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Abstract spectrum availability and digital signalprocessing

Radio over Fiber (RoF) system is a promising technique for2auipments. However, the current wireless signals suffer

applications of microcell and picocell to deploy wireless datafrom uncompromising loss along the existing transmission
PP . 4 P ploy . channel in addition to loss of free space. Using RoF to provide
networks in the future. It is repreged an integration of

. ) L ) . __radio access has some advantages, such asodstwemote
microwave and optical networks, which its uses optical fiber

antennaunits, the ability to deploy small and ease of upgrade
as a backbone technology because of the tremendouf%r future potential exploration. To provide low power

zd:taerr]‘:ggszn getzfrﬁirrzgoge?/\é?gl tS:ca?Jigoélr‘nr?grflei:ne(:r e?f?e 'Z onsumption and large bandwidth while reducing the costs of
Y y eployment and maintenance of wireless networks, ROF

of the channel. In addition, Orthogonal Frequency Division system seems to be a promisingndidate, which will be

mgggg:gg V(V?;Ei) Ir?e'tl\J/\(/a(;?I?s p;gfozidI:szn‘:‘taxgﬁrdR?é widely used for many communication standards, such as; Wi
ploy Fi networks , digital subscriber loop (DSL), Worldwide

systems to facilitate overall system performanbe. o \ : .
; . ) Interoperability for Microwave Access (WiIMAX) and digital
increased of demand for high speed datte rand high _video and audio broadcasting standdfds

capacity of bandwidth because of recent developments in
technology in bandwidth for access networks. The RoF system is a very important technique for the wireless
combination of RoF and OOFDM techniques has resulted in aaccess network, where it is used to transmit millimeter and
high data rate at lower cost of wireless networks. Thus, thismicrowave waves by optical fiber for short and long
paper illustrateshat the performance of RoF optical link has distances. It is also used to support the current 4th generation
been analyzed with and without Optical Orthogonal mobility network and WLA. However, RoF represented
Frequency Division Multiplexing (OOFDM) for multi  integration of optical network and RF, as well as it is used to
channel through combining two multiplexing techniques, suchincrease the channel capacity and decreasing the power
as; Subcarrier Multiplexing (SCM) andWavelength Bioh consumption and cost.It is also used to support the current 4th
Multiplexing (WDM).The system uses the hybrid WBDM generation mobility network and WLAN. HoweveRoF
SCM-OFDM PON architecture combined with RoOF represented integration of optical network and RF, where it is
technology.The performance of network has been comparedused to increase the channel capacity as well as decreasing the
with different digital quadrate amplitudemodulation schemespower consumption and cost. This system provides radio
(such as: QAM, 16-:QAM and 64QAM) for 20 km optical access has a number of applications in the recent and the next
fiber length and for three data rates (5, 7 and 10) Gpbs. Thegeneation of wireless systems. This is includes, Remote Site
performance analysis is based on the optical spectrum ofRS) and Central Site (CS), which connects to an optical fiber
transmitted signal, constellation diagrams and symbol errotink, where the signal is transmitted between RS and CS in the

for 4 and 32channelBur result shows that the ABAM- optical band by RoF networlk?]. Thus, RoF system can be
OFDMperforms better than-@AM-OFDM and 64QAM- the answer to mgy of the wireless network demands because
OFDM modulation schemes. In addition, -@AM-OFDM of it is provides lowcost configuration. However, due to the

gives highest value of noise ratio with a slight difference in optical modulated signals are transmitted to the base station
signatto-noise ratio for 18QAM-OFDM. The proposed carry to the fiber without big losses and reach the mobile user
system link has been modeled and simulated using aby the RF transmissionhds it is an appropriate technology
commercial optical system simulator named opt for wireless network.

systemfiversion 140 software O?thaogcoha? gFreequency division multiplexing (OFDM) is

Keywords: Radio over Fiber (RoF),Orthogonal Frequency chosen as a modulation technique for wireless
Division Multiplexing (OFDM), Subcarrier Multiplexing communications because it provides large data rates with
(SCM), Waveform DivisiorMultiplexing (WDM). sufficient durability to impairments theadio channel.
However, OFDM is a transmission scheme utilizes multiple
sub-carriers to transfer the serial high rate data streams into
INTRODUCTION the multiple parallel low rate data streams. Hence, prolongs
the duration of the symbol and thus helping to eliminate the
Mnter Symbol Interference (ISI) [3] [4]. Usually, a single mode
or multimode optical fiber is utilized as the transfer method
between the base stations (B.Ss) and the antenna, where there

Nowadays, there is an urgent need in optical communicatio
to meet the service requirements of ulaye capacity and
ultra-high speed for wireless access network because of it

10831


mailto:fawal2003@yahoo.com
mailto:3memem4900@gmail.com

International Journal of Applied Engineering Research ISSN-@%82 Volume 13, Numbei2 (2018) pp.10831:1084
© Research India Publications. http://www.ripublication.com

is an electronics rack.However, the study described in thegive several advantages, like transparency and scalability,
current paperattempted to provide the performance of RoFreduced the complexity of antenna location and radio carriers
optical link which has been analyzed with and without can be allocated dynamically to the locations of various
OOFDM for multrchannel by combining two multiplexing antennd1(Q].

techniques, such as; SCM in RF side and WDM in optical sid
for different lengths of optical fibemlata rate and different
modulation schemes.

°A These systems will need to provide data transfer capacities
far beyond the standards of current wireless systems to
provide integrated broadband services.However, some of the
Thus, this paper is organized as follows: Section 2 offersthemai n wi rel ess standards toda
analysis of the deployment of RoF system including the RoFwhich offers upto 2 Mbps and operating about 2 GHz and
system concept, multiplexing schemes in RoF for wirelessWireless LAN, which offers up to 54 Mbps and works at
communications and OFDM concepi Section 3, presents carrier frequencies about 2.4 and 5 GHz.In addition, another
system design for RoF which include proposed simulationrecent standard is IEEE802.16 or WIMAX, which aims to
setup for the SCM and SCM/WDM RoF. Section 4 provided abridge the last mile by the mobile as well faged wireless
discussion on the performance of the proposed system witlaccess to the end user at the frequencies which lies between 2
simulation results. Section 5 presents brief concludingand 66 GHz.The need to increase the capacity per unit space
remarls of the study. leads for smaller radio cells and higher operating frequencies
above 6 GHz especially in internal applications whére t
high operating frequencies are encounter extermely high
DEPLOYMENT OF RoF SYSTEM losses by the walls of the building. It is necessary to make the
units of radio antenna as simple as possible to reduce the

This section introduces information about the mcitannel maintenance and installation cost of such systdis [

RoF system and then, it provides a survey of the two
multiplexing techniques, such as; WDM and SCM that use in @ ~ &
this paper, so that analyzing how the OFRre effected on -

the performance of system can be described also in this * RF Signal
section.

Optical- RF Optical

Converter | Sourea

RoF System

RoF is a wireless combination with fiber optic networks, ‘,
where the RF signals are distributed from a central location to - S
the units of remote antenna.HowevBgF Technology is the
integration of optical networks and microwave, which RF - Optical| | Opticai
represents a possible solution to increase capacity, mobility ‘ t Converter || Detector
and reduce the costs in the access network as shown in Figur

1 [5]. Wireless signals are routed in optical form betmvése
main station and different other base statiofs3]] Base
stations transmit data to mobile stations, which falls within the
base station range. The optimal use in RoF of the transferring
the signal is utilized through ensuring minimal loss through
the transmit of.RF _signals to the units of remo_te antenna. Th‘fvlultiplexing Schemes in RoF for Wireless
signal processing is handled in the RoF, which offers some
advantages, such as; ease in equipment sharing and ease Rifferent multiplexing schemes in field of ROF for wireless
operation. communication are briefly describedin this section:

Figure 1: Basic diagram of RoF technolo@y1].

The points of low power radio access ensure improved
frequency euse and bette_r system capacity, where RoFA_ Waveform Division Multiplexing (WDM)
technology connects the points of radio access to the control
stations §].The architecture of the Rof technology contain of The basic concept DMtechnology is to combine multiple

a network system which uses an antenna network. Howevenptical channels with the various wavelengths which comes
the signal processing atthesent enna dés de mul ffronp Vakoxsi opticél ssoutes nirgo a single fiber through
through transmitting the RF signals to the control stations byutilized multiplexers at the transmitter side as well as
the optical fiber.However, RoF has may advantage, such aslemultiplexers in the receiver side to divideetWDM

less attenuation, low complexity, lower cost, large bandwidthchannels. However, WDM technology is an effective way can
and easy installation and flexibility.€rconcept of RoF means be used in the optical fiber feeder network to increase the
that the transfer of information on the optical fiber will be capacity of RoF systems, increase the usable bandwidth of the
through adjusting light with radio signal.This modulation can fiber as well as increases the number of base stations powered
be made directly at intermediate frequency or with radioby the central office. Furthermore, the topologies of the
signal. RoF technique has the capability of the bank of = WDM-RoF networks are similar to the other optical networks
the wireless access network. However, this architecture can
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topologies, like bus network, ring network and star networkfiber optic systems is the common application of this scheme
[12,13]. Frequency selection in the microwave filter and stability is
much better in the microwave oscillator compared to the
various wavelengthshat comes from multiple fibres to a optica[.Thus, in the rgdio frequency dpmain, the coherent
detection becomes easier due to RF oscillators with low phase

single fibre. This needs dense wavelength division . ;
multiplexers (DWDM). Optical (analog) techniques of g;lssl ;grr:giﬁr\?v%iéggiezdp\gﬂggglerg?rg;mon formats and
multiplexing are utilized through these devices to increase the ’

capacity of carrying of fibre networks above leyeldich are
achieved through the use of time division multiplexing

It is a passive device which combines light signals with

(TDM). Nowadays, the distribution of RoF signals which > o

illustrates in Figure2 using WDM technology has becomes Laser

very important. However, for a single fibre, such systems are > e

able to achieveapacities of 1 Th/s. Single channel has bit “

rates raised to 10 Gb/s and channel rates of 40 Gb/s of the »

systems available at the commercial level. It is possible to ’%

reduce the spacing of channel to 50 GHz or even to 25 GHz _ i Spocal /\__

which makes possible to use chafs one hundred in number.

But if the reduction in spacing of channel will be 50 GHz

rather than 100 GHz, this will make upgrading of the systems o |
running at 40 Gb/s more difficult due to nbnear effects in Optcal T —  Fiowr

nature 14]. . C
Figure 2: Schematic diagram of SCM.4].

OFDM TECHNIQUE

OFDM is an effective solution to intaymbol interference
problem caused through a dispersive channel, thus, it is
utilized widely in communicationsystems.In addition, OFDM
is characterized of is that it conveys complexity of
transmitters and receiversofn the analog to the digital
domain.However, the basic concept of OFDM is a method of
. . divide a stream of high data rate into multiple less data rate
i Vo - streams and then transmitted in the same time through a
N number of orthogonal subcarriers. As a result, cedthe
Rl relative amount of dispersion in time caused through
ou : dispersive channels like optical fibers. OFDM based design
Deisclor ¢ has an inherent ability to include an extended guard time
periodically in each OFDM symbol. The OFDM symbol is
periodic extension the grditime to avoid and removes inter
carrier interference. However, an OFDM signal consists of the
) ) ) sum of the subcarriers that are modulated through the use of
B. Subcarrier Multiplexing (SCM) quadrature amplitude modulation (QAM) or phase shift

SCM technique is one of the multiplexing techniques whichkeying (PSK) 19-21].
can be used in optical system to increase the bandwidth

utilization efficiency. The SCM is more sensitive to noise

effects, which limits the data rates and maximum subcarrielSYSTEM DESIGN

frequencies. The basiconfiguration of the SCM optical g e system consists of three main parts which are:
SVS‘e”? is shpwn _in Figur.e 3. The multiple Radio I:requencytransmitter, fiber channel and receivdowever, the ,
(RF) signals in this technique of RoF system are multiplexed, ,smitter partcontainsof two main sides, such as: electrical
in frequency domain then transmitted through a singlegige for generating RF signal with SCM and optical side for
wavellength. However,_ the comb|nat|o_n.9f SCM gnd WD generating optical signal with WND.While the receiver part
techniques may provide greater flexibility for high speed ;qniainsofRF side and opticalhis section offers the design
opt?cal transmission .With high dispersion tolerance and hig of RoF system utilize different types of modulation schemes,
optical bandwidth efficiency [+38]. such as: QAM, 16QAM and 64QAM with and without

Optical subcarrier multiplexing (OSM) is a system in which OFDM techniquein mulichannel transmission through used
more than one signals are being midt@ed in the radio WDM and SCM techniques.

frequency domain then transmitted through the use of single

wavelength. Thus, the devices with microwave are more

mature than optical devices and the analog cable television in

Figure 2: RoFsystem through used WDM technolody].
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A. Model for SCM-RoF System IFFT proccess, after that, IFFT output is sent to the channel
In this section, 4RF channels (2.4 GHz, 5.8 GHz, 10 GHz after the addition of cyclic prefix (CP).The OFDM time

) - signals are then converted to the appropriate analog form
and 15GHz) are S|mullated through gtlhze@AM, 16Q.AM through using D/A converteras well as modified the laser
and 64QAM modulation scheme with OFDM technique at diode creating an optical signal pass by the optical link to
5Gbps data rate.Theroposed simulation setup for the SCM 9 P 9 P y P

: ; finally move into a wiredss channel.In addition, the combiner
with (4-QAM-OFDM) and (64QAM-OFDM) RoF systemis ;" iised to combine fourinput signals into a single output
shown in Figure 4 and Figure 5, respectively. However, for

the transmitter part in these figures,in start, the data bits arsignal. At the receiver part, after the signal converted from an
encoded after 51at converted ginto :51 cof ! n map of a %ptical form into an electrical form by a photodetector, it is

. R p passed across Fork to mgiite the input signal into four output
well-known modulation scheme used in this work. In OFDM

technique, the data is interpreted as a frequeloeyain data signals. An electrical amplifier in this system is used to

and it is later converted to the time domain signal through;?feonnagﬁgze the power which is lost due to the fiber

(b) Proposed simulation setup for the receiver part (SGYAM)
Figure 4: Proposed simulation setup for the SCM (4QANFDM-RoF) system
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(b) Proposed simulation setup for the receipart (SCM64-QAM)
Figure5: Proposed simulation setup for the SCM (64QANMDM RoF) system

B. Model for (SCM/WDM )-RoF System channels.Each optical channel consist of four RF channels at 5
Gbps data rate for each RF channel, and thusah&2nel RF

is produced. However, in this model, three modulation
schemes, such as;-@AM-OFDM, 16QAM-OFDM and 64

In this section, the combination of WDM and SCM techniques.
for RoF system are utilized to multiplex -optical
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QAM-OFDM) can be utilized. igure 6 shows the simulation RESULTS AND DISCUSSIONS

of SCM/WDM RoF system.
U

{
RF Spectnm. g el

%’ﬁ%%%%#% |

v

LEI

[ BER

%

In this section, the simulation results of mukiannel ofRoF
system have conducted for the SCM technique and
thencombination of SCMwith the WDM technique.However

in this simulation, QAM signal which uses (4, 16 and 64) bits
per symbol is used. Thenumber of bits in each symbol is (2, 4
and 6) and the constellation result is given by formula 2n.
However, this study assumes that all simulations parameters
setting fo the proposed system are available and fully known
as shown in Table Iwhile the rest will be assigned to the
default value of the optisystem software.

Table 1 Simulations parameters setting

|

i

EEEE
s

"
Realiis

ChE-Trmsmie

e iz ]

Parameter Values
Data rate (5,7 and 10 ) Gbps
Wavelength for CW laser 193.1 THz

Number of subcarrier

128 and 1024

Radio frequency

(2.4,5.8, 10 and 15) GH

Fiber length for the transmittin
signals

10 y to 50 km

(a) Proposed simulation setup for the trante part

(SCM/WDM)RoOF system
i ------- RF Spectum Aralﬂer-%‘\.‘l;n- RN RF Spectrum Analyzer-putput 1

L PIN Photodiode EED[IlDu' Ampiiier
Gain= 16 d

RF Spectrum Anafyzerdutput 2 RF Spectrum Analyzeroutput 3

Electrical Amplfier_{
Gain= 15 d

RF Spectrum Anslyzer-futput 4 RF Spectrum Anafyzer-utput 5

PIN Photodiode_1

FIN Photodiode_2 Eleptrical Ampifier 2

Gain= 15 d

FIN Photodinde 1 Electrival Amplifier_3
5 Gan= 18 d

Repeiverd

L

DM Demux

(b) Proposed simulation setup for the receiver part of
(SCM/WDM)RoF system

Figure 6: Proposedimulation setup for théSCM/WDM)-
RoF system

A. SCM for RoF Link with 4 -QAM Modulation Scheme

The results for the radio frequen€RF) spectrum and the
optical spectrum modulation of the transmitted and received
signals for the SCMROFOFDM systemof 4QAMscheme
after 20 km with more harmonics at the sideband of the
spectrum are shown below in Figure7. In other words, the
results of lath optical signals with amplification before and
after filtering based on optical transmission link in the optical
domain are shown in these figures. The spectrum of SCM
signal is for four data streams, where the four data streams of
bit rate 5Gbps are ndolated into four RF subcarriers of
frequencieg2.4, 5.8, 10 and 15) Gidehich are multiplexed in

RF domain. In addition, this SCM composite signal is then
modulated on to a signal optical carrier of frequency 193.1
THz.However a spectrum enhancement option is needed
through optical amplification because of poor quality OFDM
spectrum resulting from the baseband and transmission path.
The performance is mainly hampered through the system
transmission channel, the accumulated l#apnoise and the
components of internal performance systehhe optical
spectrum modulation of the RF carrier produces single
sideband signals after filtering. Moreover, after filtering, the
optical spectrumtmodulation of the RF carrier produces a
signds with single sideband. The architectures of a transmitter
side with an actual signal is proposed in this work for causing
the RF OFDM signal to be a complex intermediate frequency
in order tosuppression one of the sidebands with an optical
filter.Furthemore, at the reception side, photodiode is used to
detect the optical signal and then demodulated it. In addition,
to remove the singiside band, the RF frequency must be
chosen in this work.

The received signal power versus optical fiberlengthfor SCM
RoF link with two different data rates, such as; (5 and 10)
Gb/s for 4QAM modulation schemeand OFDM techniqueis

10836



International Journal of Applied Engineering Research ISSN-@%82 Volume 13, Numbei2 (2018) pp.10831:1084
© Research India Publications. http://www.ripublication.com

shown in Figure 8.The performance of SEMF system with

10 Gb/s is better than the performance of this system with 5
Gb/s.In addition, the RF gmnal power of 4QAM-OFDM
system at 80 km optical fiber length for data rate 10 Gb/s
equal to 88 while it is equal 85 for 5 Gb/s at the same optical
fiber length.It can be concluded that the RF signal power
decreases with the increase of fiber length far different
values from data rates.

Figure 9 shows the constellation diagram of the SR

link for the first and fourth RF channels andDAM-OFDM

after 20 km of fiber optic length with different values from the
data rate, such as; (5, 7 and 10)Gbps. b&edwidth of the
RFchannels increases by growing the data rate and thus
overlap the RFehannels with each other.However, the signal
constellation of the transmitter is taken from the output of the
M-ary pulse generator.
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B. SCM-RoF Link with 16-QAM Modulation Scheme

The RF spectrum and the optical spectrum of the transmitted
and received signalsfor the SGRbFOFDM system ofl16
QAM scheme after 20 km at 5Gbpsis shown in Figure 10. The
SCM composite signal is modulated on to a signal optical
carrier of wavelengthl.5528m.

Figure 12 shows received signal power versus the length of
the optical fibeof the SCMROoF link for 16QAM modulation
scheme and OFDM technicfoe different data rates. From
this figure, we can see that the signal power has increased
with lower the data rate. As minisheaned before in Section
4.1, the performance of SCMRoF system for 16
QAMschemewith 10 Gb/s is better than the performance of
this system with 5 Gb/s.Moreover, the RF signal power of 16
QAM-OFDM system at 80 km optical fiber length for data
rate 10 Gb/s equal to 91.5 while it is equal 87 for 5 Gb/s at the
same optical fiber length.

The constellation diagram of the SGRbDF link for the -
QAM modulation scheme with OFDM technidae the first
and fourth RF channekst 5 Gbps and 10Gbps bit rates after
20 km of fiber length is shown in Figure 11. The bandwidth of
the RF channels of the-@AM scheme is bigger than the
bandwidth of RF chanie of the 16QAM scheme, therefore,
the interference between Rfiannels was lowered.
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C. SCM-RoF Link with 64-QAM Modulation Scheme

Figure 13 shows the RF spectrum and the optical spectrumof
the transmitted and received signafsthe SCMRoFOFDM
systemfor 64-QAM at 5Gbpsdata ratafter 20km.The SCM
composite signal is modulated on to a signal optical carrier
with the same wavelength for the-QAM scheméhile the
constellation diagram of th8 CM-RoFlink for the 16QAM
modulation scheme with OFDM technique for the first and
fourth RF channelsafter 20 km of fiber length at 5 Gbps bit
-iooe N 1o0e rate is shown in Figure 14.
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D. SCM/WDM System Model for RoF Link [=

In this section, the simulation results are presented FOr thE || e s s s s e
collecting of WDM with SCM techniques for RoF link.
However, Figure 15 shows the opticalspectrum for the
transmitted signal of the SCM/WDM system model with
OFDM techniqueforeight data streams, where eamptical
channel consist of four RF channelss shown from this
figure, the eight data streams of bit rate 5 Gbps are modulated
into 32-channelRF, which are multiplexed in RF domain.
However, in this model, three modulatiosthemes are
utilized, such as; @QAM-OFDM, 16QAM-OFDM and 64
QAM-OFDM), respectivelywhereas, these systems have a
high ability due to combine the properties of WDM and SCM
techniques. 81
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Figure 16 shows SNR versus the length of the optical fiber for power (Fona T T Ve i (m)
SCM/WDM-RoF link with different modulation schemas- (4

QAM, 16-QAM and 64QAM) with OFDM technique at 5 (b) with 16 QAM-OFDM
Gb/s bit rate The signal power equal to the noise power for

the SCM/WDM for 4QAM with OFDM technique after 50

km of fiber length. Moreover, the SNR for thigstem for 64 =
QAM with OFDM is higher than the SNR for the SCM/WDM
for 166QAM and 4QAM with OFDM technique after 60 km
of fiber length with other techniques.

The constellation diagram of the@AM with OFDM, 16
QAM with OFDM and 64QAM with OFDM for
SCMMWDM-ROoF link for thefirst and fourth RF channel from

OSA

40

Eol
third optical channel after 20 km of fiber length is shown in "
Figure 17. §
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Figure 16: SNR for the SCMWDM-RoF link for different
QAM modulation scheme
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