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Abstract 
  
FTTH has been globally adopted by many countries all over the world to overcome many limitations appeared in the 
copper and wireless access network. The design of the access network in terms of topology and technology deployed is 
of premium importance as it impacts on the overall efficiency, per user rate, cost, distance reach, scalability, and 
energy consumption. These challenges have led many researches and industries to explore and intensively study 
alternative designs based on optical passive devices to provide scalable, low cost, long distance reach, energy efficient, 
and high-speed networks. The work in this article provides a review on the world status and progress to date on 
optical Fiber to the Home deployment. A case study on Kuwait FTTH deployment covering conceptual design, cable 
network distribution, technologies adopted, protocols, acceptance test procedure, and commissioning of service. The 
work covers methodologies applied by system designers to compute power budget and transmission efficiency for the 
proper selection of the type of ONTs and OLTs transceivers with respect to the distance need to be covered, operating 
wavelengths, splitting ratios, minimum transmit power required and detector’s receiving sensitivity. A thorough 
guideline with steps in testing procedure is provided to verify compliance with ITU and vender’s specifications of the 
commissioned work. Optical Time Domain Reflector results are presented and analyzed to verify compliance of 
commissioned network with the standards set by ITU for segments of the deployed network.  
 
Keywords: Fiber to the Home (FTTH), Access Networks, Passive Optical Networks (PONs), Optical Power Budget, 
Energy Efficiency, Optical Time Domain Reflector (OTDR). 
 
 
1. Introduction 
 

1 The unprecedented growth in the number of internet 
users along with the emergence of a plethora new 
bandwidth-hungry applications and services have led 
to significant research efforts over the past two 
decades to set new requirements for future high-speed 
network (Hammadi, et al, 2014). The new 
requirements are intended to overcome many 
challenges and limitations that appeared in the 
conventional designs in access network based on 
copper or wireless.  
 PON is currently mainly deployed in fiber to the 
home, curb, or premises (FTTx) access networks to 
facilitate high speed broadband triple play services of 
voice, data, and video over a single core of fiber that is 
shared by number of users in residential areas.  
 PONs access network is found today as the major 
contributor of the total energy consumption of the 
global IT network infrastructure (Tucker, et al, 2008). 
Energy concerns along with requirement of more 
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bandwidth per user have driven the need of energy 
efficient high-speed access network. This came as an 
objective to promote FTTx deployment to reduce 
carbon foot print in the first place and to improve per 
user speed rate in the second place. 
 The International Telecommunication Union (ITU) 
along with the Full-Service Access Network (FSAN) 
have established a roadmap and standards for the next 
generation PONs access network to address the 
requirements for increasing the aggregate capacity 
(FSAN, fsanweb.org). 
 PONs in access networks have shown and proven 
its capability in the last two decades not only to 
provide energy efficient, high capacity, low cost 
solution but also to provide scalable design to 
accommodate hundreds of thousands of subscribers, 
and to deliver highly elastic dynamic protocols 
(Hammadi, et al, 2017).   
 

 The remainder of this article is structured as 
follows. Section 2 provides an overview on world 
status of FTTH deployment. Section 3 describes the 
classifications of PONs in access network in terms of 
standards, protocols, data rates, split ratios, and 
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distance reach. In Sections 4 and 5, we present a case 
study on Kuwait FTTH deployment covering 
conceptual design and technologies adopted, 
respectively. Link budget and optical power loss 
concepts are discussed in Section 6. Followed by 
Section 7, where we describe techniques for testing 
and measuring loss with special emphasis on optical 
time domain reflector (OTDR). In Section 8, we 
conclude the paper. 
 

2. World Status on FTTH Deployment  
 

In the last two decades, Fiber to the Home (FTTH) has 
been globally adopted by many countries all over the 
world. Asians countries represented by Japan, Korea 
and china are the world leaders in deploying FTTH in 
Asia (FTTH Council, www.ftthcouncil.eu). 
 Statistics have shown that almost 85% of the FTTH 
deployments by the end of 2007 were mainly in Asia 
with almost 17.9 million subscribers while Europe and 
North America have 1 million and 2.2 million of 
subscribers respectively. (IDATE, www.ftthcouncil.eu). 
Today, these number has increased significantly, 
number of connected homes in in America for example 
ranks third among the world's economies with 8.7 
million homes connected. 
 Over all deployments through the past years, Asia 
countries have almost provided 61 million homes with 
FTTH compared to 5 million of homes in Europe. Japan, 
Korea and China have high population densities which 
was a great factor in facilitating the easy deployment of 

FTTH. Today, South Korea is leading the world in the 
percentage of homes with fiber connections (FTTH 
Council, www.ftthcouncil.eu).   
 FTTH deployment has achieved considerable 
progress in the last 16 years as the growing need for 
high speed infrastructure to keep pace with 
requirements of the applications and services has been 
exponentially grown. The FTTx European Council has 
demonstrated a study to show the downstream and 
upstream demand estimation in 2020. The 2020 
downstream demand is estimated to reach 8Gbyte per 
day. While the upstream is estimated to reach 3Gbyte 
per day (FTTH Council, www.ftthcouncil.eu). 
 

3. Overview on PONs Technologies 
 

The high capacity links to end users, cost efficiency, 
and low power consumption of PON technology have 
motivated its mass-deployment in access network 
(Hammadi, et al, 2015). PONs technology has evolved 
over the years. ITU along with IEEE have standardized 
several designs to meet a range of requirements in 
terms of uplink and downlink transmission rates, 
number of splits, reach, and transmission protocol. The 
three main PON standards are Broadband PON 
(BPON), Ethernet PON (EPON), and Gigabit PON 
(GPON/XGPON). Characteristics of each PON are 
described in Table 1 to compare transmission 
capability, number of allowed splits, operating 
wavelengths, distance and transmission protocol of 
each scheme (Keiser et al, 2006).   

 
Table 1 PON Access Network Classifications 

 
 BPON EPON GPON XG-PON 

Standard ITU-T G.983 IEEE 802.3ah ITU-T G.984 ITU-T G.987 
Protocol ATM Ethernet Ethernet, ATM, TDM Ethernet, ATM, TDM 

Data rate 
Up to 622 Mbps for λd 
and up to 155 Mbps 

for λup 

Symmetric up to 
1.25 Gbps 

Up to 2.5 Gbps for  λd 
and up to 1.25 Gbps for 

λup 

Up to 10 Gbps for λd and 
up to 2.5 Gbps for λup 

Uplink wavelength 1310 nm 1310 nm 1310 nm 1270 nm 

Downlink wavelength 1490 nm and 1550 nm 1550 nm 1490 nm and 1550 nm 1578 nm 

Distance Reach 20km 10km up to 60km up to 60km 
Maximum Allowed splits 32 32 32,64, and 128 32,64, and 128 

 

 
 

Fig.1 (a) TDM PON, (b) WDM PON 
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Figure 1, demonstrate FTTx PON network. An Optical 
Line Terminal (OLT) switch at the central office is 
responsible for managing and controlling resources for 
channel access among different PONs through an 
efficient Media Access Control (MAC) protocol. On the 
other side, about 20km away from the central office, 
Optical Network Terminals (ONTs) are installed at the 
subscribers’ premises to deliver services such as 
telephone, data Ethernet, and IP TV.  
 A Point to Point (P2P) form of connection for the 
uplink traffic flow from the ONTs to the OLT. The 
downstream traffic flow is in the form of Point to Multi 
Points (P2MP), originated from the OLT and 
broadcasted to the ONTs connected within the same 
PON. The P2P and P2MP nature of traffic forwarding in 
PONs are a result of the directionality and photonic 
functionality of the PON splitters/couplers that can 
aggregate and separate the optical signal passively 
(Keiser et al, 2006).  
 

4. Fiber Optic Cables Distribution Network Design  
 
In 2005, Kuwait has launched a courageous move to 
become one of the few countries in the world and the 
first country in the middle east to provide fiber to the 
home and the state of the art GPON technology to 
residential areas. The Ministry of Communication 
(MOC) in Kuwait has awarded M/s Sultan Telecom a 
project to supply, install, test and commission a FTTH 
network for over 30,000 homes.  
 The project specified that all passive networks shall 
be procured from the M/s Tihan and the Optical line 
terminals (OLTs) along with the Optical Line Terminals 
(ONTs) shall be supplied from M/s Alcatel as per the 
technical specifications provided in the tender 
document.  Figure 2, depicts the conceptual design of 
the implemented network for the project. The design is 
based on TDM which was discussed in Section 3 and 
depicted in Figure 1(a). 

 
 

Fig.2 FTTU Access Network conceptual design Diagram (Alcatel-Lucent 7342 ISAM FTTU, Data Sheet) 
 

 
 

Fig.3 (a) Distributed Splitting 
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Fig.3 (b) Centralized Splitting 
 

Kuwait Ministry of Communication has selected the 
design based on distributed splitting which makes the 
design flexible and very cost effective. In distributed 
splitting, one fiber strand from the CO is splitted in 
different places in a cascading manner as can be seen 
from Figure 3. In this scenario, a 32 way splitting of one 
fiber is done either by using 1:2 and 1:16 way splitters 
or by using 1:4 and 1:8 Way Splitter. Instead of having 
one fiber to run from the CO to every individual home, 
with distributed splitting one fiber strand is needed to 
serve up to 32 homes.  
 Distributed splitting is a cost-effective solution as 
less fiber cables are needed to feed the same number of 
homes that can be served using the point to point or a 
centralized solution. From Figure 3(a), if the 1x4 
splitter is located at the outside plant and feeding 4 
other 1x8 splitters, we will end up having only one 
fiber strand to serve 32 homes from the CO to the drop 
box, resulting in a big saving in cost. 
 While in centralized splitting as shown in Figure 
3(b), one fiber strand of the optical fiber cable at either 
the central office or a joint location in the Outside Plant 
(OSP) is splitted to provide 32 fiber strands terminated 
at 32 subscriber houses. Using centralized splitting 
scheme requires more fibers to be laid which adds 
major deployment cost specially if splitting is done in 
the CO, however; since this design uses direct fiber 
links from the Co to the premises, the network can be 
easily upgraded if bandwidth needs grow in the future.  
 The network cable distribution design is based on 
having the following categories of fiber cables; Primary 
Optical feeder cable, Secondary Optical feeder cable, 
distribution Optical cable and Drop Optical cable. 
Following is the description of each cable type as 
depicted in a real network implementation scenario for 
this project as shown in Figure 4. 
 
4.1 Primary Feeder Optical Fiber Cable 
 

The Primary Feeder Cable will be either 96 or 144 
single mode fibers in one optical fiber cable.  This will 
start from the CO and will be laid in the shortest route 
passing near to all the sub areas of the particular area. 
25% of the fibers are planned to be kept as spare for 
future expansion. 
 
4.2 Secondary Feeder Optical Fiber Cable 
 
The Secondary Feeder Cable will consist of 12 single 
mode fibers, which will be spliced with 12 Fibers of the 
Primary Feeder Cable at the intersection point and will 
pass through the various main blocks of the sub area. 

4.5 Distribution Optical Fiber Cable 
 
At the Block intersection, one fiber from each of the 
12F secondary optical fiber cable will be spliced with 
1:4 splitters in a joint and four fiber outputs of this 
splitters will be spliced with 12F Optical fiber cable 
which is called the distribution cable. 
 
4.6 Drop Optical Fiber Cable 
 
The 12F Distribution Cable will be taken to the joint 
with 1:8 splitters which will be located near to group of 
8 subscribers. One fiber of the 12 in the distribution 
optical fiber cable will be spliced with 1:8 splitter. The 
output of the 1:8 splitters, a drop cable of 1F Cable in 
case of single family premise or 2F Cable in case of 
multistoried building will be laid up to the premises. As 
a provision for future 1 Fiber out of 1:8 Splitter was 
kept as spare. 
 

 
 

Fig.4 Cable Network Distribution design for FTTH from 
the Central Office to homes 

 
5. Giga Passive Optical Network (GPON) System 
 
GPON Networks are State of Art Next Generation 
Network that can provide Voice, Data & Video (Triple 
Play services) on the same Fiber. GPON technology 
consists of the following equipment: 

 
5.1 Optical Line Terminal Equipment (OLT) 
  
OLT switch as depicted in Figure 5 is installed at the 
Central Office in the exchange. The 7342 P-OLT is 
selected to be the core of the GPON system (Alcatel-
Lucent 7342 ISAM FTTU, Data Sheet). The OLT switch 
provides capability to terminate multiple passive 
optical network to ONTs and connect those for user 

Text
12

n

3
12

n

3
12

n

3
12

n

3
12

n

3

OLT

1:32 

Splitter

4

1

2
3

32

Central Office

CO



Hammadi et al      On the Architecture, Design, Implementation and Testing of Fiber to the Home (FTTH) Green Network in Kuwait                                                                                                

 

1626| International Journal of Current Engineering and Technology, Vol.7, No.4 (Aug 2017) 

 

and control plane traffic to the operator's network at 
the CO through Ethernet. OLT is equipped with Service 
Network Card which is interfaced with different 
systems like Data server, soft switch, gateways, etc. to 
deliver multiple of services to subscribers. The 
downlink transmission speed from OLT towards ONT 
is 2.5 Gb/s and uplink transmission speed is 1.2 Gb/s 
on each GPON Port.  In the Downstream wavelength of 
1480-1500 nm is used whereas in the upstream 1260-
1360 nm is used (Keiser, 2006). 
 One OLT subrack as the one shown in Figure 5 from 
Alcatel supports 16 Access Modules (AM) cards each of 
which is equipped with two GPON ports.  Each GPON 
Port can support different split ratios depending on 
minimum committed rate to be delivered to each 
home. In this project, the network design is based on 
distributed splitting with split ratio of 32 Fibers per 
PON port. With this design consideration, the total 
number of subscribers that can be served by one OLT 
subrack to provide triple play services is 1024 
subscribers. The minimum committed rate that can be 
delivered to each subscriber for the GPON with 2.5 
Gb/s downstream shall not be less than 78.125 Mb/s 
per subscriber.  
 Higher downstream rates would result in higher 
per user rates while higher split ratios would result in 
lower per user rate. For illustration purposes to better 
explain the trade-off relation between split ratios and 
per subscriber committed rate Figure 6 presents the 
worse committed per user rates for the next 
generation 10Gb/s GPON technology examining 
different loads with different split ratios.  
 

 
 

Fig.5 Optical Line Terminal Switch 
 

 
 

Fig.6 Worse committed rate for different split ratios 
per PON with respect to different network load 

5.2 Optical Network Terminal (ONT) 
 
ONT shall be installed in each of the subscribers’ 
houses and one ONT as can be seen in Figure 7 can 
provide 4 Telephone Lines, 2 data Ethernet ports and 
IP TV. There are different types of ONT for medium and 
large business establishment and multistoried Building 
which varies in the number of ports. Examples of these 
ONTs are the SOHO which can support 8 telephone 
lines, and the Multi-Dwelling Unit (MDU) which 
consists of three units and has capability to provide 24 
telephone lines and 12 high speed data connections. 
 In this project, the selected ONT is the 7342 Single 
Family Unit ONT (GSFU-A) which can deliver triple 
play services. The GSFU-A unit is equipped with: 
 
a) 2 x 10/100 Base T Ethernet interface 
b) 4 POTS lines for voice (VOIP)  
c) IPTV support 
d) H.248 for VOIP signaling 
 

 
 

Fig.7 Single Family Optical Network Unit 

 
6. Link Budget and Optical power loss  
 
The relative power level in a communication system is 
measured using dB decibels.  As long-distance reach 
and cascaded optical splitters introduce high power 
loss, PON network must be carefully designed to 
balance the need of split ratio, distance that shall be 
covered and the type of the transceivers to be used on 
the OLT and ONT sides. For these concerns, ITU-T has 
defined standards and classified attenuation window 
for the PON fiber access network used to connect an 
OLT to an ONT. These tolerated power budget 
windows are classified in 3 classes. Class-A can tolerate 
total loss within the range of 5-20dB, Class-B can be 
used for links with total losses range between 10-25dB, 
and Finally Class-C where the range is between 15 and 
30dB (Keiser, 2006).  
 The dominating component in the total loss of an 
optical link is the optical splitters. Optical splitters are 
designed to split input signal and distribute optical 
power in two ways and result in a signal loss of 10 log10 
(0.5) = 3dB and practically it is 3.5dB.  For more splits, 
the two output arms of the first Y-splitter need to be 
connected to two 1x2 Y-splitters to produce the 1x4 
splitter. For higher split ratios, the 4 output arms are 
connected with four 1x2 Y-splitter to produce 1:8 
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splitter (see Figure 8).  Every split along the link will 
add 3.5dB loss and as more splits are introduced along 
the optical link more loss will be accumulated. For 
example; implementing a link that has a 1:32 split 
ratio, the total loss on each fiber at the end user 
interface due to optical splitting only will be 5 splits X 
3.5dB = 17.5dB. Below Table 2 list the total loss on a 
communication link with respect to the number and 
size of splitters used between an OLT and an ONT. For 
this project, optical passive splitters are specified to be 
procured from the M/s Tihan. Figures 9,10, and 11 
demonstrate the 1x8, 1x4, and the 1x32 Tihan PLC 
splitters used respectively (M/s Tihan Electric Wire, 
www.tihan.com). 
  

 
 

Fig.8 1x4 and 1x8 Branch Passive Optical Splitter 
 
 

Table 2 Total loss of different splitting ratios a long 
PON link between an OLT and an ONT for 4,8,16,32,64, 

and 128 subscribers 
 

Splitter/ Split ratio Number of splits Total Loss (dB) 

1:4 2 7 

1:8 3 10.5 

1:16 4 14 

1:32 5 17.5 

1:64 6 21 

1:128 7 24.5 

 

 
 

Fig.9 1x8 Branch Passive Optical Splitter 
 

 
 

Fig.10 1x4 Branch Passive Optical Splitter 

 
 

Fig.11 1x32 splitter configuration (One 1x4 and four 
1x8 cascaded splitters for 32 subscribers) 

 
Computing optic power along the communication links 
is an important part of system design. This is to ensure 
the signal incident on the detector at the receiver side 
will be strong enough to be recognized by the detector.  
The total loss of a communication link can be simply 
calculated since the length of the cable, number of 
splices, operating wavelength, number of splits and 
number of connectors used from end to end are known. 
 The total loss and the fraction of the power 
transmitted defined as the transmission efficiency 
which relates the ratio of output power received by the 
detector to the input power injected by the transmitter 
can be calculated by Equation 1 (Keiser, 2006). 
 

               
    

   
              (1) 

 
After calculating the total loss and the transmission 
efficiency of the communication link, system designer 
decides on the type of transceivers to be used in terms 
of the requirements for the transmit power and 
receiver sensitivity. An example to demonstrate how to 
calculate the link budget and total PON loss, consider 
that average loss per splice is 0.05 dB (maximum 
accepted splice loss is 0.15 dB), 1x4 splitter loss is 
around 7 dB, 1x8 splitter loss is around 10.5 dB, optical 
fiber cable loss per km is 0.35 dB, connector loss is 
3dB. Then, if a distance from an OLT to an ONT range 
from 5 km to 10 km with 5 splicing positions, one (1x4) 
Splitter, one (1x8) splitter and 2 Connectors, then the 
total optical loss will vary from 26 dB to 27.75 dB at 
1310 nm and efficiency of transmitted power will vary 
from 0.25 to 0.16 for the 5km and 10km respectively. 
for the same scenario, if the input power at the 
transmitter is 20mW, the power received at the end of 
the link by the receiver will be 5mW. Equation 2 
computes the allowed total optical power loss and 
describe quantities for computing the total loss of a 
PON link from an OLT to an ONT (Keiser, 2006). 
 

         
                               (2) 
 
Where T is the allowed total optical power loss,  PT is 
the optical power from transmitter, PR is minimum 
receiver sensitivity,   is the attenuation loss per km for 
given wavelength,   is the length in km of cable link,   
is the splice loss, N is number of splices,   is the splitter 
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loss, M is the number of that splitter, ρ is the connector 
loss, K is the number of connectors. 
 Figure 12 demonstrates the total loss in dB 
obtained using Equation 2 for a PON communication 
link from an OLT to an ONT for two operating 
wavelengths mainly used in PON access network for 
uplink and downlink transmission. In the results 
shown, we have considered a 0.4dB and 0.25dB loss 
per km for the 1310nm and 1550nm respectively, 7dB 
and 10.5dB for the 1x4 and 1x8 PLC splitters 
respectively, 3dB loss for each connector, and 0.05 loss 
for each splicing joint. The results have shown that the 
1550nm performs better than the 1310nm as the 
1550nm wavelength is less affected by the hydroxide 
and water in silica glass of the fiber cable (Keiser, 
2006).  
 Evaluated distances are from 4km to 40km where 
in real case scenario the maximum allowed distance for 
a GPON link should not exceed 20km. The results 
explain the reason behind avoiding distances further 
than 20km. In addition to the high attenuation loss 
affect, complexity, noise, and cost of transceivers are 
also factors of limiting the distance to 20km. Results 
from Figures 13 and 14 can also justify the limitation of 
transmission distance specification of a GPON link to 
not exceed 20km. Figures 13 and 14, demonstrate 
minimum required transmitter power from the ONT 
and OLT lasers to satisfy the receiving sensitivity at the 
detectors in both directions, respectively. 
 

 

 
Fig.12 Total attenuation loss in dB for a PON link from 

an ONT to an OLT for 1310nm and 1550nm 
 

 
 

Fig.13 Minimum required output power for the ONT 
laser for typical GPON OLT switch with detector 

sensitivity of -34 dBm 

 
 

Fig.14 Minimum required output power for the OLT 
laser for typical ONT with detector sensitivity of -26 

dBm 
 
7. Testing and measuring of link loss in FTTH PONs 
using Optical Time Domain Reflector (OTDR)  
 
Testing and measuring loss in a PON link is not as easy 
as testing and measuring loss in a point to point fiber 
links. PONs network in FTTH has point to point links in 
the upstream direction from the ONTs to the OLTs and 
point to multi point links in downstream direction 
from the OLT to the ONTs. As discussed earlier in 
Section 2, big portion of the PON networks is shared 
among multiple users. A single fiber strand in a PON 
communication link is splitted into 32, 64, or 128 to 
connect subscribers. The splitting is done using 
different configuration of cascaded passive splitters or 
maybe by single splitter as discussed and 
demonstrated in Figure 3. Due to the shared point to 
multi connection along with the different multiple 
ratios of splitting along the link losses are added up. 
 The challenge in testing is the analysis that must be 
carried afterward to calculate the total loss. OTDR 
(ANDO AQ7250) is the tool used in this project to 
measure loss in fiber links. The OTDR basically sends a 
pulse with a predefined width down the optical link 
and get Rayleigh Backscattering back to the same fiber; 
then the total length and total loss are calculated by the 
device. Mathematically, the OTDR calculates the 
distance (D) based on Equation 3. The phase velocity 
(v) of the sent pulse is ratio of speed of light (c) and the 
index of refraction (n) of glass material the fiber cable 
is made of. The time (t) taken the pulse to traverse the 
link is double the time needed to reach the end of the 
cable as it is based on Rayleigh Backscattering. 
Therefore; the time needed to compute the distance is 
half the computed time. 
 

  
 

 
(
 

 
)                      (3) 

 
Next, testing and measuring loss during and after 
deployment using OTDR along with sample results 
from OTDR shall be presented. First, a guideline for 
steps in testing procedure in FTTH PON network will 
be discussed as proposed EXFO (Stéphane et al, 2002).  

 
FTTH PON testing steps are summarized as follows: 
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7.1 Link Characterization and Total Budget 
 
As was showing earlier loss budget can be calculated 
by knowing the type of PON being deployed (class A, B 
or C), loss of different splitters used (1:4, 1:8, 1:16, 
1:32), Loss of WDMs (if used), connector loss and 
splice loss for the complete link from OLT to ONT. 
Different operating wavelengths adds different loss. 
Attenuation of a specific wavelength on a PON 
communication link can be calculated by multiplying 
the attenuation of a specific wavelength by the total 
distance (e.g. 1310 nm wavelength contribute in 0.33 
dB/km attenuation). Equation 2 can be used to 
calculate total loss on any PON link. Total Loss should 
not exceed the loss budget, otherwise errors will be 
heavily introduced in the transmission link which will 
affect service quality.   
 Attenuation loss with respect to wavelength is 
known and provided by cable suppliers but still it must 
be measured to verify that it meets the specifications. 
Figure 15 demonstrates test results using ANDO 
AQ7250 OTDR for 4.2km, 48 cores single mode optical 
cable (G.655 FOC) with 1.46 Index of Refraction (IOR) 
using 1550nm as the operating wavelength. The results 
as depicted in Figure 15 have shown an average loss of 
0.764 and 0.188 for total cable loss and loss per km, 
respectively. For theoretical computation, acceptable 
loss per km for the 1550nm is set by vendor to no 
exceed 0.24dB/km. For the given cable length, total 
loss and loss per km are 1dB and 0.24dB, respectively. 
Computed results have shown better results than the 
theoretical as the maximum allowed loss per km used 
in the calculation is a bit greater than the actual 
measured. Therefore, there is no errors. In case if 
difference exist, the percentage error can be computed 
using Equation 4.  
 

         
                    

           
              (4) 

 
 

 
 

Fig.15 OTDR test results for 4km G.655 FOC with 48 
core single mode, (1550nm) 

 
Before any splitter splicing work is carried, link should 
be characterized by testing each fiber from the OLT at 

the central office to the splitter and from the splitter to 
the ONT using the OTDR. Similarly, another test shall 
be carried from the other end from ONT all the way to 
OLT. This is an important step as it shows if any 
mismatch in the core size exist. If a mismatch exist, 
results shall present different loss values depending on 
which direction the light is propagating. Also, these 
measurements will verify the signal attenuation with 
respect to wavelength used.  
 During link characterization macrobends can be 
detected along the link as well. Macrobend occurs 
when the fiber bent beyond its allowable radios bent 
and results in more power loss in the propagating 
signal due to index change and more evanescent wave 
penetrating the cladding. 
 
7.2 Characterization of Splitter’s loss and Backreflection 
 
This step comes after splicing the splitter with fibers. 
OTDR can also be used to measure splitter’s loss and 
backreflecting to verify results with supplier 
specifications. Backreflection of coupler ports should 
be −35 dB or better, as per ITU-T G.983.1). This test 
can be carried using different wavelengths 1310nm, 
1490 nm and 1550nm from the splitter output ports 
towards the OLT. 
 
7.3 End-to-End Loss and Backreflection testing 
 
This step comes after having all splitters spliced and 
end to end fiber is connected between OLT and ONTs. 
A bidirectional test using a power meter can be used to 
measure end to end loss from OLT to ONT using 
different wavelengths. As per preset threshold values 
set by ONT and OLT manufactures (as per ITU 
standardizations Class A, B and C), a power meter will 
give pass/fail power reading results for each link. For 
example, a class C network, total loss should be below 
30dB.  Losses induced via connectors and cable 
splicing can be tested and measured using OTDR from 
the ONT towards the OLT and from OLT to ONT. 

 
7.4 Testing after OLT and ONT are turn up 
 

After testing and characterizing the optical network, 

the OLT can be switched on while ONT still off, then 

power coming to the ONT can be measured using 

power meter (should be +4dBm) to have a free error 

transmission link. 

 Following, sample results of tested segments of the 

network in this project using ANDO AQ7250 OTDR will 

be presented. Figures 16-19 are the OTDR results for 

the 1st and the 24th fiber strands in a 24-core single 

mode cable. The test was carried for two wavelengths 

1310nm and 1550nm. The cable has a length of 6km 

with index of refraction of 1.46. The pulse width was 

set to 500ns.  

 OTDR results have shown the total length of the 

cable, total loss, and loss per km. The OTDR obtained 
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results as can be seen in Figures 16-19 verifies that 

supplier’s specifications and standards are met for the 

1310nm and 1550nm. All core strands of the fiber 

cable are tested and here we show results obtained for 

2 strands. 

 In summary, the obtained results have shown on 
average 1.06dB to 1.08dB for the 1550nm wavelength 
as a total attenuation and 0.1dB loss per km. while the 
1310nm wavelength has shown 1.93dB to 1.96dB as a 
total attenuation and 0.33dB loss per km. These results 
are within the acceptable window for the 1310nm and 
1550nm specified by ITU standards. (0.4dB/km for 
1310nm, and 0.25dB/km for 1550nm). 
 

 
 

Fig.16 OTDR test results for the 1st strand of the 6km 
G.655 with 24 core single mode using 1550nm 

 

 
 

Fig.17 OTDR test results for the 1st strand of the 6km 
G.655 with 24 core single mode using 1310nm 

 

 
 

Fig.18 OTDR test results for the 24th strand of the 6km 
G.655 with 24 core single mode using 1310nm 

 
 

Fig.19 OTDR test results for the 24th strand of the 6km 
G.655 with 24 core single mode using 1550nm 

 
Conclusions 
 
In order to keep pace with the high-demand in services 
and applications, PONs are continuing to evolve and 
considerable research efforts are being made to 
address the various challenges observed. In this article, 
we promoted the deployment of PONs in access 
network to replace conventional copper and wireless 
based technologies. The work covered a literature 
review on PONs evolution over the last two decades, 
world status on FTTx deployment, technologies, 
equipment, network cable design, loss and power 
budget consideration. We have shown a study to 
analyze the worse committed rate for different split 
ratios per PON with respect to different network load. 
We have also demonstrated and justified the limitation 
of transmission distance specification of a PON link to 
not exceed 20km. a guideline for designers is also 
provided through numerical calculation for the 
selection of transmitter and receivers with special 
emphasis on the minimum output power required and 
the lowest detection sensitivity, respectively. The work 
has also demonstrated a real case study for FTTx 
deployment in Kuwait and shown conceptual design, 
acceptance test procedure, and analysis of OTDR test 
results to verify compliance with given specifications 
and standards. 
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