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Abstract
This paper describes Ethernet passive optical networks. 
Ethernet passive optical network is an emerging local subscriber 
access architecture that combines low-cost point-to-multipoint 
fiber infrastructure with Ethernet. EPONs are designed to carry 
Ethernet frames at standard Ethernet rates. An EPON uses a 
single trunk fiber that extends from a central office to a passive 
optical splitter, which then fans out to multiple optical drop fibers 
connected to subscriber nodes. Other than the end terminating 
equipment, no component in the network requires electrical 
power, hence the term passive. Local carriers have long been 
interested in passive optical networks for the benefits they offer: 
minimal fiber infrastructure and no powering requirement in 
the outside plant. With Ethernet now emerging as the protocol 
of choice for carrying IP traffic in metro and access networks, 
EPON has emerged as a potential optimized architecture for 
fiber to the building and fiber to the home.
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I. Introduction
While in recent years the telecommunications back-bone 
has experienced substantial growth, little has changed in the 
access network. The tremendous growth of Internet traffic has 
accentuated the aggravating lag of access network capacity. 
A new technology is required; one that is inexpensive, simple, 
scalable, and capable of delivering bundled voice, data, and 
video services to an end-user subscriber over a single network 
[1]. Ethernet passive optical networks (EPONs), which represent 
the convergence of low-cost Ethernet equipment and low-cost 
fiber infrastructure, appear to be the best candidate for the 
next-generation access network. Downstream signals are 
broadcast to all premises sharing a single fiber. Encryption 
can prevent eavesdropping.
The small growth in the copper wire access technology has been 
outpaced by the explosive growth of the Internet traffic and the 
unprecedented levels of network capacity offered by backbone 
networks. Service providers are challenged with deploying 
access solutions that are scalable, fast, and cost effective to 
ensure their competitive positions. Passive Optical Network 
(PON) technology can address these needs through the use of 
optical fibers in place of the traditional copper wire.

II. Passive Optical Network
A passive optical network (PON) is a point-to-multipoint, fiber 
to the premises network architecture in which unpowered 
optical splitters are used to enable a single optical fiber to 
serve multiple premises, typically 16-128. A PON is a data 
link access technology that delivers data from a central office 
Optical Line Terminal (OLT) to customer premises located 
Optical Network Units (ONUs).A PON consists of an optical 
line terminal (OLT) at the service provider’s central office and 
a number of optical network units (ONUs) near end users. A 
PON reduces the amount of fiber and central office equipment 

required compared with point to point architectures. A passive 
optical network is a form of fiber-optic access network.

III. The First Mile
The Ethernet community has renamed this network section to 
the first mile, to symbolize its priority and importance. The first 
mile connects the service provider central offices to business 
and residential subscribers. Also referred to as the subscriber 
access network or local loop, it is network infrastructure at 
the neighborhood level. Residential subscribers demand 
first mile access solutions that are broadband, offer Internet 
media-rich services, and are comparable in price to existing 
networks. Incumbent telephone companies responded to 
Internet access demand by deploying DSL technology. DSL 
uses the same twisted pair as telephony lines and requires a 
DSL modem at the customer premises and a digital subscriber 
line access multiplexor (DSLAM) in the central office. The 
data rate provided by DSL is typically offered in a range of 
128 kb/s–1.5 Mb/s. While this is significantly faster than an 
analog modem, it is well shy of being considered broadband, 
in that it cannot support full-service voice, data, and video. In 
addition, the physical area one central office can cover with 
DSL is limited to distances less than 5.5 km, which constitutes 
approximately 60 percent of end-user subscribers. As a result, 
network operators are now deploying remote DSLAMS closer 
to subscribers; however, in general, service providers do not 
provide DSL services to subscribers located more than a few 
miles from a local exchange office due to costs [1].

IV. Architecture
Ethernet architecture is based on the concept of connecting 
multiple computers to a long cable, sometimes called the ether, 
thereby forming a bus structure. Each computer is fitted with 
an Ethernet adapter that includes a unique 48-bit address for 
that computer. Each computer is joined to the ether through 
a transceiver that forms a logical “T.” The transceiver receives 
Ethernet messages on the cable, looks at the address, and 
either passes the message to its computer, if the address 
matches, or transmits it down the cable, if the address does 
not match.
A single (logical) Ethernet cable forms a local area network. 
Two LANs can be joined through so-called bridges. A bridge is 
a special computer connected to two LANs. When it receives 
a message, it determines which of the two networks the 
computer being addressed is on and forwards the message 
to the appropriate network [2]. 
Messages are variable length records that range form 64 to 
slightly more than fifteen hundred bytes (or “octets”) of data. 
The format of an Ethernet message is called a frame. Internets 
are formed by joining two or more local area networks, often 
Ethernets, through routers. When this is done, IP packets of 
data are enclosed as the data portion of an Ethernet (or other 
LAN protocol) frame. Ethernet originally operated at 10Mbps. 
The current standard is 100Mbps, and we can anticipate Gbps 
within the next few years. Thus, as Ethernet continues to evolve, 
many believe it will obviate the need for ATN and other more 
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complex network architectures.
EPON is generally based on a tree topology to consist of an 
Optical Line Terminal (OLT). 1: n fiber splitter, and N Optical 
Network Units (ONUs). OLT functions as a central header to 
coordinate the whole EPON network. Its supporting functions 
include (1) downstream traffic transmission, (2) bandwidth 
allocation for upstream traffic for each ONU, and (3) relay 
upstream traffic to metro or backbone networks. Fiber splitter 
functions to split optical signal into N portions, each transmitted 
to ONU. Each ONU functions to receive optical signals broadcast 
from the OLT and accept the frames that destine to it and reject 
all the frames that do not destine it [2].

V. History of Passive Optical Network
With wide, metro and local area networks using various forms 
of Ethernet, the goal was to eliminate non-native transport 
such as Ethernet over Asynchronous Transfer Mode (ATM) 
from access networks. One early effort was the Ether-Loop 
technology invented at Nortel Networks in 1996, and then spun 
off into the company Elastic Networks in 1998. Its principal 
inventor was Jack Terry. The hope was to combine the packet-
based nature of Ethernet with the ability of Digital Subscriber 
Line (DSL) technology to work over existing telephone access 
wires. The name comes from local loop, which traditionally 
describes the wires from a telephone company office to a 
subscriber. The protocol was half-duplex with control from the 
provider side of the loop. It adapted to line conditions with a 
peak of 10 Mbit/s advertised, but 4-6 Mbit/s more typical, at 
a distance of about 12,000 feet (3,700 m). Symbol rates were 
1 M-baud or 1.67 M-baud, with 2, 4, or 6 bits per symbol. The 
Ether-Loop product name was registered as a trademark in 
the US and Canada. The Ether-Loop technology was eventually 
purchased by Paradyne Networks in 2002, which was in turn 
purchased by Zhone Technologies in 2005. 
Earlier, ATM technique was expected to be a unified solution 
to unifying various types of communication networks ranging 
from back to local area networks. However, after several year 
development and deployment of ATM facilities, several key 
issues eventually made this technique fail to achieve its 
objective. These factors include high cell header tax (i.e., 10% cell 
header per ATM cell), which largely wastes network bandwidth, 
the loss of a single cell can cause the retransmission of an 
entire IP packet, which may cause low efficiency of network 
capacity as well, highly complicated sub-layer architecture 
makes the cost of ATM facilities incomparable to widely 
deployed Ethernet facilities, etc. This challenging issues 
eventually make people lose interest in the ATM techniques, 
but refer to recent MPLS techniques. In the period when the 
ATM techniques dominate, the first generation of PON, which 
was developed based on the ATM techniques, was developed 
and standardized as well. However, because of extremely high 
cost, which makes APON not able to take off to compete the 
traditional DSL techniques [3]. After APON, the next generation 
PON technique is Ethernet PON. Viewing extensively deployment 
of Ethernet switches and low cost of Ethernet facilities, EPON 
is a technique much cheaper than APON. In addition to EPON, 
there is another PON called GPON that is being standardized in 
parallel with EPON. EPON is standardized by IEEE and GPON is 
standardized by ITU. Compared to EPON, GPON seems to be 
more powerful to support various types of upper layer frames 
such as ATM cell, general frames including IP packets and 
Ethernet frames. Subsequent to the current generation PON, 

the next generation PON techniques will be integrated with WDM 
technique to further increase the capacity. Some prototypes 
on WDM PON is going on around the world. In this article, 
our focus is on the current generation PON. More specifically, 
we introduce the EPON techniques owing to its popularity and 
potentially low cost.

VI. Advantage and disadvantage 
Compared to the traditional APON technique, due to the 
extensive deployment of Ethernet technique, EPON is expected 
to achieve a lower cost to set up a system. In addition, it is more 
efficient in network capacity utilization due to its lower control 
overhead in each Ethernet frame than the overhead in each 
ATM cell. However, compared to APON, it may not be able to 
support QoS for application services as well as ATM, as APON 
has a more sophisticated QoS-supporting scheme inherited 
from the traditional ATM networks [4].

VII. Present Status of EPON
Currently, EPON systems have been commercially available 
and some test bed and commercial deployments have been 
made widely in the world. It is expected that the access network 
market based on EPON will further enlarge due to the cheap 
cost of the system and high efficiency in capacity utilization 
compared to other PON techniques. It will also be expected 
to take over the access network market from traditional DSL 
techniques because of the fast increase of bandwidth-intensive 
services such as IPtV, VoIP, etc. PON is the final destination 
that we have to face for the future access network development 
and deployment. 

VIII. Optical Drive for the Future -EPON
It is unanimously consented that optical access is an ideal 
way to meet the bandwidth requirements of future services. 
Compared with twisted pair cables and wireless access modes, 
optical access features stronger resistance against interference 
and better security. Due to high costs in constructions, however, 
optical networks have been in slow developments [6]. Over 
the past few years, as the costs of optical fibers have been 
decreasing while the price of copper twisted pair cables have 
been increasing, optical fiber access has again become a focus 
of attentions for carriers. Statistics data shows that from April 
to September in 2005, 180,000 American families were newly 
covered by optical fibers per month. From October 2005 to 
January 2006, 230,000 American families were newly covered 
by optical fibers per month, and the total number of users under 
optical fiber coverage was over 3.6 million, up 70% from the 
same period of the previous year. In Japan, the number of Fiber 
to the Home (FTTH) users reached 4.637 million in December 
2005 under governmental promotions. We are now faced 
with a new wave of optical access network constructions [5].  
One of the most promising technologies for high-speed access 
to the Internet are Passive Optical Networks as they provide high 
data rates at low cost. The paper integrates network coding into 
the Ethernet Passive Optical Network architecture to increase 
downlink throughput by up to 50% without changing the 
hardware. In contrast to previous work, the authors’ suggest to 
code packets not only between pairs of nodes but also between 
an arbitrary numbers of nodes forming a cycle. The paper 
characterizes the expected gain analytically and by means of 
simulations and investigates the trade-off between queuing 
delay, traffic variability, and throughput gain. The paper shows 
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that in practical scenarios, a simple scheme already achieves 
a reasonable amount of the maximum possible coding gain.

IX. Conclusion
In this paper Ethernet passive optical network has been 
discussed. A brief architecture of Ethernet has been given and 
its history has been given. Ethernet passive optical networks 
(EPONs), which represent the convergence of low-cost Ethernet 
equipment and low-cost fiber infrastructure, appear to be the 
best candidate for the next-generation access network. Future 
perspective of EPON has been given and its current status has 
been given. 
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