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Abstract
The objective of this Paper is to know about the Passive Optical 
Network (PON) technology, its architecture, mechanism and 
its scope in the current and future market. The existing and 
upcoming technologies have the demandof higher transfer rate. 
Passive Optical Network enables the service providersto get the 
unlimited virtual bandwidth for transmitting video, audio & data 
simultaneously. To provide better services, service providers need 
a higher capacity method. And the use of PON is a cost effective 
way of achieving higher bandwidth or capacity.
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I. Introduction
Passive Optical Network (PON) uses a dedicated optical fiber, to 
provide virtually unlimited bandwidth, without using any active 
component within the network. It offers a true triple play service 
of voice, video and data on a network. PON uses passive optical 
splitter to separate the signal towards each user/subscriber. It is 
called passive because within the central office and the subscribers, 
there is no power element present, hence the cost of the network 
and its installation is reduced.
In the early 90’s Full Service Access Network (FSAN) working 
group introduced Fiber to the Home (FTTH) Architecture. The 
International Telecommunication Union (ITU) further evaluated 
it and standardized it to the two generations of PON. The ITU-T 
G.983.x standard, which is also known as APON (ATM PON) 
or BPON (Broadband PON) & the ITU-T G.984.x standard , 
which is known as GPON (Gigabit PON). APON/BPON gives 
downstream traffic at the rate of 622 Mb/s and upstream traffic 
at 155Mb/s. GPON allows the downstream rate of 2.488Gb/s and 
upstream rate of 1.244Gb/s.
In 2004, IEEE 802.3 approved Ethernet PON (EPON/ GEPON) 
standard 802.3ah-2004. It has similar upstream and downstream 
rates of 1Gb/s. After this 10Gb/s EPON or 10G-EPON was 
approved as an addition IEEE 802.3av to IEEE 802.3.
After 2008 various companies installed GPON and advanced 
trial were made in Britain, Saudi Arabia, UAE and USA. Many 
advancements and developments were done on GPON. And a 
new generation G.987.x (XG PON) came into existence. It offers 
downstream traffic at a rate of 10Gb/s and upstream at a rate 
of 2.5Gb/s. And currently evolving standards work on Next 
Generation Passive Optical Networks (NGPON2s).
The XGPON and NGPON2 are providing high bandwidth and 
connecting millions of subscribers and premises worldwide. And 
now the service providers are looking beyond this residential triple 
play services, pointing towards higher value business services.

Fig. 1: Basic PON

PON offers various services as:
High speed internet access• 
VoIP• 
IPTV• 
Video on demand• 
Video telephony• 
Audio on demand• 
Gaming• 

II. PON Architecture
The architecture consists of three main network elements as:

Optical Line Terminal(OLT)• 
Passive Optical Splitter• 
Optical Network Unit (ONU)• 

Fig. 2: PON Architecture

Optical Line Terminal is a network element consists of PON 
line card. It is usually placed in the central office or the Local 
Exchange. It works as an interface between PON network and 
core network.
Optical Splitter is a passive device which splits the optical power. 
It consists of single input and multiple outputs. And the signal not 
only travels in one direction, but can also travel from output to 
input. Optical Splitter is used to connect an optical port of OLT 
with many subscribers. And it is present anywhere in between the 
Central Office and Subscriber Premises.
Optical Network Unit is an interface to the network at the 
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customer/subscriber end. At one side it connects to the OLT via 
Optical Splitter and on the other side to the subscriber directly, 
hence providing the subscriber a true triple play service of voice, 
video and data. At every subscriber’s end an individual ONU is 
required.

III. PON Configuration
Three configurations are used in PON, which are, tree, bus and 
ring. But the tree topology is favored due to the least variation 
of the power in signals from different ends. PON uses 1490 nm 
downstream wavelength and 1310 nm upstream wavelength.
The path going fromOLT to ONU is called downstream. And its 
reverse path i.e. from ONU to OLT is referred to as Upstream. A 
single fiber is used to carry both sided signals. The downstream 
signal transmitted by the OLT when arrives at the Passive splitter, 
the same signal is sent towards every subscriber. But while on the 
upstream, all subscribers send different signals, which when reach 
the splitter, they get superimposed. This superimposed signal is 
received at the OLT.

Fig. 3: PON Configuration

To multiplex the signal on to the same fiber, we use different access 
schemes. Coarse Wavelength Division Multiple Access (CWDM) 
is used in PON. The CWDM performs two functions. One is to 
ensure that only the desired wavelengths are used by filtering the 
light. And other is to multiplex or demultiplexthe wavelengths. 
The 1310-band and 1490-band are used which are further divided 
into smaller bands of 20 nm width. 
A Coarse Wavelength Division Multiplexer is used at every end 
of the network to insert and extract the signal from the fiber. In 
downstream transmission same signal reaches at every subscriber. 
Each subscriber extracts its relevant signal from the fiber. While, 
during upstream operation, in addition to CWDM, another 
multiplexing method, TDMA, is used to prevent superimposition 
of the signals at Passive Optical Switch.

IV. PON Types

A. APON/BPON 
ATM PON or Broadband PON connects up to 32 subscribers to the 
PON. It gives a high speed of 622Mb/s downstream and 155Mb/s 
upstream. Cell based ATM multiplexing is used in the downstream. 
And a TDMA is used in the upstream. In both directions ATM 
cells are sent which are called APON packets. Network transport 
related functions and for synchronization purpose each ATM cell 
is added with a small packet overhead. To maintain the payload 
capacity, special attention is given to minimizing the size of the 
APON packet overhead. As the data is sent over the network in 

APON packet form, and the packets travel along different paths, 
they will arrive asynchronously. To avoid the collisions of APON 
packets, the connection distances from all ONU’s to the CO must 
be equalized. The burst mode synchronization is used in the APON 
that a guard time is left between the consecutive bursts. It gives 
the sufficient time to the receiver to quickly recover the right 
clock for each burst coming from different nodes. And the optical 
receiver must have a wide power range since the path losses may 
be different for different ONUs. By taking care of these technical 
issues APON/BPON can be successfully implemented.

B. EPON
Ethernet PON works on point-to-multipoint (P2PMP) topology. 
Subscribers can see the traffic from the CO or OLT, but they cannot 
see the traffic from other subscribers. CO/OLT allows only one 
subscriber at a time to transmit, using TDMA. And a peer to peer 
connection is formed between the CO and subscriber.
Multi-Point Control Protocol (MPCP) is used to control the P2MP 
Fiber Network. This protocol is implemented in the MAC layer 
and performs bandwidth assignment, polling, auto-discovery and 
ranging.
ONU performs auto-discovery and synchronizes to the OLT 
timing. OLT generates the global time signal for reference in 
the network. The 802.3 frames are sent in downstream, which 
are extracted by the logical link ID at ONUs. And 64B messages 
are sent downstream to assign upstream bandwidth. And in the 
upstream control, time slots are used which can carry multiple 
802.3 frames. ONU sends ONU state information in a 64B 
REPORT message to the OLT in their respective time slot.
EPON is the attractive access solution and suitable for Fiber to 
the Home/ Building/ Business Applications with voice, video 
and data.

C. GPON
Gigabit PON is high capacity PON as compare to the APON 
and EPON. GPON can transport Ethernet, as well as ATM and 
TDM traffic by GPON encapsulation method (GEM). GPON 
standard has defined different transmission rates for downstream 
and upstream. But most often vendors offer 1.2Gb/s upstream 
and 2.4Gb/s downstream. And operating wavelength range 
for upstream is 1260-1360 and for downstream is 1480-1500. 
And the wavelength range 1550-1560nm can be used for video 
distribution.
In GPON upstream bandwidth allocation is done with Transmission 
containers (T-CONT). T-CONTs are used to carry the data from 
ONU and maintains the quality of service as well as improves the 
bandwidth. OLT allocates the bandwidth to ONUs for the upstream 
operation. This method of quick adoption of the bandwidth by 
ONU is also called Dynamic Bandwidth Allocation (DBA).
Downstream operation is just a broadcast of frames in TDM 
manner. Every ONU accepts only the frames which are intended. 
Each frame is encrypted and can only be accessed by the intended 
ONU.
GPON has overcome EPON in many areas of services, line rate 
options and security. It has the best support of all PONs for variety 
networks. But it cannot be greater cost efficient than EPON due 
to complex physical requirements.

V. Conclusion
This Paper is a review of PON technology. PON is a very good 
method of utilizing the fiber optics technology. Future scope of PON 
is very bright, as, PON is the most economical way of achieving 
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high speed, great capacity and large number of subscribers, which 
is the current demand of the market. The network operators can 
better utilize their investment in true triple service of voice, video 
and data to the home with the use of PON.
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