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Abstract—The exponential growth in mobile data traffic 

caused by the upsurge of Internet users has led to a high 

demand of capacity on the mobile data networks. High 

capacity and high data rate requirements created an 

emergence of Radio over Fiber (RoF) technology which is a 

possible key in the provision of high bandwidth and cost-

effective fronthaul solutions. This paper presents an 

evaluation on the integration of Subcarrier Multiplexing 

(SCM) with RoF and Orthogonal Frequency Division 

Multiplexing (OFDM) technologies to enhance the system 

capacities. A 4-channel SCM-OFDM architecture combined 

with RoF technology is examined across three different 

modulation schemes (i.e., 256-QAM, 64-QAM and 16-QAM) 

for transmission distances from 10 km to 120 km for two 

data rates i.e., (5 and 10) Gbps. The performance of the 

architectures is measured by Bit-error rate (BER), Quality-

factor (Q-factor), Signal-to-Noise Ratio (SNR), Error Vector 

Magnitude (EVM), Eye-Opening Penalty (EOP), received 

power and of transmitted signals. The simulation results 

indicates that the SCM-OFDM model at a 10 Gbps data rate 

gives a better performance under the 256-QAM modulation 

scheme. Furthermore the performance of all the SCM-

OFDM systems is more superior operating at a 10 Gbps 

data rate when compared to the 5 Gbps data rate.   

Index Terms—Radio over Fiber (RoF), Orthogonal 

Frequency Division Multiplexing (OFDM), Subcarrier 

Multiplexing (SCM), Wavelength Division Multiplexing 

(WDM), Signal-to-Noise Ratio (SNR) 

I. INTRODUCTION 

There has been a rise in mobile broadband traffic 

which grows exponentially due to high mobile 

subscriptions, as mobile devices are used as the primary 

access to Internet services [1], [2]. There has been a 

growth in mobile subscriptions and it is estimated that it 

will grow to 5.7 billion by 2023 [1]. Carrying such a huge 

quantity of mobile broadband traffic is a massive issue 

faced by network vendors and operators. The capacity of 

the mobile data networks has to increase to meet the high 

traffic capacity demand [3].  

It is projected that the fifth generation (5G) mobile 

network is going to provide not only faster speeds in 

transmissions, but also a lower latency (1ms), greater 

capacity and larger number of connected mobile devices 
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[4], [5]. This will help relieve the congestions 

experienced on fourth generation (4G) mobile networks 

[6]. The Network architecture, Cloud Radio Access 

Network (C-RAN), is a robust competitor in 

communication systems, even 5G systems as it has 

benefits which will meet the 5G requirements and help 

mitigate challenges, such as reducing operational 

expenditures (OPEX) and capital expenditures (CAPEX), 

saving energy and dynamically sharing resources [7]. The 

C-RAN architecture consists of the three components, 

being the baseband units (BBUs), remote radio units 

(RRUs) and fronthaul. The BBUs are centralized in one 

place creating a virtualized BBU hotel. This enables 

resources to be dynamically shared among the base 

stations (BSs) [3]. 

The fronthaul (link between BBUs and RRUs) has a 

high bandwidth requirement and this is one of the major 

challenges for C-RAN. This challenge cannot be met by 

wireless communication [8]. So Radio over Fiber (RoF) 

technology has solutions to meeting this requirement as it 

can provide both high bandwidth and cost-effective 

fronthaul solutions for 5G services [9]. A RoF system is a 

cross architecture combining optical and wireless 

infrastructures [10]. 

In RoF systems, radio frequency (RF) signals are 

transmitted through the optical link from the BBUs to the 

RRUs before travelling wirelessly through the air [10], 

[11]. Orthogonal Frequency Division Multiplexing 

(OFDM) technique has been predominant in wireless 

communications with its ability to eliminate Inter Symbol 

Interference (ISI) and to mitigate radio channel losses. 

The combination of optical communication and wireless 

communication (OFDM-RoF) produces a system 

characterized by high spectral efficiency, large capacity 

and high speed [12]. 

However, A-RoF technology suffers from drawbacks 

which decrease the performances of these systems 

through the presence of distortion in the RoF link. It is 

vulnerable to distortion and noise thanks to nonlinearities 

created at the laser, optical fiber and photodetector [13]. 

Specifically, these systems face a signal liability to two 

distortion sources which are chromatic dispersion of the 

fiber and the frequency chirp which is false phase signals 

caused by the laser source [14]. 

The D-RoF method serves as an alternative solution to 

evade these drawbacks. The transmission of digital data 

alleviates the issues of nonlinearity issues generated at 
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both the transmitter and receiver sides [13]–[16]. 

Nonetheless, the D-RoF technique is expensive and this 

cost escalates with the increase in requirement of high 

precision analog to digital (A/D) and digital to analog 

converters (D/A). Likewise, this reduces steadiness of the 

phase relation between multpile RRHs and also reduces 

the spectral efficiency [14]. 

Common Public Radio Interface (CPRI), is a protocol 

utilized in the fronthaul to implement the interface 

between the BBU and the RRU requires massive 

transmission bandwidth for the D-RoF [9]. This factor 

creates limitations to digital fronthaul solutions due to 

this great need to transmit much higher bandwidth signals 

than the actual RF signals due to digitized signals with 

high sampling resolution [17]. Other factors which limit 

the fronthaul and the provision of reliable communication 

over the optical link are noise added by the optical 

amplifiers and the nonlinear distortions due to the Kerr 

effect in the optical fiber. The transmission of any optical 

signal is affected by attenuation, dispersion and 

nonlinearities in the optical channel and in the wireless 

channel [18]. 

Delta-Sigma modulation has been recently proposed as 

a new digitization interface for a digital fronthaul link 

[13]–[16]. Nevertheless, these systems have some 

drawbacks as they require costly, highly efficient and 

high sampling rate digital signal processing (DSP) 

circuitry to their performance [13]–[16]. In this regard, 

A-RoF technology can be utilized, while applying 

methods to alleviate the nonlinearities can represent a 

promising solution [19]. 

Analog and digital electrical techniques have been 

proposed as solutions to reduce the nonlinearities present 

in A-RoF transmission [20]. Analog predistortion (APD) 

method is whereby the nonlinearities of the laser source 

are compensated but the shortcoming of the method is its 

need for a different predistorter for every single RoF 

transmitter for its different application to large scale 

production [14]. 

Digital predistortion (DPD) method has many 

approaches such as the usage of memory polynomials 

whereas a trained predistorter based on Volterra series 

has been applied to the RoF link [21]. Another DPD 

approach is based on canonical piecewise-linear (CPWL) 

function for the intensity modulated/direct detection RoF 

system. Another DPD technique proposed is based on 

memory and generalized memory polynomial for Vertical 

Cavity Surface Emitting Lasers (VCSELs) based RoF 

links [13]–[15], [19], [22]. 

Many researchers have come up with solutions for the 

problem. In [23], a performance of the RoF network of 

N-channels was analyzed for Wavelength Division 

Multiplexing (WDM) with Differential Phase Shift 

Keying (DPSK) and Quadrature Amplitude Modulation 

(QAM) modulation formats to study the nonlinearity 

effect. Their WDM-RoF system using the DPSK 

modulation format showed a positive enhancement in 

comparison with the QAM format.  

In [24], the WDM-RoF network was also analyzed on 

the transmission performance over different fiber lengths 

with the channel spacing at 0.4 nm and a fixed input 

power. Their results showed that the Q-factor was 6.30, 

the Bit-error rate (BER) was 4.56 × 10−10. Their system 

displayed good performance as the Q-factor was greater 

than 6 and the BER was less than 10−9. In [25], there was 

an improvement on the system performance due to the 

combination of the properties of WDM and Subcarrier 

Multiplexing (SCM) techniques. The OFDM technique 

and three modulation techniques were used (4-QAM, 16-

QAM, and 64-QAM). Their findings showed that the 

system with 16-QAM-OFDM provides the highest RF 

signal power.  

This paper presents the SCM-RoF system with the 

OFDM technique which allows for the transmission of 4 

RF channels with 16-QAM, 64-QAM and 256-QAM 

modulation schemes for fiber lengths from 10 km up to 

120 km. The proposed system is based on the external 

modulation of the MZM modulator. A simulation model 

has been developed to study the performances of the 

SCM-OFDM RoF system in terms of BER, Q-factor, 

Signal-to-Noise Ratio (SNR), Eye-Opening Penalty 

(EOP), for varying fiber lengths and of different data 

rates. The performance quality is also analyzed through 

the Error Vector Magnitude (EVM) limit determined by 

the 3rd Group Partnership Project (3GPP) and European 

Telecommunications Standard Institute (ETSI) which 

matches to 12.5%, 8% and 3.5% for 16-QAM, 64-QAM 

and 256-QAM, respectively [26]. Results are shown for 

multiple mobile signals operating at a carrier wavelength 

of 1550 nm on a single optical channel. Optisystem 

V.17.1, a commercial software, is utilized to obtain the 

simulation results. The aim of the paper is to design a 

SCM-OFDM-RoF system which improves the system 

performances to produce better BER, Q-factor, EOP, 

SNR system performances in the fronthaul at a higher 

modulation format as compared to other articles. 

This paper is arranged in the following manner: 

Section II entails the discussion of the SCM multiplexing 

technique used in this study as well as the theoretical 

analysis of M-QAM modulation schemes. Section III 

involves the introduction of the system model of the 

SCM-OFDM-RoF designs and its operation. Section IV 

discusses the simulation results of the SCM-OFDM-RoF 

designs under the 256-QAM, 64-QAM and 16-QAM 

modulation schemes. The performance of the system is 

discussed using BER, Q-factor, received power, SNR, 

EVM and EOP performance metrics. Finally, the whole 

study is concluded in Section V. 

II. MATERIALS AND METHODS 

A. Subcarrier Multiplexing (SCM) 

It is a multiplexing technique used in optical systems 

to increase their bandwidth utilization efficiency. It is 

more sensitive to noise effects, which limits the data rates 

and the maximum subcarrier frequencies. In the SCM 

technique, multiple signals of the RoF system in the RF 

domain are multiplexed then propagated through a solo 

wavelength. 
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The SCM technique offers flexibility and upgradability 
in its design where analog and/or digital modulation can 
be utilized to transmit multiple voice, data, and video 
signals to a great number of users [27].  

B. Theoretical Analysis 

Theory dictates that higher order M-QAM modulation 
schemes will have a poorer SNR and received signal 
power performance since it has a higher spectral 
efficiency, than lower order M-QAM modulation 
schemes. This is due to the fact that higher order M-QAM 
modulation formats are susceptible to errors even though 
they have higher spectral efficiencies. Though it is 
possible to transmit more bits/symbol, if the constellation 
energy remains the same, the points remain the same and 
are closer together which causes the transmission to be 
vulnerable to noise. The performance of the demodulator 
is severely degraded by the estimation error of the 
channel because the demodulator decision region depends 
on the channel fading [28], [29]. 

However, theory also states that the higher data rate 
will have a lower delay from one point to another when 
delivering data [30]. In this case, the 10 Gbps will have 
an increased capability to support a larger number of 
channels and give a better performance. Also, an increase 
in the transmission power improves the SNR of the 
system, allowing the receiver to decode the signals at the 
high data rates [30]. M-QAM modulation schemes also 
perform better at higher data rates as they provide an 
increased bandwidth [31]. The received SNR differs as a 
result of multipath fading and a constant SNR is 
maintained by changing several parameters for instance 
modulation orders, data rates and transmission power[32]. 

III. SYSTEM MODEL 

The basic and the main components of the OFDM-RoF 
system are the transmitter, optical link and receiver. This 
section discusses the designs of the RoF systems under 
three modulation schemes (16-QAM, 64-QAM and 256-
QAM) with a multi-channel OFDM technique through 
the use of SCM technique. The SCM-OFDM-RoF were 
designed using the Optisystem v.17.1 software.  

A. SCM-OFDM RoF System Model 

The SCM-OFDM RoF system model block diagram is 
shown in Fig. 1. It shows a 4-channel model with four RF 
transmitter channels (2.5 GHz, 10.5 GHz, 25 GHz and 
32.5 GHz) combined using a 4x1 combiner. The output 
signal from the combiner then goes through the LiNb MZ 
Modulator. The signal is then modulated by the 
semiconductor laser generating an optical signal to be 
transported through the optical channel towards the 
receiver. Two Erbium Doped Fiber Amplifiers (EDFAs) 
are used to boost weak optical signals and compensate for 
fiber losses. 

The receiver comprises of two parts which are the 
optical side and the RF side. At the optical side of the 
receiver, the Positive Intrinsic Negative (PIN) 
photodetector is used to detect the optical signal 
transmitted through the optical channel. There is a signal 
conversion from an optical form into an electrical form 

by the PIN photodetector is then passed through a 14 
Fork to reiterate the input signal into four output signals. 

 

Fig. 1. SCM-OFDM RoF system model. 

Fig. 2 displays the RF transmitter of the second 
channel of the 4-channel SCM-OFDM-RoF model as 
designed in Optisystem v.17.1. The first component is the 
Pseudo Random Bit Sequence (PRBS) generator which is 
responsible for generating a bit rate signal. It is linked to 
the QAM sequence generator which is also linked to the 
M-ary pulse generator inside the subsystem.  

 
Fig. 2. RF transmitter of the SCM-OFDM channel 1. 
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The subsystem contents are as shown in Fig. 3. The M-
ary Pulse Generators are used to transmit low data rate 
streams over various narrowband subcarriers after 
splitting high data rate streams. This is then attached to 
the OFDM modulator and low pass roll-off filters. Then a 
Quadrature modulator is connected to up-convert the 
signal to a high RF frequency.  

 
Fig. 3. M-ary pulse generator subsystem. 

Fig. 4 displays the second channel at the RF receiver, 

which shows an electrical amplifier in the system which 

is used to regenerate the power lost due to the fiber loss 

mechanisms. The OFDM demodulator is utilized to 

demodulate the signal to extract the symbols decoded and 

recover the original bits from the transmitter. 

TABLE I: SIMULATION PARAMETERS OF THE ROF SYSTEM MODEL 

Unit Subunit Parameter Value 

Baseband Unit 
(BBU) 

OFDM 
Modulator 

Number of 
Subcarriers 

512 

Number of FFT 
points 

1024 
 

Number of prefix 
points 

0 

CW Laser 
Wavelength 1550 nm 

Power 0 dBm 
Line width 0.1 MHz 

LiNb MZ 
Modulator 

Extinction Ratio 30 dB 
Switching bias 

voltage 
4 V 

Switching RF 
voltage 

4 V 

Insertion Loss 2 dB 

Optical Link 

EDFA 1 
Gain 13 dB 

Noise Figure 4 dB 

Single Mode 
Fiber 

Wavelength 1550 nm 
Attenuation 0.2 dB/km 

Dispersion 
16.75 

ps/nm/km 

Dispersion slope 
0.075 

ps/nm2/km 

EDFA 2 
Gain 12 dB 

Noise Figure 4 dB 

Remote Radio 
Unit (RRU) 

Photodiode 
PIN 

Responsively 1 A/W 
Center Frequency 193.1 THz 

 

 
Fig. 4. RF receiver of the SCM-OFDM channel 1. 

The simulation parameters of the RoF system model 

are listed in Table I. 

IV. RESULTS AND DISCUSSION 

This section presents the simulation results for the 

SCM-OFDM model on the RoF link. This will utilize the 

combination of SCM and OFDM techniques for three 

modulation schemes for 5 Gbps and 10 Gbps data rates. 

A. SCM-OFDM System 

Fig. 5 displays the Q factor of the SCM-OFDM system 

utilizing the 256-QAM modulation scheme over the 

transmission distance of 120km. The Q-factor is 

maintained at 9.537×1021 for the transmission distance of 

10km to 120km and it only lowers to 2.328×1011 at the 

70km and 120km distance. The decrease in Q-factor at 70 

km and 120 km may be caused by a slight degradation in 

the system due to attenuation experienced in the optical 

fiber. Even with the drop to 2.328× 1011, the Q-factor 

value is still very high and this is constant for all three 

modulation schemes. This Q-factor value is also constant 

for all modulation.  

 

Fig. 5. Q-factor for 256-QAM modulation scheme. 

Fig. 6 displays the BER of the system over the fiber 

length of 120km. It shows a minimum value of zero for 

the whole transmission distance from 10km to 120km for 

all three modulation schemes (16-QAM, 64-QAM and 
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256-QAM) studied. The overall Q-factor and BER for all 

the SCM-OFDM RoF systems is 9.537×1021 
 and 0 

respectively, for all the three modulation schemes studied 

for both data rates 5Gbps and 10Gbps. The Q-factor and 

BER are extremely too high and too low, respectively, 

because of high spectral efficiency, large capacity and 

high speed associated with OFDM-RoF systems and the 

set parameters in Table I. 

 

Fig. 6. BER for 256-QAM modulation scheme. 

The received power versus transmission distance at a 
5Gbps data rate is shown on Fig. 7, for different 
modulation schemes (16-QAM, 64-QAM and 256-QAM). 
Fig. 7 depicts how SCM-OFDM system model under the 
256-QAM scheme performs better than the 64-QAM and 
16-QAM scheme in the RoF link. This is due to 256-
QAM modulation scheme having a higher spectral 
efficiency, giving more provision for more data to be 
transmitted over the optical link in a small spectrum 
followed by the 64-QAM modulation scheme as 
compared to the 16-QAM modulation format. At the 
transmission distance of 120 km, the 256-QAM scheme 
has a received signal power of -82.21 dBm, followed by 
64-QAM with -91.36 dBm and lastly the 16-QAM 

scheme having a received signal power of −100dBm. The 
received power versus transmission distance at a 10 Gbps 
data rate is displayed in Fig. 8, for different modulation 
schemes. The SCM-OFDM model at a 10 Gbps data rate, 
similar to 5Gbps, shows a better performance under the 
256-QAM scheme, followed by the 64-QAM scheme 
then the 16-QAM scheme. This is as a result of higher 
order M-QAM modulation formats (256-QAM and 64-
QAM) having a higher spectral efficiency as compared to 
lower order M-QAM modulation formats (16-QAM). At 
the fiber length of 120km, 256-QAM, 64-QAM and 16-
QAM modulation schemes have signal powers of -81.57 

dBm, −86.97dBm and −89.08dBm, respectively. 
Comparing Fig. 7 with Fig. 8, Fig. 8 shows a better 
system performance comparatively in terms of received 
power because the bandwidth of RF-channels increases 
with an increasing data rate. 

Fig. 9 displays the SNR versus the transmission 
distance at 5Gbps data rate for three different modulation 
schemes. From Fig. 9, the 256-QAM modulation scheme 
gives a better system performance with a higher SNR as 
compared to 64-QAM and 16-QAM modulation schemes 
as a result to 256-QAM being more bandwidth efficient 
than 64-QAM and 16-QAM even when subjected to noise 
in the channel. The 256-QAM scheme has a SNR equal to 
17.79dB at a distance of 120km whilst the 64-QAM and 
16-QAM schemes have an SNR of 8.64dB and 0dB at the 
same distance, respectively. The SNR versus the 
transmission distance at a 10 Gbps data rate is displayed 
in Fig. 10. It shows the SCM-OFDM system model 

utilizing the 256-QAM modulation scheme to have a 
better performance in comparison with the 64-QAM and 
16-QAM modulation schemes. This is due to 16-QAM 
and 64-QAM having a lower spectral efficiency than the 
256-QAM at a higher data rate.  At the fiber length of 120 
km, 256-QAM, 64-QAM and 16-QAM modulation 
schemes have a SNR of 18.43dB, 13.03dB and 10.92dB, 
respectively. Fig. 10 shows superiority over Fig. 9 in 
terms of SNR over various fiber length across (256-QAM, 
64-QAM and 16-QAM) modulation schemes as theory 
dictates that M-QAM modulation schemes achieve a 
higher SNR at higher data rates as they provide an 
increased bandwidth.  

 
Fig. 7. Received power vs transmission distance at 5Gbps data rate for 

three different modulation schemes. 

 
Fig. 8. Received power vs transmission distance at 10Gbps data rate for 

three different modulation schemes. 

 
Fig. 9. SNR vs transmission distance at 5Gbps data rate for three 

different modulation schemes. 

 

Fig. 10. SNR vs transmission distance at 10Gbps data rate for three 

different modulation schemes. 
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Fig. 11.  EVM vs fiber length for the 16-QAM modulation scheme. 

 
Fig. 12.  EVM vs fiber length for the 64-QAM modulation scheme. 

Fig. 11 shows the EVM in relation to the transmission 

distance for the 5 Gbps and 10 Gbps data rates, for a 16-

QAM modulation scheme. The allowable distance when 

the EVM value does not exceed the EVM limit of 12.5% 

during transmission for a 5 Gbps and 10 Gbps data rates 

is up to 60 km and 100 km, respectively. The increase of 

the EVM value at 5 Gbps is due to the effect of distortion 

in the optical fiber as compared to at 10 Gbps. 

Fig. 12 shows the performance of EVM in relation to 

the transmission distance for the 5 Gbps and 10 Gbps 

data rates, for a 64-QAM modulation scheme. The 

allowable distance when the EVM value does not exceed 

the EVM limit of 8% during transmission for 5 Gbps and 

10 Gbps data rates is up to 85 km and 99 km, respectively. 

The same as for the 16-QAM modulation scheme, the 

steep increase of the EVM value at 5 Gbps is due to the 

effect of distortion experienced in the optical fiber as 

compared to at 10 Gbps. 

Fig. 13 below shows EVM versus the fiber length for 

the 256-QAM modulation scheme measured at the 

receiver. It shows that the allowable distance when the 

EVM value does not exceed the EVM limit of 3.5% 

during transmission for both 5 Gbps and 10 Gbps data 

rates is up to 90 km. This steep increase of the EVM 

value at 5 Gbps and 10 Gbps is due to the effect of 

distortion in the optical fiber. EVM has a significant 

effect on the maximum transmission distance of the 

system as the maximum transmission is seen to vary in 

Fig. 11, Fig. 12 and Fig. 13 depending on the modulation 

format and data rate of the system. It also highlights that 

the 256-QAM scheme has an achievable transmission 

distance of 90 km at 5 Gbps and 10 Gbps data rates 

showing a similarity in performance between the two data 

rates as compared to the 16-QAM and 64-QAM schemes 

and an improved performances under a 5 Gbps data rate. 

 
Fig. 13.  EVM vs Fiber Length for the 256-QAM modulation scheme. 

The EOP of the SCM-OFDM system was also studied 

for the three different modulation schemes. The EOP 

helps to quantify the quality of the signal. Fig.14 displays 

the relationship between EOP and the fiber length 

measured from the 256-QAM scheme and identical with 

all three modulation schemes at 5 Gbps and 10 Gbps data 

rates. The EOP on Fig. 14 shows a constant value of 0dB 

with an increasing fiber length as the eye-opening height 

remains open for the whole fiber length as shown on Fig. 

15 below displaying the eye diagram of the 256-QAM 

scheme at a 90 km transmission distance. This result 

gives an instant indication on the quality of the received 

signal. 

 
Fig. 14.  EOP vs Fiber Length for the 256-QAM modulation scheme. 

 
Fig. 15.  Eye diagram for the 256-QAM modulation scheme. 

Table II shows the comparison in performance 

between existing and proposed design systems of SCM-

OFDM on received power. Results of the proposed SCM-

OFDM systems are compared to the results of reference 

[25]. Table II shows how the proposed designs are better 

in terms of performance in regard to received signal 
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power of 16-QAM modulation schemes at different data 

rates of (5 and 10) Gbps and a fiber length of 100 km. 

This is because the proposed systems have a higher 

received signal power than [25] which highlights the 

increased bandwidth in the proposed systems. Table III 

compares the existing design systems of references [24], 

[33]-[35] with the proposed SCM-OFDM design systems. 

The performance metrics in comparison here are Q-factor 

and BER. It shows that the proposed SCM-OFDM system 

outperforms the existing systems for the same 

transmission distances. 

TABLE II: RESULTS COMPARISON OF EXISTING AND PROPOSED DESIGNS 

ON RECEIVED POWER 

Work 
Fiber 
length 
(km) 

Received power (dBm) 

5 Gbps 10 Gbps 

16-QAM 16-QAM 

[25] 100 -98.0 -102.0 

Proposed 
design 

100 -97.29 -81.22 

TABLE III: RESULTS COMPARISON OF EXISTING AND PROPOSED 

DESIGNS ON Q-FACTOR AND BER 

Work 
Transmission 

distance (km) 
Q-factor BER 

[24] 60 6.30 4.56×10−10 

[33] 60 9.22647 0.0029295 

Proposed design 60 9.537× 10+21 0 

[34] 20 17.77 5.2×10-71 

Proposed design 20 9.537× 10+21 0 

[35] 120 8.05 4.05×10-18 

Proposed design 120 9.537× 10+21 0 

V. CONCLUSION 

In this research, the performance of the system was 

enhanced by combining the properties of SCM and 

OFDM techniques and using high order modulation 

schemes (256-QAM, 64-QAM and 16-QAM) operating at 

(5 and 10) Gbps data rates, respectively. The OFDM 

technique has proven to be useful in optical networks 

through the combination with RoF systems providing 

highly efficient communication. Three modulation 

schemes (16-QAM, 64-QAM and 256-QAM) were used 

in the SCM-OFDM-RoF system. The system displays a 

good overall performance from the Q factor, BER, EVM 

and EOP measured for all three modulation schemes at 

distances from 10km to 120km with the 256-QAM-SCM-

OFDM system on the RoF showing a superior 

performances compared to the 64-QAM and 16-QAM 

schemes.  

The simulation results were shown in terms of received 

power, SNR, EVM, EOP and they show that the 256-

QAM-SCM-OFDM system gives a better performance 

than the other modulation schemes at a 5Gbps data rate. 

The SCM-OFDM model at a 10Gbps data rate gives a 

better performance under the 256-QAM modulation 

scheme highlighting once again the increased bandwidth 

and high spectral efficiency experienced by high order 

modulation schemes despite the presence of noise in the 

systems over varying fiber lengths. The performance of 

all the studied systems is more superior operating at a 10 

Gbps data rate over a 5Gbps data rate.  

APPENDIX A  CONSTELLATION DIAGRAMS  

 
(a) 

 
(b) 

 
(c) 

Fig. 16. SCM-OFDM RoF system constellation diagram at 90 km for 10 

Gbps data rate, (a) 16-QAM, (b) 64-QAM and (c) 256-QAM. 
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