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Abstract: Today’s rapid speed internet demand has become high to satisfy the request of higher data rate and expensive
transmission capacity another communication system required. Optical fiber is used to fulfill these demands. Optical
communication is needed for higher speed data transmission. In optical fiber communication, multi carrier modulation (MCM)
gives more attention instead of single carrier modulation (SCM). Orthogonal Frequency Division Multiplexing (OFDM) is a very
attractive multiplexing and modulation technique that is used for both wireless and wired communication system. Advantages of
optical orthogonal system are spectrum efficiency and channel robustness. Optical Orthogonal Frequency Division Multiplexing
(OFDM), without complex Equalization can easily adjust to severe channel condition. This paper provides an overview of
beginnings, different technologies and latest development of Next Generation of Passive Optical Network
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1. INTRODUCTION

With increase in high speed internet demand, system needs
very high data rate and large bandwidth. Communication
system requires large bandwidth and large number of users.
The optical data transmission rate can burst up to Terabit per
second (Tb/s) in long haul distance [1]. Optical fiber is used
to support large number of users because it has large
bandwidth. In optical fiber communication, multi carrier
modulation (MCM) gives more attention instead of single
carrier modulation (SCM) due to its ability to reduce the
effect of selective fading and decrease Inter-symbol
Interference (ISI).

Frequency Division Multiplexing (FDM) and Wavelength
Division Multiplexing (WDM) are used to transmit high
data rates over long distances. In Wavelength Division
Multiplexing different channels are separated by a frequency
band and for de-multiplexing the different channels, analog
filters are used.

Orthogonal Frequency Division Multiplexing (OFDM) is a
very attractive modulation and multiplexing technique that
is used in broadband wireless and wired communication
system. Advantages of optical orthogonal system are
spectrum efficiency and channel robustness. Orthogonal
Frequency Division Multiplexing (OFDM) is well known
flexible modulation format. Optical orthogonal frequency
division multiplexing (O-OFDM) has become one of the
most capable technologies that have capability to equalize
chromatic dispersion (CD) and polarization mode dispersion
(PMD) efficiently. [2] For next generation broadband
optical access, Hybrid Wavelength Division Multiplexing /
Time Division Multiplexing (WDM/TDM) is the best
solution. Hybrid WDM/TDM PON increases the number of
working wavelengths.
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A. WDM PON (Wavelength Division Multiplexing
Passive Optical Network)

The Wavelength Division Multiplexing (WDM) technology,
in the optical communication systems, has great potential to
enhance system design and flexibility. The use of WDM in
optical networks increases the fiber bandwidth. [3] In the
Wavelength Division Multiplexing (WDM) network, the
optical transmission spectrum divides into a number of
discrete wavelength bands. With the use of WDM
technology, the network achieved link capacities on the
order of 50THz. [4] Passive Optical Network (PON) is a
technology that implements a point-to-multipoint network.
A PON takes advantage of Wavelength Division
Multiplexing (WDM), using one wavelength for
downstream signal and another for upstream signal on single
mode fiber. Wavelength Division Multiplexing Passive
Optical Network (WDM-PON) is very attractive solution for
future broadband access network due to its feasible data
delivery for network subscribers. In general, the system
needs to increase the speed and maximum reach at the same
time. To fulfill these objectives, design the high speed
WDM PON operating at per wavelength speed of > 10Gb/s
with the use of Reflective Semiconductor Optical Amplifier
(RSOA) and digital coherent detection techniques [5].
WDM-PON technology is based on RSOA and digital
coherent detection technique and is best for progress in long
reach and high speed.

B. TDM PON (Time Division Multiplexing Passive
Optical Network)

Time Division Multiplexing is a digital multiplexing
technique for combining different low-rate digital channels
into a high-rate one. Time Division Multiplexing (TDM) is a
method of transferring multiple data streams in a single
signal by separating the signal into many segments, each
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having a very short duration. Time Division Multiplexing
Passive Optical Network (TDM-PON) was more efficient
than Wavelength Division Multiplexing Passive Optical
Network (WDM-PON) because in TDM-PON network
bandwidth supply was growing faster than subscriber
bandwidth demand. TDM-PON was the network that used
only passive components between the customer and the
central office. This network delivered future ultra-high
speed services. TDM-PON over WDM-PON intended to
extend the long reach from 20Km to 100Km distances [6].
For next generation system, TDM-PON architecture will be
the most promising system among several technologies.

C. WDM/TDM PON (Wavelength Division
Multiplexing/Time Division Multiplexing Passive
Optical Network)

After the Wavelength Division Multiplexing Passive Optical
Network and Time Division Multiplexing Passive Optical
Network designed, the combined WDM and TDM approach
was used which provide advanced features. A system-to-
system approach for Wavelength Division Multiplexing and
Time Division Multiplexing Fiber-to-the-Home
telecommunication network was designed [7]. The system
was very cost efficient. In the Hybrid WDM/TDM PON
system that combines TDM and WDM PON increased the
high bandwidth capacity [8]. WDM/TDM PON system is of
two types: static WDM/TDM PON and dynamic
WDM/TDM PON. The Hybrid system combines the high
bandwidth capacity of WDM-PON and the bandwidth
efficiency of TDM-PON. Gigabit Passive Optical Network
(GPON) is a Hybrid Passive Optical Network, in which
WDM and TDM are implemented into a single passive
optical network to increase the link capacity and decrease
the cost [9].

D. Next Generation PON (Passive Optical Network)
With the rapid growth of internet data traffic and high
demand of bandwidth, Passive Optical Network is the most

popular and the lowest cost system which enables high
speed access for users [10]. These objectives are achieved
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by using different multiplexing and modulation format.
For advancement of technology, a next generation PONs
format is used. Next generation access network provides
large data bandwidth, high quality of service (QOS) and
mobility [11]. The next generation PON is divided into two
types: NG-PONland NG-PON2. The NGPON-1 is called
mid-term upgrades and NG-PON2 is called long term
solution.

E. Hybrid WDM/TDM ROF PON OFDM (Wavelength
Division Multiplexing/Time Division Multiplexing
Radio Over Fiber Passive Network Orthogonal
Frequency Division Multiplexing)

The new idea about PON/ROF (Radio over Fiber) can be
used for both wireless and wire-line access. Further, Long
reach Hybrid Wavelength Division Multiplexing Time
Division Multiplexing Passive Optical Networks was
designed to provide services to centre offices. In the
structure of Hybrid Wavelength Division Multiplexing Time
Division Multiplexing Passive Optical Network, to cover the
large area, Array Waveguide Grating (AWG) was used to
provide the connections [12]. Using Radio over Fiber (ROF)
technique in the GPON network, 2.5 GB/s hybrid
WDM/TDM downstream link was designed [13]. Hybrid
long reach WDM-TDM PON covered the long distance and
provided wavelength to multiple users at the same time. The
main objective of network was minimizing the total fiber
length to be used. Hybrid WDM/TDMA PON, with digital
coherent detection and OFDM format, system achieved high
bandwidth and high spectral efficiency [14].

F. Simple Architecture of Hybrid WDM/TDM
Network:

In the structure of Hybrid WDM/TDM, the network is
divided into three parts: optical line terminal (OLT), optical
distributed network (ODN) and optical network unit (ONU).
The network consists of different signals which are
multiplexed by multiplexer.
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Figurel. WDM/TDM Hybrid GPON Network Architecture [17]

In the OLT side, TX is used as transmitter and RX is used as
receiver. The Remote Node (RN) consists of Array
Waveguide Grating (AWG) which is separated by the two
wavelengths. In the ONU side we use Reflective
Semiconductor Optical Amplifier (RSOA). Receiver is for
receiving the signal at the end.
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G. Spreading out of Next Generation Passive Optical
Network are given as:

Passive Optical Network Conventional Passive Optical
Networks (PON), which had some issues such as limited
protection feature, any component or fiber failure would
lead to huge loss of data. To overcome this problem an
additional functionalities network, Wavelength Division
Multiplexing Passive Optical Network (WDM-PON) was
designed. WDM-PON was an approach to realize high

capacity and flexible data delivery for subscribers.
283



Jyoti et al, International Journal of Advanced Research in Computer Science, 8 (3), March-April 2017, 282-286

Orthogonal Frequency Division Multiplexing (OFDM) often
accompanies suppressed carrier OSSB that was used to
compensate for disperse in ultra long haul Wavelength
Division Multiplexing (WDM) optical links during 2006
[15]. For adaptive compensation of system, Orthogonal
Frequency Division Multiplexing (OFDM) could be an
attractive technology. With optical single sideband
modulation, adaptive compensation dispersion could
achieve 4000-Km 32x10Ghps and Wavelength Division
Multiplexing (WDM) single mode fiber (SMF) links with
40% spectral efficiency. [15]

In the year 2007, ultra long haul Wavelength Division
Multiplexing (WDM) systems, the combination of
Orthogonal Frequency Division Multiplexing (OFDM) and
optical single sideband modulation could be used to
compensate for chromatic dispersion. The system had better
receiver sensitivity than NRZ system. This system did not
give a feedback path which added an advantage to it. [16]
With the year 2008, a combination of Wavelength Division
Multiplexing, Orthogonal Frequency Division Multiplexing
and optical single sideband modulation could be used to
compensate for chromatic dispersion. After designing this
combinational network, a multicast WDM Passive Optical
Network was designed. This network was based on
Differential Phase Shift Keying (DPSK) and Non-Return-to-
Zero (NRZ) orthogonal modulation technique. The multicast
operation was based on the principle of demodulation of
DPSK signal. The system achieved 10Gb/s point-to-point
data and 10Gb/s multicast data. [17]

Coming to the year 2009, fiber dispersion and Kerr effect
helped phase distortion of optical Orthogonal Frequency
Division Multiplexed signal by analyzing it [1]. Orthogonal
Frequency Division Multiplexing technique had been
applied to increase the system performance to achieve
higher data rates and longer length. [1]

With the demand of high bandwidth services, the access

network system was putting pressure to increase the
bandwidth for different services. Combine system of Radio
over Fiber (ROF) and Passive Optical Network (PON),
which was an optimal solution to increased capacity and
bandwidth as well as decreased costs in the access network.
But with the comparison of Wavelength Division
Multiplexing Passive Optical Network (WDM-PON) with
Radio over Fiber Passive Optical Network (ROF-PON),
WDM-PON would play more important role in next
generation access network. [18] So the merged system with
WDM-PON was designed in 2010, which was better
solution for providing high bandwidth and high link
capacity. After that, another candidate was Wavelength
Division Multiplexing/Time Division Multiplexing Passive
Optical Network (WDM/TDM PON) which combined
WDM with TDM technology. In WDM/TDM PON, each
wavelength was shared among several Optical Network
Units (ONUSs) rather than being dedicated to single ONU.
[19]

For the next generation broadband optical access, Hybrid
Wavelength Division Multiplexing / Time Division
Multiplexing (WDM/TDM) Passive Optical Network (PON)
was becoming an attractive solution. Hybrid WDM/TDM
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PON with tunable laser was an attractive way for dynamic
wavelength assignment and time allocation problem in
single resource allocation cycle, during 2011. In Hybrid
Wavelength Division Multiplexing / Time Division
Multiplexing (WDM/TDM) PON, a tunable laser was
potential candidate light source accumulated to their multi
wavelength provisioning capability and color-free property
[20]. Simulation could achieve in terms of scheduling
algorithm. Approximation ratios of heuristic preemptive
scheduling algorithm and heuristic non preemptive
scheduling algorithm were 2 and 2-1/m, where m was called
number of wavelengths. The preemptive scheduling
algorithm had slightly better performance as compared to
non preemptive scheduling algorithm. [20]

According to the studied done in the year 2012, Gigabit-
Passive Optical Network (GPON) was used to send high
data rate with high frequencies. A Hybrid GPON was a
hybrid passive optical network, where WDM and TDM
were integrated into a single passive optical network, which
aimed to increase link capacity [13]. The Hybrid
WDM/TDM PON system achieved 2.5 GB/s using Radio
over Fiber (ROF) techniques. [13]

Wavelength Division Multiplexing Passive Optical Network
(WDM PON) had been considered an effective solution to
solve the future bandwidth demands of next generation
wireless access networks, which provided more than 10
GB/s data for each user. In 2012, design symmetric 10 GB/s
Wavelength Division Multiplexing Passive Optical Network
(WDMPON) with using directly modulated semiconductor.
A Directly Modulator Laser (DML) was used for the
downlink and RSOA (Reflective Semiconductor Optical
Amplifier) for uplink. The network achieved bit error rate
less than10™ for both uplink and downlink. [21]

In the year 2013, a Wavelength Division Multiplexed
Radio- Over- Fiber Passive Optical Network (WDM-ROF-
PON) was designed. WDM-ROF-PON was based on
polarization multiplexing and carrier suppressed return-to-
zero quadrature differential-phase-shift keying (CSRZ-
QDPSK). Using of Polarization multiplexing (PM) and
QDPSK modulation could improve the bandwidth utility of
the network. The system was a source free optical network
units with wireless access. With the use of reflective
semiconductor optical amplifier (RSOA) and reuse of
downstream light source, the laser source was omitted and
made WDM PON color-less with the wireless and fiber
transmission, the network had good transmission property.
The system achieved 40GB/s per wavelength channel
downstream signal transmission with the use of 10GB/s
modulator. [22]

With the use of source free optical network, the next
system designed a Wavelength Division Multiplexing-Radio
over Fiber-Passive Optical Network (WDM-ROF-PON)
which was based on Orthogonal Frequency Division
Multiplexing (OFDM) and optical heterodyne. The network
achieved high bandwidth and excellent transporting
property. Performance of the network was measured in
terms of bit error rate, coverage area and receiving eye
diagram. [23]
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Coming to the year 2014, a cost-efficient network that was
based on the simultaneous combination of WDM PON and
ROF using a Hybrid mode-locked laser was designed. This
architecture could work for 60GHz applications and
transmission over up to 30Km long standard single mode
optical fiber (SSMF) of 10Gbps OFDM PON and 5Gbps
OFDM ROF. Using Orthogonal Frequency Division
Multiplexing (OFDM) modulation format in this network a
bit error rate was below 107, [24]

After the design of WDM-ROF-PON network based on
OFDM technology, the network design in the year 2015 was
based on improved Orthogonal Frequency Division
Multiplexing and heterodyne coherent receiving technology.
The network became high bandwidth efficient and achieved
fine transporting properties. The frequency of the network
implemented 60GHz wireless access without adding a radio
source. The transporting property and bandwidth utilization
of improved Return-to-Zero OFDM format was same as that
of Non-Return-to-Zero OFDM (NRZ-OFDM) and Return-
to-Zero OFDM (RZ-OFDM). But with the combination of
coherent receiving technology and improved RZ-OFDM
format, the system attained high bandwidth and excellent
transporting property. At 80Km distance the system had
good receiving constellations and low bit error rate. [25]

Wavelength Division Multiplexing Passive Optical
Network (WDM PON) was considered for Next-generation
broadband backhaul and radio access networking during
2016 [29]. In this paper, a WDM-PON system based on
tunable lasers and a centralized wavelength locker was
designed. The system achieved bit error rate (BER) below
2.10° for received power -40dBm. A WDM-PON system
was designed with high bandwidth at low cost lasers. [26]

Next system was designed in 2016, which was a
Bidirectional Hybrid Orthogonal Frequency Multiplexed
WDM Passive Optical Network. The network had 2688
users downstream which consisted 256 for optical fiber and
80 users for free space along with the radio signal. In the
structure of networking, one OLT achieved 240 GB/s access
bandwidth with 8 downstream wavelengths. Direct detection
OFDM was less efficient as compared to coherent detection.
Coherent detection achieved high bandwidth, wire and
wireless synchronously. Improved RZ-OFDM and coherent
receiving technologies had made system’s transporting
property excellent. At 60Km transmission, the downstream
had low bit error rate and fine receiving constellation. The
result could be achieved in terms of Bit Error Rate, coverage
area and eye diagram. [27]

2. CONCLUSION

This paper explains the overview of various techniques
which were used to extend the system length and enhance
the higher data rate. With the growth of internet traffic,
systems need very high data rate and large bandwidth.
Accounting with the previous years, these requirements are
fulfilled by different technologies. OFDM is an advance
modulation format for wireless, wire-line and broadcast
networks. Benefit of that modulation format is to reduce the
effect of selective fading and decreased Inter-Symbol-
Interference (I1SI). The merged system of OFDM and WDM

could be analyzed to compensate for chromatic dispersion
© 2015-19, IJARCS All Rights Reserved

and system achieves better sensitivity. After that, Passive
Optical Network (PON) was designed, which had capability
to provide a low cost solution. WDM-PON was very
effective solution for future broadband access network. With
the design of WDM/TDM PON, the systems combined both
WDM and TDM technology which increased the link
capacity and decreased the cost. For advancement of
technology, the Next-Generation PONs format was used
with different techniques to provide high quality of service
(QOS) and mobility. A new system WDM-ROF-PON was
designed which was based on improved OFDM and optical
heterodyne receiving detection. Performance of these
networks could be analyzed in terms of Bit Error Rate,
coverage area and eye diagram. In future, transmission
distance can be enhanced by using advanced and suitable
compensation method. High data rate and large bandwidth
can be achieved by using advanced modulation format such
as return-to-zero format. A lot of work can be done on
WDM-PON'’s, TDM-PON’s, NG-PON’s and XGPON’s.
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