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Abstract
In recent years data traffic is increasing at very high rate, but 
little has changed in the access network. In tremendous growth of 
internet traffic neither DSL nor cable modems can keep up with 
such demand of access network capacity because both technologies 
are not optimized for the current traffic. Most network operators 
have come to the conclusion that a new, data centric solution is 
necessary for the access. Passive optical networks (PONs) have 
been considered as a solution for the subscriber access network. 
Several architectures for PON-based access networks have been 
standardized ATM-based PON (APON and BPON), gigabit-capable 
PON utilizing generic framing procedure (GPON), and Ethernet 
PON (EPON). Among these PON specifications, EPON is the only 
access network architecture that traces its ancestry to both public 
communications, and to private enterprise data networks. Ethernet 
passive optical network (EPON) is one of the potential solutions for 
the next generation access technology. EPONs provide solution for 
fiber-to-the-home (FTTH) and fiber-to-business (FTTB). EPONs 
are designed to deliver services for numerous applications such as 
voice over Internet protocol, standard and high-definition video, 
video conferencing (interactive video), and data traffic.  To utilize 
the bandwidth in a fair and efficient manner, numerous dynamic 
bandwidth allocation schemes have been proposed in the literature. 
In this paper, conventional dynamic bandwidth allocation schemes 
in EPON are shown to suffer from poor utilization particularly 
as the number of ONUs, control message length, guard time, 
maximum timeslot and round-trip time increase. To resolve this 
problem, a proposed scheme is considered that allocates a timeslot 
intelligently by considering other ONUs’ queue occupancy, instead 
of strictly enforcing a maximum timeslot size. The analysis and 
simulation results show that the proposed scheme can provide 
significantly higher bandwidth utilization than conventional 
schemes. In conclusion, we summarize future works and point 
out the pending challenges for future study.
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I. Introduction
Because of continuing growth of interest in services like internet, 
digital television and triple play there is a constant need for more 
bandwidth. While technologies like ADSL etc. try to send the 
maximum amount of bits from a copper wire, fiber is the best 
way to reach real high bandwidths. Currently most parts of the 
access networks are already using fiber, but the so called “first 
mile” (earlier known as “last mile”) is often still copper. This is 
slowly changing and therefore more research is being done in the 
area of fiber in the first mile.
Passive Optical Networks (PON) seems a promising solution to 
this problem. It was explored for possible implementation in the 
past few decades. But, the cost issue had been the major drawback 
for mass deployment. The main reasons why PON is attractive to 
service providers include its high bandwidth capacity and long 
span. In PON, there is no active component between customer 
premises and the Central Office (CO) exchange. This property 
translates to significant cost reduction in maintenance. 
The Ethernet Passive Optical Network (EPON) represents the 

combination of inexpensive equipment with low-cost fiber 
infrastructure. It is viewed as an attractive solution for the broadband 
access network bottleneck; EPON is a PtPM access network with 
no active elements in the signal’s path from source to destination. 
It has been standardized by the IEEE 802.3ah Working Group, 
and it comprises one optical line terminal (OLT) and a number 
of optical network units (ONUs) and provides broadband video, 
data, and voice services to end users. EPON systems currently 
deploy only one channel for downstream traffic and another 
channel for upstream traffic. In the downstream, Ethernet frames 
are broadcast by the OLT and are selectively received by each 
ONU. In the upstream, multiple ONUs share the same transmission 
channel to transmit data and control packets to the OLT. Since 
ONUs are unable to detect collision and due to the difficulty to 
implement a carrier sense multiple access with collision detection, 
it is necessary to design a mechanism that arbitrates the access of 
ONUs to the shared medium [13]. This is achieved by designing an 
appropriate medium access control (MAC) protocol [10]. Current 
MAC supports time-division multiple access (TDMA), where each 
ONU is allocated a fixed or dynamic time slot to transmit data to 
the OLT, and each ONU buffers packets received from different 
subscribers until they are transmitted in the assigned window.
Although this architecture has many benefits such as scalability 
and the efficient use of one wavelength for many upstream 
channels, it leads to certain inefficiencies due to underutilized 
time slots [8]; the interleaved polling with adaptive cycle time 
(IPACT) protocol [8] uses dynamic bandwidth allocation which 
improves the performance. However, there is still wasted capacity 
in IPACT related to the polling algorithm, e.g. due to unnecessary 
signaling traffic when an ONU is idle. The leading IEEE 802.3ah 
medium access control (MAC) proposal, called the multipoint 
control protocol (MPCP) [7], is based on IPACT.

II. Literature Review
Comprehensive literature review in the field of Ethernet Passive 
Optical Networks (EPONs) is as below:
A. Hadjiantonis, S. Sherif, A. Khalil, T. Rahman, G. Ellinas, 
M. F. Arend, and M. A. Aliin their paper [2003] titled “A 
Novel Decentralized Ethernet-Based Passive Optical Network 
Architecture” has proposed a novel fully distributed Ethernet over 
Star Coupler-based PON architecture. The architecture uses a 
collision-free DBA scheme in which the OLT is excluded from 
the implementation of the time slot assignment. To implement a 
distributed control plane, direct connectivity, communicability 
between the ONUs should be in place without imposing any 
constraint on the PON topology. Kyuho Son, Hyungkeun Ryu, 
Song Chong, Taewhan Yoo in their research paper [2004] entitled 
“Dynamic Bandwidth Allocation Schemes to Improve Utilization 
under Non-Uniform Traffic in Ethernet Passive Optical Networks” 
provided knowledge about conventional bandwidth allocation 
schemes in EPON are shown to suffer from poor utilization 
under non-uniform traffic conditions, particularly as the number 
of ONUs, guard time and round-trip time increase. To resolve this 
problem, they proposed a new scheme that allocates a timeslot 
intelligently by considering other ONUs’ queue occupancy, 
instead of strictly enforcing a maximum timeslot size. This paper 
showed that the proposed scheme can provide significantly higher 
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utilization than conventional schemes and can support max-min 
fairness under non-uniform traffic conditions. Yuanqiu Luo and 
Nirwan Ansari in their paper [2005]  named “Limited sharing 
with traffic prediction for dynamic bandwidth allocation and QoS 
provisioning over Ethernet passive optical networks” has proposed 
a dynamic bandwidth allocation scheme, i.e., limited sharing with 
traffic prediction (LSTP), for upstream channel sharing over 
EPONs. LSTP enables dynamic bandwidth negotiation between 
the optical line terminal (OLT) and its associated optical network 
units (ONUs), alleviates data delay by predicting the traffic arrived 
during the ‘waiting time’ and persevering a portion of bandwidth 
for delivery, and avoids the aggressive bandwidth competition 
by upper bounding the allocated bandwidth to each ONU. P. D. 
Townsend, G. Talli, C. W. Chow, E. M. MacHale, C. Antony in their 
white paper [2007] “Long Reach Passive Optical Networks” has 
discussed recent progress in the development of optically amplified, 
long reach passive optical networks, which aim to significantly 
reduce network complexity and cost by integrating metro and 
access into a single, all-optical communication system. Michael 
Aquilina and Change-Joon Chae in their research paper [2007] 
named “Scalability of Ethernet Passive Optical Networks” have 
investigated the impact of overheads in Ethernet passive optical 
networks to the scalability of such networks and propose solutions 
to reduce the overheads. In addition physical layer advances fast 
and efficient dynamical bandwidth allocation coupled with an 
efficient priority scheduler are required in order to reduce the 
MPCP control message overhead if large ONU’s numbers are to 
be realised. LU Yi-yi, GUO Yong in their paper [2009] “Dynamic 
Wavelength and Bandwidth Allocation Using Adaptive Linear 
Prediction in WDM/TDM Ethernet Passive Optical Networks” 
has provided that dynamic wavelength and bandwidth allocation 
(DWBA) in hybrid WDM/TDM EPONs. Based on the correlation 
structure of the variable bit rate (VBR) video traffic, we propose 
a quality-of service (QoS) supported DWBA using adaptive 
linear traffic prediction. Wavelength and timeslot are allocated 
dynamically by optical line terminal (OLT) to all optical network 
units (ONUs) based on the bandwidth requests and the guaranteed 
service level agreements (SLA) of all ONUs.

III. Ethernet Passive Optical Network Working Model
Ethernet PON (EPON) is a PON-based network that carries data 
traffic encapsulated in Ethernet frames (defined in the IEEE 802.3 
standard). It uses a standard 8b/10b line coding (8 user bits encoded 
as 10 line bits) and operates at standard Ethernet speed.

A. Definition
Ethernet Passive Optical Networks (EPON) are an emerging 
access network technology that provides a low-cost method of 
deploying optical access lines between a carrier’s Central Office 
(CO) and a customer site. EPONs build on the International 
Telecommunications Union (ITU) standard G.983 for asynchronous 
transfer mode PONs (APON) and seek to bring to life the dream 
of a full-services access network (FSAN) that delivers converged 
data, video, and voice over a single optical access system.

B. Switch over from ATM to Ethernet
Passive optical networking has been considered for the access 
network for quite some time, even well before the Internet spurred 
bandwidth demand. The Full Service Access Network (FSAN) 
recommendation (ITU G.983) defined a PON-based optical access 
network that uses ATM as its layer 2 protocol. In 1995, when the 
FSAN initiative was started, ATM was supposed to be the prevalent 

technology in the LAN, MAN and backbone. However, since that 
time, Ethernet technology has leapfrogged ATM. Ethernet has 
become a universally accepted standard, with over 320 million port 
deployments worldwide. High-speed Gigabit Ethernet is widely 
being deployed and 10 Gigabit Ethernet products are becoming 
available. Ethernet, which is easy to scale and manage, is winning 
new grounds in MAN and WAN. Today 95% of LANs use Ethernet, 
it becomes clear that ATM PON may not be the best choice.

Table 1: Differences in MAC between EPON and APON

EPON APON

ONU Queues Class Based Connection Based

MAC Cycle Based 
Dynamic Allocation

Hybrid Dynamic and 
Static

Frame Format IEEE 802.3 ATM Based Frame
Connection 
Setup Not Applicable Yes

QoS Weak, Priority Based Strong, Parameter 
Based

C. Shortcomings of ATM
A dropped or corrupted ATM cell will invalidate the entire IP 
datagram. However, the remaining cells carrying the portions 
of the same IP datagram will propagate further, thus consuming 
network resources unnecessarily.
ATM did not live up to its promise of becoming an inexpensive 
technology – vendors are in decline and manufacturing volumes are 
relatively low. ATM switches and network cards are significantly 
(roughly 8 times) more expensive than Ethernet switches and 
network cards.
On the contrary Ethernet is a logical choice for an IP data-
optimized access network. Newly adopted quality-of-service 
(QoS) techniques have made Ethernet networks capable of 
supporting voice, data and video. Ethernet is an inexpensive 
technology, which is ubiquitous and interoperable with a variety 
of legacy equipment.

D. Working of EPON
EPON cannot be considered either a shared medium or a point-
to-point network; rather, it is a combination of both. It has a 
connectivity of a shared medium in the downstream direction, and 
it behaves as a point-to-point medium in the upstream direction 
[25].
In the downstream direction, Ethernet frames transmitted by the 
OLT pass through a 1:N passive splitter and reach each ONU. N 
is typically between 4 and 64. This behavior is similar to a shared-
medium network. Because Ethernet is broadcast by nature, in the 
downstream direction (from network to user), it fits perfectly with 
the Ethernet PON architecture: packets are broadcast by the OLT 
and are received by their destination ONU based on the media-
access control (MAC) address (fig. 1).



IJEAR Vol. 3, IssuE 1, JAn - JunE 2013

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research   79

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

Fig. 1: Downstream Traffic in EPON [7]

In the upstream direction, due to the directional properties of a 
passive optical combiner, data frames from any ONU will only 
reach the OLT, and not other ONUs. In that sense, in the upstream 
direction, the behavior of EPON is similar to that of a point-
to-point architecture. However, unlike in a true point-to-point 
network, in EPON data frames from different ONUs transmitted 
simultaneously still may collide. Thus, in the upstream direction 
(from users to network) the ONUs need to employ some arbitration 
mechanism to avoid data collisions and fairly share the fiber-
channel capacity. Subscriber access networks, in addition to data, 
must support voice and video services, and thus must provide some 
guarantees on timely delivery of these traffic types. To introduce 
determinism in the frame delivery, different schemes have been 
proposed. Fig. 2, illustrates an upstream time-shared data flow 
in an EPON.

Fig. 2: Upstream Traffic in EPON [7]

All ONUs are synchronized to a common time reference and each 
ONU is allocated a timeslot. Each timeslot is capable of carrying 
several Ethernet frames. An ONU should buffer frames received 
from a subscriber until its timeslot arrives. When its timeslot 
arrives, the ONU would “burst” all stored frames at full channel 
speed which must correspond to one of standard Ethernet rates 
(10/100/1000/10000 Mbps). If there are no frames in the buffer 
to fill the entire timeslot, idles 10-bit characters are transmitted. 
The possible timeslot allocation schemes could range from a 
static allocation (fixed time-division multiple access (TDMA)) 
to a dynamically adapting scheme based on instantaneous queue 
size in every ONU (statistical multiplexing scheme). There are 
more allocation schemes possible, including schemes utilizing 
notions of traffic priority, Quality of Service (QoS), Service-Level 
Agreements (SLAs), over-subscription ratios, etc.

E. EPON Frame Formats
Fig. 3, depicts an example of downstream traffic that is transmitted 
from the OLT to the ONUs in variable-length packets. The 

downstream traffic is segmented into fixed-interval frames, each 
of which carries multiple variable-length packets. Clocking 
information, in the form of a synchronization marker, is included 
at the beginning of each frame. The synchronization marker is a 
one-byte code that is transmitted every 2 ms to synchronize the 
ONUs with the OLT [17]. Each variable-length packet is addressed 
to a specific ONU as indicated by the numbers, 1 through N. The 
packets are formatted according to the IEEE 802.3 standard and 
are transmitted downstream at 1 Gbps. The expanded view of 
one variable-length packet shows the header, the variable-length 
payload, and the error-detection field.

Fig. 3: Downstream Frame Format in an EPON [17]

Fig. 4, depicts an example of upstream traffic that is TDMed onto 
a common optical fiber to avoid collisions between the upstream 
traffic from each ONU. The upstream traffic is segmented into 
frames, and each frame is further segmented into ONU–specific 
time slots. The upstream frames are formed by a continuous 
transmission interval of 2 ms. A frame header identifies the 
start of each upstream frame. The ONU–specific time slots 
are transmission intervals within each upstream frame that are 
dedicated to the transmission of variable-length packets from 
specific ONUs. Each ONU has a dedicated time slot within each 
upstream frame. For example, in Figure 4, each upstream frame is 
divided into N time slots, with each time slot corresponding to its 
respective ONU, 1 through N. The TDM controller for each ONU, 
in conjunction with timing information from the OLT, controls 
the upstream transmission timing of the variable-length packets 
within the dedicated time slots. Fig. 4 shows an expanded view of 
the ONU–specific time slot (dedicated to ONU–4) that includes 
two variable-length packets and some time-slot overhead. The 
time-slot overhead includes a guard band, timing indicators, and 
signal power indicators. When there is no traffic to transmit from 
the ONU, a time slot may be filled with an idle signal.

Fig. 4: Upstream Frame Format in an EPON [17]

F. Multi-Point Control Protocol (MPCP)
To support a timeslot allocation by the OLT, the multi-point control 
protocol (MPCP) is being developed by the IEEE 802.3ah task 
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force. This protocol relies on two Ethernet messages: GATE and 
REPORT. GATE message is sent from OLT to an ONU and used 
to assign a transmission timeslot. REPORT message is used by 
an ONU to convey its local conditions (such as buffer occupancy, 
etc.) to the OLT to help it make intelligent allocation decision. 
Both GATE and REPORT messages are MAC control frames and 
are processed by the MAC control sub-layer[25].
There are two modes of operation of MPCP: auto-discovery 
(initialization) and normal operation.

Auto-discovery mode: is used to detect newly connected 1. 
ONUs and learn the round-trip delay and MAC address of 
that ONU, plus maybe some additional parameters yet to 
be defined.
Normal mode: is used to assign transmission opportunities to 2. 
all initialized ONUs. Since more than one ONU can require 
initialization at one time, auto-discovery is a contention-based 
procedure. At a high level, it works as follows:
OLT allocates an initialization slot, an interval of time when • 
no previously initialized ONUs are allowed to transmit. The 
length of this initialization slot must be at least <transmission 
size> + < maximum round-trip time> - <minimum round-
trip time>, where <transmission size> is the length of the 
transmission window which an uninitialized ONU can use.
OLT sends an initialization GATE message advertising • 
the start time of the initialization slot and its length. While 
relaying this message from a higher layer to the MAC layer, 
MPCP will timestamp it with its local time.
Only un-initialized ONUs will respond to the initialization • 
GATE message. Upon receiving the initialization GATE 
message, an ONU will set its local time to the arriving 
timestamp in the initialization GATE message.
When the local clock located in the ONU reaches the start time • 
of the initialization slot (also delivered in the GATE message), 
the ONU will transmit its own message (initialization 
REPORT). The REPORT message will contain the ONU’s 
source address and a timestamp representing local ONU’s 
time when the REPORT message was sent.
When the OLT receives the REPORT from an un-initialized • 
ONU, it learns its MAC address and round-trip time. As 
illustrated in Figure 3-5, the round-trip time of an ONU is 
exactly the time difference between the time the REPORT 
is received at the OLT and the timestamp contained in the 
REPORT.

RTT = (T3-T1) – (T2-T1) = T3-T2   (1)
Fig. 5. Round-Trip Time Measurement [25].

Since multiple un-initialized ONUs may respond to the same 
initialization GATE message, the REPORT messages may collide. 
In that case, the ONUs who’s REPORTs have collided will not get 
any slot assignments for their normal operation. If an ONU does 
not receive a slot assignment within some timeout interval, it will 
infer that a collision has occurred, and it will attempt to initialize 
again after skipping some random number of initialization GATE 
messages. The number of messages to skip is chosen randomly 
from an interval that doubles after each inferred collision, i.e., 
using exponential back off. Below illustrated is the normal 
operation of MPCP. It is important to notice that MPCP is not 
concerned with particular bandwidth-allocation schemes; rather 
it is a supporting protocol necessary to deliver these decisions 
from the OLT to the ONUs.
From its higher layer (MAC control client), MPCP gets a request to 
transmit a GATE message to a particular ONU with the following 
information: time when that ONU should start transmission and 
length of the transmission (fig. 3-6).
MPCP layer (in OLT and each ONU) maintains a clock. Upon 
passing a GATE message from its higher layer to MAC, MPCP 
timestamps it with its local time.
Upon receiving a GATE message matching that ONU’s MAC 
address (GATE messages are unicast), the ONU will program 
its local registers with transmission start and transmission length 
times. The ONU will also verify that time when the GATE message 
arrived is close to the timestamp value contained within the 
message. If the difference in values exceeds some pre-defined 
threshold, the ONU will assume that it has lost its synchronization 
and will switch itself into un-initialized mode. In that mode, the 
ONU is not allowed to transmit. It will monitor its incoming 
traffic waiting for the next initialization GATE message to perform 
initialization.

G. Applications and Services
Applications for EPON include Fiber to the Home, Fiber to 1. 
the Building, and Fiber to the Business.
As a possible Ethernet protocol, EPON is a packet-based 2. 
access network. As such, it is optimized for Internet Protocol 
(IP) transport. While Internet access is now an important, 
perhaps the most important, service provider offering, 
residential applications require a full range of services, such 
as voice, data, and video.
In addition, PON is a downstream broadcast network that is 3. 
ideally suited to single copy broadcast video.
To date, EPON networks have been deployed carrying POTS, 4. 
VoIP, T1/E1, Ethernet, analog video, and IP video.
EPONs address a variety of applications for incumbent local-5. 
exchange carriers (ILEC), cable multiple-system operators 
(MSO), competitive local-exchange carriers (CLEC), building 
local-exchange carriers (BLEC), over builders (OVB), 
utilities, and emerging start-up service providers. These 
applications can be broadly classified into three categories:
Cost reduction: reducing the cost of installing, managing, • 
and delivering existing services.
New revenue opportunities: boosting revenue-earning • 
opportunities through the creation of new services.
Competitive advantage: increasing carrier competitiveness by • 
enabling more rapid responsiveness to new business models 
or opportunities.

In summary, EPON can provide the same services that Ethernet 
can, and techniques exist to allow Ethernet to be a full service 
(voice/data/video) network. It is predicted that EPON’s primary 
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strengths will be its ability to drive equipment and fiber access 
costs down, its ease of operation and management, and its plug-
and play interoperability.
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