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Hybrid optical-wireless access networks (HOWANs) combine the virtually unlimited capacity
of optical fiber with the flexibility and mobility of wireless technologies to overcome the
“last-mile” bandwidth bottleneck in access networks. This work surveys key HOWAN
architectures such as HOWAN, WOBAN, MARIN, and various WDM/TDM-PON and
radio-over-fiber based schemes, focusing on their topology, backhaul design, and wireless
front-end integration. The survey systematically analyzes merits and limitations in terms of
bandwidth efficiency, QoS support, scalability, deployment cost, energy consumption, and
implementation complexity, and synthesizes them into comparative tables for WAN, optical—
wireless services, and HOWAN designs. Based on these insights, the thesis identifies open
challenges including load balancing, topology optimization, high BER in high-rate RoF links,
and cost-effective large-scale deployment, and motivates an optimized hybrid optical-wireless
access framework aimed at improving throughput, reliability, and cost efficiency for
next-generation broadband services.

Keywords: Hybrid Optical-Wireless Access Networks (HOWAQN); Radio Over Fiber
communication (ROF); Wireless Optical Broadband Access Network (WOBAN); Optical
Heterodyne; Quality of Service (QoS).

1. Introduction:

Now a day, wireless communication is the most critical part of communication and they are
enabling multimedia, paradigm shift communication towards the people fading and devices
(Aijaz et al [1] (2017)). This network brings basic changes to telecommunication, data
networking, and creation of integrated networks. Network portable are created for the use of
adaptive modulation, digital modulation, fading, multiplexing, wireless access, and
information comprehension (Chiueh et al [2] (2012)). Moreover, WAN supports other
applications like smart homes, sensor networks, automated highways, and telemedicine. At
the early stage, wireless technology has been used in emergency services, organization of law
enforcement, and military (Sohraby et al [3] (2007)). For the rapid growth of society,
information moves anytime and anywhere in the world. Sudden development of networks and
telephony, a new invention of mobile become slowly improve and come to reality. People are
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communicating their faded information through devices and mobile phones. Nowadays user
has the connectivity of network coverage anywhere (Townsend et al [4] (2000)). WAN is
economical, easy, quick alternatives of works towards the nodes. It can be implemented
without wires surrounding our offices or home and it also has the capability to connect the
building up to the range certain km apart (Hao et al [5] (2008)). There is a certain number of
immediate applications are presented in the platform of numerous diverse like finance,
hospitality, education, healthcare, retail, and airport. Day by day, the wireless users are
increased due to the importance of impact in the world.
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Fig.1.1 Hybrid wireless access network design

The design of hybrid WAN is exposed in Fig.1.1. Some of the benefits of the WAN are (Minoli
et al [6] (2013))
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e Users get access and move to the WAN for working in the outdoor location.
e Users send information all over the world with the help of signals and satellites
through wireless networks.

There are four types of wireless networks and it varies due to their size, connectivity
requirements, and range such as wireless MAN, wireless LAN, wireless WAN, and wireless
PAN (Murthy et al [7] (2004)). Generally, the wireless network is homogeneous comparing
the other prevention of the limited interoperability. It has the capability to support all the
requirements like data rate, coverage, mobility, error rate, etc. the network becomes coaxial
for various technologies and interoperates to serve the wanted services. Thus the cellular
service may provide the deployment like hybrid architecture (Fahmy et al [8] (2020)). Also,
WAN is widely used for high mobility and wide area coverage. It contains low data rates and
the infrastructure of WAN contains backhaul mesh networks, ad-hoc cluster, sensor network,
radio subsystem, and intelligence network subsystem. It is a computer network and it is used
for the connection of wireless data between the network nodes. Some examples of wireless
networks are wireless sensor networks, terrestrial microwave networks, cell phone networks,
and satellite communication (Chen et al [9] (2013)). Moreover, OFDM technology depends
on the spread spectrum is used for the wireless networks. It is used to move the user
information to the wide coverage area until the connection of network. The main components
of the wireless networks are wireless access points and network interface cards (client
adaptors). The information is communicated through the internet or other devices. Major parts
of the wireless media are satellite, infrared, microwave, and radio. WAN is used for many
purposes, in some case they are used as cable replacements, and in other situation, it is used to
give access to the cooperate data through the remote location (Akyildiz et al [10] (2006).

2. REVIEW OF LITERATURES:

Future generation of the access network is providing large bandwidth, mobility, ubiquitous
exposure and improves Quality of Service (QoS). The corresponding characteristics of fiber
sub network of high capacity and flexible sub network of wireless supports the hybrid optical
WAN. Future generation of the access network is providing large bandwidth, mobility,
ubiquitous coverage, and high QoS. The corresponding characteristics of fiber sub-network of
high capacity and flexible sub-network of wireless support the hybrid optical WAN.

2.1 OPTICAL WIRELESS ACCESS NETWORK:

Signal vehicle is a significant issue for crossover optical-remote organizations. Since radio
signs can be shipped over fiber foundation, radio over fiber can be a suitable vehicle
arrangement. The easiest innovation utilizes power adjustment; simple radio signs conveying
advanced data straightforwardly balance the force of the laser transmitter. This permits the
straightforward conveying of radio messages through the crossbreed optical-remote
framework. While a wide range of designs can be utilized to carry out half-breed optical—
remote organizations, this paper centers around the models that are adaptable and can be
updated nimbly. Moreover, these significant aspects are basic to the organization of cutting-
edge crossover access organizations. The remainder of the article is coordinated in Area Il and
gain an outline for advance photonic and remote systems administration. This will likewise
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incorporate the fundamental innovations for the vehicles of remote signs over fiber utilizing
force tweak/direct detection (FT-DD). The distinction between optical vehicles of radio signs
over fiber versus mixture optical-remote systems management is clarified. This prompts an
outline of the mixture fiber-remote organization models fiber-remote, remote Optical
Broadband Access (OBA) organization, access ring incorporated organization, reconfigurable
of matrix optical and remote organization, optical fiber organizations for appropriated radio
structures of extendible heterogeneous and administration provisioning, and joined optical
copper radio for OFDMA -based admittance organization (ACCORDANCE). Segment I1I will
zero in on further developed advancements for the transport of remote signs over fiber optic
connections. This would initially incorporate enhanced connections and cognizant connections
with stage and recurrence regulation. New headways in advanced sign preparing (SP)
innovations and investigations of DSP-helped lucid identification are evaluated, just as
immediate DSP-helped radio-recurrence (RR) transport, moderate recurrence (MR) transport,
and digitized in-stage and quadrature transport. Thus the technologies of wireless access can
increase the access demand bandwidth and QoS is necessary for the quick evolution of the
sub-networks in fiber (Leonid Kazovsky, Shing-Wa Wong et al [11] (2012)) proposed over
fiber radio transport technology and optimized Hybrid Optical Wireless Access Network
(HOWAN). Thus the radio signals transport is used for direct detection and intensity
modulation. The advanced system of transport can operate coherent links, digitalized transport,
amplified links, and subcarrier transport. For helping the network, hybrid access architecture
is designed, MARIN, GROWN and Wavelength Division Multiplexing (WDM) architecture
are proposed to support the future generation WAN employing WDN reconfigurable
technologies. MARIN and GROWN are the most suitable technologies for next generation and
it is more powerful, flexible. Finally, the result gained from the hybrid network simulation is
to demonstrate the capabilities of wireless traffic balance and coordinate the wireless
transmission. The QoS is verifying only the sub-networks no other all networks. Different
optical remote access arrangements can create to concentrate various difficulties of entrance
organizations, like data transfer capacity, cost, and organization accessibility. For instance, the
inactive optical organizations have arisen to supplant the copper-WAN for data transfer
capacity improvement, and IEEE 802.16 has been created to give practical and legible Internet
Access (IA).

In the present generation, an optimized remote innovation has joined at entrance fragment,
since demonstrated. As current optimized remote access advancements expect to concentrate
various problems, although it is hard for single innovation to determine every one of the
difficulties in the entrance fragment. For instance, but optical access empowers broadband
administrations, the committed framework to the client's home prompts a significant operation
charge, and network accessibility is linked with the private specialty units. Additionally,
regardless of its pervasive and flexibly availability, the restricted transfer speed of Remote
Access Network (RAN) keeps concurrent access as of numerous clients. Considering the
reciprocal attributes of optical and remote advancements, a mix of optical and remote
innovations may bring about an alluring trade-off among every one of these issues. We in this
way proposed a half-breed optical-RAN to give a sweeping inclusion of flexibly association
broadband for all versatile clients and fixed. Whether, heterogeneous design comprises remote
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cross-section organization and optical Reconfigurable Backhaul Networks (RBN). From the
front end, remote lattice switches are sent to entire client's area, encouraging universal network
and limiting of arrangement prize. Furthermore, the multi-hop attributes of WAN empower
cover administration inclusion with backhaul association shared from various lattice switches.
The reconfigurable optical backhaul, comprises the optical ring and numerous organizations
of tree, interfaces the WAN and focal center of halfway deals with whole organization. The
influence of TDM is innovated in backhaul because of transmission capacity/prize-sharing,
measurable multiplexing, and flexibility geography of MAC. Adaptability is the basic
improvements of exhibition WAN through flexibly expanding the backhaul association.
Various TDM streams are multiplexed frequently in optical backhaul. For using tuneable
handsets, the Reconfigurable Optical Backhaul (ROB) is encouraging to transfer speed
redistribution among various areas in transformation to the variety of traffic requests. Wei-
Tao Shaw et al [12] (2007)) proposed a hybrid optical WAN it includes Wireless Mesh
Networks (WMN) and ROB. The features of optical networks and wireless networks are joined
together for providing the connection of broadband and ubiquitous. Wireless Mesh Routers
(WMR) is used for deploy and break through end-user from the ubiquitous and flexible
connections. They reject the scattered consumption of physical and geographical achieve of
end-users. Moreover, optimized backhaul includes various tree networks, WAN, central hub
connections, and optical rings. At the final level, the optical tree network connects the wireless
gateway routers.

A TDM, WDM, and backhaul are used for the wavelength multiplexing and other optical
streams. The proposed model provides better performance in scalability, bandwidth efficiency,
and effectiveness of cost. The load balancing percentage is a little less compared to the other
techniques. Wireless Optical Broadband Access Network (WOBAN) has hopeful design of
the future work of the access network. In recent days, the participation of the WOBAN become
increase because of old versions is deployed due to the municipal access and is to reject the
wire drop of the all wireless router and customer services. So (Suman Sarkar, Sudhir Dixit, et
al [13] (2007) proposed a hybrid WOBAN to saves the network and reduce the cost of the
fiber need for every user and end-users. This paper mainly optimizes the rate of the
combination of wireless networks and complete solutions of both words and information. The
execution of the routing protocol becomes costly comparing with others. A prevailing
broadband-access network that is rising up out of the present innovative work exercises is a
highlight multipoint of optical organization called as uninvolved optical organization.
Whether, fundamental configuration of TDM associates time focal office organizations and
private clients for utilizing frequency station in downstream way. TDM do not have dynamic
component in a sign's way from source to objective; subsequently, lone inside components
utilized in such an organization are uninvolved combiners, splitters and couplers. A TDM
gives a lot advanced transmission capacity to information applications than current
arrangements, for example, advanced endorser line, Cable Modem (CM)], and deeper
penetration of fiber. In light of recent principles, a TDM cover most extreme distance for 20
km. While the Fiber-to-the-Building (FTTB), Fiber-to-the-Home (FTTH), or Fiber-to-the PC
(FTTPC) arrangements are the definitive objective of fiber and arrival at best approach to end-
client, fiber to check might be affordable sending situation today. Moreover, conventional
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frequency of TDM joins high limit of optical fiber with low establishment of upkeep cost of
inactive framework. The Optical Transporter (OT) is collective by methods for an aloof splitter
among every one of the clients, so TDM geography of the tree, are the most appropriation
organizations compared with other e. g, power, voice, video, and so on. The quantity of TDM
is restricted by performing the parting misfortune of piece pace and handsets of WAN and
ROB. Subsequently, specifications of TDM allows 16 ROB at extreme distance of 20 km and
32 ROM at a most extreme distance of 10 km. where, the problem of essential access solution
is to find out the users of increasing the attractive attention of different service providers. Thus
the deployed challenges have become access to the network operation of the current access
networks. For many cases, it will possible to identify the user data. The cost of this network is
most effective compare to the other networks. It operates and reaches under the single
residential user of fiber and the connectivity depends on the provided service of the
communication technologies. This technique will boost up the adopted results of the WAN
and reach the final residential of user essential cost, deployment of networks, and flexible.

(Ilario Filippini and Matteo Cesana [14] (2010) proposed techniques to overcome the issues
obtained for designing the topology deployment of WOBAN. In this paper, author has taken
Ethernet-based Passive Optical Networks (EPON) to briefly explain the wireless
characteristics and some wireless segments for the multi-hop wireless links. Also implemented
the mathematical programming model for optimize the WOBAN topology and operation costs.
The gained results of the paper are clear special traffic requirements of the permanent users
and it can be implemented in all realistic WOBAN areas. Several particular distances only we
can use this technique.

The rapid broadband entrance and persistent development of the Internet traffic among clients
have been putting a colossal data transmission interest on the basic broadcast communications
framework which is created by numerous new applications, like mixed media applications.
Since the correspondence channel limit is restricted, it should be divided between practically
clients, and an adequate limit ought to be allotted to applications contingent upon
administration prerequisites. Optical RAN has arisen to concentrate two critical issues and it
is made of two closures of data transmission range for the various applications. The proper
application access of today is the wide transmission range of WAN. Cutting edge access
organization will require adaptable sending, huge spine limit, overhaul capacity, and versatile
to client number and request. Data transmission interest in access organizations will keep on
becoming quickly because of the expanding number of innovation keen clients. A HOWAN
is an ideal mix optical backhaul and access network remote front-end for a product. However,
HOWAN is profoundly alluring access network as the broadband of optical access, versatile,
solid backhaul together, circulate remote traffic of remote access is universal and adaptable
infiltration to users. Novel proposed an optical backhaul of HOWAN carried out by utilizing
savvy WDM/TDM. Thus the WDM/TDM has become considered by promoting alternative
because of huge throughput and administration. The upholds information rate is in the range
of 2 Gb/s even activity. Moreover, remote front-end is approved out by utilizing Wi-Fi
procedure it has so many intriguing attributes, for example, case, high information rate, and
simple arrangement in remote neighbourhood. IEEE802.11a upholds information rate equal to
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54 Mb/s at transporter recurrence. The HOWAN) is super design for cutting edge of access
organization. Also, it is a mix of optical backhaul and remote front-end for access organization.
So novel Shaded, Bakar Mohammed, et al [15] (2011) proposed and designed the new
architecture of HOWAN based on TDM and WDM of Passive Optical Network (PON) at
optical backhaul and wireless network from the front end user of wireless technologies.
HOWAN engineering is planned depend upon a Frequencies Division Multiplexing/TDM
(FDM/TDM) inactive optical organization at the optical backhaul and a remote loyalty
innovation of remote front-end. Moreover, HOWAN is suggested for give cover inclusion of
broadband and flexible association for end clients. Vast majority of the current works, in view
of execution evolution, are worried about network layer viewpoints. So this proposed paper
reports actual layer execution regarding the Bit Error Rate (BER), eye chart, and Sign to-
Clamor Proportion (SCP) of correspondence framework. It has the frequency between the
channel is 32 and the distance of the access network calculated by these channels. It is
described that down and up streams of 2 Gb/s and accomplished by optical backhaul for each
frequency channel. Also, the length of optical fiber 20 km, information pace 54 Mb/s, and the
remote connection rate is 50m. The model has the power budget of Optical Backhaul (OB)
and channel of fiber length 23Km of Access Points (APs). It has a low level of information
process due to the attacks presented in WOMAN.

Access organization, which interfaces the focal office and end clients, has become the data
transmission bottleneck in the current Internet framework. As of late, the City of San Francisco
has resolved to assemble a local area broadband remote access network all through the City.
The proposition utilizes a 3-level remote access design. In the first level, or the lattice access
level, Wi-Fi (IEEE802.11) based remote cross-section networks are thickly conveyed all
through the City. The cross-section network is made out of adjusted Wi-Fi network passages
introduced by (Shaw et al [16] (2007)) on light shafts. Clients are associated with a close by
network AP, and the traffic is handed-off remotely among the middle of the road network APs
until it arrives at a remote cross-section entryway, which is the end of the first level. In the
second level or the limit infusion level, fixed highlight multipoint exclusive remote innovation
is utilized to total Wi-Fi traffic from the first level. The third level, the backhaul level, is a
remote ring network made out of microwave highlight point joins. The third level totals traffic
from the second level and course it to an Internet POP. In an exceptionally populated
metropolitan region, giving access connects to end clients is stood up to by three significant
difficulties thick foundation organization, adaptable and universal association, and versatility
to data transmission interest. Albeit this 3-level remote access design can handle the initial two
significant difficulties, the proposition brings up that there will be future throughput limits in
the second and the third levels. All in all, the organization’s adaptability to future data
transmission increment is restricted in the external two levels. We propose, accordingly, a
novel mixture optical-remote access network under the MARINI1 venture to address this
difficulty. This half and half design is a promising access answer for metropolitan territory,
notwithstanding its redesign objective to the 3-level remote access engineering. Access
networks will connect the offices and end-users; the bandwidth of the bottlenecks are the major
issues in current internet structures. Also, the new network based TDM-PON technology is
proposed. Present day culture depends intensely on Internet for the moment of admittance data.
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The traffics of present market requests lots of speed to follow the application of broadband
like High Definition TV (HDTV), video conferencing between two ways, Video-On-Request
(VOR), high benefit of mixed media intuitive games, ongoing exchanges and Internet
communication without trading off with the nature of administration and the most extreme
transmission distance. Because of the development of such transmission capacity with hungry
applications, persuaded is research less expensive and quick Internet access answers for
service in an area. Optical Fiber (OP) empowered advances difficulty for considered appealed
answer for access organizations to convert difficulties in new time. Where, OP is considered
as advance future of total optical organization upset, it has effectively sent in spine and
metropolitan organizations. And it currently infiltrating to entrance network space with
attained goal for relieving transfer speed attacks between end clients and high limit spine
organization. The transmission rate can optimize the whole network of WAN and they collide
with each other.

Optical access organizations, frequently named as Fiber network as it may comprise to one
another or other dynamic or aloof design. A functioning design is typically settled by
conveying a far off control change near the area, a solitary fiber to focal office switch, and
certain short stretching can change each client. Yet, a particularly dynamic star design doesn't
pull in Internet Service Providers (ISP) to control requires electric switch force; it is the most
important operational expense for ISP neighbourhood. Then again, detached models draw
shocking consideration from the ISPs as well as from the specialist networks all throughout
the planet of most practical answers for OA organization. Detached models are sent to optical
aloof organizations and it diminishes operational expense of significant supplanting dynamic
switch with a latent optical force splitter or combiner. Normal engineering technologies
contain Optical Line Terminal at ISP. Various organization optical units, numerous
uninvolved exchanging hardware set in a far-off terminal between WAN and On. Because of
the development of various transmission capacity hungry over applications, roused for explore
less expensive and quick access of internet answers for several areas. Moreover, the main focus
on intermingling of optical remote organizations for arrangement the access networks. Various
incorporated optical-remote models can examine for identify Greenfield sending to the future
access organizations. Also, tale network crossover foundation, specifically Wi-Fi has become
proposed by fiber. It should convey profoundly of reasonable, afterward, and remote
frameworks utilized for stretch out availability of enormous range areas and eventually
interface remote end clients. So, proposed network plan improvement conspires of Greenfield
sending Wi-Fi and AN framework. At long last, (Chowdhury, et al [17] (2014)) proposed an
ILP model has improves Greenfield sending of access network dependent on static
appropriation for the portable client gear. The proposed model considers different actual layer
imperatives of LTE organization and decides the ideal bunching of MUEs just as the area of
ends in an area. Computational investigations have been directed on three diverse
informational collections comprising of 128, 256, and 512 versatile client hardware to assess
the exhibition of the proposed conspire.

The literature survey of the HOWAN advantages, disadvantages, and author names are
described in Table.1.1
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Table.1.1 Survey of HOWAN

Sl
No

Writer

Title

Advantages

Disadvantages

1

Kazovsky,
etal [11]

HOWAN

e Radio signal
transport is used for
direct detection and
intensity
modulation.
e The advanced
system of transport
can operate
coherent links,
digitalized
transport, amplified
links, and
subcarrier transport
e To support the
future generation
e To demonstrate the
capabilities of
wireless traffic
balance and
coordinate the
wireless
transmission

e Power
consumption is
high
e Operational
cost is high

Shaw, et al
[12]

Hybrid
architecture
based
integrated
routing
framework

e  Optical networks
and wireless
networks are joined
together for
providing the
connection of
ubiquitous and
broadband.
e WMR is used for
deploy and break in
last user from the
ubiquitous and
flexible
connections.
e Reject the scattered
consumption of the
physical and

e System
implementation
is complicated
e High cost
e Lower
performance
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geographical attain
of users in WAN.
e Optimized
backhaul includes
various networks of
tree, central hub
connections,
WMN, optical
rings. At the final
level, the optical
tree network
connects the
wireless gateway
routers.

e A TDM, WDM,
and backhaul are
used for the
wavelength
multiplexing and
other optical
streams.

e Provides better
performance in
scalability,
bandwidth
efficiency, and
effectiveness of

cost.
3 | Sarkar, et al Hybrid- e Store network and e Cannot reach
[13] WOBAN reduce cost of fiber the goal
in access network because data
need for every user drop will occur

and end-users.
e Optimizes the rate
of the combination
of wireless
networks and
completion solution
of both words and

information.
4 Cesana, et Topology e Will boost up the e [t takes more
al [14] optimization adopted results of time to execute
the WAN and reach the process
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e Depending
FDM/TDM
frequencies inactive
optical organization
at the backhaul
estimation and
remote loyalty
innovation of front-
end.

e Execution
assessment are
worried on network
layer viewpoints
Reports actual layer
execution regarding

for the final residential e The
HOWAN of user essential transmission
cost, deployment of range will be
networks, and high so the
flexible packets are
e Overcome the dropped
issues obtained for
designing the
topology
deployment of
WOBAN
e Optimize the
WOBAN topology
and operation costs
e C(lear special traffic
requirements of the
permanent users
and it can be
implemented in all
realistic WOBAN
areas
5 | Shaddad, et | Performance e HOWAN suggested e Poor topology
al [15] for optical giving cover creation
backhaul inclusion of e Internet access
based network broadband does not
HOWAN adaptable provide the
association for response in all
clients and users. time
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the cycle mistake
rate, eye chart, and
signal to noise
proportion of
correspondence
framework
Down and upstream
range is 2 Gb/s and
they gain the
backhaul of each
and every
frequency with
fiber length range is
20km.

e Power budget of

optical backhaul
and channel length
of fiber is 23Km of
access points

(APs).
6 | Wei-Tao, et Marin o The present traffics e Long distance
al [16] hybrid market requests communication
optical- high speed for cannot match
WAN follow broadband this technique.
applications like e Higher
HDTYV, video complexity
conferencing, based on
VOD, high hardware
determination of systems

mixed media
intuitive games,
ongoing exchanges,
and Internet
communication
Without trading off
with the nature of
administration and
the most extreme
transmission
distance
Less expensive and
quicker Internet
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access answers for
serve in an area.
e Appealing answer
for access
organizations to
confront the
difficulties of the
new time.
e The transmission
rate can optimize
the whole network
of WAN and they
collide with each
other.
e Relieving the
transfer speed
bottleneck between
the end clients and
the high limit spine
organization.

7 | Chowdhury,
etal [17]

Invention of
next-
generation
hybrid
optical-
WAN

e Fiber will be
conveyed as
profoundly as
reasonable/common
sense and
afterward.

e Versatile client
hardware to assess
the exhibition of
the proposed
conspires.

e Remote
frameworks will be
utilized to stretch
out this availability
to an enormous
number of areas
and eventually
interface the remote
end clients.

e Improves the
Greenfield sending
of LTE network

The network
only depends
on the
topology
creation
It takes more
time to
implement the
whole work
process
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dependent on the
static appropriation
of portable client
gear.
e Different actual
layer imperatives of
LTE organization
and decides the
ideal bunching of
MUE.

2.2 OPTICAL AND WIRELESS SERVICES IN ACCESS NETWORK:

Today, two interchanges advancements are uprooting all others; remote, which can go all over
the place, however with restricted limit, and optical, which, albeit restricted to fixed ways, has
a practically limitless limit. With the development of administrations offered over the Internet
an emotional increment of data transmission has been encouraged. There is a developing hole
towards limits of spine for the neighbourhood organizations. Thus genuine attacks are much
low limits of network entrance in middle. However, supposed "Last mile" issues of specialist
co-op's perspective. The current access network advances, for example, computerized
supporter line and cross breed fiber persuade can't stay effective as transmission capacity
request develops past their unsupported levels. In the course of recent years, the since a long
time ago looked for mission for giving broadband access administrations versatility support
has drawn broad considerations from telecom/network access suppliers. Access Network (AN)
cutting edge is required for good use and consolidate advanced significant in remote
innovations in the cost-successfully uphold video, information administrations and voice. For
the test-bed of Optical Wireless Integration (OWI) design (WiMAX + PON) outlined was
proposed by (Seo, et al [18] (2006)). Albeit such design vows to open up many intriguing
freedoms, the presentation and cost-viability of such a framework is a significant open issue
that should be tended to guarantee that it is a sound methodology. Optical Fiber Associations
(OFA) invite reconfiguring troubles, keeping up, revamping wired of organization and offer
of remote channels restricted transmission capacity between high BER and weighty
information misfortune. Moreover, want to redesign the current access network with high
velocity answer for the administration of broadband access. Today, two correspondence
advances are uprooting all others; remote and optical. The outcomes show that in the event of
execution and cost, our proposed design "WDM-PON + WiMAX" is very inside the domains
of opportunities for utilizing by and by. The current access network advances can't stay
effective as data transfer capacity request develops past their unsupported levels. Also they
wanted to redesign the access network with ease and fast answer for broadband access
administrations. The novel gains the outcome of PON + WiMAX structures for WON and
analyzes execution and an expense technique engineering that considers the connected
improvement problems. Through joined design, the cost is a lot lower than some other uneven
engineering and the quantity of endorsers can build utilizing the benefits of both designs. For
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the service development offered through the Internet and sensational increment of gained
bandwidth and encouraged in spine optical organization using FDM. Consequently,
exploratory FDM framework with limit Tbps up to 10.92 has exhibited. Simultaneously,
neighbourhood (LANSs) has been scaled up the range of 10 to 100 Mbps. It has moved to
Gigabit of Ethernets. It has a developing hole toward limits for spine or nearby organizations
for the attacks of lower limits of the entrance networks is center. The alleged "last mile" issue
of specialist co-op's perspective, or the "main mile" issue from the end clients' point of view.
The current processing network innovations, for example, preset supporter line and mixture
fiber persuade, can't stay effective as transmission capacity request develops past their
unsupported levels. Furthermore, DSL has serious issues regarding distance and commotion
restrictions, and HFC isn't streamlined to convey traffic information to ability lop-sidedness,
clamor upstream, and cross talk assembly. Additionally, redesign is wanted to in current
processing network of minimal effort and large speed answer for broadband contact
administrations. New improvement of fiber optical advances, particularly develop the
combination and invent bundling advances, it has become empowered OFAN for promising
answer to provisioning large bit rate at sensible expense. For the various methodologies,
inactive optical organization is particularly appealing in access networks. The contract down
expense of organization has been sending and upkeep by killing multiplexers, de multiplexers,
and supplanting the dynamic electronic segments with more affordable aloof optical splitters.
Also, PON covers longer separation from the specialist organization focal workplaces to the
client destinations and gives up to 2.5Gbps transmission information rate. The integrated
optical WN design is described in Fig.1.2.

Down link

Optical fiber
connection

N | [0
1| lOF OF

Uplink

Core networks bige nce Aocess points ~ Wireless channel

Fig. 1.2 optical integrated wireless service system
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Both IEEE, PON and ITU acquiring and help from specialist organizations. Where, partner
access innovation in remote area, Worldwide Interoperability for Microwave Access
(WiMAX) is normalized by work gathering, it intends for essentially increment BAN limiting
gear, activity, and upkeep costs. Moreover, WiMAX grows extent of remote access for
working in authorized and unlicensed recurrence groups. Also, it offers moderately super
information rates. Optical fiber innovation is principal answer for metropolitan systems
administration and WiMAX is a promising remote partner and joining advantages of optical
limit fiber or remote versatility. So, proposed certain optical remote mix situations in entrance
organization. Also, incorporated organization execution is assessed during reproductions in
Modeler. Thus the outcomes show optical remote mix expands limit of remote organizations,
advances portability in access organizations, and diminishes passage intricacy through unified
administration at the edge hub. With the fast sending of optical access organizations and the
developing accessibility of development and practical optoelectronic framework
advancements is proposed by (Luo et al [19] (2006)), a bound-together optical feeder
organization could give consistent incorporation of all optical broadband and remote
organizations. Fiber transmission over the radio should be concentrated broadly as a method
accomplishing as undeniable degrees’ organization coordination just working on remote base-
stations. For the digitized radio fiber has the late accounted for potential pathway to
accomplishing by exploiting equal advancements in electronic testing frameworks and sign
handling. The novel says an audit for ongoing advancement of key frameworks; organization
innovations should uphold dissemination multi-band remote signs and met optical RAN.

Consistent admittance to present-day office apparatuses is quite possibly the most important
resource for portable business experts today. Most corporate data frameworks and data sets
can be gotten to distantly through the Internet (IP) spine, yet the high transfer speed interest of
common office applications, for example, enormous email connection downloading, regularly
surpasses the bandwidth of cell organizations. Portable experts are searching of public remote
processing arrangement could wrap interest in certain information concentrated applications,
empower level online admittance to group information administrations. The market
investigators conjecture a significant development of WLAN PC card market in 2001
(Nirmalathas et al [20] (2010)). For the terminal business of WLAN is continuously pushing
near more coordinated gadgets; the main top of the line PC models will have incorporated
remote LAN interfaces. Besides, terminal classification has extending with WLAN telephones
and incorporated gadgets. Hence, business experts' craving to broadband information of public
access and the quickly developing terminal of WLAN entrance set out intriguing business
freedom for versatile administrators to stretch out their administrations to wrap WLAN
contact. Now days around 50 million portable PC clients, of 30 million likewise have GSM
membership. Moreover, WLAN supplement versatile administrators' conventional wide-
region GPRS and GSM administration portfolio by offering an expense- effective remote
broadband information arrangement inside. Also, WLAN target place administrations access
are air terminals, railroad stations, and places of business. The development of IP-based office
applications has provoked a solid interest for public remote broadband admittance innovation
donation limits a long way past current cell frameworks.
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Remote LAN access innovation gives an ideal broadband supplement to the administrators'
current GSM and administrations in interior climate. Mainly business public remote of LAN
arrangements contain just humble verification, meandering capacity contrasted with
conventional cell organizations. This article depicts another remote LAN framework
engineering that consolidates the WLAN access of radio innovation through versatile
administrators' sum-based supporters of the executive capacities and meandering foundation.
In the characterized framework the WLAN admittance validated and charged utilizing GSM.
All the arrangement upholds wandering among cell and WLAN contact organizations and is
initial move in the direction of an all-IP association design. Over all models have be executed
or freely confirmed in a genuine versatile administrator organization. We accept that future
portable data frameworks should be based upon heterogeneous remote overlay organizations,
broadening customary wired and internetworked preparing "islands" to have progressed over
a wide territory. For instance, a high data transmission in-room infrared (IR) organization can
be "overlaid" with a more moderate transfer speed Radio Frequency (RF) organization to give
a network between rooms. Or then again a low-level/low portability in-building PCS
framework could be over delayed with a high-level/high versatility PCS framework to give a
practical network connecting the neighbourhood and wide zones. To confirm this idea, we are
making a remote overlay network tested, crossing from in-working to coordinate transmission
satellite frameworks. We are creating pilot sight and sound applications to drive the plan and
approval of the interfaces among applications and the organization. Exhibit an adaptable
design that can uphold remote access across various overlay organizations while conveying
significant degrees of start to finish execution to applications are proposed by (Ala-Laurila et
al [21] (2001)).

Remote information administrations have hitherto been more encouraging than fruitful. We
accept that future portable data frameworks (Katz et al [22] (1996)) should be based upon
heterogeneous remote overlay organizations, broadening customary wired and internetworked
handling "islands" too versatile hosts over inclusion territories going from in-room, in-
building, grounds, metropolitan, and wide-regions. In this paper, we depict another remote
information organizing design that coordinates different remote innovations into a consistent
internetwork. It is being executed in the BARWAN tested in the San Francisco Bay Area.

Also, (Laroia et al [23] (2004)) introduced another OFDM for air interface innovation has
portable broadband remote framework be portrayed. Because of, innovation uses the ordinary
Internet convention complex components are assembling the framework sends another air
interface innovation dependent on OFDMA. Cross-layer streamlining assumed a significant
part in the plan where the decisions are creating in physical, MAC connection layers and
additionally determined for objective in stretching out of Internet to remote space. Also,
significant actual layer advantage of air boundary comes as of symmetry property so as to
outcomes disposal of cell obstruction are found the middle value of and a most pessimistic
scenario interferer doesn't restrict the framework execution. The actual layer highlights bring
about the high limit as well as give fine granularity of dispensing air connect assets, has been
improves MAC and connection layer proficiency. Where the MAC and connection layer give
conflict free, quick channels control among WAN. All the channels utilized to ship an
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assortment flagging like tasks of channel traffic, affirmations, quality of channel, and traffic
demand reports. Thus comprehensive methodology takes into consideration a scheduler that
couldn't just accomplish high phantom proficiency yet additionally take into consideration a
fine authority over QoS credits like idleness, dependability, and administrative separation.

Traffic on the Internet is becoming dramatic because of an expanded endorser base and
new applications. Wide region remote organizations are additionally encountering quick
development as far as supporters. As of now, there are numerous endeavors in progress to give
information administrations on remote access organizations and the IP prevailing internetwork
convention of activity. Subsequently, intelligent decision of systems administration
convention of remote information network is additionally IP a few reasons. To begin with
utilizing IP-based organization, application composed for wired information organizations can
work on remote organizations. Second, to settle costs, coordinated remote and wire line
organizations can be assembled and overseen. Third, propels on IP innovation, like IP
communication and QoS, might straightforwardly applied for remote organizations. Empower
remote organizations dependent on IP to give voice administration too as information
administrations, in this way permitting them to take advantage of the huge endorser base of
cell voice clients. We accept all versatility usefulness ought to be taken care of at IP
(organization) layer. This empowers the organization of a homogeneous, [P-based remote
access network that is free of extraordinary remote interfaces. Just remote connection specific
handling is consigned to the base stations. We accomplish this by expanding the IP layer
programming running in switches and base stations in the entrance organization. We embrace
a space-based division of the IP portability conventions. One of the inspirations for our area
put-together methodology pivots with respect to the presumption that most versatility is nearby
to space. In particular, most client versatility is normally contained inside a regulatory space
of the organization. Since an authoritative space is heavily influenced by a solitary power, it
is feasible to consolidate special support for portability in the framework. This space-based
administration approach is like the division of existing steering conventions into intra-space
directing conventions like RIP or OSPF and between area steering conventions like BGP.
Another new answer for the versatility the board, Cellular IP, likewise receives an area-based
methodology. Be that as it may, while network components in the Cellular IP do fundamental
are specific for portability the executives, our answer enlarges normal IP switches with
versatility support with the goal that these switches can likewise be utilized to course other
wired IP traffic also. Cutting-edge remote organization norms are presently being denied. The
entrance network designs (Ramjee et al [24] (2000)) have a few specific segments custom-
made for their individual remote connection advances despite the fact that the administrations
given by these distinctive remote organizations are genuinely comparable. In this paper
proposed a homogeneous based IP network of typical AN for diverse remote advances.
Moreover, IP-based admittance of network utilizes web standard, Mobile IP, for supporting
full-scale portability of versatile hosts and HAWAII for supporting miniature portability and
paging usefulness of current remote organizations. We additionally outline of proposed IP
arrangement can interwork with the existing foundation so the organization can be steady.
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Ongoing patterns of dramatically developing interest for high-capacity or high-speed access
information networks make optical systems administration research to reasonable AN. For the
full benefits of data transfer capacity accessible at C-band and collective by large number
clients by a tight guide dividing difficult undertaking lacking utilizing intelligible innovation.
Tall limit, rational organizations has figure complex in sequence designs of polarization,
during expanding the ghastly efficiency by access network (Zhu, Ming et al [25] (2012)) and
decreasing transmission capacity of prerequisite gadgets and photonics parts. Also, RoF
innovation is view by promising answer to conveying multi-gigabit/s remote access
administrations by existing WDM framework and it required for give together wired and
remote admission administrations. In any case, the greater part of developed plans producing
signs at 60 GHz range of depended on optical transporter concealment procedure that involved
enormous data transmission and experienced fiber Chromatic Dispersion (CD). Besides, the
necessity of restricted IL and isolate the sidebands of remote assistance, become the limit of
SE. for overcome this problem, proposed novel rational ANN engineering to incorporates RoF.
To all the while give both all network of the Wan has become determine the rate of utilized
service and the wired and remote administrations of channel dispersing in 0.08 nm. As the
condition of the mm-wave age reasonable heterodyning strategy, it soothes the RoF framework
from huge CD in fiber communication and enormous data transfer capacity prerequisite of
electrical and optical modulator. Subsequently, for the access framework recover SE just
empowers a more reliable and minimal effort OLT structure. A high-limit intelligible ultra-
dense of the range of FDM uninvolved optical organization coordinated through a 60-GHz
radio-over-fiber framework should planned and tentatively showed for while time. Thus the
proposed design, the wave millimeter signal age accomplished by rational innovation, instead
of the optical transporter concealment procedure, which requires modulators with huge data
transfer capacity and exact optical inter leavers. The framework completely misuses the
benefits of cognizant access organizations to give both multi-gigabits wired and remote access
administrations of high ghostly and force efficiencies. Fruitful remote communication in
multichannel stage move keying signal with 10-GHz channel separating more than 50-km has
been accomplished.

The expansion of brilliant cell phones is basically changing Internet traffic designs and remote
wired organization foundation. Impelled by arising applications, for example, intelligent video
administration, versatile information traffic is projected to expand 13-overlay somewhere in
range of 2012 and 2017. At the same time, interface speed is required to develop towards
multi-gigabits/second, particularly for HDTV and internet gaming. Presently, broadband
remote access (BRA) norms focusing on lower radio frequencies (RFs, for example, Wi-Fi
(IEEE 802.11), Long Term Evolution (LTE), and WiMAX (IEEE 802.16), are the
predominant innovations for remote correspondences in view of their general presence and
portability. Nonetheless, the lower RF groups are turning out to be over-clogged, progressed
adjustment designs and multiplexing strategies have been examined widely. For instance, the
focused on downlink (DL) top information rate in the LTE progressed surpasses 1 Gb/s
through a few strategies, including 64-quadrature abundance adjustment (QAM) and eight-
layer numerous info various yield. Then, it is expected that countless little cells will be required
later on, giving affordable and viable remote broadband channels. Notwithstanding the
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previously mentioned strategies to oblige sharp information rate increment, organization of
the millimeter-wave range (30-300 GHz), particularly the colossal 7-GHz permit free range
situated in 60 GHz has been investigated. It is likewise reasonable for little cells because of
the great lessening from free-space way misfortune (88dB for 10 m) and environmental
assimilation (around 15 dB/km), and this limits co-direct impedance in a little cell framework.
A few arising 60-GHz principles, including Wireless HD, IEEE 802.15.3, and ECMA 387, are
fundamentally focusing on exceptionally high information rates more than 2 Gb/s for
applications like video decorations and HDTV. IEEE 802.11 as "WiGig" is likewise a
distributed norm to accomplish a hypothetical most extreme throughput of up to 7 Gb/s as
another tri-band Wi-Fi solution. It is fundamental that the entrance organization should uphold
a wide scope of information rates, configurations, conventions, and necessities. The customers
will benefits from a widespread Ul that gives remote access anyplace whenever with
insignificant deferral and information handling. Radio-over-fiber (RoF) is an alluring
innovation for such multi-administration broadband access organizations. By assigning and
controlling numerous remote administrations in the central office (CO), RoF frameworks
convey prepared to utilize simple signs to far off access units or base stations (BSs) with no
separation in conventions or interfaces and consequently significantly decrease the cell site
intricacy and cost. Specifically, the millimeter-wave little cell framework can benefits the most
from RoF design because of its highlights in low lessening and cost. Other than simple RoF
frameworks, digitized RoF frameworks in the light of late open BS specifications like the
Common Public Radio Interface (CPRI) and the Open Base Station Architecture Initiative
(OBSAI), likewise draw in research interests for the interoperability among various merchants
and flexible item separation. This paper (Zhu, Ming et al [26] (2013)) presents two radio-over-
fiber (RoF) plans for the future broadband optical-distant access association—all-band RoF
and band-arranged 60-GHz RoF that can be facilitated in very thick recurrence division
multiplexing latent optical organization. Heritage remote administrations and multi-gigabit
millimeter-wave (mm-wave) applications are consolidated and passed on meanwhile under
one shared structure. With united structure control and sign taking care of, the proposed
systems offer useful and show clear responses for the front line multi-organization bunch in
heterogeneous associations. In the all-band RoF network where far off organizations are kept
at their extraordinary carrier frequencies, Wi-Fi, WiMAX, and 60-GHz quick mm-wave
organizations are imparted subject to subcarrier multiplexing (SCM) and double frequency
heterodyne beating techniques in the avoiding of optical filters and tremendous exchange
speed optoelectronic fragments. In the indoor environment, the band-arranged mm-wave RoF
setup is represented with a continuous simple TV signal, Wi-Fi, and fast digit all baseband
information—which all is sent over joined optical and air joins. By arranging distinctive far
off signs into 60-GHzsub-groups, the novel engineering accomplishes higher unearthly
productivity and lower power use. The detailed overview of optical and wireless service in
access network implemented new techniques, merits and demerits are described in Table 1.2

Table 1.2 Overview of optical wireless service in access networks (written by own)

Serial Topic Merits Demerits
No
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1 A Comparison of
Performance and Cost
based Optical and
Wireless Services in
Access Network Seo, et
al [18]
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lower limits
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co-op's perspective
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2 Integrating optical and e Optical e Sensational
wireless services in the fiber limit increment of
access network Luo, et al e Remote bandwidth has been
[19] versatility decreased in the
e Optical spine optical
remote mix organization.
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remote
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]
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portability
in access
organization
]
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passage
intricacy
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administrati
on at the
edge hub.

3 Radio-over-fiber e Optical e Accessibility of the
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n of both wireless network.
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remote
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s
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handling
and
accomplishi
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and
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k
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transfer
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the
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Formation of mobile
broadband WAN Laroia,
et al [23]
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channel,
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, quality of
channel,
and traffic
demand
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Idleness,
dependabilit
y, and
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IP-based access network
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AN for the
diverse
remote

advances

Utilizes the

web
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portability
of versatile
hosts and
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of switches can
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wired IP traffic.
Creates traffic in
the network area.
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for
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n be steady
e Heavily
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innovation,
instead of
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9 Fiber access design for
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Ming, et al [26]
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g and
common
wavelength
heterodyne
beating
methods for
shirking

optical

filters
enormous
transfer
speed opto
electronic
segment

e Control

signal
handling

e Higher
spectral
efficiency
e Lower
power
utilization.

Survey of WAN are described in this section and the merits of the techniques are also described
in this paper. Moreover, access network has become overcome the entire transmission bit rate
to the wireless networks. The techniques used for this survey are shown in Fig.1.3.
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Optical Wireless Access Networks

Fig.1.3 Techniques of optical wireless access networks (drawn by own)

Moreover, the wireless service of the access network has been implemented for several
purposes and to overcome several issues that occur in the transmission time. Most of the
techniques are introduced to overcome this problem and improve wireless networks.

3. Conclusion

The overall study shows that hybrid optical-wireless access networks can effectively address
the last-mile bottleneck by exploiting the high capacity of optical backhaul together with the
flexibility, mobility, and wide coverage of wireless front-ends. Through a detailed review of
HOWAN, WOBAN, MARIN, RoF-PON and related architectures, the work highlights that
careful integration of WDM/TDM-PON, radio-over-fiber and mesh-based wireless segments
can significantly enhance bandwidth efficiency, QoS support, scalability, and cost
effectiveness compared with purely optical or purely wireless solutions. At the same time, the
survey reveals persisting challenges such as load balancing, topology optimization, BER
degradation at high data rates, implementation complexity, and energy and deployment costs,
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which must be addressed to realize truly ubiquitous next-generation broadband access.
Overall, the thesis underlines that future access networks will increasingly rely on optimized
hybrid optical-wireless frameworks, and it motivates further research on intelligent resource
management, robust RoF designs, and low-cost scalable architectures to fully exploit the
potential of HOWAN in real-world deployments.
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