configured as in the Table 1.
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Figure 6. Optisystem 16-QAM OFDM-RoF receiver

Table 1. Simulation parameters

Parameter value Parameter value
Carrier frequency 2 GHz bit rate 2.5 Ghps
Laser frequency 193.1THz  Fiber length 0,100 Km
RF modulation 16-QAM  Optical filter bandwidth 10 GHz
Optical modulation MZM OFDM No. of FFT 256
sampling rate 64 No. of samples 65536
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5. RESULTS AND DISCUSSIONS

A simulation for BER of 16-QAM OFDM-RoF system have been presented in this section based on
OptiSystem13.0 simulation software. Figure 7(a) specifies the transmitted bit sequence at the data rate 10
Gbps using BER test set. This sequence generator of PRBS is plotted by a technique of 16-QAM modulation
combined with the RoF system, then a conversion to QAM format is done by QAM generator accompanied
by M-ary conversion. The modulated | and Q signals QAM are modulating with 512 subcarriers if we
considered subcarriers frequency span between 0 and 2.5 GHz for generating OFDM signals. These | and Q
OFDM outputs can be shown in figure Xb and c respectively after passing the LP cosine filter.

The OFDM of the RF signal generated from the random bits in the time domain is shown below in Figure
7 (a) and (b) shows the RF baseband spectrum frequency domain with corresponding bandwidth. Whereas a result
presented in Figure 7 can be obtained from OFDM signal which have 4 sub carriers modulating with a scheme of
16-QAM and up converting to carrier frequency of 2.5 GHz with quadrature modulator before modulating
optically. The electrical signal shown in Figure 7 will be used for driving the LiNb Mach-Zehnder.

Figure 7(c) is the RF signal applied to the electro-optic modulator (MZM) based on which it is
modulated with higher carrier frequency and its center frequency is shifted to 7.5 GHz with both sides of
subcarrier bands and the CW laser of intensity modulation centered at 193.1 THz takes place as shown in Figure
8(a). The MZM output is an optical carrier having double-sideband, symmetric and centered around 193.1 THz,
with upper sideband at 193.12 THz and lower sideband at and 193.08 THz as shown in Figure 8(b).
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Figure 8. MZM signal; (a) CW laser and (b) output double sideband optical carrier

At the OFDM receiver, the conversion of optical signal to be electrical signal is a function of coherent
detection subsystem based on PIN photodetector. This receiver has the process of the inversely OFDM
transmitter at the end of the received signal which is down converter with an optical link that makes the de-
conversion from O-E signal by coherent detection. An electrical amplifier may be used for increasing the gain
of the received OFDM signal before it demultiplexing to obtain own carrier frequency of the output signal.

The function of the receiver OFDM demodulator is converting the analog signal before it is filtering
with an optical band pass filter to eliminate the noise besides the crosstalk in the received signal. The
demodulation of the OFDM signal is completed with FFT-based method. The FFT output may accomplish a
number of points for demonstration using the constellation diagram that assigns the symbol for many kinds of
QAM possible constellation points.
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At the constellation visualizer, an amplitude range might be influenced by the power received amount
at the receiver and the demodulator results considered to be valid through the conceived in the constellation
diagram. The optical fiber length determines the characteristics of the constellation, if it is longer, then a great
power reduction so that obtain a small amplitude constellation. 16-QAM sequence bit of the OFDM-RoF
system will be able for achieving 100 km fiber length with a restricted decreasing in the received power as
shown in Figure 9 for different lengths starting from 10 to 100 km. The length of 100 km is considered long
haul transmission and when this longer fiber is passed with decreasing of the received power and a noise of
constellation is becoming greater in spite of applying electrical amplification as well as optical amplification.
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Figure 9. Constellation diagram for; (a) 20 km; (b) 40 km; (c) 60 km; (d) 80 km; and (e) 100 km

6. CONCLUSION

The implementation of OFDM-RoF system has been applied. RoF technology has several
applications for mobile communication and wireless technologies. An implementation of RoF system with
OFDM modulation technique for high bandwidth increasing, providing resistance to RF interferences, and
low attenuation. MZM demonstrates a better performance in longer fiber transmission case, which considers
like an amplitude modulator that splits the laser light beam into two paths. In this paper, BER and
constellation visualizer of received signal for 16-QAM modulation OFDM-RoF system have been achieved.
The simulation results confirm the fiber length basic, if the distance of the fiber increases, then minimum bit
error rate values will be increases too and this MIN BER is achieved with a distance of more than 80 km
16-QAM. The proposed technology of RoF-OFDM considers capable of achieving a fiber length of about
100 km utilizes 16-QAM sequence bit. Based on this paper, a combination of OFDM with RoF system yield
increasing high spectrum efficiencies and high performances of the OFDM radio frequencies. In future work
in this technology the BER, and Constellation Visualizer for OFDM-RoF technique can be executed,
implemented, and performed by applying different modulation formats, like 64, 256-QAM.
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