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AN ISLAND-WIDE SDH TRANSMISSION
NETWORK FOR THE CEYLON ELECTRICITY
BOARD

M N S Shiraj Sharifdeen

Abstract

Optical fibers are the choice of transmission medium for
the high capacity telecommunication transmission
systems of today such as Synchronous Digital
Hierarchy (SDH), giving a very high yield for the
investment made. With the already established highly
reliable power transmission infrastructure, together with
the advancement of technology, the utilities have a very
high potential market in the telecommunication carrier
service. By replacing the ground wires of the overhead
high tension transmission lines with Optical Ground
Wires (OPGW), utilities can build-up a country-wide high

capacity t latively very
short time frame and-a very low'investment. This paper
analyses the possibility of establishing an island-wide
optical fiber transmission n e Ceylon

Electricity Board based on the OPGW technigue.

1. Introduction

It is nowadays very common worldwide for the power utilities to enter the
telecommunications business. With the massive infrastructure they possess,
it is relatively easy to set up and run telecommunication services. The major
focus for the power utilities here is to provide long distance carrier services
for the telecommunication service providers. The typical customers are
wireless operators, cellular operators, data network operators, corporate
communication sectors etc. Usually these operators establish their
transmission network based on microwave radio links. However, as the

network expands the radio transmission systems fail to cope up with the




increasing bandwidth requirements. The landline operators usually have the
privilege to lay underground optical fiber networks, which offer extremely
large bandwidth capacity. However, the operating license of wireless

operators usually restricts them from laying underground fiber networks.

Here is where the power utilities have the opportunity to provide carrier
services to such operators. Power utilities essentially have the already
established highly reliable power transmission network to cover almost the
entire nation. These transmission networks can now be used to carry high-
speed telecommunication signals. The ground wires of the overhead
transmission lines can be replaced by the Optical Ground Wires (OPGW) in
which the core of the ground wire contains highly secured optical fibers in
large numbers. Since the transmission lines are usually constructed for very
high reliability, the resulting optical fiber network is also highly reliable,
mechanically. Replace: : d wire by the OPGW
can be done for both existing lines and new lines. This would give the power
utilities extremely large data transmission capacities with the use of advance
techniques such as single mode (SM) fibers and Wavelength Division
Multiplexing (WDM). With suitable planning the power utilities can build a
nation-wide high capacity transmission network in a very short time frame

and have quick access to revenue.

This is completely a different case from the conventional fibre cabling, which
requires obtaining of right-of-way from relevant authorities to trench

roadways, additional expenditures for the trenching and civil works and




cumbersome maintenance. The already available right-of-way of power
utilities in the form of HT transmission lines is made use of to lay fibres.
Hence, the implementation of the OPGW network is relatively cost effective

and less time consuming compared to conventional fibre cabling.

In addition to replacing the conventional ground wires with the OPGW, there
are several other methods to incorporate optical fibres in to the transmission
lines such as All Dielectric Self Supporting (ADSS) fiber cables and Wrap-

Around fiber cables. These are presented in the chapter 2.

Once decided on an optical fiber network based on OPGW, the type of
transmission technology 'also should be determined. The most obvious
choice will be the Synchronous Digital Hierarchy (SDH) transmission
system. The SDH offers numerous benefits over the Plesiochronous Digital
Hierarchy (PDH) and o hni ransmission rates (up
to 10 Gbps), simplified add and drop functionality, high availability and
capacity matching, high reliability (with ring architecture and path/section
protection schemes), better interface to other standards, future proof

platform for new services etc.

This report analyzes the possibility of establishing an island-wide SDH
transmission network for the Ceylon Electricity Board (CEB) based on the
OPGW technique. In chapter 2, the SDH transmission hierarchy, the SDH
network components, the self healing ring architecture used for the SDH
transmission system, SDH network synchronization, the transmission

characteristics of optical fibers, the available techniques of incorporating




optical fibers in to power transmission lines, and the microwave link design -

are discussed. In the chapter 3, the network design for the CEB SDH
transmission system is presented. The chapter 4 presents the cost analysis
for the proposed network, while chapter 5 is devoted for further discussions.
Chapter 6 lists the recommendations to the power utility based on the study
and in Chapter 7 the drawbacks in the study are discussed. Chapter 8 gives
the list of references, which is followed by the relevant technical data from

Appendix A to Appendix F.




2. Literature Survey

2.1. Overview of SDH Architecture

2.1.1. SDH Hierarchy
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Figure 2.1: SDH Hierarchy.

The structure of the SDH hierarchy is shown in the Figure 1. The SDH
standards define a structure which enables plesiochronous signals to be

combined together and encapsulated within a standard SDH signal (Ref. 24).

Table 2.1 summarizes the STM-N bit rates of the SDH hierarchy.




Table 2.1: The SDH Bit Rates.

Bit Rate (Kbit/sec)

B 155,520

STM-4 622,080

STM-16 | 2,488,320

STM-64 9,953,280

A
The STM-N Frame Structure is illustrated in the Figure 2.2.
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2.1.2. Introduction to SDH Network Components

2.1.2.1. Regenerators

Regenerators, as the name.implies, have the function of regenerating the

clock and amplitude relationships of the incoming data signals that have

’ been attenuated and distorted by dispersion (typically in a optical link). They
derive their clock signals from the incoming data stream (Ref. 24).
— sTM-N | Regenerator | STM-N
Figure 2.3; The Regenerator
2.1.2.2. Terminal Multiplexers (TMUX)
-

Terminal Multiplexers are used to combine plesiochronous and synchronous

input signals in to higher bit rate STM-N signals (Ref. 24).

PDH

STM-N

TMUX

SDH

v

Figure 2.4;: The Terminal Multiplexer




2.1.2.3. Add/Drop Multiplexers (ADM)

lesiochronous and lower bit rate synchronous signals can be extracted from
or inserted in to high speed SDH bit stream by means of ADMs. This feature
makes it possible to set up ring structures, which have the advantage that
automatic back up path switching is possible using elements in the ring in

the event of a fault (Ref. 24).

N—_ ADM -

PDH SDH

Figure 2.5; The Add-Drop Multiplexer

2.1.2.4. Digital Cross Connect (DXC

This network element has the widest range of functions. It allows mapping of
PDH tributary signals in to virtual containers as well as switching of various

containers up to and including VC-4 (Ref.24).

SIM-16  |— STM-16
STM-4 STM-4
STM-1 STM-1
140Mb/s 140Mb/s
34Mb/s 34Mb/s
2Mb/s DXC 2Mb/s

Figure 2.6; The Digital Cross Connect.




2.1.3. SDH Ring Protection
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Figure 2.7: The Dedicated Protection Ring.

In this protection scheme the sending node sends the same signal both ways

around the ring and the protection mechanism at the receiving node selects

the alternate path upon failure detection.




2.1.3.2. Shared Protection Ring (SP Ring)
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Figure 2.8; The Shared Protection Ring.

This is a shared Multiplex Section (MS) switched ring which is able to share
protection capacity, reserved all the around the ring. In the event of a failure

the protection switches operate on both sides of the failure to re-route the

traffic through the spare capacity.
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2.1.3.3. Two Fiber Unidirectional Path Switched (UPS) Ring

AFTER FAULT

— WORKING
o1 PROTECTION

Figure 2.9: The Two FiberUnidirectional Path Switched Ring.

In this type though the transmission is bi-directional for each node, the
overall ring transmission is unidirectional and hence, the name
unidirectional. Two fibers are used; one for working line and the other for
the protection. The transmitting node sends the signal on both working and
protection lines and the protection is achieved at the receiver by selecting

the better signal (Ref. 24).




2.1.3.4. Two Fiber Bi-directional Line Switched Ring (BLSR)

A . \WORKING
i L frivchd +— PROTECTION

Figure 2.10: The Two Fiber Bi-directional Line Switched Ring.
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Here the transmission in the fiber is bi-directional on any point in the ring.
However, there are no separate fibers for protection. Each fiber is divided in
time slots between working and protection lines. The protection line of any

working line is on the opposite side of the ring to provide the route diversity.

Another feature of this ring is that the protection lines are not allocated to
any path permanently but are assigned segment by segment, according to
the requirement, during a fault condition. The switching is done at nodes at
both ends of each multiplex section to route the traffic through the shared

protection capacity (Ref. 18).

2.1.3.5. Four Fiber Bi-directional Line Switched Ring

This is similar to the two fiber BELSR, but, instead if sharing the time slots
between the working and protection line s, dedicated fibers are reserved for
protection lines. Hence, it would be immune against end terminal faults (Ref.

18). This is illustrated in Figure 2.10.

2.1.3.6. Other Methods

Another simple and cost effective method of protection is to split the traffic
at each node and transmitting them both ways around the ring. In case of a
failure at a given line segment, at least half the transmitting capacity is
assured to each node. This does not call for much network management
complexity. However, the protection is available only for 50% of the

transmission capacity.

13
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Figure 2.11: The Four Fiber Bi-directional Line Switched Ring.
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2.1.4. SDH Network Synchronization

The fundamental requirement of SDH network is synchronization of all
network elements to a common highly accurate clock known as the Primary
Reference Clock (PRC)}. This PRC should conform to ITU-T Rec. G.811 with
the accuracy of 1*10 -!1. This clock signal must be distributed throughout
the entire network. A hierarchical structure is used for this; the signal is
passed on by the subordinate Synchronization Supply Units (SSUs - G.812)
and Synchronous Equipment Clocks (SECs - G.813). The synchronization
signal path can be the same as those used for the SDH communications (ref
24.). The clock signal is generated in the SSUs and SECs with the aid of

Phase Locked Loops.

G8 G812

10 ST H T
G813 G813 G813 G81

Figure 2.12: Hierarchy of Clock Signal Distribution
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The network is organized with a Master-Slave relationship with clocks of the
higher-level nodes feeding the timing signals to the clocks of the lower level
nodes. All nodes can be traced up to a PRC. The internal clock of an SDH
terminal may derive its timing signal from a SSU used by switching systems
and other equipment. Thus, this terminal can serve as the Master for the
other SDH nodes, providing timing on its outgoing STM-N signal. Other SDH
nodes will operate in a Slave mode with their internal clocks timed by the

incoming STM-N signal (Ref. 25.).

2.1.4.1. Synchronization Clock Signal Sources for Network Elements

For the proper functioning of the Network Elements (NEs), they should be
continuously supplied with the clock signal, which is refered to a PRC.

Therefore, protection measures should be taken to ensure that any failure in

the network does not affect the continuous supply ¢ e clock signal.
To do this, the NEs are designed so as to select clock signals from various

sources. A synchronization source list is SET in each NE so that, in case of a

failure of the current source, the NE can switch to the next source in the list.

16




EAST (LINE 1) WEST (LINE 2)

EXT OUT (1) EXT IN (1)

ADD-DROP

EXT OUT (2) MULTIPLEXER EXT IN (2)

TRB(T)
TRBE

Figure 2.13: Common Sources of Clock Signals

Common sources of clock signals are;
a. Line signals ( STM-N)
-East or West

b. Tributaries

-IMore uialtl o1 Ulvdidl )y vail uo a\,lected

c. External Synchronization Input

-such as PRCs, SSUs etc.

d. Internal Clocks

If the clock supply fails, the network element switches over to a clock source
of same or lower quality, or if this is not possible, it switches to hold-over
mode. In the hold-over mode, the clock signal is supplied by the internal
clock. In this situation the clock signal is kept relatively accurate by
controlling the oscillator by applying the stored frequency and phase
correction values for the previous hours and taking the temperature of the

oscillator in to account (Ref 24&27).

17




Because, the timing source lists at each node can be programmed
individually, when the nodes are connected in ring configurations, a
potential ‘timing loop’ or ‘clock island’ can occur. This must be avoided at all
costs, as these would drift out of synchronization with passage of time and

the total failure disaster would be the result (Ref 248&27).

18
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2.2. Transmission Characteristics of Optical Fibers

The most important Factors that affect the transmission characteristics of
the optical fibers are the attenuation and dispersion mechanisms within the

fiber.
2.2.1. Attenuation

The very low attenuation characteristic of today’s optical fibers, is one of the
most important factors that made them attractive as a transmission medium
for the telecommunication signals. The tremendous improvements made in
this direction since 1970, after the introduction of the first commercial fiber
with an attenuation coefficient of 20dB/km, has led to the production of

silica based glass fibers with losses less than 0.2 dB/km (Senior, p.85).

The mechanisms responsible for the signal attenuation within the optical
fibers are the material composition, the preparation and purification
techniques and thé wave guide structures. These irregularities led to several
types of signal attenuations such as, material absorption, material
scattering, curve and micro-bending losses, mode coupling radiation losses

and losses due to leaky modes (Senior, p.88).

These attenuation mechanisms leave three operating regions for optical
communications namely the 0.85 um, the 1.31 um and the 1.55 um regions;

the 1.55 pum region being the lowest attenuation region having a

!‘)

79833
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Attenuation coefficient (dB/km)

Figure 2.:15,Graph of attenuation against wavelength for single-mode silica fiber.
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demonstrated attenuation coefficient of 0.2 dB/km which approaches the

theoretical minimum limit of 0.16 dB/km for silica fibers (Robert, p.298).

The attenuation characteristic with respect to wavelength for silica fibers is

shown in Figure 2.15 (Robert, p.298).

2.2.2. Dispersion

Besides attenuation, dispersion is the most critical parameter that affects
the transmission characteristics of optical fibers, as a long haul
transmission medium. The dispersion, which is characterized by the
broadening of the transmitted pulse, influences both the symbol rate of
optical pulses within the fiber as well as the transmission distance.
Therefore, the dispersioniis represented by a bandwidth-distance product, in

the optical fiber system specifications. The dispersion is broadly categorized

in to inter-modal and intra-modal dispersions.

With the non-existence of inter-modal dispersion in single mode fibers, the
limiting factors of the bandwidth-distance product are the material
dispersion (Dm) and the wave-guide dispersion (Dw), which belong to intra-
model dispersion. The variations of Dm and Dw with wavelength for silica

fibers are illustrated in Figure 2.16 (Senior, p.126; Robert, p.303).
The frequency dependence of the refractive index (and therefore the speed of

light} of the fiber material causes the material dispersion. For silica, the

material dispersion drops to zero at 1.31 pm, as shown in Figure 2.1.6.
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wavelength for a conventional single-mode fiber.
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Unfortunately, at this wavelength the attenuation is 0.35 dB/km, which is

not the minimum attenuation wavelength.

The wave-guide dispersion has a negative slope compared to the positive
slope of the material dispersion. By modifying the fiber refractive index
profile using precise fabrication techniques to affect the wave-guide
dispersion characteristics, the fiber can be designed to have the zero total
dispersion wavelength shifted to the lowest attenuation wavelength of 1.55

um,

Such fibers are known as dispersion shifted fibers and due to manufacturing
tolerances will typically have a non-zero dispersion figure of less than 3
ps.nm-1km-!1 at 1.55 um, in practice (Robert, p.303). The dispersion
characteristics of various types of single mode' fiber are represented by the

curves given in Figure

The alternative technique to combat dispersion is to periodically introduce
Dispersion Compensating Fibers (DCF), which have a dispersion

characteristic, opposite to that of the transmitting fiber.

2.2.3. Throughput of Optical Fibers

The two techniques primarily used to increase the throughput of optical fiber

systems are;

a. Increasing the bit-rate (symbol rate)

b. Employing Wavelength Division Multiplexing (WDM)

21




Increasing the bit-rate (bandwidth) is Largely limited by the dispersion
characteristics of fibers. In single mode fibers, it is influenced by the
chromatic dispersion. With dispersion shifted fibers, which offer the lowest
dispersion at the lowest attenuation wavelength, the only avenue left to
further improve the bit-rate is to narrow the line-width of the optical
sources. The smaller the line-width of the optical source, the lesser the

chromatic dispersion.

Among the contestants of light sources for optical fibers, Laser Diode (LD} is
found to have the narrower line-width. While Fabry-Perot LDs have a line-
width of typically 2nm, the Distributed Feedback LDs offers a line-width of
about 5*10-6 nm. These can be compared with that of LEDs having a line-

width of about 40nm (Robert, p.328).

The WDM involves t issi :r of different peak
wavelength signals in parallel through a single optical fiber. Although, in
spectral terms, optical WDM is analogous to electrical Frequency Division
Multiplexing, it has the distinction that each WDM channel effectively has
access to the entire intensity modulation fiber bandwidth. The next
generation Dense Wavelength Division Multiplexing (DWDM) systems will
combine hundreds of 40 Gbit/s bit-rate channels to realize multi-terabit
throughput in optical fibers (Bigo). Ref. 20 lists the enabling technologies for

high capacity point-to-point long distance transmission using optical fibers.

22




2.3. Methods of Incorporating Optical Fibres in to the

Transmission Lines

There are basically three well-established methods of incorporating fibres in

to the transmission lines;

a. Optical Ground Wires (OPGW)

Here the conventional ground wires are replaced by OPGWs which has a well
secured core containing the optical fibres with very high degree of protection,
surrounded by metallic conductors to carry the lightening current. There is
adequate protection for the fibre from high temperatures that may exist in
the surrounding conductors during a lightening discharge. The
specifications for OPC oles is given in the Ref. 3, which covers the
construction, mechanical and electrical p nstallation guidelines,

acceptance criteria and test requirements of the same..

Composite optical earthwire

Fibre tubes Aluminium tube

\ | Fillers \l

24 singlemode
optical fibres

Conductor wires

Figure 2.14: OPGW Cable Construction.

23




b. Wrap-around Cable

Wrap-around cables is suitable for incorporating fibres on existing ground
wire in a cost effective way without having to replace them by OPGW. This is
a flexible type of optical fibre cable which can be wrapped around the
existing ground wire using a special remote controlled wrapping machine,

even under energized conditions.
c. All Dielectric Self Supporting (ADSS) Fibre Cable

ADSS cables are manufactured with non-metallic materials to ensure a
complete electrical isolation. ADSSs are self-supporting type fibre cables
which are strung betw t ission t t a lower elevation than the

current carrying conductors of the transmi

A comparison of these three techniques is given in the section 5.1. The
literature (obtained from the National Grid Company, U.K) pertaining to the

installation of fibres by the above techniques is given in Appendix-A.

24




2.4. Microwave Link Design

¢ The following equation can be used to calculate the size of the first Freznel
zone in meters;
F1=17.3 Y (d. d2 /f. d) (2.1)
Where di, d2 - distance to the point of interest from the two ends of
the link in km
d _ link length in km

f _ frequency in GHz

¢ The following equations may be used for power budget calculations;
Free Space Loss (FSL) = 32.5 + 20 Log (f) + 20 Log (d) (2.2)
Where f - frequency in MHz and

d- distance in km

Flat Fade Margin (Mf) = 30 Log 10(d)+10 Log 10(6.6.Q.f)- 10 Log 10(1-R)-70
(2.3)
Where d- distance in km
8- factor to convert the worst month fade to the average fade
Q- Terrain Factor
R- Reliability requirement
Selective Fade Margin (Ms)= 102 - 35 Log 10 (L) — 10 Log 10 (S) (2.4)
Where L - Length of the link in km
S - Signature of the equipment in MHz

Effective Fade Margin (Me) = -10 Log 10 { 10 ¢M1/10) + 10 (Ms/10) }
(2.5)
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¢ The following equations can be used to calculate the distance to point of

reflection;

Distance to point of reflection

Where;

Correction
Where;

Where;

d

Ad

Ad

=(d/2) + Ad (2.6)

= hop length in km

= Correction

= 2Vt * Cos. {(6+[1)/3}
= Cos'! {T/(tVt}}
=6.37*(k/4). d. (h2-hi)

= (d2/12) + 8.5. (k/4). (hz-h,)

Where hz and h; are the antenna heights in m.
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3. The SDH Network Design

3.1. Identification of Network Nodes

Since, the purpose of laying the fibre network is to provide the transmission
capacity to the commercial operators, it is necessary that the nodes of the
transmission network be selected in such a way that they are in close
proximity to the commercial cities. To do that the power transmission
network of the CEB should be matched with the important commercial cities

of the country.

Under the first round of investigation the following cities have been selected

as important commerciallecations;

1. Colombo

2. Kandy

3. Anuradhapura
4. Jaffna

5. Trincomalee

6. Batticaloa
7. Ampara

8. Kurunegala
9. Galle

10. Nuwaraeliya

11. Matale

27




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kalutara
Vavuniya
Kegalle
Badulla
Ratnapura
Puttalam
Matara
Hambantota
Gampaha
Negombo

Chilaw

The Figure 3.1 gives the typical power transmission network diagram of the

CEB. The table 3.1 gives

network nodes.

hematching 'of the Cc

imercial cities to the

28
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Table 3.1:

1 Colombo Kolonnawa GS

2 Kandy Kiribathkumbura GS
3 Anuradhapura New Anuradhapura GS
4. Jaffna Vavuniya GS

S. Trincomalee Trincomalee SS

6 Batticaloa Valaichenai SS

7 Ampara Ampara SS

8 Kurunegala Kurunegala SS

9. Galle Galle SS

10. NuwaraEliya NuwaraEliya SS

11. Matale Ukuwela PS

12. Kalutara Panadura SS

13. Vavuniya Vavuniya GS

14. Kegalle Kiribathkumbura GS
15. - | Badulla Badulla GS

16. Ratnapura Embilipitiya GS

17. Puttalam Puttalam GS

18. Matara _____ I'Matara SS

19. Hambantota | . ..., Hambantota SS

20. Gampaha GS

21, Negombo Bolawatta SS

22. Chilaw Chilaw SS

Key: GS - Grid Sub Station
SS - Sub Station

3.2. Identification of Rings

The capacity of SDH transmission networks is better utilized when ring
networks are employed. Therefore the next step is to identify the rings within
the existing power network. For this purpose the CEB network is organized
in to three rings and number of Spur Links. The rings and Spur Links are

illustrated in the figure 3.1.

29




3.2.1. The Central Ring

The Central ring consists of the nodes given in table 3.2;

Table 3.2.

1. | Kolonnawa GS
2. | Kotmale PS

3. | Badulla GS

4. | Nuwara Eliya SS
5. | Laxapana PS

This -ring is established via the following installations of the power

transmission network;

Table 3.3.

1. Kolonnawa GS Node
2. Kelanitissa PS By Pass
3. Biyagama GS By Pass
4. Kotmale PS Node
S. Victoria PS By Pass
6. Randenigala PS By Pass
7. Rantambe PS By Pass
8. Badulla GS Node
9. Nuwara Eliya GS Node
10. Laxapana PS Node
11. Polpitiya PS By Pass

The Central ring is illustrated in the figure 3.1 in Blue.

The lengths of line sections in the Central ring are listed in the table 3.4.
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Table 3.4.
0 od 0 0 B

1. | Kolonnawa-Kotmale Kolonnawa-Kelanitissa 2.2
Kelanitissa-Biyagama 12.5

. Biyagama-Kotmale _ | 705
Total Distance(Sub:Total) |7 85.2

2. Kotmale — Badulla Kotmale-Victoria 30.1
Victoria-Randenigala 16.4

Randenigal-Rantambe 3.1

Rantambe-Badulla 33

Total Distance(Sub-Total} | 82.6

3. | Badulla - Laxapana Badulla-NuwaraEliya 35.4
NuwaraEliya- Laxagana 38.8

Total Distance{Sub:Total) 74.2

4. | Laxapana — Kolonnawa Laxapana-Polpitiya 8.3
B | Polpitiya-Kolonnawa ( 65.9

L2 | Total Distance(SubiTotal) |. 74.2
Total Fibre Distar | (Grand Total) =~ 2 316.2

31




3.2.2. North Central Ring

The North Central ring consists of the nodes given in the table 3.5;

Table 3.5.

Habarana

New Anuradhapura
Kotmale
Kiribathkumbura
Ukuwela

P IWIN—

The ring is established via the following installations of the power

transmission network;

Table 3.6.

1. Habarana

2. Anuradhapura (old) By Pass
3. New Anuradhapura Node

4. Kotamle Node

S. Kiribathkumbura Node

6. Ukuwala Node

The North Central ring is illustrated in the figure 3.1 in green.

The lengths of line sections in the North Central ring are listed in table 3.7.
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Table 3.7.

Habarana - New radhap | Habarana —
Anuradhapura 48.9
Anuradhapura - New
‘ Anuradhapura
+ QSub’
2. | New Anuradhapura - Kotmale
3. | Kotmale — Kiribathkumbura
4, | Kiribathkumbura - Ukuwala
S. | Ukuwala - Habarana
3.2.3. North Western Ring
~

The North Western ring consists of the nodes given in Table 3.8.

Table 3.8.

Kolonnawa
Kotugoda
Bolawatta
Chilaw
Puttalam
New Anuradhapura
Kotmale

N QB

The segment Puttalam-to-New Anuradhapura has to be established by

means of a microwave radio link since there is no transmission line support

fibre between these two installations.
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The ring is established via the following installations of the power

transmission network;

Table 3.9.

1. Kolonnawa Node

2. Kotugoda Node

3. Bolawatta Node

4. Chilaw Node

5. Puttalam Node

6. New Anuradhapura Node

7. Kotmale Node

8. Biyagama By Pass
0. Kelanitissa By Pass

The North Western ring is illustrated in yellow in figure 3.1.

The lengths of line secti in the North W listed in the table 3.10.
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Table 3.10.

0 g ode e 0 0 [)
1. Kolonnawa - Kotugoda Kolonnawa- Kelaniya 6.6
Kelaniya — Kotugoda 16.7
Sub Total 123.83 .
2. Kotugoda — Bolawatta P 121
3. Bolawatta — Chilaw 3229 .4
4. Chilaw — Puttalam B P 68.2
5. Puttalam-New Anuradhapura | Radio
6. New Anuradhapura - Kotmale | 163
7. Kotmale - Biyagama
Kotmale - Biyagama 70.5
Biyagama - Kelanitissa | 12.5
_ Kelanitissa-Kolonnawa | 2.2
. Subdotal 85.2
|
Total Fibre Distance ° [ Grand Total  ifs- *1"390.1

3.2.4. The Spur Links

In addition to the three rings, number of Spur Links from the rings have

been identified. The Spur Links are shown in the figure 3.1 in orange. There

are seven sets of Spur Links.
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3.2.4.1. Spur Links - Set 1

Laxapana

Balangoda

=

> Embilipitiya

:> Galle

Matara

Y Hambantota

Figure 3.2.

The figure 3.2 gives a set of spur links from the Central ring. The line length

of the individual links are listed in the table 3.11.

Table 3.11.

Laxapana — Balangoda

Laxapana — New Laxapana 0.6
New Laxapana — Balangoda 43.9
‘Sub - Total 44.5
2. | Balangoda - Galle 102.5
3. | Balangoda- Embilipitiya
Balangoda - Samanalawewa 40
Samanalawewa-Embilipitiya 38
4. | Embilipitiya — Matara 52
35

5. | Embilipitiya-Hambantota
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3.2.4.2. Spur Links — Set 2

Kolonnawa E> Panadura

The line lengths are shown in the table 3.12.

Figure 3.3.

Table 3.12.

Kolonnawa- Panadura
Kolonnawa- Pannipitiya 7
Pannipitiya- Panadura 4.7
Total .;  w. oo o | 117"
3.2.4.3. Spur Links — Set3
Habarana l:> Valaichenai
Figure 3.4.

The link length is 99.7 km.

3.2.4.4. Spur Links — Set4

Kiribathkumbura l:> Kurunegala

Figure 3.5.

The link length is 34.6 km.
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3.2.4.5. Spur Links — Set 5

New Vavuniya
Anuradhapura

Figure 3.6.

The link Length is 53.5 km.

3.2.4.6. Spur Links - Set 6

New Trincomalee
Anuradhapura

Figure 3.7.
The link length is 103.3 km.
3.2.4.7. Spur Links - Set
Badulla |:> Ampara
Figure 3.8.

The line lengths are shown in Table 3.13.

Table 3.13.

H T Badulla _ Ampara

Badulla - Inginiyagala 79.9
Inginiyagala - Ampara 25
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3.3. Network Component Schedule

In this section the network component at each node are identified. The SDH
ring network is usually built around multiplexers. In addition to
multiplexers, Digital Cross- Connects, Regenerators etc. are also commonly

used in network structures. The following abbreviations are used;

ADM Add/Drop Multiplexer
TMUX Terminal Multiplexer
DXC Digital Cross Connect

The configuration of the three ring are illustrated in the Drawing No:01.

3.3.1. Central Ring

The Table 3.14 lists the components at ez constitute the Central

ring.

Table 3.14.

Kolawa 2 * ADM, DXC (Ring Interconnecting, W1 u

Link)
2. Kotmale 3 * ADM, DXC (Ring Interconnecting)
3. Badulla _ ADM (With Spur Link)
4. Nuwara Eliya ADM
S. Laxapana ADM (With Spur Links)
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3.3.2. North Central Ring

The Table 3.15 lists the components at each site that make — up the North

Central ring.

Table 3.15.

1. Habarana ADM (With Spur Link]
2. New Anuradhapura 2 * ADM, DXC (Ring
Interconnecting, With Spur

Links)

3. Kotmale 3 * ADM, DXC (Ring

Interconnecting)
4. Kiribathkumbura ADM (With Spur Link)
S. Ukuwela ADM

3.3.3. North Western Ring

The Table 16 lists the

Western ring.

Table 3.16.

2 * ADM, DXC (Ring Interonecting,

make - up the North

1. Kolonnawa
With Spur Link)

2. Kotmale 3 * ADM, DXC (Ring Interconnecting)

3 New Anuradhapura 2 * ADM, DXC (Ring Interconnecting,
With Spur Links)

4. Puttalam ADM

5. Chilaw ADM

6. Bolawatta ADM

7. Kotugoda ADM
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3.3.4. Spur Links

Table 3.17 shows the network components at each site that make up various

spur links.

Table 3.17.

. Set k ano TMUX

Galle TMUX
Embilipitiya TMUX
Matara TMUX
Hambantota TMUX
2. Set 2 Panadura TMUX
3. Set 3 Valaichenai TMUX
7. |Seta [®urunegala. | ... _ TMUX
|
5. Set 5 Vavuniya TMUX
6. Set 6 Trincomalee TMUX
7. Set 7 Ampara TMUX

3.4. Determination of Transmission Capacities

In order to calculate the capacity of each ring and spur links, it is required
to assign the traffic requirements for each node. In the assignment of

capacity for each node the following should be considered;
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a. the ring interconnecting nodes should be assigned with adequate

capacity to meet the traffic flow requirements of the ring interconnection.

b. the nodes with spur links should be assigned higher capacity to meet the
transportation of traffic from the other connected nodes.

The above applies for the capacity determination of DXCs also.

3.4.1. Traffic Assignment

The actual traffic assignment for a network requires the study of the market
demand and additional information. Hence, it is considered beyond the
scope of this project. However, for the purpose of demonstration the

following traffic flows have been assumed.

3.4.1.1. Central Ring

Table 3.18 lists the traffic assignments for the nodes in the central ring.

Table 3.18.

1. Kolonnawa Ring Interconnecting Node 4000
2. Kotmale Ring Interconnecting Node 3000
3. Badulla Node with spur link 500
4. Nuwara Eliya Node 100
S. Laxapana Node with spur link 500
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3.4.1.2. North Central Ring

Table 3.19 lists the traffic assignments for the nodes in the North Central

Ring.

Table 3.19.
1. Kotmale Ring Interconnecting Node 3000
2. New Anuradhapura | Ring Interconnecting Node 1500
3. Habarana Node with spur link 500
4. Kiribathkumbura Node with Spur link 3000
S. Ukuwela Node S00

3.4.1.3. North Western Ring

Table 3.20 list the traffic =

sienments for' the ' nod

in the North Western

Ring.

Table 3.20.
1. Kolonnawa Ring Interconnecting Node 3000
2. Kotmale Ring Interconnecting Node 2000
3. New Anuradhapura | Ring Interconnecting Node 1500
4, Puttalam Node 100
5. Chilaw Node 100
6. Bolawatta Node 200
7. Kotugoda Node 200

43




3.4.2. Ring Capacities

In the calculation of the ring capacity, the knowledge of the type of

protection system to be employed plays an important role. Assuming that

the traffic at each node is split and routed both ways of the ring for

protection, the following sample calculations for ring capacities have been

made.

3.4.2.1. Central Ring

= Total traffic from all nodes
2

" Traffic in the ring

4000+3000+500+100+500
2

jo QTNI_AA

Hence, the selected SDH eapacity

3.4.2.2. North Central Ring

= Total traffic from all nodes
2

Traffic in the ring

= 3000+1500+500+3000+500

= 4250 * 2Mbps channels

Hence the selected SDH capacity is STM-64.

4050 * 2 Mbps channels

(3.1)
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3.4.2.3. North Western Ring

Traffic in the ring = Total traffic from all nodes
2

= 3000+2000+1500+100+100+200+200

2
= 3550 * 2 Mbps channels

Hence, the selected SDH capacity is STM-64.
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3.5. Puttalam - Anuradhapura Microwave Link Design

The direct hop length between the two sites is 70 km. As this long link
cannot be designed as a single hop, due to the high frequency band of
operation (8GHz) and high capacity of transmission (STM-64), it was decided
to break the link in to two hops. To do this, an intermediate regenerative
repeater was introdﬁced at Nochchiyagama, where a Customer Service

Centre had already been set-up. Hence, the hop distances are;

Puttalam ~ Nochchiyagama S50km

Nochchiyagama — Anuradhapura 25km

The preliminary investigation of the geographical map (1:250,000) reveals
that the path profiles of both the hoj ist of flat surface throughout
their length. However, the Puttala - Nochchi ink passes through a
water surface (lake) at Balagollagama, situated between 26t — 27t km from
Puttalam. Hence, the antenna heights of both ends were adjusted so that the
point of reflection falls at 23kms from Puttalam, avoiding the water surface.
The point of reflection for both the links were thus considered to be falling

on foliage.

3.5.1. Path profile

In order to draw the path profile, the size of the first freznel zone at 8GHz
was calculated, at each 5km distance and is tabulated in tables 3.21, 3.22

for both the links.
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Table 3.21: Puttalam — Nochchiyvagama link

Table 3.22: Nochchiyagama — Anuradhapura Link

10

15

® T o

20

20

13

15

15

15

13

The following antenna heights were determined from the path profile for the

100% clearance of the first Freznel ellipsoid at 8 GHz frequencies and for the

requirements of the distance to point of reflection according to the CCITT

recommendations.

Puttalam — Nochchiyagama: Puttalam

Nochchiyagama

Nochchiyagama — Anuradhapura: =~ Nochchiyagama

Anuradhapura

77m

60m

45m

48m
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3.5.2. Power Budget

To determine the power budget, the actual details of the system components
are required. Hence, the performance figures of the following commercial
products are used in the sample calculations, the specification sheets of

which are given in the Appendix B;

a. 8GHz High Performance Antennas (HPX 15-82C) from Andrew
Corporation, USA.
b. 8GHZ Elliptical Wave-guides (EWP77) from Andrew Corporation, USA.

c. Microwave Radios from Harris

A Microsoft Excel Power Budget Worksheet is given in Table 3.25 and Table

3.26.
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WN =

To0®NO O

13

14

15

16
17

18
19

20

TABLE: 3.25. MICROWAVE POWER BUDGET WORKSHEET

STAT|ON A - to be entered
STAT|ON B. to be entered

Parameter

Frequency / (MHz) - to be entered
Path Length / (km)- to be entered
Free Space Loss / (dB)

Tx Antenna Gain / (dBi)- to be entered

Rx Antenna Gain / (dBi}- to be entered

Tx Feeder Length / (M)- to be entered

Rx Feeder Length / (m)- to be entered

Tx Feeder Attenuation / (dB/100m)- to be entered
Rx Feeder Attenuation / (dB/100m)- to be entered
Tx Feeder Loss / (dB)

Rx Feeder Loss / (dB)

Branching Loss / (dB) - assume
Total Losses / (dB)

Total Gain / (dB)
System Loss / (dB)

Tx Power / (dBm)- to be entered
Rx Power / (dBm)

Rx Threshold (at BER 1E-6) / (dBm)- to be entered
Allowance for Fade Margin / (dB)

Reliability Requirement for CCITT (R)- to be entered

PUTTALAM
NOCHCHIYAGAMA

8000
50
144.54

48.7
48.7
77
60
575
5.75
4.43
3.45

0.5
152.92

97.4
55.52

30.5
-25.02

-70
44.98

0.9999



21
22
23
24

25

delta- to be entered

Q- to be entered

Flat Fade Margin / (dB)
Selective Fade Margin / (dB)

Effective Fade Margin / (dB)

0.5

40.79

48.00

40.04
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TABLE: 3.26. MICROWAVE POWER BUDGET WORKSHEET

STAT'ON A-to be entered
STATION B - to be entered

Parameter

Frequency / (MHz) - to be entered
Path Length / (km)- to be entered
Free Space Loss / (dB)

Tx Antenna Gain / (dBi)- to be entered

Rx Antenna Gain / (dBi)- to be entered

Tx Feeder Length / (m)- to be entered

Rx Feeder Length / (m)- to be entered

Tx Feeder Attenuation / (dB/100m)- to be entered
Rx Feeder Attenuation / (dB/100m)- to be entered
Tx Feeder Loss / (dB)

Rx Feeder Loss / (dB)

Branching Loss / (dB) - assume
Total Losses / (dB)

Total Gain / (dB)
System Loss / (dB)

Tx Power / (dBm)- to be entered
Rx Power /(dBm)

Rx Threshold (at BER 1E-6) / (dBm)- to be entered
Allowance for Fade Margin / (dB)

Reliability Requirement for CCITT (R)- to be entered

NOCHCHIYAGAMA
ANURADHAPURA

8000
25
138.52

48.7
48.7
45
48
5.75
5.75
2.59
2.76

0.5
144.37

97.4
46.97

30.5
-16.47

-70
53.53

0.9999



21
22
23
24

25

delta- to be entered

Q- to be entered

Flat Fade Margin / (dB)
Selective Fade Margin / (dB)

Effective Fade Margin / (dB)

0.5

31.76

48.00

31.66



3.6. Optical Links

3.6.1 A Typical OPGW Link

The figure 3.9 shows the typical schematic of an OPGW link, which is

comprised of the following;

a. An OPGW line segment

b. Approach cable line segments

c. Fiber patch codes

d. Optical Line Terminating Equipment (OLTE)

e. Terminating Box for the approach cable

f. OPGW to Approach cable splice box

g. Transmission Towers spaced at typically 400m intervals

h. OPGW splice boxes along the transmission line placed at the tower legs.

The optical link design should be primarily focused on the two most
important transmission characteristics; the attenuation and dispersion. The
attenuation is dealt with a typical power budget calculation that follows this
section and it is supplemented by an excel worksheet for the power budget
calculation. The generated copies of this worksheet for each link in the
network are given under Appendix E. A separate discussion that follows the

power budget calculations analyses the dispersion.

For long haul, high capacity applications, where, dispersion is the limiting

factor, the Non-Zero Dispersion Shifted Fiber (NZ-DSF/G.655) is preferred
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by most authorities over ordinary Single Mode Fibers (SMF/G.652) and
Dispersion Shifted Fibers (DSF/G.653), owing to its potential to migrate to
future multi-terabit DWDM transmission capacities, economically (RRref. 29
and Ref. 30). The G.652 fiber is not preferred due to its unacceptably high
dispersion at the lowest attenuation window around 1550nm. The non-linear
effects, at higher launched powers and high data rates near zero dispersion
wavelength, of the G.653 fiber precludes the use of the same in high capacity

DWDM transmission networks.

Considering the long life span (25 to 30 years) of the fibers installed today
and their potential to migrate to high capacity DWDM transmission
technologies in the very near future, the G.655 fiber is selected for this

application.

A sample design for 0 linl vork, the Kotmale -

Anuradhapura link of 163 km, below;

The following component specifications are used for this design;

1. Fiber

Manufacturer;: Corning Inc.

Model: LEAF

Type: NZ-DSF (G.655)

Attenuation at 1550nm: 0.3 dB/km

Dispersion at 1530 - 1565nm: 2.0 t0 6.0 ps/(km.nm)
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2. Optical Transceiver 1

Manufacturer: Juniper Networks
Model: STM-64 PIC

Capacity: STM-64

Wavelength: 1550nm (C band)
Output power: +8 dBm

RX Sensitivity: -22 dBm

RX Saturation: -10 dBm

3. Optical Transceiver 2

Manufacturer: NEC Corporation
Model:  SMS-2500A

Capacity: STM-16

Wavelength: 1550nm (C band)
Output Power: 0O dBm

Rx Sensitivity: -28& dBm

Source Line Width: <lnm

4. Dispersion Compensating Module (DCM)-1

Manufacturer: Avanex Corporation

Model: DCM NZ-DSF-80-336

Wavelength: 1550nm (C band)

Compensation: -336 ps/nm Nominal (Min -353; Max -319)

5. Dispersion Compensating Module (DCM)-2

Manufacturer: Avanex Corporation
Model: 60%LC-80-306
Wavelength: 1550nm (C band)

Compensation: -306 ps/nm Nominal (Min -321; Max -291)
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6. EDFA Booster Amplifier

Manufacturer: Avanex Corporation
Model:  PureGain 5500
Wavelength: 1550 nm (C band)
Gain: 30 dB

Output Power: +23 dBm

Input Range: -26 to +10 dBm

7. EDFA Pre-Amplifier

Manufacturer: Avanex Corporation
Model: PureGain 1000
Wavelength: 1550 nm (C band)
Gain Range: 13 to 30 dB
Output: +3 dBm

Input Power Range: -30 to -10 dBm

FIBRE APROACH
CABLE OPGW SPLICE

! BOX

OPGW TO APROACH
CABLE SPLICE BOX

SPAN 400 TO 500M
l —

TERMINATING BOX | :

[

OLTE

. x; LOCATION FOR
CONNECTOR LOSS

FIGURE 3.9: TYPICAL OPGW LINK

}

T

/

/
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3.6.2. Power Budget Calculation for a Typical OPGW Link

Typical attenuation coefficient for the above G.655 fibre at 1550 nm
=0.3dB/ km

The following realistic values are obtained from Appendix C;

Typical single splice loss = 0.04 dB

Typical insertion loss for each pair of matched demountable connecters
=0.25dB

Typical splicing interval (Reel Length) of the OPGW cable
=6 km

Length of the fiber approach cable = 500m

The typical power budget calculations are given below for the longest line in
the network, the New Anuradhapura - Kotmale link

Connector / Splicing

Loss at location (1) =2*0.25 (....... demountable connectors)
=0.5dB (3.4)
Loss at Location (2) =2*0.25 (....... demountable connectors)
=0.5dB (3.9)
Loss at Location (3) =2*0.04 (........ fusion splicing)
=0.08 dB (3.6)
Length of the line = 163 km
Span between the towers = 400m
Approximate number of spans =163 / 0.4 (3.7)

= 408 spans (approximately)

Splicing interval (Reel Length) =6 km
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Therefore, the splicing can be done at every 15 spans.
Hence, the number of splices = (408/15) -1
= 27 splices (approximately)

Therefore, the total OPGW splice loss

=27*0.04 (....... Fusion splicing)

= 1.08dB
The total connector/splicing losses

= 0.5+0.5+0.08+1.08

= 2.16dB
Attenuation Losses
Length of the OPGW cable = 163 km
Total OPGW attenuation = 163*0.3
=48.9dB

ZO%y &

Length of the approach cabl 0

Total approach cable attenuation= 1*0.3
=0.3dB

Attenuation in the patch cable = negligible

Total attenuation loss =48.9+0.3
=49.2 dB
Total system loss = Attenuation Loss +

Connector/Splicing Loss
=49.2 +2.16

=51.36 dB.

(3.8)

(3.9)

(3.10)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)
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In addition, a margin is required for the ageing, fiber cuts (requiring a cable
length to be included or a joint to be introduced), change in the physical

path etc. and for other uncertainties in the fiber link.
An excel worksheet for power budget calculations, which can be used to
calculate power budget for any of the link in the network is attaches in the

Appendix E.

3.6.3 Dispersion Analysis

The Dispersion Parameter of the selected fiber =4 ps /(nm.km)
Total dispersion =4X 163
=652 ps/nm
The maximum allowabledispersion at 10 Gbps 0.2/(10E+9)
(ceeennns Senior)
=20 ps

Hence, assuming a source line width of 1 nm, the dispersion compensation

required =652 - 20
=632 ps

Design- 1

Components: Optical Transceiver 1

Dispersion Compensation Module 1 or
Dispersion Compensation Module 2

Regenerator
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The above specification for Optical Transceiver 1 gives a maximum system
gain of 30 dBm. This system gain is sufficient to meet the total system loss

of half the link only.

The dispersion compensation requirement of 632 ps can only be
compensated by two numbers of either of the compensating modules given

above.

From the above attenuation and dispersion analyses, it is evident that the
link cannot be established as a single hop and can be designed as two hops
of equal length. The specification for the Optical Transceiver 1 also suggests

this distance of around 80 km.

Hence, the possible configuration'is giveti below;

‘OOF

X FIBER DCM REGENERATOR FIBER DCM RX

Out of the twenty four links in the network, six links are much longer than
80km in length and hence, the same above arrangerhent can be applied to
them. For the balance links that are shorter than or around 80 km, a
regenerator will not be necessary. However, it will be required to compensate

for the dispersion using the dispersion compensating modules.
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Design- 2
Components: Optical Transceiver 1
EDFA Booster Amplifier
EDFA Pre Amplifier
Dispersion Compensating Module 1 or
Dispersion Compensating Module 2

For the links much longer than 80 km, the alternative design is given below;

The combination of EDFA Booster Amplifier and Pre-Amplifier gives a total
maximum gain of 60 dB. This gain figure is sufficient to meet the total loss

figure calculated above.

The dispersion compensation requirement can be met as described in

Design- 1.
Hence, by installing the Booster Amplifier at the transmit end and the Pre-

Amplifier at the receive end, and installing one DCM at the mid-span and

one at the receive end, the same link can be designed as repeater less link.

The configuration is given below;

TX BOOSTER FIBER DCM FIBER DCM PRE-A RX
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3.7. Network Synchronization

Assuming Kolonnawa as the Network Control Centre, a PRC will be located
here. Due to the larger geographical spread of the NEs and for the purpose of
redundancy, another PRC will be located at Kotmale. However, this PRC will
operate on the slave-mode. Synchronization Supply Units (SSUs) will be

located at the following locations;

a. Laxapana

b. Badulla

c. New Anuradhapura
d. Kiribathkumbura
e. Habarana

f. Puttalam

g. Trincomalee

h. Vavuniya

i. Balangoda
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3.7.1. Synchronization Signal Distribution

The distribution of the synchronization timing signal is shown in the figure

3.10.

KOLONNAWR

SSU
BALANGODA PUTTALA

Figure 3.10.

Figure 3.11. shows the typical timing signal distribution arrangement for the

Central Ring.

Table 3.27. shows the synchronization source list for the NEs in the Central

Ring.
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KOTMALE
PRC

BADULLA
Ssu

E
LAXAPANA
SSU
|

Jingr LINE (2) = E (EAST)

LINE (1) = W (WEST)

Figure 3.11.
Table 3.27.

. PRC (G.811)
. Line (2)
. Holdover

Kolonnawa

Kotmale . Line (1)

. PRC

. Holdover
. Line (1)
SSuU

. Holdover
. Line (1)

. Line (2)

. Holdover
. Line (2)

. SSuU

. Holdover

Badulla

Nuwara Eliya

Laxapana
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4. Protection Against Lightning

4.1. Fibre Protection

Although optical fibers, naturally, are immune against any Electromagnetic
Interferences (EMI), especially the lightening surges, special attention is
required with regard to OPGW, as it is meant to carry lightening and earth
fault currents, as does an ordinary earth wire. Hence, OPGW specifications
restrict variation in optical characteristic, under given fault current
conditions (typically 20 kA or more) and duration (typically 0.1 seconds) and

lightning currents (typically 200 kA peak).

The IEEE Std 1138-1994 requires that the fiber optic unit and the outer
stranded conductors of the OPGW, to serve together as an integral unit to
protect the fiber from degradations'due t 1id galloping, wind and
ice loadings, wide temperature variations, lightning and fault currents. It also
calls for a short circuit test to be performed on a sample of the complete
cable and specifies the maximum temporary change in attenuation due to

lightning, fault current and temperature cycling.

4.2. Equipment Protection

The OPGW cable is grounded at every tower along the line as done with
ordinary ground wires, to sink all the lightning currents to earth through
tower earth. However, there is the possibility of existence of dangerous
induced voltages on the tail end of the OPGW, beyond the last earth point.

This problem is addressed by the inclusion of the Fibre Optical Approach
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Cable (FOAC) between the equipment end and the OPGW. The FOAC, an
essentially all dielectric cable, running between terminating box at the
equipment housing and the tower, provides a separation not less than S00m
and is spliced with OPGW at the tower leg. Figure 4.1, shows the photograph
of OPGW /FOAC splicing and Figure 4.2, shows the photograph of the wall

mounted FOAC Terminating Box (CEB, Kelanitissa Power Station).

2X SPILICE BOXES

2 X OPGW

FOA C

Figure 4.1: OPGW/FOAC Splice Box on the Tower Leg

Figure 4.2: Wall Mounted FOAC Terminating Box
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5. Cost Analysis

The total network cost basically includes three major components; the cost
of the OPGW links, the cost of the end equipment and the civil infrastructure
cost. The analysis of the civil infrastructure cost is beyond the scope of this
project. The cost of OPGW links and the cost of the end equipment are

analyzed here.

The cost of the OPGW links includes the material cost and the erection cost.

The erection cost is significant in this case.

The end equipment at each node are the Optical Line Terminal Equipment
(OLTE) such as SDH Multiplexers, the Digital Cross Connect (DXC)
equipment, Centralized Supervisory Systems, Optical Terminal/Digital
Distribution Frames, Power Supplies etc. The costing for power supplies is
not included in the analysis as the power supply requirements at each node
is different. Many of the latest substations are already equipped with
rectified DC power, which are used for the substation control system. As
they are very large in capacity it should be possible to make use of them for

the communication requirements as well.

The typical cost figures for the cost analysis, were obtained from several

local projects recently implemented by local agencies and are given below;
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OPGW Links

12 Fiber core OPGW cable = US$ 6500.00 /km

24 Fiber core OPGW cable = US$ 8500.00 /km

FOAC/ Terminal Box/ Patch Code US$ 2700.00 /Lot

Erection cost = US$ 2500.00 /km

]

Cost of Removal of Existing Earth Wire US$ 850.00 /km

Equipment Cost

STM-64 SDH Multiplexer = JP¥ 25,000,000.00
STM-16 SDH Multiplexer = JP¥ 10,000,000.00
STM-4 SDH Multiplexer = JP¥ 4,500,000.00
DXC = JP¥125,000,000.00
Optical Terminal/ DDF 200,000.00
Centralized Supervisory System = JP¥ 25,000,000.00
Local Supervisory System = JP¥ 1,000,000.00
STM-64 Regenerator = JP¥ 10,000,000.00

The prices given above are FOB (Freight On Board).




5.1. Cost of the OPGW link

Table 4.1 list the cost of each link in the system;

Table S5.1.
1. Ukuwela —-Habarana 82.3 977,955.00
2. Habarana- New Anuradhapura 50.4 599,940.00
3. New Anuradhapura — Kotmale 163 1,934,250.00
4. Kotmale — Kiribathkumbura 22.5 269,325.00
5. Kiribathkumbura - Ukuwela 29.9 357,015.00
6. Kolonnawa - Kotmale 85.2 1,012,320.00
7. Kotmale — Badulla 82.6 981,510.00
8. Badulla — Laxapana 74.2 881,970.00
9. Laxapana ~ Kolonnawa 104.2 1,237,470.00
10. | Kolonnawa - Kotugoda 23.3 278,805.00
11. | Kotugoda Bolawatta 21 251,550.00
12. | Bolawatta — Chilaw 29.4 351,090.00
13. | Chilaw — Puttalam 68.2 810,870.00
14. | Laxapana ~ Balangoda 44.5 530,025.00
15. | Balangoda ~ Galle . | 102 1,217,325.00
16. | Balangoda — Embilipitiva e | 78 927,000.00
17. | Embilipitiya - Matara 618,900.00
18. | Embilipitiya - Hambantota 35 417,450.00
19. | Kolonnawa - Panadura 11.7 141,345.00
20. | Habarana ~ Valaichchenai 99.7 1,184,145.00
21. [ Kiribathkumbura — Kurunegala 34.6 412,710.00
22. | New Anuradhapura - Vavuniya 53.5 636,675.00
23. | New Anuradhapura - Trincomalee 103.3 1,226,805.00
24. | Badulla - Ampara 104.9 1,245,765.00
Total (US$) 16,601,815.00

These link costs were calculated for repeater-less transmission. However,

there are six links in the network that are much larger than 80 km. Hence,

additional cost should be included for Design-1 and Design-2 to include the

cost of Regenerators, Booster Amplifiers, Pre-Amplifiers, DCM etc.
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5.2. Cost of End Equipment

Table 4.2 list the cost of each node;

Table 5.2.

Central Ring (STM-64)
1. Kolonnawa ADM/DDF/DXC 50,200,000.00
2. Kotmale ADM/DDF/DXC | 50,200,000.00
3. Badulla ADM/DDF 25,200,000.00
4. Nuwara Eliya ADM/DDF 25,200,000.00
5. Laxapana ADM/DDF 25,200,000.00
North Central Ring (STM-64)
1. Kotmale ADM/DDF 25,200,000.00
2. New Anuradhapura ADM/DDF/DXC 50,200,000.00
3. Habarana ADM/DDF 25,200,000.00
4. Kiribathkumbura ADM/DDF 25,200,000.00
5. Ukuwela ADM/DDF 25,200,000.00
North Western | '9__8_3’ TM-64) | aiio
1. Kolonnawa 25,200,000.00
2. Kotmale ADM/DDF 25,200,000.00
3. New Anuradhapura ADM/DDF 25,200,000.00
4. Puttalam ADM/DDF 25,200,000.00
S. Chilaw ADM/DDF 25,200,000.00
6. Bolawatta ADM/DDF 25,200,000.00
7. Kotugoda ADM/DDF 25,200,000.00
Spur Links (STM - 4)
1. Vavuniya TMUX/DDF 4,700,000.00
2. Trincomalee TMUX/DDF 4,700,000.00
3. Valaichchenai TMUX/DDF 4,700,000.00
4, Kurunegala TMUX/DDF 4,700,000.00
S. Amapara TMUX/DDF 4,700,000.00
6. Matara TMUX/DDF 4,700,000.00
7. Hambantota TMUX/DDF 4,700,000.00
8. Embilipitiya TMUX/DDF 4,700,000.00
9. Galle TMUX/DDF 4,700,000.00
10. | Balangoda TMUX/DDF 4,700,000.00
11. | Panadura TMUX/DDF 4,700,000.00
Total (JP¥) 555,100,000.00
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To the above equipment cost the cost of the Supervisory system should be
added. Assuming a local supervisory terminal for each node and a
Centralized supervisory system for each ring, the cost of the Supervisory

system is as follows;

Centralized Supervisory system = JP¥ 25,000,000.00 X 3
= JP¥  75,000,000.00
Local Supervisory system = JP¥ 1,000,000.00 X 28

= JP¥ 28,000,000.00

Grand Total (Equipment) = JP¥ 658,100,000.00

5.3. Total Project Cost

The total project cos V link cost and the

Equipment cost.

OPGW link cost Us$ 16,601,815.00

Equipment cost JP¥ 658,100,000.00

SLR _2,024,381,795.00

Grand Total (SLR equivalent)

Note: 1 US$ =93 SLR

1JP¥ =0.73 SLR
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6. Further Discussion

6.1. Comparison of different methods of incorporating fibers on

High Voltage transmission lines

On new lines the OPGW is the most obvious and economic choice. However,
this requires the planning of the OPGW installation with that of the HV
transmission line itself. This may not be possible in many circumstances. In
order to plan for the OPGW, there should be an overall plan for the complete
fibre transmission network before hand and it also requires the knowledge of

the terminal equipment and their locations.

On the other hand, technologies have also. been developed by many
institutions to replace the existing gro th OPGW even on a
400kV line under live condition without any service interruptions. (Appendix

A).

ADSS is simple to be introduced on an existing live line. As it is strung at a
lower elevation, it is relatively easy to be drawn also, without additional
precautions for the operator safety. However, ADSS is more prone to shot
gun damages by bird hunters. This is a serious issue, as HV transmission
lines usually pass forests. Some cable suppliers claim their product to be

safe against shotgun damages.

In case the replacement of the existing earth wire by OPGW is considered

costly and the ADSS is not preferred, then the next choice is the Wrap-

68



around Cable. Special wrapping tools are also available for wrapping under

live line conditions.

6.2. Comparison of project cost

The total project cost of SLR 2,024,381,795.00 is compared with a recently
completed island-wide SDH ring project of the Sri Lanka Telecom, based on
underground optical fibre network (an unofficial copy of the network diagram
is given under Appendix - F). The total contract price of this project
(unofficial) JPY 3.5 billion (foreign component) plus SLR 800 million (local
component). With the same conversion rate used above the project cost in
local currency is SLR 3,355,000,000.00.

The equipment prices used for the analysis are same as those of the
equipment used in the Sri Lanka Telecom (SLT) project. Therefore, it is
evident that the price difference should largely be due the fiber cabling. In
the SLT project the fiber cabling is underground in which the cost of the civil
works is very high. Whereas, in this project, we are making use of the

already existing civil infrastructure for HV transmission.

In addition, in this project the costing was done for a 24-fiber OPGW cable.
However, the proposed network will only make use of four fibers for a Four
Fiber BLSR protection system. Therefore, an additional count of eight fibers
is available for further development. Hence, it is evident that the use of
OPGW for high capacity data transmission is a very efficient and cost

effective option for power utilities.
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Another factor to consider in the cost analysis is the fiber count. It can be
seen from the unit prices that the percentage price difference between 12
core fiber cable and the 24 core fiber cable (doubling the fiber count) is only
about 30%. This becomes further insignificant when compared with the total
project cost of the transmission line. This is the scenario even with very large
fiber count, the reason why many utilities tend to put higher and higher

fiber counts, whether they plans to use them in the near future or not.
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6.3. A Case Study

The above study was based on assumed traffic for each node and the
selection criteria was the coverage of the whole island as much as possible

by the information superhighway.

For the purpose of simulation of the above design, a case study of an actual
traffic situation is considered here. The forecasted traffic flows between
major cities were obtained from Reference 31, which was also a research

study for a masters program.

The Table 6.1 below lists the traffic flow between selected major cities;

Table 6.1: Traffic Flow

1. Colombo — Gampaha 10,581
2. Gampaha — Negombo 6,710
3. Negombo - Kurunegala 5,678
4. Kurunegala — Anuradhapura 1,671
3. Anuradhapura - Jaffana 197
6. Kurunegala — Kandy 1,814
7. Kandy — Batticaloa 1,703
8. Kandy — Matara 5,809
9. Matara — Galle 5,809
10. Galle - Kalutara 8,984
11. Kalutara — Colombo 11,086

These cities should be matched to the nodes in the power transmission

network.

The Table 6.2 below lists the nearest nodes.
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Table 6.2: Matching of Cities to Nodes

Colombo Kolonnawa

1.

2. Gampaha Kotugoda

3. Negombo Bolawatta

| 4. Kurunegala Kurunegala
"o 5. Anuradhapura New Anuradhapura

6. Jaffna Vavuniya

7. Kandy Kribathkumbura

8. Batticaloa Valaichchenai

9. Matara Matara

10. | Galle Galle

11. | Kalutara Panadura

Mapping these nodes on the power transmission network, the optimum
network topology was selected by trial and error method.

Considering this topol 2ffic flow input between cities,
we can re-calculate the traffic between the nodes to determine the link

A

capacities.

Table 6.3 lists the traffic flow between nodes and the selected SDH capacity.
The links that exceed the STM-64 capacity can be served by a combination
of one STM-64 capacity and other low order capacity on separate pairs of
fibers, using the surplus fibers in the cable.
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Figure 6.1: Network Topology

Table 6.3: Link Capacity Calculation

1. Kolonnawa — Kotugoda 10,581 STM-64
2. Kotugoda - Bolawatta 6,710 STM-64
3. Bolawatta — New Anuradhapura 5,678 STM-64
4. New Anuradhapura - Kiribathkumbura 9,052 STM-64
5. Kiribathkumbura — Kolonnawa 5,809 STM-64
6. Kiribathkumbura - Kurunegala 9.163 STM-64
7. New Anuradhapura - Vavuniya 197 STM-4
8. New Anuradhapura — Valaichchenai 1,703 STM-16
9. Kolonnawa — Panadura 20,070 2X STM-64
10. | Kolonnawa - Galle 14,793 2X STM-64
11. | Galle - Matara 11,618 | STM-64 + STM-16
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The longest link in the network is the Kolonnawa — Galle link, which is 219.3

km. This link can be designed as follows;

Design -1:

Considering the 80 km Regenerator interval, as above, two Regenerators will
be required and they can be installed at New Laxapana and Deniyaya. The
dispersion compensation modules also will be required at these locations
and at Galle.

Design - 2:

This is a repeater-less transmission design and due to the available system
gain limitation even with the Booster-Pre Amplifier combination, cannot be

used for this distance, at this link capacity.

Out of the eleven links in the network, six links are much longer than 80 km

and would require one [ t] aters.

Table 6.4 gives the line costs including the Regenerator costs;

Table 6.4: Line Cost

I g / i ; YY)
1. Kolonnawa - Kotugoda 0 278,805.00 0.00
2. Kotugoda — Bolawatte 21.0 0 251,550.00 0.00
3. Bolawatte — New Anura. 159.0 1 1,886,850.00 10,000,000.00
4, New Anura.— Kiribathku. 185.5 2 2,200,875.00 20,000,000.00
5. Kiribathku. - Kolonnawa 96.4 1 1,145,040.00 10,000,000.00
6. Kiribathku.- Kurunegala 34.6 0 412,710.00 0.00
7. Kolonnawa - Panadura 24.0 0 287,100.00 0.00
8. Kolonnawa - Galle 219.3 2 2,601,405.00 20,000,000.00
9. Galle - Matara 213.5 2 2,532,675.00 20,000,000.00
10. | New Anura. — Vavuniya 53.5 0 636,675.00 0.00
11. | New Anura. - Valaichen. 150.1 1 1,781,385.00 10,000,000.00

Grand Total 1180.2 14,015,070.00 90,000,000.00

Table 6.5 gives the End Equipment costs;
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Table 6.5: End Equipment Costs

7 A st/ (JP )
1. Kolonnawa ADM (STM-64) 5,000,000.00
2. Kotugoda ADM (STM-64) 25,000,000.00
3. Bolawatte ADM (STM-64) 25,000,000.00
4. New Anuradhapura ADM (STM-64) 25,000,000.00
3. Kiribathkumbura ADM (STM-64) 25,000,000.00
6. Kurunegala TMUX (STM-64) | 25,000,000.00
7. Panadura TMUX (STM-64) | 25,000,000.00
8. Galle TMUX (STM-64) | 25,000,000.00
9. Matara TMUX (STM-64) 25,000,000.00
10. | Vavuniya TMUX (STM-4) 4,500,000.00
11. | Valaichchenai TMUX (STM-16) 10,000,000.00

Grand Total 239,500,000.00

With the previous conversion rate, the

calculated as;

Total Project Cost = Line Cost +

™ - SRR UL S

= C
b

total cost of the project can be

R

Eguipment Cost

This is in the same order as that of the previously calculated network cost.
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6.4. Marketing Aspects

The optical fiber transmission capacity can be marketed in several ways,
depending on the infrastructure, experience and the committed business
policy and strategy of the utility company. Some of the commonly practiced

ways of marketing the fiber capacity are discussed here;

a. Leasing the Right of Way

Under this method the utility leases its right of way to lay fibers in the
high-tension lines to other potential company under a lease agreement or
enter in to a partnership agreement with a company having the technical
and business experience in the field to roll out the fiber network. The

revenue is shared among the companies.

b. Leasing the Dark Fibers

The utility rolls out the fiber network with sufficiently large fiber counts.
The dark fibers can be leased for other operators for a specific period of
time under a leased agreement. The operator is free to squeeze the
maximum capacity of the fiber using whatever the techniques available

them.

c. Leasing the Wavelength

The utility employs WDM technology and leases out the capacity in the
form of number of wavelengths to other operators. It would be required to
impose clear guidelines to avoid any cross talks between wavelengths

that originate from different sources of different operators.
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d. Leasing Transmission Capacity

The utility can install all the required end equipment and lease out the
transmission capacity in Mbps to other operators. Here, the utility has
the responsibility of maintaining the reliability of the network, at the

committed level.

e. The Utility as a Service Provider
The utility can up subsidiaries and become a telecommunication service
provider. The possible services may be public telephony, data services,

Internet services etc.

From a. to e. above, the technical complexity, business commitment,
capital investment and also the revenue increase. Depending on the
capacity of the utility, it can select one or combination of more than one

business models giv

Another option is to expand its business in a planned stage-by-stage way,
starting from model with lower commitment to higher commitment. It
this way the investment risk is avoided while still leaving room for future
expansion of the business. This will also give sufficient time for the utility
to build up its human resources and technical and marketing expertise,

without loosing the opportunities.
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7. List of Recommendations

From the findings of this paper, it is recommended that the power utility

shall:

1. Make full use of the extremely valuable right-of-way, which is naturally
available for her (and which is not easily available for other operators) to
quickly and cost effectively establish an island-wide high capacity
transmission network and extend these carrier services to other agencies, for

the common benefit.

2. Introduce OPGW on all new transmission lines whether it is immediately
used or not, as the incremental cost incurred in introducing OPGW in place
of conventional ground wires is very minimal compared to the cost of the
transmission line project. The cost of the OPGW cabling is a minor fraction
when compared with the project cost of the transmission line. Hence,
increase the fiber count as much as possible, even if there is no any plan to
use them in the near future, considering marginal increase in cost with the

fiber count and the very long life time of the fibers installed today.
3. Use SDH as the transmission protocol for such a high capacity
transmission network, as this will make full use of the extremely large

bandwidth available with optical fibers.

4. Employ ring architectures to increase the reliability of the network.
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5. Lease the transmission capacity, rather than the dark fibers, as the
former will produce more revenue, in the case of the commercial leasing to

outside agencies.

6. Consider the following access technologies to extend the carrier services
from grid substations/Substation to commercial customers;
¢ Another fiber optic access network based on the medium voltage
distribution network
¢ Point-to-point microwave links
¢ High capacity Multi Access Radio (MAR) systems. (technical details

of a typical high capacity multi access radio system is attached in the

Appendix-B)
7. Break the total network plan in to numpber of implementation stages (a
separate implementation plan will be required) and execute them in a stage-

by stage fashion according to the priorities determined by the market force,

so as to save on the capital expenditure and to reduce the investment risk.

8. At the time this project was started the Puttalam - Anuradhapura line
was not available and therefore this project attemted to design a microwave
link between these nodes. As this line has now been constructed, it is

recommended to use OPGW on this line also.




8. Drawbacks

The following drawbacks have been identified in this project;

1. In order to find the capacity requirement of each node, the traffic flow for
each node in the ring has been assumed. However, in practice, market
surveys have to be conducted among prospective customers, before deciding

on the node capacities.

2. In the design of the Puttalam ~ Anuradhapura radio link, the specification
of the radio used was that of a STM-1, 7/8 GHz radio. However, the same
data was used for STM-64 capacity, due the difficulty of finding the relevant

technical information for STM-64 radios

3. The prices used in the cost analysis are FOB (Freight On Board) values.
To find the actual cost of the project, the freight charges as well as the

government taxes should be added to this cost.

80



9. References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

John M Senior; Optical Fiber Communications — Principles & Practice, Second Edition, Prentice
Hall, New Delhi, 1998.

Robert G. Winch; Telecommunications Transmission Systems, McGraw Hill Inc., Singapore, 1993.
IEEE Std. 1138; IEEE Standard Construction of Composite Fiber Optic Overhead Ground Wire
fOPGW) for Use on Electric Utility Power Lines, New York 1994.

ITU/CCITT; Rec. G707; Synchronous Digital Hierarchy Bit Rates, Geneva, 1989.

ITU/CCITT; Rec. G708; Network Node Interface for the Synchronous Digital Hierarchy, Geneva,
1989.

ITU/CCITT,; Rec. G.709; Synchronous Multiplexing Structure, Geneva, 1989.

ITU-T; Rec. G.811; Timing Characteristics of Primary Reference Clocks, Geneva,1997.

ITU-T; Rec. G.812; Timing Requirements of Slave Clocks Suitable for use as Node Clocks in
Synchronization Networks, Geneva,1998.

ITU-T; Rec. G.813; Timing Characteristics of SDH Equipment Slave Clocks (SEC), Geneva, 1996.
ITU-T; Rec. 530-7; Propagation Data and Prediction Methods Required for the Design of Terrestrial
Line of Sight Systems, Geneva, 1997.

ITU-T, Rec. G.803; Architecture of transport networks based on the Synchronous Digital Hierarchy
(SDH), Geneva, 1997.

ITU-T; Rec. G.652; Characteristics of Single Mode Optical Fibre Cable, Geneva, 1997.

ITU-T; Rec. G.653; Characteristics of Dispersion Shifted Single Mode Fibre Cable, Geneva, 1997.
ITU-T; Rec. G.957; Optical Interfaces for Equipments and Systems Relating to the Synchronous
Digital Hierarchy, Geneva, 1997.

ITU-T; Rec. G.958; Digital Line Systems Based on the Synchronous Digital Hierarchy for Use on
Optical Fibre Cables, Geneva, 1997.

ITU-T/CCITT, Optical Fibre Systems Planning Guide, Geneva 1989.

Ewbank Preece; Telecommunications Technical Guidelines- Microwave Propagation.

AOTS Japan training on Digital Telecommunications Technology, Training Document.

Joachim Vobis; Wavelength Division Multiplexing for Optical Amplifiers, Telecom Asia, Sep. 1995.
S. Bigo et al; Road to Ultra High Capacity Transmission, Alcatel Telecommunications Review, #rd
Quarter 2001.

M. Erman; Trends and Evolution of Optical Networks and Technologies, Alcatel
Telecommunications Review, 3¢ Quarter 2001.

S. Bigo, W. Idler; Multi-terabit/s transmission over Alcatel Teralight (fiber, Alcatel

Telecommunications Review, 374 Quarter 2001.

81



23.
24,
25.
26.
27.
28.
29.

30.

31.

Fiber Optics Inc.; Learning About Options in Fiber, New York.

Wandal & Goltermann, SDH Pocket Guide, Communications Test Solutions.

Textronix Inc., SDH Telecommunications Standards Primer.

ABB Power Automation Ltd., Synchronous Transmission Systems, Switzerland.

NEC Corporation, SMS-150A, Add/Drop Multiplexer Manual, Japan.

NEC Corporation, NE 6067, Digital Branch & Cross Connect Equipment Manual, Japan.

E Alen Dowdell, High Data Rate Networks, The Latest Fiber Technologies for Long — Haul, AMTC
1999.

Christopher Towery & E Alan Dowdell, Advanced Optical Fiber for Long Distance
Telecommunication Networks, AMTC 2000.

K P Kandenaearachchi, Design, Modeling & Simulation of the Repeater-less Optical Fiber Network

for Sri Lanka, M Eng Project, 2004.

82



APPENDIX - A:

LITERATURE ON OPGW CABLE STRINGING

METHOD
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APPENDIX B

CRADLE BLOCK STRINGING OF FIBRE OPTIC EARTHWIRES

Power utilities are under increasing commercial pressure to maintain power
connections and reduce outage times when installing Fibre Optic Earthwires.

The technique of live line "Cradle Block' stringing overcomes this problem. This
technique has been used inJapan, Canada and others but not under live line

conditions. New Zealand has some experience of live line installation but the techniqge
has now been fairly refined and proven in the UK under 400 kV live line conditions’

The technique consists of setting out @ number of cradle blocks to enable a new
earthwire to be drawn in under live line working conditions. The general arrangement
is shown in figure H. For safety reasons a cradle block is required every 10 metres on
UK 400 kV lines. This ensures that any breakage of conductor or pulling rope will not
contact a live conductor and cause a safety or power system problem.

CRADLE BLOCK AND MA(

The key compaonent to this technigue is the C tself illustrated in figure 5. It
is required to have an extremely low rolling resistance to enable up to 6 km drum
lengths to be installed as a single section. This will involve some 600 cradle blocks.
Earth continuity must be maintained throughout the block to avoid capacitively induced
voltage appearing on the long and parallel un-earthed components which will lead to
flash over and damage. In addition operator safety would be jeopardised.

To assist in the handling of machinery at tower peaks it is normal to make use of a
litting jib shown in figure D. Also for deployment of cradle blocks suitable containers
are also temporarily mounted near the tower peak and provides for uninterrupted
attachment along each span.

CRADLE BLOCK STRINGING METHOD
The following numbers refer to the Process steps shown on 3 separate diagrams.
Positioning of cradle blocks - a Pulling Rope and conductor Connecting Rope are

deployed using a tug unit along the existing earthwire. Cradle Blocks are attached to
the enacting rope every 10 m as the Pulling Rope is deployed.

. e e tiamn e - -
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2 The new optical earthwire is attached to the Pulling Rope using a special high
integrity connector shown in figure 7 and drawn in. Thus the cradle blocks and pulling
rope are supported by the existing earthwire.

3 When pulling is completed the new earthwire is supported by the cradle blocks. The
new earthwire is then sagged using conventional sighting techniques.

5 The final sagging ensures that the new earthwire turns the cradle blocks over and is
now supporting the cradle blocks and old earthwire.

6 The old earthwire may readily be drawn OUI on the bottom rollers of the cradle block.

7 A Tail Rope is also drawn through the cradle blocks to control the 'runaway" of the
old earthwire.

8 The cradle blocks are then collected by pulling on the "Pulling Rappel and "Runaway"
is controlled by a special friction braked rofler unit shown in figure 6.

9 Should the hug unit become detective during the initial deployment of Cradle blocks
it may be rescued with a second tug unit attached to a Rescue Rope.

EQUIPOTENTIAL EQUIPMENT ZONES

It is most important for all ooerators to be wc 7 within the equipotential ground plane
of the towers and in all circimstances there shall be an effective earth between any
cperator who may be handling equipment ¢ se of induced voltage. This is

taken care of by deploying special ring fenced earthing mats and bonding all metal
parts to the power system earth as shown in the general arrangement sketches of
figure Q1.

SUMMARY

Cradle block stringing provides rapid deployment of composite conductors on high
voltage transmission lines without the need for circuit outages. :
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APPENDIX - B:

SPECIFICATION SHEETS FOR ANTENNAS,

FEEDERS AND MICROWAVE RADIOS




- iﬁ’rowave Antennas, 7.125-8.5 GHz
.+750-8.4 GHz Antennas - Electrical Characteristics
Cross F/B VSWR
. ; Beamwidth Pol. Ratio max.
Frequenc Input Type Diameter Gain, 48B! .
arz Y Flanges  Number fi(m)  Bottom Mid-Band Top  Degrees Disc.dB  dB  (RL,ds)
High Pertormance Antennas - Planar Radome Included - 68 1.06 (30.7
7.7503.47 CPRI12G  MP6-7T7GE 6(18) 403 408 411 o 38 S5 104340
Single HP8-77GE 8(24) 429 433 436 0o 30 70 1.04 (34.2)
Polarized HP10-77GE 10 (3.0) 44.8 5.2 433 07 30 71 1.04 (34.2
HP12-T7GF 1237 463 467 471 08 30 71 1.04 (342
| HP15-77GE 15 (4.6) 18.2 485 489 - : =
“ Low VSWR Standard Antennas 4 1.06 (30.7
- > . .
! 7.750-8.4* CPR112G  PL$-77GD 1(1.2) 36.8 72 375 15 gg 43 1.06 an 7;
Single PL6-77GE 6 {1.8) 40.3 s08 411 1 30 5 104 (34.2)
4 Polarized PL8-77GE 3(2.4) 429 433 439 09 20 58 104 (34.2)
PL10-77GD 10 (3.0) 448 5.2 4?'5 07 30 54 1.04 (34'2)
PLI2-7T7GF 12(37) 463 467 47 5 .30 57 104 (34.2)
PLI5-77GD i5(36) 482 485 489 0 il
"7.725-8.275 ar 7.725-8.5 GHz available an request.
7.125-8.4 GHz Antennas - Electrical Characteristics
Cross F/B VSWR
X . i Beamwidth Pol. Ratio max.
Frequency Input Type Diameter Gain, dBi .
GHz - Flar?ges Ntr:nber ft (m) Bottom Mid-8and Top Degrees  Disc., dB dB (R.L., dB)
High Pertormance Antennas - Planar Radome Included - -
7.125-3.4 CPR112G  HP6-T1W 5 (1.8) 39.7 103 4nd 5 58 gg ; 82 gg;g
Single HP8-T1W (2u4) 42.3 $23i Latk: <|)'$ 30 70 1.06 (50‘7)
Polarized HP10-71W (5:0) 44.0 44.8) 15 £ .
[ Standard Antennas R
7.125-3.4 UG-528/U  P4-71GD 4(12) 32 388 5 22 2 o e gg-:;
Single P6-71GD 6 (1.8) 39.7 0.3 411 i1 30 50 1.10 (26.4)
Polarized P8-71GE 8(24) 423 429 438 0¢ 30 52 1.10 (26.4)
P10-71GE 10(30) 440 433 455 0 20 sS4 110 1264)
P12-71GF 12(37) 456 463 4T 05 30 57 110 (25.4)
P15-71GD 15(46) 475 482 <88 = : :
7.125 - 7.725 GHz Antennas - Electrical Characteristics
" Cross F/B VSWR
. ; i Beamwidth Pol. Ratio max.,
Frequenc Input Type Diameter Gain, dBi i
GHz Flanges  Number ft(m)  Bottom Mid-Band Top  Degrees Disc,dB  dB  (R.L,dB)
Focal Plane Antennas**
7.125-7.725 POR70  FP4-71 4(1.2) 34.9 35.2 f‘ fi 22 22 ;:ég gg':i
- Single FP6-71 6(18 388 392 393 > 26 65  1.06 (30.7)
Polarized FP8-71 8(24) 420 423 424 ' 26 67  1.04 (34.2
FP10-71 10 (3.0) 4.1 4.4 44 8'? 8 69 104 534'2;
FP12-71 12(3.7) 45.7 6.1 G- - - -
7.125.7.725 POA70  FPXB-T1 6 (1.8) 8.8 se.r €3 :? "°7 g
Dual FPX8-71 8(24) 418 421 e 0.9 (
Polarized FPX10-71 10 (3.0) 43.9 I a7 (
FPX12-71 12 (3.7) 45.5 58 &0 :

**Fucal plane antennas are manufactured and stocked at our factory
in Great Britain and manufactured on special order in Australia.
They are not manufactured or stacked in the United States or Canada.
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Microwave Antennas, 7.12S - 8.5 GHz

-
.t
/7.425 - 7.900 GHz Antennas - Electrical Characteristics
’ Cross F/8 VSWR
Frequency Input Type Diameter Gain, dBi Beamwidth Pol. Ratlo max.
GHz Flanges  Number ft (m) Bottom Mid-Band Top Degrees  Disc., dB dB (R.L, dB)
High Pertormance Antennas - Planar Radome Inciuded
7.425-7.900 CPR112G  HP4-74G 1(1.2) 36.5 36.7 37.0 2.3 32 63 1.06 (30.7)
Single HP6-74G 6 (1.8) 40.1 40.4 30.6 1.5 32 64 1.06 (30.7)
Polarized HP8-74G 8 {2.4) 42.5 428 43.0 1.2 32 71 1.04 (34.2)
7.725-8.275 and 7.725 - 8.5 GHz Antennas - Electrical Characteristics
Cross F/8 VSWR
| Frequency Input Type Diameter Gain, dBI Beamwidth Pol. Ratio max.
4 GHz Flanges Number ft (m) Bottom Mid-Band Top Degrees Disc., dB dB (R.L., dB)
UHX Ultra High Performance Antennas - Planar Radome Included
7.725-8.275" CPR112G  UHX6-77GD 6 (1. 8) 40.5 41.0 41.2 1.5 30 67 1.06 (30.7)
Dual UHX8-77GD 8 (2. 43.1 43.3 43.7 1.1 30 68 1.06 (30.7)
Polarized UHX10-77GD 10 (3. O) 44.9 45.2 45.4 0.8 30 70 1.06 (30.7)
UHX12-77GD 12(3.7) 46.4 48.7 46.9 0.7 30 75 1.06 (30.7)
Potarized UHX15-77GD 15 (4.6) 48.4 48.7 48.9 0.6 30 7Q 1.06 (30.7)
“inh XPD Antennas - TEGLAR® Long Life Radome Included
:5-8.275* CPR112G  HXPD6-77GC 6 (1.8) 40.5 40.7 41.0 1.3 35t 70 1.06 (30.7)
Oual HXPD8-77GC 8 (2.4) 43.1 43.4 43.7 1.9 36t 70 1.06 (30.7)
Polarized © HXPD10-77GC 10 (3.0) 44.9 45.2 45.6 0.8 37t 75 1.06 (30.7)
HXPD12-77GC 12 (3.7) 46.4 46.7 470 07 37+ 75 1.06 (30.7)
Focal Plane Antennas**
7.725-8.5 POR84 FP6-77G 6(1.8) 40.2 40.6 40.8 1.3 30 60 1.07 (29.4)
Single FP8-77G 8 (2.4) 42.9 43.3 43.3 1.1 26 64 1.06 (30.7)
Polarized FP10-77G 10 (3.0) 44.9 453 454 0.9 30 66 1.04 (34.2)
FP12-77G 12 (3.7) 46.5 46.5 47.0 0.7 28 68 1.04 (34.2)
7.725-8.5 POR84 FPX6-77G 1.3 20 58 1.08 (28.3)
Dual Polarized
*Meets Canadian DOC Standard SRSP306. VSWR 1.06 (30 if] as are manufactured and stocked at our
& 772585 GHz on request. tain and are manufactured on special order
7 tlsolation is 50 dB minimum. in Australia. They are not manufactured or stocked in the United
States or Canada.
8.2 - 8.5 GHz Antennas - Electrical Characteristics
Cross F/8 VSWR
Frequency Input Type Diameter Gain, dBi Beamwidth Pol. Ratio max.
~z Flanges Number ft (m) Bottom Mid-Band Top Degrees Disc., dB dB (R.L., dB)
Jh Pertormance Antennas - Planar Radome Included
8.2-8.5 CPR112G  HPs6-82C 6 (1.8) 40.6 40.8 41.0 1.5 30 68 1.04 (34.2)
Single HP8-82C 8 (2.4) 43.4 435 437 1.1 30 68 1.04 (34.2)
Polarized HP10-82C 10 (3.0) 45.3 455 457 0.9 30 70 1.04 (34.2)
HP12-82C 12 (3.7) 46.8 47.0 47 .1 0.7 20 71 1.04 (34.2)
HP15.82C 15 (4.6) 48.6 48.8 48.9 0.6 30 71 1.04 (34.2)
8.2-8.5 CPR112G  HPX6-82C 6 (1.8) 41.0 41.1 41.2 1.3 30 58 1.06 (30.7)
Oual HPX8-82C 8 (2.4) 43.5 436 437 1.0 30 67 1.06 (30.7)
Polarized HPX10-82C 10 (2.0) 45.5 456 457 0.3 30 70 . 1.06 (30.7)
HPX12-82C 12 (3.7) 471 47.2 47.3 Q0.7 30 70 1.06 (30.7)
-~ ® +HPX15-82C 15 {4.6) 48.7 48.8 48.9 0.6 30 70 1.06 {20.7)
Low VSWR Standard Antennas
8.2-8.5 CPR112G  PL6-82C 6 (1.8) 40.6 40.8 41.0 1.5 20 48 1.06 (30.7)
Single . PL8-82C 8 (2.4) 43.4 43.5 437 1.1 20 50 1.04 {34.2)
Polarized PL10-82C 10 (3.0} 453 455 45.7 0.9 30 58 1.04 (34.2)
PL12-82C 12 (3.7) 46.8 47.0 471 Q.7 30 54 1.04 (34.2)
PL15S-82C 15 (4.6) 48.6 48.8 48.9 0.6 20 57 1.04 (34.2)
8.2-8.5 CPR112G  PXL6-32C 6 (1.8) 41.0 41.1 41.2 1.3 20 48 1.06 {30.7)
Duat PXL18-82C 8 (2.4) 437 43.8 43.9 1.0 20 35 1.06 (30.7)
Polarized PXL10-82C 10 (3.0) 45.7 45.38 45.9 0.8 20 57 1.06 (30.7)
PXL12-82C 12 (3.7) 47.3 47.4 47.5 0.7 20 63 1.06 (30.7)
pPXL15-82C 15 (4.6) 48.5 48.6 48.7 0.6 20 65 1.06 (30.7)
— -
Customer Support Center .- U.S. 1-300-255-1479 - Canada 1-800-263-2663 ANDREW ol
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Flexibility and High Strength
Precision formed and corrugated {rom high conductivity
copper '

Types EWF
and EW77

77

: haracteristics
Long Continuous Lengths Characteristic :
Low installation cost and =ase of system planning Type Numbers
- Premium Waveguice EWP77
LOW Atten U atl on Standard Wavegquide EW77
Optimized for specific user band Electrical
Max. Frequency Range, GHz* 6.1-8.5
Advanced coqnec'tors «TEs1 Mode Cutotf Frequency, GHz 4.722
and Accessories Group Delay at 7.6 GHz, ns/100 ft (ns/1C0 m) 128 (419)
. . [ ] Al Peak Power Rating at 7.8 GHz, kW 83
Full line of connectors and accessories designed (0 sumplity ecriniions
| system planning and reduce cost of installatio
* ling Radii, without rebending, inches {mm})
Proven Performer E Plane 7 (180)
. . . . H Plane 20 (510)
EWP77 is proven in thousands of demanding microwave Minimum Bending Radii, with rebending, inches (mm)
systems E Plane 3 (230)
H Plane 25 {635)
Maximum Twist, degrees/toot (m) 1(3)
Dimensions aver Jacket, in (mm) 1.72 x 1.00 (43.6 x 25.4)
Weight, pounds per foot (kg/m) 0.45 (0.67)
*Actual usable range is limited by the connecting rectangular
waveguide.
Attenuation, Average Power,
Group Velocity
) Average Group
Connector Material: Investment Cast Silicon Brass Frequency Attenuation Power Velocity of
| GHz dB/100 ft (dB/100m) Rating, kW Propagation, %
. 7.4 1.81 (6.28) 3.1 74.7
Connectors - fange dimensions on pages 179 and 180. 7.2 1.89. (6.20) 3.13 75.8.
7.3 1.87 (6.13) 3.19 76.3
Type L W A Weight 7.4 1.85 (6.06) 3.22 77.0
No. in (mm) in.(mm) in (mm) b (kg) 7.5 1.83 (6.00) 3.26 77.7
7.6 1.31 (5.94) 3.29 78.4
- 7.7 1.79 (5.89) 3.32 79.0
1770C. 1770CT — 4.3 2.8 3.1 2.8 78 1.78 (5.84) 3.35 796
1770CP (122) (71 78)  (1.3) 7.9 1.77 (5.80) 3.37 80.2
- . 8.0 1.75 {5.75) 3.40 80.7
8.1 1.74 (5.71) 3.42 812
8.2 1.73 (5.68) 3.44 81.3
1770E. 1770ET 4.8 2.8 3.1 2.8 8.3 1.72 (5.64) 3.47 82.2
1770€P (122) (71) (78) (1.3) 8.4 1.71 (5.61) 3.49 82.7
85 1.70 (5.58) 3.51 83.1
v T ANDREW
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HELIAX® Elliptical Waveguide, 7.125-8.5 GHz

_ Ordering Information for Waveguide Assemblies

VSWR, max.**
Frequency* Wavegquide Connector Connector Connector Mates with Flange Typeft (R.L, dB)
Band, GHz Type No. Type No. Tuning? U.s. IEC up to 300 ft (90 m)
Premium Waveguide Assemblies
7.125-7.750 EWP77 1770CT Tunable UG-528/U, UG-51/U CSR84, UBRS4, PBARS4 1.06 (30.7)
177DCP-1 Pre-Tuned UG-528/U, UG-51/1U C8R84, UBR84, PBR84 1.06 (30.7)
1770ET Tunabte CPR112G PCR84 1.06 (30.7)
177DEP-1 Pre-Tuned CPR112G POR84 1.06 (30.7)
7.725-8.275 EWPTT 1770CT Tunable UG-328/U. UG-5W/U C3R84, UBR84, PBRS84 1.06 (30.7)
1770ET Tunable CPR112G FDR84 1.086 530.7)
7.725-8.500 EWP77 1770CT Tunable UG-528/U, UG-31/U CER84, UBRSY, PBR34 1.06 $30<7)
177DET Tunabte CPR112G PCR84 1.06 (20.7)
7.750-8.500 EWP77 1770CT Tunable UG-528/U, UG-31/U C3R84, UBRS4, PERSY 1.06 {30.7)
1770CP-2 Pre-Tuned UG-528/U, UG-31/U CERB4, UBR&4, PBR84 1.06 (30.7)
1770ET Tunable CPR112G FCRE4 1.06 (30.7)
177DEP-2 Pre-Tuned CPR112G POFg4 1.06 {30.7)
Standard Waveguide Assemblies
7.125-7.750 EW77 1770C Non-Tunable UG-328/U. UG-511U CERg4, UBRS4, PBRAE4 1.15 (23.1)
177DE Ncn-Tunatle CPR112G POR84 1.15 (23.1)
7.125-7.850 EW77 177DC Nen-Tunable UG-528/U, UG-31/U CZR84, UBRS4, PBR84Y 1.15 (23.1)
1770€ Non-Tunable CrR112G FCR84 1.15 (23.1)
7.425-7.725 EW77 1770C Non-Tunable UG-528/U, UG-31/U C2FR84. UBR84, PBR84 1.15{23.1)
1770E Non-Tunable CPR112G PORg4 1.15 (23.1)
7.425-7.900 EW77 1770C Non-Tunable UG-328/U, UG-31/U C3R84, UBR84, PBR84 1.15 (23.1)
177DE Non-Tunable CPR112G PCR84 1.15 {23.1)
7.725-8.500 EW77 1770C Non-Tunable UG-528/U, UG-51/U CER84, UBR84, PEBR84 1.15 (23.1)
1770E Non-Tunable CPR112G PORg4 1.15 (23.1)
7.750-8.500 EW77 1770C Non-Tunable UG-328/U, UG-51/U CcRg4, UBR84, PBR84 1.15 (23.1)
177DE Non-Tunable CPR112G SOR84 1.15 (23.1)
8.2-8.5 EW77 177DC Non-Tunabie UG-328/U, UG-31/U C38R8g4, UBR84, PBR84 .15 (23.1)
1770E Non-Tunable CPR112G POR84 15 (23.1)
*Contact Andrew far information on other frequency bands.
*=*The indicated maximum VSWR characteristics are guaranteed for factory assemblies and are typical for field assemblies.
+'Tunable" connectors ordered with factory asempl are factory tuned. "Pre-tuned” connectors are for field attachment only.
£3For detailed information on mating flanges, refafta page 9 and 180
Accessories - Photos and detailed descriptions'on'pages 1551
Description Type No. Description Type No.
Hangers and Adaptors Tower Standoft Kit of 10. 2.5 in (60 mm) standoff
Member Qiameter, in {mm)
Hanger Kit of 10, Maximum spacing 4 ft (1.2 m) 42336A-11 3-3 (75-100) 41108A-i
Hardware Kit of 10, 3/8" bolts, lock washers, nuts 4-5 (100-129) 41108A-2
3/4" (19 mm) long 31769-5 5-6 (125-150) 41108A-3
1" {25 mm) long 31769-1 -
Angle Adaptor Kit of 10. Stainless steel 31768A Other Accessories
Round Member Adaptor Kit of 10. Stainless steel Flaring Tool for Connector Attachment 202421
Member Diameter, in (mm) Splice 17702
1-2 gs‘io) g} 678" Grounding Kit with factory attached lug 204989-3
2-3130-79) 670-2 Grounding Kit with field attachable screw-on lug 204898-33
3-4 (75-100) 31670-3 . s )
4.5 (100-125) 11670-4 Grounding Kit with field attachable crimp-on lug 204989-23
5-6 (125-150) 31670-5 Crimping Tool to field attach lug to Grounding Kit 207270
45° Adaptor Kit of 10. Galvanized steel 42334 Hoisting Grip 192568
Threzded Rod Support, 3/8" rod, nuts, washers, ceiling bracket Bending Tool Kit. One each € and H Plane tool 33586-9
12in 2305 mmg long, kit of 1 31771 Connector Reattachment Kit 33544-34
12in (305 mm) long, kit of 5 31771-4 Wall-Roof Feed Thru 35849-16
24in ?5‘0 mm; long, kit of 1 31771-9 Waveguide Boot for Plates (below), 4 in (102 mm) dia. 204679-77
24in (610 mm) long, kit of § 31771-6 5in (127 mm) dia. - 48939-77
Tok\v;ee:niteingi:r:;l;ro:nm()r'nlr:? (25 mm) standoff Feed-Thru Plate for Boots (above)
) ; . . .
0.75-1.5 (20-40) 10848-5 Openings Fordin Boots Forsin Boots
1.5-3.0 (40-75) 30848-3 1 504673.2 -
3-4 (75-100) 30848-1 2 — 48940-2
4-5 }100-125) 30848-2 3 _ 489403
5-6 (125-150) 30848-3 a 204673-3 48940-4
5 — 48940-6
8 204673-8 —
To Order Further Information

e A sample order is shown on page 273.

® Specify waveguide Tvpe Number, frequency band
in GHz and length in feet or metres. Sec
"Waveguide Assemblies” table.

U.S. 1-300-255-1479

e Spccify connector Type Numbers and “attached”
or "unattached”. Sce "Waveguide Assemblies”
table. When attached connectors on an assembly

pages 120-123.

are different, specify which s “first off” recl.

- Canada 1-800-263-2663

ol

ANDREW

For general information on
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HARRIS CORPORATION
Farinon Division

MegaStar™
6/7/8 GHz, 155 Mb/s SDH Microwave Radio

Section 3
TECHNICAL SPECIFICATIONS

Frequency Range

Frequency Stability
Channel Bandwidth
Channel Spacing
Transmission Rate
Madulation Type
Bandwidth Efficiency

Configurations

Protection

Transmitter Power

Qutput Power Stability-

ATPC Range

Diversity Antenna Delay
Equalization (DADE) Range

Error Floor

MegaStar Specifications

3925 - 5425 MHz U.S. Prvate/Common Carnier
5913 - 6930 MHz Canada

7125 - 8500 MHz U.S. Government

77235 - 8275 MHz Canada

0°C 1o +30°C: +3 PPM

30 MHz

29.65 MHz

135.52 Mb/s

128-state non-staggered QAM with Forward Error Correction
>5.2b/s Hz

The MegaStar radio is available in the following configurations:

Ronr

Aldd/Drop | =ater

Hubbing Add/Ds

=

The MegaStar radio is available with the following protection:
Hot Standby, Space Diversity
Frequency DCiversity, Hybnd Diversity
Non-Protected
Unidirectional Path Switched Ring

High, HS +30.5 dBm
Standard, HS +28.0 dBm
Standard, FD, N? +28.8 dBm

Over a 12 month period: + (.25 dB at maximum power output

+ | dB at minimum power output
10 dB (with HS, FD Transmitter)

+480 nsec

One hop basis: 1ot . ‘
< Five hop system: 10°13 (average per hop, measured end to end)

Page 3-1




VOLUME il: REFERENCE MANUAL MegaStar™

“W . Receiver Threshold Protection 103 BER 10° BER
| T NP, SD, FD -70.0 dBm -68.5 dBm
e HS (1) -69.0 dBm -67.5

HS (2) -63 dBm -61. 5

Receiver Overload Point At10% 217 dBm
Receiver Switching Erroriess, Stress Initiated

Receiver Image Reiection >75dB
: System Gain | High power at BER 10 is 100.5 dB=
: High power at BER 107 is 99.0 dB*
* NP, SD, FD receiver onlv.

Dispersive Fade Margin 48 dB at 10 BER

¥

Threshold-to- Cochannel: 37 dB
Interference Adjacent channel: 0 dB (=30 MHz)

")

Page 3-2




MegaStar™ Section 3: TECHNICAL SPECIFICATIONS

External Connection Specifications

Payioad Interface { STM1 optical

Optical signal specifications:

I Parameter | Symbol | Minimum | Typical | Maximum
i Receiver specincaticns
Optical input sensitivity Pin -32.5 cBm .- j 120 ABm
Optical wavelengtn AN 127C nm - | 1380 nm
v Transmitter SpECiiicanons
| Optical outout L Pout | -19c8m | - | ~140Bm
Optical wavelengmh | AoutT | - | 13%0am -

SPU Controller
SPUR Connector | Link to other SCAN equipment

CIT Connector | FarScan port

Alarm Display
FarScan Connector Provides customer access to FarScan

CUSTOMER CONNECT | Provides customer access to nine solid-state on-board Form C relays and
Connector | eight opto-isolated signal lines:

Five Rgfays-Alarms System Majc
Sy Mi 60V DC max, 250mA
'+ Major Visible  ;  Strappable for alarm = OPEN
Major Audible | or alarm = CLOSED
Minor J
Four Relays Site Commands (Open-collector buffer [use

pull-up resistor])
Eight Opto-Isolated  Site Alarms

SCU Data Orderwire

RS232 Connector External connection to the two RS232 ports (<4.8 kb/s asynchronous data
channel)




VOLUME II: REFERENCE MANUAL MegaStar™

4W PORTS Conrector

Antenna Connector

Waveguide Connector

SCU VF Orderwire

External connection to the four four-wire ports (VF Orderwire with
signaling.)

Two four-wire 600 ohm VF ports

VF port 1 has choice of 0 dBm or -16 dBm input levels and 0 dBm or
+7 dBm output levels '

VT port 2 has choice of 0 dBm or +7 dBm input levels and 0 dBm or -16
dBm output levels.

Antenna Coupling Unit
CPR-137/UG 344 waveguide tlange

WR 1537

Signal Designations and Pin Assignments

Refer 10 the schematic drawings in the Appendix.

L =
\?‘3\‘\1 N
o3 N
N L
RN 1Y / *

9
<

3
55
=3
n

o
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MegaStar™ Section 3: TECHNICAL SPECIFICATIONS

Environment and Power Characteristics
Ambient Temperature Range Full pertormance: 0° C to +30° C
No outage. error performance < 10 -5° C10 +55° C
Storage and transportation: -40° C 1o +65° C
| Humidity 510 93% non-condensing
|
} Altitude | 0104572 m AMSL
I
' Standard Power Source | -36V DC 1o -21V DC or +21V DC to +56V DC with respect to ground.
Power Consumption Terminal 425 Wats
Linear Add/Drop Repeater 800 Watts
Ring Add/Drop Repeater 465 Wats
»
-
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ADR scries of microwave Radios from Agilis
Communication Technologics represents the latest
in the high performance Radios that can be used for
high capacity wireless solutions. Offered for SDH
broadband applications, this series of microwave
Radios are designed to be used with higl

modems with QAM modulations.

Broad frequency coverage from 7 GHz to 26 GHz

Low component count and innovative design for
flexibility and Reliability

Conforms to ETS! grade A standards.
Low Cost
Competitive Performance

Support STMO. 21 EU/TL. 16 EV/T1. B ENTI & 4
E1/T1 Applications

Stand Alone (1+0) Configuration

Hot-Standby ( 1+-1) Configuration Protection of Traffic
Field Proven and Reliable

Compact and Ruggedized for Qutdoor

Easy and quick Instaliation

h ‘Mh“mw.\-.“\i

183

DIE

Agilis Communication
Technalogies Pte Lid

A company of Singapore Technologies Electronics

100 Jurong East Street 21, Singapore Technologies Building, Level 4, Singapore 609602




POPULAR BANDS 7/8GHz, 13GHz 15GHZ 18GHz 23GHz 26GHz
FREQUENCY RANGE (GHz) 7.1-8.5 12.75-13.25 14.4-15.35 17.7-19.7 21.2-23.6 24.5-26.5
FLANGE TYPE N-Female WR-62 WR-62 WR-42 WR-42 WR42
TRANSMITTER 7/8GHz 13GHz ISGHZ 18GHz 23GHz 26GHz
POWER OUTPUT (Guarantced at RF Unit antenna port over temperature range)-
PldB +32dBm +31dBm +31dBm +28dBm +26dBm +26dBm
STMO - 256QAM - 8MHz +22dBm +20dBm +2(iBm +18dBm +16dBm -16dBm
2IXENTI - 256QAM - 8MHz +22dBm +20dBm +20dBm +18IBm +16dBm +16dBm
16xE1/T1 - 256QAM - 6MHz +22dBm +20dBm +20dBm +18dBm +16dBm +16dBm
L6xEL/T1 - 128QAM - TMHz +23dBm +21dBm +2(dBm +19dBm +17dBm +17dBm
I6XEL/TT - 64QAM - 8MHz +23dBm +21dBm +21dBm +19dBmn +17dBm +17dBm
XEL/TL - 256QAM - 3.5MHz +22dBm +20dBm +20dBm +18dBm +16dBm +16dBm
SXEL/TI - LEQAM - TMHz +24dBin +22dBm +22dBm +20dBm +18dBm +18dBm
JXE/T - 16QAM - 3.5MHz +24dBm +22dBm +22dBm +20dBm +18dBm +18dBm
RECEIVER 7/8GHz 13GHz 15GHZ 18GHz 23GHz 26GHz
SENSITIVITY @ |E-6 BER (Guaranteed at RF Unit antenna port over temperature range)-
STMO - 256QAM - 8MHz -68dBmn -64dBm -64dBm -64dBm -6-kdBm -6-4dBn
2IxEN/T] - 256QAM - 8MHz -68dBm -04dBm -64dBin -64dBm -64dBm -64dBm
16xEI/T1 - 2S6QAM - 6MHz -69dBm -65dBm -65dBm -65dBm -65dBm -65dBm
loxEL/T] - 128QAM - 7TMHz -72dBm -68dRm -68dBm -68dBm -68dBin -68dBm
I6XxEL/TL - 64QAM - 8MHz, -715dBm -71dBIn -T1dBin -TLdBin -7HdBm -T1dBm
&xEL/TI - 256QAM - 3.5MHz -72dBm -68dBm -68dBm -68dBm -68dBm -68dBm
8xEL/T1 - [6QAM - TMHz -81dBm -77dBm -77dBm -77dBin -77dBm -77dBmn
4XEL/TT -16QAM - 3.5MHz7 -84dBim -BOdBm -R0dBm -830dBm -R(kIBm -8(dBm
FREQUENCY STABILITY +/- Sppm +/- Sppm +/- Sppm +- Sppm +- Sppm +H- Sppin
RECEIVER TYPE Double Conversion
DYNAMIC RANGE > 6(dB
RECEIVER UNFADED BER > [E-12 -
SYSTEM GAIN 7/8GHz. 13GHz IS5GHZ 18GHz 23GHz, 26GHz
SYSTEM GAIN @ Threshold (Guaranteed at RF Unit antenna port over temperature range)
STMQO - 256QAM - 8MHz 92dB 86dB 86dB 84dB 82dB 82dB
2UxEL/TE - 256QAM - 8MHz 92dB 86dB 36dB R4dB 32d8 8248
L6XEL/TL - 256QAM - 6MHz 93dB 87dB 37dB 85dB 83dB 83dB
16XEI/T1 - 128QAM - TMH~ 97dB 9tdB 91dB 89dB R7dB 87dB
L6XEL/T1 - 64QAM - 8MHz 100dB 94dB 94dB 92dB 90dB 90dB
8xEI/T! - 256QAM - 3.5MHz 96dB 90d8 90dB 96dB 94dB 94dB
S8xEL/T! - 16QAM - TMHz 107dB 101dB 102dB 99dB 97dB 97dB
4xEL/T1 -16QAM - 3 5MHz 104dB 102dB 100dB 100dB
GENERAL y ODbU 0~ 100%
System Configureation 1+0 or 1+1 IbU 0~95%
Modulation Type QAM
Digital Interface Type El pec ITU-T G.703 IDU-ODU INTERCONNECTION
Digita! Line Code HDB3 Cable !

Digital /O Interface
Intermediate Frequency
Frequency Source

RF Channel Select
RF Power Selcct

75€2 Unbalance

BNC-F (DB-25 Optional)
Tx:640Mliz:

Rx:140MIlz (User Defined)
Programmable Sysnthesizer
Selected by NMS

Selected by NMS

Impedance
Max distance
Interconnection

SERVICE CHANNELS
Code Format
Voice Bandwidih

500
300M
SMA Male- N Male Cable

64Kbps 'CM
300~340011z

Frequency Stability 15 ppm Impedance 600€2
Loopbacks IDU. ODU. Local & Remote Signuling DTMF
Power Supply -3610-72V DC Monitor [.ED indicate

Power Consumption

35 Watt for (1+0)

BER(107.10)

70 Watt for (1+1) ODU Alarm
IDU Alarm
MECHANICAL
DU Standard ETSU3U (19™) MONITOR CHANNEL 2 x Ethernet 10BT RG45
130x483x250 Environment monitor input:
Weight 8 Kg Type 8 dry contacts + 2 analog
ODU 120x210x210mm Interfacc 25 pin D-type
(Customisation Possible) Environment control output:
Weight 6 Kg Type 4 dry contacts
Interface 25 pin D-type
ENVIRONMENTAL
Temperature Range ODU  -30 ~ 60'C NETWORK MANAGEMENT
IDU 0~ 50°C Interface " 2 x Ethernet 10BT RG-45
Protocol SNMP

Agilis Communication
Technologies Pie Ltd

A company of Singapore Technologies Electronics
100 Jurong East Strect 21, Singapore Technologics Building, Level 4, Singapore 609602

Note: Custonised options available / Specifications subject to change without notice
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System Parameters (G4QAM)

B System and Equipment Parameters

Radio Frequency 4 GHz | 5 GHz U6 GHz
Frequency Range 3.600 - 4,200 MHz i 4,400 - 5,000 MHz 6,430 - 7,110 MHz
: Channel Spacing 40 MHz I 40 MHz | 40 MHz
Modulation Scheme 64QAM MLCM + RS
TX Output Power {excluding BR CKT Loss) 33 dBm j 33 dBm 33 dBm
‘. System Gain at BER=10" (excluding BR CKT Loss) 109.1 dB } 109.1 dR 109.1 dB

Radio Frequency 8 GHz | 11 GHz

Frequency Range 7,725 -8.275 MHz ; 10,700 - 11,700 MHz
! Channel Spacing 40.74 MHz ! 40 MHz
: Modulation Scheme 64QAM MLCM + RS

TX Output Power (excluding BR CKT Loss) 33 dBm i 30 dBm
System Gain at BER=10"' (excluding BR CKT Loss) 108.6 dB | 105.6 dB

System Parameters (128QAM)

“Radio Frequency 4 GHz | L6 GHz 7 GHz
Frequency Range | 3.803.5-4,203.5MHz | 5,925 - 6,425 MHz 7,125 - 7,725 MHz
Channel Spacing | 59 MH ‘ 29.65 MHz 28MHz
Modulation Scheme 128QAM MLCM
TX Output Power {excluding BR CKT Los 35 32 dBm 32 dBm
System Gain at BER=10" (excluding BR CKT Loss) 105.7 dB 105.7 dB 105.2 dB
Radio Frequency 8 GHz
Frequency Range 7,725 - 8,275 MHz
Channel Spacing 29.65 MHz
Modulation Scheme 128QAM MLCM
TX Output Power (excluding BR CKT Loss) 32 dBm

 System Gain at BER=10" {excluding BR CKT Loss) 105.2 dB

System Parameters

Transmission Capacity
Wayside Capacity (in RFCOH)

Service Channel Capacity (in RFCOH)

1
!

STM-1 or OC-3 (155.520 Mbil/s, electrical or optical interface)
64QAM System: 2 x 2.048 Mbit/s or 2 x 1.544 Mbit/s
128QAM System: 1 x 2.048 Mbit/s or 2 x 1.544 Mbit/s
1 x (192 or 64 kbit/s) and 4 x 64 kbit/s

. ~48V DC (-36 to —72V DC)/-24V DC (-20 to -35V DC)/
Power Supply Requirement :
+24V DC (+20 to +35V DC)
Total Power Consumption Approx. 315W (for 4-U6 GHz, 1+1 Terminal, 10W FET type, e/w SD)
Mounting Rack ETSI - Rack
; Dimensions (W x D x H) 600 x 300 x 2,200 mm
Operating Temperature (Guaranteed) -5°C to +50°C
Specifications are subject to change withoul notic:
- FRE e d/on e e pines onse s

Cal. No, 5Y-001-2 120702 Printed in Jap:
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Technical Specifications

{ Frequency Band (MHz) - -+ #4550 | o U4ls & |54 L6 S X LTR[0T - L87< 13

| e bmal s . BRSNS Ea 3803.5-4203.5 5925 64253:“ ~T125-7425 T425-7725 T725-8275 12750-13250

| Modulation Type 128 QAM-MLCM
ITU-R Series Rec. No. F.382-6 | F.383-5 | F.385-6 | F.385-6 | F.386-4 | F.497-4
Channel Spacing (MHz) 29 29.65 28 | 28 29.65 | 28
Protection System | Alternated o+1 7+1 1+1 4+1 7+1 7+l

Co-channel 2X(5+1) | 2X(7+1) | - = | 2X(T+]) —

RF output power (dBm) (+/—1dB) 32 ‘ 32 ; 32 ; 32 : 32 27
System Gain (dB) * 106 L 106 | 106 C 106 | 1055 | 975
Wayside 2XN where N is the number of RF channels

- Frequency Band (MHz) 4 5 U6 11 |

‘ 3600-4200 4400-5000 6430-7110 | 10700-11700 |

| Modulation Type

64 QAM-MLCM

. ITU-R Series Rec. No. F.635-3 | F.1099-1 | F.384-6 F.387-7
; Annex-1 | Annex-1
' Channel Spacing (MHz) 40 40 40 40
‘ Protection System | Alternated 6+1 L b6+l | 7+ T+1
‘_ Co-channel 2X(6+1) | 2x(6+1) | 2x(7+1) 2X(7+1)
RF output power (dBm) (+/—1dB) 32 | 32 ‘ 32 ‘ 29
System Gain (dB) * _@N._f)h TEL085, NS | 1045 ,
- Wayside NewhbpeNsisithe number of RF channels |
Interface * SDH: 155.52 Mb/s Electrieal, 155.52 Mb/s Optical (Optional)

* PDH: 139.264 Mb/s (Optional)

Serv1ce Channel

* SOH: 64 kb/s x N (N: Number of R channels)
* RFCOH: 64 kb/s x 2 (Optional)

SDH manageme”
facilities. -~

* Local management interface: V24
* Network management interface: X.25/LAN

Primary mput‘ voltage

*—19V to =36V (for =24V input) or =36V to —72V (for —48V input)

Power consumption:

* 370 Watts (1+1, STM-1 Electrical interface)

Mechanical dimensions (mm) '

* 600(W) x 300(D) x 2200 (H) (7+1 Alternated operation system)

Envnronmental‘condmons

* Temperature (C): 0 to +45, Humidity (%): 10 to 95

*k: This is a typical figure, euludm\7 losses in the Branching Network Unit.

Kawasaki Research & Manutacturing Facilities

Fujitsu L lhnl wories, Kawasaki Nasu Plant




General

Access networks are important

. building blocks used to close the
gap between the classical trans-
port (backbone) networks and
the end user. The Bosch Access

via one common network
management system. Thus, the
customer can select any suitable
solution (or mixtures thereof)

to optimize his sperific needs.

network. This svstem solution is
of special importance, if a quick
deployment is required and the
installation of a wired network
is not possible or too expensive.

Consequently, no compromise in
quality can be accepted for the

wireless solution.

Network is the optimum solution
for this purpose as it supports all
physical media (fiber, copper,

and radio) in one single system

As an integral part of the Bosch
Access Network, the DMS (Digi-
tal Multipoint System) forms the

and is monitored and configured  broadband wireless part of the

~ L 51 Mbit/s
Video.
on Demand ATMfPON
T 11T
ATM-ONU " {
ATM-CDN
y
“,clephony 64 kbit/s ATM-ONU ONU
' TIIT Feeder 011
Active Optical Network : g Network 7 POTS
L (STM-1) (STM-1, j USON
" CON STM-4) MS1/4
ONU
Fast Internet \((‘;_]‘)) ﬂ '
« Access = : o ‘
y DECT e TIT
L3 L 0
F"l "/ l f i { i [
| MSV5 msys | Leased

Wireless , Point-to- { Lines

Local j_1 Multipoint

Loop — Radio Transmission

RNU

S
C Access Network (all technologies)

2




DMS - a highly flexible system concept

Main features:

e Point-to-Multipoint system
concept

e Single and multiple cell
configurations

e Flexible sectorization
topologies, overlapping
sectors

e Seamless integration into
the Bosch Access Network

e Open and standardized
interfaces

e Full network management
control (OPEN NSU)

a/b, Ug, Sa.
nx 64 kbit/s,
2 Mbit/s,
10BaseT (IP) _

Bis zu 8 x

o Lfficient bandwidth utilization
e Dynamic assignment of traffic
capacity for voice and data

e High system capacity in
cellular environment

o Configurable for business and
residential access

e Wide range of RF frequencies

o Fixed network quality and
availability

e Advanced adaptive modem

technology

2,048 Mbit/s

a/b, Ua, S,
nx64 kbit/s,
2 Mbit/s,
10BaseT (IP)

asb, Ug, So,
nx 64 kbit/s, St d s
2 Mbit/s, [RNU30 )

10BaseT (IP)

TN

Mobile networks
(e.g. GSM, DECT...)

System block diagram

e [ntegrated RF and micro-
wave radio technology
e Software-controlled system

functions

e Quick and easy iuastallation
and setup

e Planning tools for optimum
coverage

e Online interference manage-
mnent (OIM) for further
capacity optimizaton

Network Management

Feeder-Netz
2 Mbit/s or

fractional

2 Mbit/s

Service Node

A
Feeder PSTN
Network
~
optional P
— Network

RBS: Radio Base Station
CDN: Central Distribution Node
RNU: Remote Network Umit



DMS applications and configurations

Typical applications

System configuration

Customer Services and

Network Interfaces Interfaces
Network units
RTTB/C FDMA/FBA or DBA Muitiple POTS

(Radio to the building/curb)

Residential access

STM-1/4, 10 BaseT
V5.1, V6.2

RNU 8

RNU 30

Muiltiple ISDN (U, S )
Dial-in Intemet access (ISDN)
High speeed Internet access

RTTB
(Radio to the building)
Small business access

FDMA/FBA or DBA
STM-1/4, 100 BaseT
V5.1, V6.2

RNU 8

RNU 30

Multiple POTS
Muitiple ISDN (U, S,)

High speeed Internet access
10 BaseT LAN connectivity

RTTO
(Radio to the office)

FDMA/FBA or DBA
STM-1/4, 100 BaseT

Multiple POTS
Multiple ISDN (U, S )

Small business access V5.1, V6.2 High speeed Internet access
RNU 8 10 BaseT LAN connectivity
RNU 30 V.35/X.21 router connections
RNU 2M E1/fractional E1 PABX connections
RTTO FDMA/FBA 10 BaseT LAN connectivity
(Radio to the office) STM-1/4, 1 iter connections
Large business access RNL *ﬁ nal E1 PABX connections
RNU %28/ 1p to 8)
Leased lines FDMA/FBA x64 kBit/s
STM-1/4 V.35, X.21
RNU 2M E1, fractional E1
RNU nx2M multiple E1 (up to 8)
Microcell networking FDMA/FBA E1, fractional E1
(GSM, DECT, UMTS) STM-1/4 multiple E1 (up to 8)
RNU 2M
RNU nx2M

7 Ay
P PR by I A

Example of a radio cell with overlapping sectors (15°, 45°, 2x90°)



DMS system capacity

Switched services mode

FBA DBA
mode mode
Frequency range [GHz] 35 10.5 24/26/28 35 10.5 24/26
RF bandwidth [MHz] 14 30 .28 14 30 28
Sectorization (°] 60 45 45 60 45 45
Number of terminals with 4 lines/CPE . 282 832 776 534 1760 1640
Total number of lines " 1128 3328 3104 2136 7040 6560
Trunk capacity {Mbit/s] STM-1 2xSTM-1 2xSTM-1 STM-1 2xSTM-1 2xSTM-1
Number of terminals with 30 lines/CPE 72 216 200 138 432 408
Total number of lines o 2160 6480 6000 4140 12960 12240
Trunk capacity [Mbit/s] 2xSTM-1 STM-4 STM-4 STM-1 STM-4 STM-4
Boundary conditions for capacity calculation: typical cellular coverage (with interference)
BER <1077

for DBA: blocking: < 0.01%
traffic: 0.2 Er/subscriber

Leased line mode

Frequency range [GHz] 35 10.5 24/26

RF bandwidth [MHz] 30 28
Sectonization {°] 60 45 45
Number of E1 per sector 12 27 25
Number of E1 per cell (6/8 sectors) 72 216 201
Trunk capacity [Mbit/s] 2xSTM-1 STM-4 STM-4
Total capacity of all channels 880 Mbit/s 2.6 Gbit/s 7.4 Gbit/s
in the frequency band [Mbit/s] (duplex) at 26 GHz
Boundary conditions for capacity calzulation: typical cellular coverage (with interference)
BER<10°7

mix of available moduiation schemes

Internet traffic

Frequency range [GHz] 35 10.5 24/26

RF bandwidth [MHz] 14 30 28

Sectorization (°] 60 45 45
Number of active Intemet users per sector 900 3240 3000
Number of active Intemet users per cell 5400 25920 24000

Boundary conditions: Peak rate: 2 Mbit/s, duty cycle: 3%, symmetric traffic

Remark: all values are typical



Technical characteristics

Air interface
Frequency band {GHz] 34-36 10.15 - 10.65 245 -26.5
Multiple access scheme FOMA FOMA FOMA
Air interface protocol FBA and DBA FBA and DBA FBA and DBA
Modulation schemes QPSK QPSK QPSK
(software-configurable) 8-TCM 8-TCM 8-TCM
16-TCM 16-TCM 16-TCM
Channel coding Convolutional Convolutional Convolutional
(software-configurable) Trellis Trellis Trellis
Reed solomon Reed solomon Reed solomon
Demodulation Coherent Coherent Coherent
Viterbr decoder Viterbi decoder Viterbi decoder
Channel bandwidth [MHz] 14 30 28 -
Channel allocation dupiex duplex duplex
Compliance with standards ETSI DEN/TM ETSI DEN/TM ETSI DEN/TM
04040, 04040, 04040,
CEPT REC T/R CEPTRECT/R CEPTREC T/R
14-03 E 12-05 E 13-02 E
ather frequency bands upen request
Base station
Frequency band [GHz] 34 - 360 T Tl 1015 - 10.65 245 - 26.5
Architecture Modular, scaleable, frequer Joor units,
frequency-dependent outdoor units
Antenna sectorization 60° (30°) 18°, 45°, 90° 15°, 45°, 90°
Number of sectors per celf 1-6(12) 1 -8(24) 1 -8(24)
Antenna type Planar, sector beam, low sidelobes, low cross-polarization
Interconnection indoor/outdoor Single coaxial cable
Network interfaces STM-1, STM-4, 34 Mbit/s, 2 Mbit/s, 10/100 Base T
Network protocols CAS, V5.1, V5.2, VBG, IP
User terminal
Frequency band [GHz]} 34-36 10.15 - 10.65 245 -26.5

Architecture

Modular, scaleable, frequency-independent indoor units,

frequency-dependent outdoor units

Interconnection indoor/outdoor

Single coaxial cable

Antennas

Planar, high gain,
low sidelabes,
low cross-polanzation

Planar, high gain,
low sidelobes,
low cross-potanzation

Planar, high gain,

low sidelobes,

low cross-polarization
30 cm parabolic

60 cm parabolic

User interfaces
(depending on network unit)

nxPOTS, nxISON (Uog, So), V.35/X.21, V.11, nx64 kbit/s,

10BaseT, E1, fractional E1, nxE1(n up to 8),
Local PC element manager, remote login

10
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Link range (cell radius) and availability

Frequency band [GHz] 34-36

10.15 - 10.65

24/26

Rain zone up to £ up to 15 km (*)
Data rate 2 Mbit/s
BER< 10

Availability 99.995 %

up to 10 km

3-5km

Rain zone up to K
“Data rate 2 Mbit/s
BER <10
Availability 99.99 %

up to 15 km (%)

up to 10 km

3-5km

Rain zone up to P
Data rate 2 Mbit/s
BER<107®
Availability 99.95 %

up to 15 km (%)

up to 5 km

1 =3 km

Remarks: typical average values for slandard system conliguration,

{*) range limited by

enhanced link ranges with special system configurations interference
Environmental specificalions
Frequency band [GHz] 3.4 -3.6;10.15 - 10.65; 24/26
i Temperature range Indoor units:  ETS 300 019, Class 3.1
Outdoor units: ETS 300 019, Class 4.1
Power consumption srminal; depending on the configuration
Blase station: 1 depending/on theiconfiguration
Physical dimensions ferminal: Outdoor 2 220x280x70
wxhxd [mm) 10 GHz: 275x460x60
26 GHz: 212x389x83
Indoor units: RNU 30 : 435x305x249
RRNU 8: 268x305x249
RNU2M: 19" rack mount 1 HU
RNU nx2M: 19" rack mount 7 HU
Base staticn:  Qutdoor units: 3.5 GHz: 280x420x70
10 GHz: 275x460x110
26 GHz: 212x389x94
Indoor units: 19" rack mounting
acc. to system capacity
Wind speed Operation: 164 km/h
Survival: 250 km/h

Electromagnetic compatibility

and safety EN 80950

ETS 300 385, EN 50081-1, EN 50082-1, EN 55022, DIN VDE 0878, Part1/3

Miscellaneous specifications

Frequency band [GHz}

34 -36;1015 - 10.65; 245 - 26.5

_ Security, fraud preventicn Standard:
Optionai:

Optional:

Identification of subscnbers

via the network management system
SIMM card reader and software control

per link authentication

Encryption subsystem (software enabled)

DES standard

Alignment tool

Installation and alignment kit

Planning tools

Planning tools for business and cell/link ptanning upon request




APPENDIX - C:

SPECIFICATION SHEETS FOR OPTICAL

FIBERS AND CABLES
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CORNING CABLE SYSTEMS GENERIC SPECIFICATION TOR
SINGLE-MODE OPTICAL FIBER IN LOOSE TUBE AND RIBBON CABLES

April 2003
Revision 8
Corming Cable Sisicms reserves the il 1o apdate this specification without prior aotijication

Nt L/l//!/)el' JAYATAY lizted helovw avaddahle e Vvery cunle de NI l)//u/u/ lcase see refevant

Cicieric Cable A\/’L L'/_/’.f'(u’//'t‘l« for the avatiad L‘_, fiber fvpes

l General Fiber Specitications
[ All fibers mthe cable must be usabie and mect required specifications.
P2 Each opucal fiber shall be suthicienthy {ree of surface impertections and

inclusions to meet the opuical. mechanical. and environmental requircmients o!

tus spectlication.

I3 Fach opuical fiber shatl consist of a germama-doped silica core surrounded by a
concentric glass cladding. The fiber shall be a matched clad design.

|4 Each opucal fiber shall be proof esied by the fiber manulacturer at a minimom
ol 100 kpsi (0.7 GNmm ).
|3 The fiber shall be coated with a dual laver acn fate protective coating. The

coating shall be i physical contact with the cladding surface.

b The attenuauon speetlication shall be a maximun value for cach cabled fiber at
23 3 Conthe origmal shipping reel.

hetp /7216109 117 15 3/search/cache?p=G 035-+Fiber-Specitications&ei=UTF-8& /PGSFOL pd 2/12/04
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2 Single-mode (Dispersion Un-shifted)
The single-mode fiber shall meet EIA/TIA-492CAAA. "Detail Specification for Class [Va
Dispersion-Unshifled Single-Mode Optical Fibers.” and ITU recommendation G.632,
Characteristics of a single-modce optical fibre cable.
Geometry
21 Cladding Dhameter () 123007
22 Corc-10-Cladding Concentricin () =03
2.5 Cladding Non-Circularin = lom,
Mode Field Diameter (M
24 IS0 nm 9204
330 am 10408
23 Coatng Diameter iy 2455
o Colored Fiber Nommal Dameter iy ERRIERY)
27 Fiber Curl radius ol curvature gy o+ hm
PONED
Page 2

Corning Cable Systems Gen Speeiticaen for Singles
(ables
April, 2003, Revision 8

Page 2ot 4

Optical

Cabled Fiber Attcnuation
2.8

Point discontinuity
’\‘(’)

NMacrobend Aucnuation
200

211 Cable Cutolt Wavelength ¢

212 Zero Dispersion Wavelength (o)

hitp /210109117 135/search/cache’p=G 0353+ Fiber+Specitications&ei=UTF-8&.. /PGSFOT.

NOdE LS

[310 nm

1330 nm

[310 nm
[330 nm

Turns Mandret OD
i

)

1 03)

100

*)

Y

(dB/Any)

1dB)

(dB)

322 mm
3 2 mm
302 mum
60 2 mm

{nm)

() 1302

cal Fiber in Loose Tube and Ribbon

i

<03 a1y
<003 a1l
~ 0 d0acty

0.03 aL 13

- 1200

pd 2412004
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2.13 Zcro Dispersion Slope (So) (ps/(nm  km)) = 0.092
- (ps/(nm  km)) =33
2.14 Total Dispersion 1285-1330 nm
1330 nm =18
2.13 Cabled Polarization Mode Dispersion ( ps km ) =03
2 16 {EEE 8023 GbE - 1300 nm Lascr Distance (m) up o 3000
217 Water Pecak Aucnuation: 1383 5 am (dB/ =2
3 Single-mode {Dispersion Un-shifted) with Low Water Peak
The smele-mode Low Water Peak fiber utilized m ihe opucal fiber cable shall mect
EIATIA-4OZCAAB. "Detnd Specttication tor Class IVa Dispersion-Unshilted Single-Mode
- Opucal Fibers with Low Water Peak.” and 1'TU recommendauon G032 (.
Characteristics ol a single-mode opricat fibre cable. These Oibers shall have the samie
spectiied performance and geometny values as standard dispersion un-shitied fiber
Section 23 except as noted below.
v 4 Mode Field Drameter i
h {330 am 403
Point discontunuiy (B =003
29 F310
1330 nm =10).03
Macrebend Adtenuation (dBy
2.0 , Turns Mandrel QD
[ K 08 2 L 003 aclo.
. I
(ps/{nm - <mj)j
2,14 TotalBipl ity !
nm =22
A -~ . . B A~ A .
kN Cabled Fiber Attcnuation: 1385 5 nm (dB/km) =04
Pestm
Page 3
Corning Cable Systems Generie Specification for Singte-Mode Optical Fiber in Loose Tube and Ribbon
Cables
- Aprile 2003, Revision 8

Pave Sof 4

4 Non-zero Dispersion-shifted Fiber for Long-haul Telecommunications
Applications

http.//216.109 117 135/search/cache?p=G 0535+-Fiber-Specifications&er=UTF-8& . /PGSFOT pd 2/12/04
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mcet ITU recommendation G.655, Characteristics of a Non-Zero Dispcrsiéhéhiﬂed
Single-Mode Optical Fibre Cable. (Ref Table 1/G.633-G.633A)

Geometry
4.1 Cladding Diameter () 123007
42 Core-to-Cladding Concentncuy Com) =03
4.3 Cladding Non-Circulann =10,
+.4 Mode Field Diameter 13368 nmn (N 92-tun
4.3 Ertccuve Arca, A . (Characierizeds, (n 72
4.0 Coating Diameter (n 2433
40 Colored Fiber Nomunal Dwamceter (e . RARERALY
43 Fiber Curl radius of curvature (40
Opticul
40 Cabled Fiber Attenuation 1330 am (dB:knn =065
410 Pomt discontnmny 13530 am (B =01
Nacrobend Attcnuation (B
Turns Mandreel OD
| 32 2 O30 ap 1S
411 A )
| 32 2 mm <050 at Lo,
[RSIH] 602 mim SO a3
eI 61 2 mum 003 ac lo.
+.12 CablgC uidltWiavetenah ! {nm) SRR
(ps/(nm ki)
4.15 Total Dispersion {330 - 1363 nm 2010060
1363 - 1623 nm ' +3w011.2
414 Cabled Polarization Mede Dispersion ¢ Ds km 3 =03

htp /7216109117 133/search/cache’p=G 033+Fiber+Speciticatons&er=UTF-8&  /PGSFOT pd 2/12/04
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Corning Cable Systems Generie Specification for Sinafe-Vaode Opcal Fiber in Loose Tube and Ribbon
Cables
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Non-zero Dispersion-shifted Fiber for Mewopolitan Telecommunications

Applicatinny
The non-zcro dispersion-shifted smgic-mode fiber utthzed nthe opucal fiber cable shall
meet ITU recommendation G.635, Characternisues ol a Non-Zero Dispersion Shitied

Stgle-Mode Optical Fibre Cable. tRelf Table 2. GL633-G 037B)

Geometry

N Claddmg Drameter (o (23010

32 (,;k\l'C-l()—(?lnd(“ng Concentricin () =03

3.3 Cladding ~Non-Circularia =0,

AR Mode Field Diameter 1330 nm ) 76010 800

3.3 Coatine Diameter . (1) 2433

36 EBiored Fiber Nomwal, Diamete () 235-239

37 '} tm) - +.0m

Optical

49 Cabled Fiber Attcnuauon 1330 nm (dB/kim) =03

4.10 Powt discontinuiy 1330 pm (dB) =91

Macrobend Adenuation (dB)

Turns Mandrel OD

Iy I 32 2mm SO0 a1y
J 32 2mm 2030 at Lot
100 60 2 nin O 10 ac s
100 60 2 mm <00 aclol

4.12 Cable CutolT Wavelenglh ¢ ? ) fnm) - 12060

4.13 Total Dispersion - 1330 10 1603 nm (ps/(nm Ky =100 10 -1.0

+.14 Cabled Polarization Mode Dispersion ps him )y =03

http://216 109 117 135/search/cache?p=G 633 +Fiber+Specitications&ei=UTEF-8& . /PGSFOT pd  2/12/04
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KEY OPTICAL PARAMETERS FOR COMMON MODULE LENGTHS

30% £C-40-15: AC <m LEAF® Fiper

el

NZ-DSF-4C-138 10 am NZ-DSF =TT
30% LC-20-306 ) 30 am LEAF™ Fiber . -308 -3ei
=333

NZ-DSF-30-436 . 30 wern MZ-0SF =336

G-48Q

5394 LO

MI-CSF-120-504

T nom RELURITHEN

NZ-C5F-28

o and oo [O et

oo o oo

e

SB35 N01




NONLINEAR PRCPERTIES

Nenlinear Ceefficient (.74 L 1.75 x 107w THum 18
(L Sall :

Effective Area (A..

SNMente IP::!:.zbu:: ~:e:; i

Storage Temnperalura FRange

-40°C lo 85 C

FACKAGING OPTIONS

OROERING (NFORMATION

When crdenng, piezse specily ine following:
Module gascnption '

Compensated length {kmy) and/or raguisite of

Package ivpe

Cennector type/pigtall fength

3 Encycloped: emant, CA 9:

100030 “ieCT Avanes T

iy b

Teicordia GR 285 l ’?m.n‘ri{:(;

X IW-E07-
e e
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Title: 0.469" OPGW Drawn By: ~ 74J
Design No: F-469N-297T-024 Approved By: QQ
Issue Date: 1'2/7/99
¥
Rev. No. 0 Scale 1" = 1/4"| Rev. Date:
»
Aluminum Clad Aluminum Tape
£ Stesl Wires \5|
f:. ‘
Buffer Tubes
Aluminum Alloy
Core
-
SPECIFICATIONS
_ English Metric
e ' . g
oo . Cable Diameter: 0.469 in 11.99 mm
g Core Diameter: 0.297 in 7.54 mm
Core Area: 0.0468 sqin 30.19 sq mm
Stranding:
Aluminum Clad Steel Wire No./Dia. 14/0.083 in 14/2.11 mm
. Rated Breaking Strength: 13,294 Ibs 6,028 kgf
Rated Fault Current @20°C: 40(kA) sq sec 40 (kA) sq sec
Unit Weight: ) 0.284 |b/ft 0.425 kg/m
- Modulus of Elasticity: 18.34 E+6 psi 12,898 kg/sqg mm
- Coefficient of Thermal Expansion: 8.37E-6/DegF 15.06 E -6/Deg C -
|_Cross Sectional Area: 0.123 sg in : 79.06 sq mm
Nominal D.C. Resistance @20°C: 0.189 ohnvkit 0.620 ohm/km
Fiber Count: 2-24 2-24
a4




SCHEDULE D (Continued....)

D-2
Unit Earthwire ACSR ACSR TACIR
7/3.25mm | 400mm? | 175mm? Or Equi.
Conductor Jumper Lug Type AADD4015T | AIDD1454T | ADD4144T -
Number
Vibration Damper Type Number . - ADOIZ41T | A3pO467OT | A3DO4STOT
Distance from mouth of Suspension m 1.37 0.80 1.37
or Tension Clamp to Vibration :
Damper
Distance between subsequent m 167 0.98 1.67
@ Vibration Dampers
. Details and Type Numberof | | oo 100 Tons requicred .............
Compression tools -
Identification Numbers of
Compresscr Dies to be Supplied -
Aluminumpart - Conductor . 40AF 27.5 AF 40 AF
Steel part - Conductor - 17 ATF 16 AF 17 AF
Jumper Terminal -  Conductos ; 3 40 AFF 27.5AFF 40 AFF
Repair Skeeve - Conductor , F ) )
Ga}vanized Steel - Earthwire 19A/F . A _
6’3 D3-0PGW
4, - . wve
Dmrip;{on Unit
Type of OPGW SLOTTED CORE
Conforming to standard IEEE 1138
Construction of OPGW
1) Overall
- - Number of tubes: 2
- Tube diameter: mm 1.9
- Tube material: PBT
- Nuinber of fibre/tube: 6
- Length of each fibre per km of OPGW (km): km 1.012
- Filling.compound: HYDROCARRON
- Central strength member: GEL
- Hest resistant barrier: NONE .
- Material of fibre: NOE
2) Inner layer SILICA B
' - Material

SD-4




@

ALUMINIUM ALLOY

- Number of wires 0
- Diameter of wires ) 0
.- Cross-section mm 30
- Lay ratio N/A
3) Quter layer
- Material: ACS
- Number of wires: 14
- Diameter of wires: mm 2.11
- Cross-section: ,
- Lay ratio: mm 3.5 each
) as per [EEE 1138 .
Total cruss sectional area mm 78
Rated outer diameter mm 1.9
Nominal weight kg/km 425
Minimum ultimate tensile strength kN 59.1
Maximum tensile strength for normal operation kN 35.5
DC resistance at 20 degree C ohm/kra 0.620
Modulus of elasticity
- Inltial kg/mm’ | 12900
- Final kg/mm' | NOT DEFINED
Coefficient of linear expansion /Deg. C 15X 10°
Method of creep compensation Calculated using
installation program
Minimum bending radius;
- Short term mm 240 (STATIC)
- Long term mm 240 ( STATIC)
Strain margin;
- Nominal % No Strain at 60% RBS
- Maximum allowance % No Strain at 60% RBS
Maximum allowable temperatura and corresponding
current,
" -continuous C/kA | 85
- for short circuit Deg. C/kA | 180
- for fightning stroke Deg. C/KA | 180
Optical Wave Guides;
1) Number of optical fibres in OPGW 12
2) Mode SINGLE
3) Optimised wavs length om 1310~ 1550
4) Cut off wave length at;
measured in 20 m OPGW + 2m optical fibre CC: om <1190
measured in Zm fibre section C: nm <1260
5) Maximum attenuation per km af
1,550nm dB /km 023
1,300nm dB /km 0.36
6) Chromatic Dispersion at;
Zero dispersion wave length: nm 1311.5+-10
Dispersion slope (So-at o): PS/om’km | <= 0.092
Dispersion D ( ) in the operation
window from 1,300nm to 1,575nm PS/umkm | 35-18
7) Nominal zero dispersion wavelength : nm 1311.5
8) Refractive index;
Core @ 1310 nm 1.4674
Cladding @ 1310 nm 1.4660
9) Material used in;
Core Silica
Cladding Silica
Primary coating Acrylate N
Jacket

SO-5




Coating

10) Optical attenuation corresponding to

crush test
impact test
bend test
sheave test:

11) Mode field diameter and % deviation

12) Mode field non-circularity
13) Outside (clad) diameter

14) Tolerance in outside (clad) diameter

15) Core cladding concentricity error
16) Cladding non-circularity (%):
17) Screening leveltensile proof test

18) Loose buffer design or Tignt buffer

design

19) Temporary changs in attenuation at

20 degree C dus lo;

Temperature cycling

Lightning stroke

Short circuit current
20) Splicing loss

21) Detail of color coding for fibre

identification

22) Expected life time without
degradation of characteristics

23) Maximum allowable short time temperature of fibre

24) Nominal optical attenuation at 20 degree C over a

period of 25 years:

25) Bit errcr rate:

26) Optical cross talks
Filling compound of OPGW:

Long term effect of protection tube material on optical

wave-gulde fibre performanc:
OPGW weight
Madmuri length of OPGW in a drum

Welght of drum with maximum length of OPGW

B. FIBER OPTIC APPROCH CABLE

Cable type and model number
Conforming to standard

Nominal overall diameter

Optical wave-guide fibres simllar to fibres in OPGW
If answer to item 4. above is no, details of fibres are

provided

Number of fibres in cable
Strength member materials
Tanslle strength

Minimum bending radius
Short term

Long term

Outslde jacket

Material

Thickness

Crush resistance (N/cm) at temperature

‘Method utilized to prevent water migration:

1
!

R2RFE

dB/km

dB/km

dB/km
dB/splice

years
Deg.C for

sec.

dB / km

kg/km ,
) i1 657

mm
yes/no

yes/no
kN

mm
mm

mm
deg. C

——

+0.05 dB max
+0.05 dB max
+0.05 dB max

8.2
10%
125+ -1

0.5
1
1

Loose Tube

+0.05 dB max
+0.05 dB max
+0.05 dB max
+0.01 dB max
EIA 598

40
150 ror | sec

<=(.36
not determined
not determined

none
425

3100

ALL DOELECTRIC .
RODENT RESISTANT
FDO-12RF6-H

12.9+-02 mm
yes

12

GRP

3.1

170

170 statisc
170 static

NYLON 12
1.8

100 N/em @ 23°C
SWELLING YARN #

SD-6




Operating temperature range

Maximum varlation in optical attenuation within operating
temperature In range (item 13. above);

at 1,550nm '

at 1,300nm

Cable lifa expectancy

Atmospheric and sunlight degradation after

Flexing over 100 cycle +/- 90 with bending radius of
{mm) (yes or no):

Torslonal strength

Impact resistance at temperature of

Co-efficlent of expanslon per degree C

Sultable for laying in duct/direct burial/for both
Length markers on cable In unit length of

Rodent attack additive provided

deg.C

dB/km
dB/km
years
years

degree/m
deq.C

yes/no '

«20to + 60

+0.1dB/km
+0.1dB/km
40

Not determined

Not determined
Not determined
Not determined
Not determined
Duct

!

no

Sheath meets
requirements of
BALCORE TR-NWT-
000020

SD-7
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HIGH FIBER COUNT (HFC) OPT-GW DESIGN
CABLE

DESIGN FEATURES CROSS SECTION
* High fiber count package with reduced diameter
and weight (49 to 288 fibers) ' e ... Stainless Steel Tube
* Laser-welded high grade stainless steel tube A
provides mechanical and thermal protection and
hermetic seal for fibers
* Fiber excess length controlled to provide high
load and long span capability
* Each optical fiber and tube is uniquely identified for .
organization at splice locatiorns {
* Stranded wires (type & size) selected to optimize
mechanical and electrical properties
* Anti-rotational devices are not required for installation

* 40 year projected life

DESIGN CRITERIA

* Meets or exceeds test criteria specified in IEEE 1138 and

Wire Strands

other industry standards
* Test data available upon reques

FIBER TYPE & ATTENUATION

* Available fiber types include standard multimode,
single-mode, dispersion shifted and non-zero
dispersion shifted fibers

* Typical performance of 0.40/0.30 dB/lun @

1310/1550nm for single-mode fiber
* Tighter attenuation fibers available upon request

NOMENCLATURE
S1-29/57/646
Outer Diameter (inch/1000)
Aluminum Clad Steel Area (mm?)

Aluminum Alloy Area (mm?)
High Fiber Count Series |

Note. Mechameal and electncal dala, cross-sectional and hardware drawings,
installation gurles, and sag and tension informaton available upon request

UF
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&
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Visit us at www. AFLFiber.caom. To place an order contact a sales representative at 1.300-AFL-FIBER.
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Alcoa Fujikura Ltd.

Telecommunications Division

OPTICAL UNIT
CROSS SECTION

Optical Fibers

Gel Filling

Fee— iﬁ‘ i

Wire Strands Stainless Steel Tube

1

\d e | d

SPECIFICATIONS

T INPUT FOR SAGI0'™ PROGRAM
5 , LOPT.GWSize | [V | Toral Conductor Area | Overal Dianveter | Weight .
T g Number (:S”(?‘r?_d A'r?ajoi_"D) (kA)*s0c m | e in P oomm 7 1 st xgin Lo GIEEEN BEEES { TN - Nisrriber
! HFC7205 | S1.60/70/630 107 2090 | 13487 }.,0630 lo 160 | 04612 0686 22.534 10,221 1.1444
-g@ | HFC7215 | S1.60/69/646 121 2B | 142,21 1 }000.646 100164 0.4723 0.703 22,857 10.368 1-420
"3 HFC7225 | $1-75/76/669 145 Za07  Joorssi2gni] i gl 0.5144 0.766 25.109 11,389 1-420
HFC9605 S1-60/70/630 107 (2090 134 87 0.630 160 0.4612 0.686 22.534 10,221 11444
- HFC9615 |  $1-69/69/646 121 0 2204 14221 0646 16.4 0.4723 0.703 22.857 10.368 1-420
" | HFC9625 | S1-75/76/669 145 0 2407 155 29 0 669 17.0 0.5144 0.766 25.109 11,389 1-420
E HFC14405| $1-60/60i630 93 0 1766 126 83 0630 16.0 0.4316 0642 19.907 9.030 1420 |
w4 |HFC14415] S1.69/59/646 106 0.2080 134.17 0.646 16.4 04428 0.659 20.230 9.176 1-536
W |HFC14425| S1.75/66/669 129 0.2282 147 25 0.669 7.0 0.488 0.722 22,482 10,198 1-536

Note: Custorn designs availabte

TYPICAL REEL LENGTHS

N t

s - _nerri.Nu'rribér'”“’:'” O NR68.3435° L NR72»34-,35'.
v S feat ' meters ST teet metets Cofeet TS “.meters
; HFCT7205 13.700 4175 15.900 4,845 15,900 4,845
= HFC7215 13.000 3.960 15.300 4,660 15.900 4.845
HFECT7225 12.100 3.690 14,250 4,340 15,900 4,845
" -g HFC2605 13.700 4175 15.900 4,845 15,900 " 4,845
;. o HFC9O6135 12.000 3.960 15.300 4,660 15,900 4.845
X ‘;‘ HFC3625 12,100 3.690 14,250 4,340 15,900 4.845
o HF G 14405 13,700 4,175 15900 4 845 15,900 1,845
HFC 14415 13.000 3.960 15.300 4,660 15.900 4.845
HFC 14425 12,100 3.690 14.250 4,340 15,900 4.845

Longer lengths availnbie upon 1aquest
‘Reel nomenclatures and specilications are identified on page 11

R

4 Visit us at www. AFLFibercaom_ Tao ptace an arder cantact a sales representative at 1.400-AFL.FIBER.
.
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TRADITIONAL OPT-GW DESIGN

Optical Unit

Aluminum Pipe

Wire Strands

CABLE CROSS SECTION

Eiller Yarn

Unit Sheath

Unit Filling

Unit Overcoat

Optical Fiber

Central Member

Central Member Coating

OPTICAL UNIT CROSS SECTION

Visit us al www. AFLFiber com. To place an order conlact a sales representative at 1-800-AFL-FIBER.

DESIGN FEATURES

= "Tight Structure” optical unit provides optimal
mechanical and thermal fiber protection

* Thick wall aluminum pipe provides maximum
protection of fiber units with hermetic seal, excellent
crush resistance, and low resistivity '

+ Stranded wires (type & size) selected to optimize
mechanical and electrical properties

* 40 year projected life

DESIGN CRITERIA

* Meets or exceeds test criteria specified in [EEE |138
and other industry standards
* Test data available upon request

FIBER TYPE AND ATTENUATION

* Available fiber types include standard multimode,
single-mode, dispersion shifted and non-zero
dispersion shifted fibers

* Typical performance of 0.40/0.30 dB/km @

>50nm or single-mode fiber
attenuation fibers available upon request

NOMENCLATURE
34/ 52mm? / 646
Quter Diameter (inches /1000)

Aluminum Alloy Area (mm?)

Note: Mechanical and electrical dala, cross-sectional and hardware
drawings, inslallation guides, and sag and lension information
available upon request.

Aluminum Clad Steet Area (mm?)
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B
, Alcoa Fujikura Ltd.

4 Telecommunications Division

QOptical Unit

g SINGLE OPTICAL UNIT CONSTRUCTION - UP TO 8 FIBERS

Aluminum Pipe

:}\ Wire Strands

R

- INPUT FOR SAGLO ™ PROGRAM
T p Ja ‘ ' LS

.E Fault I)'olé»t (;,or;ducror Area Overall Diamealer :Wéiéhf S $?91‘_0"“

; 1. Current . PP . R . s R Chart»
[kAYsec L _ . . Ry Number

AL [N TEEIe O TR S N 1 _mm? U 12 D mm | st LR

- GW0800 3mm/449 13 0.1166 7524 0.449 1.4 0.2835 1-1453

_ GWO0805 16/37mm3449 38 0.1166 7524 0.449 14 0.2415 1-536

o Y GW0810 27/27Tmm? 449 40 0.1166 75 24 0.449 1.4 02131 1-1439
‘ GW0B15 6Bimm/a48 46 02512 1.1423

B [ owoszo 23/45mm?1488 54 Bs [T To00d] N RCLED 17 [ To2905 1.420

" 1 Gwosas 30/38mm*/488 56 1365 1. 90,08, /0468 | 0.2703 1-917
GwW0830 B6EMM535 63 0.167] 108,17 13.6 04329 | 0.6442 | 22,279 | 10,106 | 1-1442

- GWO0835 32/54mm?/535 77 01677 108 17 0535 13.6 03465 | 05157 | 16.249 7.371 1-536

L GWO0BA0 43/43mm?535 81 0.1677 108.17 0.535 136 03177 | 04728 | 14239 6.459 1-1170

E GW0845 11mmS98 92 0 2069 133 48 0593 152 0.5472 | 0.8143 | 26,305 | 11.932 | 1-1429

j“_l'w GWO0850 32/80mm?/598 110 02069 133 48 0.598 152 04621 | 06876 | 21.025 9,537 1-1461

- GWO0855 48/64mm-1598 18 0.2069 133.48 0598 15.2 04195 | 06243 | 18385 8.339 1-1460

Note: Customized designs available

TYPICAL REEL LENGTHS

=
E S NR60.28.30° .
v rod n Number
co e i, feel _ melers ‘ feet meters - |- feel
E GW0800 21,378 6.516 23.000 7.010 23,000
| Y GW08B05 21,378 6.516 23.000 7010 23.000
G810 21.378 6.516 23.000 7.010 23.000
GW0815 18.069 5.507 23.000 7.010 23.000
. = GW0820 18.069 5.507 23.000 7.010 23.000
: GW0825 18.069 5507 23.000 7.010 | 23.000
e GW0830 15.021 4578 23.000 7010 23,000
GWOB35 15.021 4,578 23.000 7.010 23.000
E GwW0840 15,021 4.578 23.000 7.010 23.000
T GW0B45 12,025 3.665 18.649 5.684 19,607
- GW08B50 12,025 3.665 18,649 5,684 19.607
E GW0855 12.025 3.665 18.649 5.684 19 607

s | Longer lengths available upon request

™ ‘Reel nomenclaturas and specifications are identitied on page 1

6 Visit us at www AFtUFiher.com. Ta place an arder contact a sales reprosentative at 1.800-AFL-FIBER. .
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ALCOA

SINGLE OPTICAL UNIT CONSTRUCTION - UP TO 24 FIBERS

Optical Unit

Aluminum Pipe

Wite Strands

SPECIFICATIONS
cilEm ( “GW 'Cz'?i(:::'ﬂ fatat Conductor Atea | ..Querall Diameter
: NU”Ybef » (Strand Areg_r'O.Di) (k}\)’;ec : : Nuifber-
: . in’ mm? in mm lbsifY kgim bs kg:. |
Gw1200 57mm*/465 35 01210 78.08 (.465 1.8 0.3026 04517 16,214 7.355 11421
GW 1205 17/40mm?465 40 0.1210 78.08 0.465 1.8 0.2576 0.3823 12.692 5757 1-420
GW1210 23/34mm’/465 42 01210 7808 0.465 AR 0.2422 0.3604 11,518 5225 1-1440
GWi1215 29/129mun?d465 43 a O nipersng 08 Skjraldwss 02269 0.3376 10,344 4.692 1-1439
GW1220 72mm?504 48 o ___L REEI N A E 03718 | 05534 | 20329 | 9.221 | 1-1442
Gwi1225 16/56mm’ 1504 54 0.3288 0.4893 17.00 7,725 1.1461
GwW1230 24/48imm?/504 57 0.1445 93.21 0.504 12.8 0.3072 0.4572 15,381 6.977 1-420
Gw1235 32/40mm?*504 59 Q0.1445 93 21 0.504 12.8 0 2858 04252 13.732 6.229 1-917
Gw1240 1mm?/551 66 0.1729 111.56 0.551 14.0 0.4547 0.6767 23,421 10.624 1-1442
GW1245 23/68mmi551 77 0.1729 111.56 (.551 14.0 0.3939 0.5863 19,181 8.701 1-1461
GW1250 345Tmm?I551 81 01729 111.56 0.551 14.0 0.3636 0.5412 17.061 7.739 1.420
GwW 1255 45/45mm?/551 86 01729 111.56 0.551 14.0 0.3333 0.4960 14,941 6.777 1-1170
Note: Custom designs available o
TYPICAL REEL LENGTHS
e NRE0 28.30° NRG8 34 35° —_
S melas fonl_ meters | ont ,
GwW 1200 19.953 6.081 23.000 7.010 23,000 7,010
GW 1208 19,953 6.081 23.000 7.010 23,000 7010
GW1210 19,953 6.081 23,000 7.010 23.000 7.010
GW1215 19.953 6.081 23.000 7.010 23,000 7.010
CW1220 16,957 5.168 23,000 7.010 23.000 7.010
GW 1225 16.957 5,168 23.000 7.010 23.000 7.010
GW1230 16,957 5.168 23.000 7.010 23.000 7.010
GW1235 16,957 5.168 23.000 7.010 23.000 7,010
GW 1240 14,175 4.320 21.983 6,700 23.000 7.010
GwW 1245 14,175 4.320 21,983 5.700 23.000 7.010
GW1250 14,175 4.320 21,983 5.700 23,000 7.010
GwW 1255 14 175 4,320 21,83 5.700 23,000 7.010

Longer lengths available upon requeast,
‘Reel nomenclalures and specifications are identified on page 11

Visit us at www AFLFiber.com

To place an order contact a sales representative at 1-800-AFL-FIBER.
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Alcoa Fujikura Ltd.

Telecommunications Division

Onptical Unit

Aluminum Pipe

Wire Strands .

“INPUT FOR SAG 107 PROGRAM -
Fautt Total Conductor Area. | Overall Diamater. | »Weighi | " res Sag10™
Current. . A T e FIRERE - -Chart:
(kA)* $ac. 1 . . e —t PRI tes :Number
R : T in? Commrir i mm s/ b kgm0 :
GW2400 64mmi#528 60 01531 93 80 0.528 134 0.3623 0 5391 18,433 8.361 1-1450
Gw2405 25/39mmm?528 659 G 1531 98 80 0528 134 02966 Q.4413 13,400 6.078 1.1170
GW24 10 29/34mm?528 70 01531 98.80 0528 134 0.2833 0.4218 12.393 5621 1-1438
GwW2415 74mm¥551 71 0.1688 108 .88 0.551 14.0 0.4078 0.6068 21,174 9,605 1-1453
GW2420 | 25/49mms5 1 81 I« | wses | 0551 | 140 | 03419 | 05087 | 16123 | 7.313 | 1-1440
Gwz2425 37/37mm?/551 85 (-\16(} 1 FSE006 3 ISR TLIIAI0 0.3089 (0.4597 13.598 6.168 1-1438
GW2430 B3Imm575 82 7820 7| e 04491 | 06682 | 23659 | 10.732 | 1-1453
Gw2435 30/53mm?*575 95 0.1829 18 .01 3.5753 146 0.3682 0.5480 17 468 7.923 1-144Q¢
Gw2440 38/45mm?575 98 0.1829 118 01 0.575 14.6 0.3479 Q.5179 15.920 7221 1-1455
Gw2445 96mm?/606 99 0.2024 13120 0 606 15.4 0.5085 0.7569 25,904 11,750 1-1421
Gw2450 29/67mm?’/6056 114 02034 131.20 0.6086 15.4 0.4313 0.6419 20,307 9211 1-420
GW2455 48/48mm#606 122 (.2024 13120 0.606 154 0.3797 0.5652 16.576 7.519 1-1439
Note: Custom designs avaiable
TYP|CAL REEL LENGTHS
R co | NRB0.28.300 . of. . NRG8.34.35% ... .0 |- . NR72.34.35%
Item Numbar - : A e
S P {net metars v fest ) melars Lo leetlia o metefsi;
GwW2400 15473 4716 23.000 7.010 23.000 7.010
GW2405 165,473 4716 23.000 7.010 23,000 7.010
Gw2410 15.473 4716 23.000 7.010 23.000 7.010
GW2415 14175 4.320 21,983 5.700 23,000 7.010
GW2420 14,175 4.320 21,983 6.700 23,000 7.010
GwW2425 14,175 4,320 21,983 6.700 23.000 7.010
GW2430 13.034 3,972 20,213 . 6.160 23.000 7.010
Gw2435 13,024 3.972 20.212 6.160 23.000 7.010
GW2440 13.034 3,972 20.213 6,160 23.000 7,010
Gw2445 11.715 3.570 18168 5537 20.803 6,340
Gw2450 11,715 3.570 18.168 5537 20.803 6.340
Gw2z2455 11,715 3.570 18,168 5537 20.803 6,340

Longer lengths available upon request
‘Reel nomenclatures and specifications are wentified on page 11

8 Visit us at www. AFLFiber.com. To place an arder contact 3 sales representative at 1-800-AFL-FIBER, .
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ALCOA i

MULTIPLE OPTICAL UNIT CONSTRUCTION - UP TO 36 FIBERS

Opticai Unit

. Aluminum Pipe
ll’-:f'-'h ' Wire Strands
——
—_—
L - |

|- SPECIFICATIONS

} — e LINPUT. FOR SAGI0M™ PROGRAM:
a m ] (PR SRR T FRULIAM:
| el e sae | P ] i Conducior Aran | Ovaraif Siamerer g o aps o |'sagioe
ﬁ-_\ b "'(giiéﬁd' Areai0.0) | Currgnt. | - B . . T : : QST o “Chan...
— s D A NS (kA)*sec : —— Number-
"‘:_;'_’ o i in? mm? in mm I kgim s Kg | :
GW3600 85mm3/555 72 0.1646 106.18 0555 1401 0.3853 | 05733 | 18.960 8.600 11461
g_“ - GW3605 26/39mm#/555 31 0.1646 106.18 0.555 141 0.3156 | 04697 | 13.624 6.180 | 1-1439
N. ___‘_‘ GW3610 30/35mm¥555 82 G 1646 106.18 0555 141 03040 | 04524 | 12724 5776 | 1.1438
GW3615 71mm/57 1 79 3 0.4144 | 06165 | 20.712 9.395 1.1450
!_w — GW3620 |  20/51mm¥/571 87 i 45 ] 03597 | 05352 | 16522 | 7494 | 1-1440
L _'} GW3625 36/36mm¥57 1 93 s 03187 | 04742 | 13.381 6070 1-355
i‘ ’ GW3630 80mm3/531 90 : ) 0.4530 | 06741 | 23.037 | 10.450 | 1-1457
—_ GW2635 31/40mm?/591 103 0.1878 12117 0.591 15.0 0.3706 | 05514 | 16,724 7.586 1-1170
ol GW3640 37/43mm¥591 105 0.1878 121.17 0.591 15.0 03541 | 05269 | 15.461 7.013 | 1-1439
i ' GW3645 9Immi614 104 | 0.2041 131.70 0614 5.6 0.5005 | 0.7448 | 25000 | 11.748 | 1.1453
—_ GW2650 30/60mm#614 118 0.2041 131.70 0.614 15.6 0.4197 | 0.6246 | 19.709 8.940 1-350
n A GW2655 45/45mm¥614 125 0.2041 131.70 0.614 15.6 02793 | 05644 [ 16613 7.536 | 1-1438
i ’ Note: Custom designs available
L T
I o TYPICAL REEL LENGTHS
o NRE0.28.30° . NREB.3435' . NR723435"
l e ) feet ) ‘meterst . feel meters feet . 1. meters
B GW2600 13.976 4260 21673 6.606 23.000 7.010
i GW3605 13.976 4,260 21,673 6.606 23.000 7.010
GW3610 13.976 4.260 21673 5,506 23.000 7.010
T . GWI615 13.215 1,028 20 492 5.246 23.000 7.010
R CwW3620 13.215 4.028 20,492 6.246 22.000 7.010-
GW3625 13,215 4.028 20.492 5.246 22.000 7.010
T GW32630 12,349 3.764 19,150 '5.837 22,572 6.880
R GW3635 12.349 3.764 19,150 5.837 22.572 6.880
GW2640 12,349 3.764 19.150 5.837 22.572 6.880
T m GW3645 417 3480 17.703 5.396 20,869 5261
= GW3650 11417 3.480 17703 5396 20.869 6261
L GW3655 11,417 3,480 17,703 5,196 20.869  AZN (B8
. Longer lengths avaiable upon request %3" e
g ‘Reel nomenclatures and specifications are Wdenufied on page 11 '
Visit us at www.AFLFiber.com. To place an order contact 1 sales representative at |-800-AFL-F|BER; ﬂ”?:\b”ﬂ\y ;_: 9
i~ 7
Y |
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Alcoa Fujikura Lid.

Telecommunications Division

Qptical Unit

Aluminum Pipe

Wire Strand

'H SPECIFICATIONS

Total Conductor Area !  Overall Diameter Weight RBS* : :59970“
BT T . e .. i s ::__Char‘r“
...... . Number
; R B e ) At - — - T e o T = S
Gw4800 86mm?*/646 130 (02208 142.43 0.646 6.4 0.5139 0.7047 25.098 11,384 1-1461
GwW4805 29/57Tmm?646 jad 0.2208 14243 0.648 16 4 Q4372 0.5507 19.227 f T2 1-1170
Gwa4g10 34/52mmi645 146 0.2208 142,43 C.64€ 18.4 04249 0.6279 18.053 8.189 1-1429
GwWa4815 40/46mm?/646 148 0.2208 182040300} DI 646 1Y 1614 | 066 0.6051 16.879 7.656 1-355
GW4820 S9mm1689 151 02ki8 5 __1_:;_ T T 05729 | o8 | 28655 | 12988 | 11450
Gw4a82s 21/78mm?*/669 163 Q. 162 0.7682 24,307 11,026 1-536
GWa820o 28/71mm¥669 166 0.2410 155.51 0.669 170 0.4273 0.7400 22,857 10.368 1-144Q0
Gw4835 49/49mm?¥669 176 0.2410 155.51 0.669 17.0 0.4405 0.6555 18.509 8.396 1-355
GwWd840 129mm?*724 204 0.2876 185.57 0.724 18.4 0.7088 1.0547 34,124 15.483 1-1453
Gwa4agas 32/97mm?*724 227 0.2876 185 57 0.724 8.4 06224 0.9262 28.104 12.748 1-420
Gw4850 43/86mm3724 234 0.2876 18557 0.724 18 4 0.592 (0.8834 26.094 11.836 1-350
Gwagss 65/65mm?/724 247 0.2875 18557 0.724 18.4 0.5361 0.7977 22.074 10,013 1-1428
. Note: Custom designs available
'—E TYPICAL REEL LENGTHS
e, L NR60.28.30" - NR68.24.36" o UNRT2IA38T
__! o feat: meters feet melers feet. .- melers
bk Gwad800 10.330 3,148 16.020 4,882 18.882 5,755
Gwad805 10.330 3.148 16,020 4.882 18.882 5.755
E Gwada810 10,330 3.148 16.020 4,882 18,882 5753
. iep Gw4815 10.330 3,148 16.020 4,382 18.882 5755
) Gwd4820 9,613 2,920 14,209 4,544 17.572 5.355
Gw4825 9513 2,930 14,209 4,544 17.572 5355
GW4830 9613 2.930 14,909 4. 544 17.572 5.355
Gw4835 9613 2,920 14 909 4 5dd 17,572 5.355
GWd840 8.206 2.501 12.726 3,873 15.000 4,572
GWd84d5 8.206 2.501 12,726 3873 15.000 4572
Gwag50 8.206 2.501 12,726 3.873 15,000 4572
GWadaB55 8,206 2.501 12.726 3,874 15.000 4,572

10

Longer lengths available upon request.
‘Reel nomenclatures and specifications are isenfied on page 11

Vigit us at www AFLFiber.com. To place an order contact a sales representative at 1-300-AFL-FIBER.
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Figure 1

Fiber Frasdont Window ve. Suanding Prnch
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Figure 2: Fiber Freedom Window vs. Pilch

APPLICATION NOTE #018
Issued: 11/99

Cuervieaw

All Dielectric Self Support (ADSS) cable construction
represents a8 modification of raditional loosetube
cable designs which are popuiar for buried, duct or
lashed applicatons. These modifications aliow ADSS
cables to endure environmental stresses not typ.cally
found in other applications. This Alcatel Application
Note describes important similarities and differences
between ADSS cables and rraditional cables.

ADSS cables are. by definition, targeted for aerial
installations. Cables that are buried. lashed to other

pport cables, or installed in ducts are designed
with a trade-off between the ability to withstand

5 and the ability to handle compressive

forces (for example caused by bending around the
carner of a duct or caused by ice expansion
underground during freezmng). The primary design
cansideration for ADSS s to withstand significant
tensiie loads as the cables hang between supports.
The cables’ own weight as well as environmental
forces (pnmarily high winds or ice buildup) apply
stress to the cable structure. In addition, ADSS cables
have lo be designed for nstallation in “live”
electrical power environments, or even to withstand
potential stray gunshots from hunters. The
requirement for installation 1in electrical fields and for
lighter weight results in designs that are different
from conventional opucal fiber cables.” In
conventional cables metallic or other strength
members or yarns provide the abulity to withstand
puling forces. ADSS cable designs must accomplish
this with a hghtweight dielectric construction.

continued
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www.usa.gleatel.com  e-mail: marketing@cable alcatel.com
2512 Penny Road * Claremormt NC 28610
800-879-9862
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ADSS Gahle Desigs Qerpared
o Grwerticrnal Cptical Gables

The fundamental design of virtualiy all ADSS cable s
based on the standard loose tube construction
commonly used for most apuical fiber cables; however.
there are same important differences. The loose wbe
cable constructon, ilustrated in Figure 1, s
designed to allow high tensile loads to be applied Lo
<he cable without transferring stress to the optical
fibers wittin.  The principle behind this cable design 1s
to place fibers into buffer tubes fitled with a gel
compound. These tubes house and protect the fibers
allowing freedom to move as the cable elongates or
contracts. The buffer tubes themselves are spiral
wound {stranded) around a central rod (central
strength member) which helps o bear the load during
cable pulling. The buffer wbes and the fibers wittun
are longer than the catle wself. As the cable elongates
under pulling stress, the fibers are free to move within
the gel-filled tubes towards the center of the cable
without any strain. This creates a tensile window’ in
which there is no fiber elongation or stress to a
specified lcad. for a given central strength member
and tube geometry. the shorter the laylength of
stranded lubes, the greater the tensile window
available. Figure 2 iliusirates how a decrease |
stranding pitch reduces the coil interval allowing
greater cable elongation without straining the fibers.
The addition of strength yarns over the buffer tubes
provides further protection and torsionally balances
the tensile strength along the cable cross section.
While most cables undergo tensile stress only during
installation, ADSS cables remam continuously under
tension once installed. Specificially. 1t 1s the tensite
load beariny capabitities of the loose tube design that
make 1t a well suted design for ADSS applications.

More recently. ADSS cables have incorporated dry
water blocking materials used in conventional lcose
tube designs. Tests have proven that these materials
have excellent resistance to penetration of water into
the cable structure. Flooding compound offers
excellent water resistance hut requires more tme 1n
cable preparation for cleaning. Floodlng compound
also adds to cable weight. another consideration
favoring dry water blocking materials.

ATALTATATAA IR IAATA T AT AT AT AT AL AL A AR AT A RS A AT AR AR R A SRR A TR LA AR A A AT A TR R A A TR A AT AR R AR R A AR A T T AR R AR A AR AR AR AR R R N Y

Figure 3: Compressive Ferces of Dead End or
Suspension Armor Rods

ADSS cables are mounted on pales or tawers using
hardware ta anchor the cable jackets to the structures.
Therefore, cable construction must be designed (o help
support anticipated loads. The cable sheath consists of
two layers of polyethylene {inner and outer jackets in
Figure 1) with strength yarns sandwiched between

choring hardware clamps down on the
shealh surface, the force is transferred to the strength

gure 3). The cheath with strength
yarns acts like a net holding the bundles of buffer
tubes and fibers within the cable length.

Tie Seledion of ADSS Cibie
Viternnals of Oz wstuchon

The primary design challenges for ADSS cables arise
from the need to have high strength cables, which
are at the ;ame ume lightweight and electrically non-
conductive. Glass-reinforced plastics (GRPs) and
ararmd yarns are used to meet all three of these
requirements. Aramig yarns are wrapped around the
nner jacket over the cable core. Aramid yarns offer
excellent strength-to-weight ratios (Figure 4) and
provide added protection against potential jacket
punctures. Aramid yarns are generaliy lighter than
steel strength members, although at a cost premuum.

ADSS cables require special outer jacket materials for
protection against damage from electrical dry band
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Tensile Strength vs Density
Comparison Betwsen Steel and Aramid Yarn
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Figure 4: Tensile Strength vs Density

arcing (track resistant jackets). Alcatels’ Trackguard™
Jjacket provides dry band arcing protection in high
vollage applicalions as well as superior abrasion
resistance. ADSS jacket requirements for electric fields
are detailed in Alcatel’s Application Note #017.

Cabie Design for Brergng
Bagehani cdtih Needs

Individual ADSS cables must suit installation n a
variety of different settings as well as meet demands
for a wide range of fiber counts. The physical setting
of the installation determines the tensile loa
requirement for the cable. To accomodate the
sometimes enormous lensile loads placed o

by high winds or heavy i;:e, more or thicker strength
yarns are wrapped around the cable core. Each
installabon must be considered carefully for selection
of the proper strength yarn ‘content’ based on
distance between poles or towers, obstacles in the
area. changes in elevation, changes in lemperature
as well as local loading conditions duz to wind and
ice. Alcatel advises on proper selection during the
imial guotation for each instafiation project to make
sure that the appropriatle cable design is specified for
all of these factors.

Traditionally, ADSS cables have been supplred with
up to 96 or 144 fibers. Recent growth 1n bandwidth
requirements have resulted in demand for higher fiber
counts. Two approaches can be laken to achieve
cable designs with higher fiber counts. First,
additional buffer tubes may be added which requires
an additional outer layer of tubes overlapping an
inner layer (mutti-layer design). Second. additonal
fibers may be used within exising buffer tubes (single

15@9@1 Design with 12 fibers per wbe

Figure 5°

tayer design). Figure 3 illustrates these two
approaches for a 288 fiber cable. Increasing the
quantity of fibers within each buffer tube is preferred
for several reasons. First, the addition of more huffer
tubes adds to the cabie weight in several ways. The
buffer tubes themselves add weight. and the cable
diameter increases requining more jacket materials.
The smaller diameter of the single layer design aiso
reduces the wind and ice load on the cable and
support structure by offering a smaller cross section
aganst which these lcads are placed.

The Prodixt of Chhace for Renad

The design of ADSS optical fiber cables produces an
optimal product for aerial systems. The design
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combines features widely accopted with traditional
cables while also incorporating innovations idealty
suited for instailation in utility nights-of-way. The key
‘eatures are:

*» Use of the tradiional loose tube optical cable
design combined with aramid yarns provides a
product that has proven rehiabiiity and 1s
economical, durable, and easy to install and
mamtain

Aenial applications faver lightweight constructions
such as single layer buffer tube designs and use of
aramid yarns for strength

All dielectric constructicn alfows instaliation on hive

systems without electrical hazard risks

« Special jacket materials prevent jacket damage due
lo ¢ry-band electrical arcing damage from utility
electric fields

« for each application. the cable construction should

be customized for spectfic installation structures,

ctimatic conditions, and local tapagraphy. Cansult

the supplier to ensure proper selection.
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ALCOA

SINGLE-MODE CONNECTOR PERFORMANCE SPECIFICATIONS

m'.. 5 SC Super PC 0.2 Q.25 <45 Zirconia Ceramic

g sC Angled PC 02 05 60 Zirconia Caramic

p—g—— sc Ultra PC 02 025 50 Zitconia Ceramic

E; - FC Super PC 02 025 -5 ~ Zirconia Ceramic

- FC Angled PC 0.2 0.5 -60 Zirconia Ceramic

w ™

- FC Ultra PC 0.2 0.25 -50 Zirconia Ceramic

\ E ST® Super PC 02 0.5 -5 Zirconia Ceramic
-~‘_' D4 Super PC 0.2 0.25 45 Ceramic Stainless Steel
E D4 Ultra PC 0.2 0.25 -50 Ceramic Stainless Steel
" "_W SMA Flat 0.5 1.5 n/a Ceramic Stainless Steel

e Biconic Flat . 0.3 1 -30 Thermoset Epoxy!

g_ - MU Super PC 0.2 0.25 45 Zirconia Ceramic

= "9 MTP Flat 0.2 1 n/a Thermaset Epoxyl

MTP Angled 0.2 1 -60 Thermoset Epoxyl

g ESCON® Super PC 02 - 0.5 -5 Zirconia Ceramic

- FDDI Super PC 45 Zirconia Ceramic

Ui )

i

5 B W G W e 0 bl O R W Gl B (NG
P

— Temperature Cycle <0.2d8 40 cycles - 40°C too + 80°C
¥ Humidity <0.2dB <0.2dB FOTP - 5 + 60°C at 95% RH for 504 hrs.
Thermal Shock <0.208 10 cycles, - 40°C to + 60°C
'g Twist Test <0.208 <0.2dB FOTP - 36, 10 cycles, 1.5kg (3.3 Ibs)
Impact Test <0.2d8 <0.2dB FQTP - 2, 8 cycles
_E Connector Durability <0.2d8 <0.2dB FOTP - 21, 500 insertions
Vibration <0.2d8 <0.2d8 FOTP - 11, Condition {1
Flex Test <02d8 ° <0.2d8 FOTP - 1, 300 cycles 0.5kg (1.1 Ibs)
Cable Retention <0.2dB : <0.2dB FOTP - 6, 89 Newton's (20 Ibs)

Visit us at www.AFLFiber.com. To place an order contact 3 sales representative at 1-800-AFL-FIBER IOS
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Alcoa Fujikura Ltd.

Telecommunications Division

FSM-30R12 MINI MASS FUSION SPLICER

The new Fujikura FSM-30R 12 brings a new level of productivity
and capability to mass fusion splicing. The well-proven and market
leading mass fusion splicing technology of previous Fujikura mass
splicers is now provided in an extremely small and light weight
mini-splicer. Improved immunity to ambient conditions and slide-in
modular powering units (including battery) provide unprecedented
mass fusion splicing capability in remote and outdoor splicing
locations. The FSM-30R 12 takes mass fusion splicing productivity
to a new plateau with |12 fiber splicing time cut to one third that of

previous generation mass splicers. The tube heater for heat shrink

splice protection sleeves is twice as fast as the previous generation.

The FSM-30R12 is the ideal mass fusion splicer for any application.

FEATURES & BENEFITS

* Best mass fusion splice loss performance in the industry,
including splicing non-zero dispersion-shifted (NZ-DS) fibers

* Maximum productivity with much faster splicing than

previous mass fusion splicer: 30 second splicing time
) * New wind protecter, design withstands 30mph cross wind;
unpnecedented utility in exposed conditions

* Splices up to |2 fibers simultaneously

* Ultra small and light weight design; ideal for remote/outdoor
solicing scenarios

* Built-in programmable tube heater

* Slide-in power modules include AC adapter, battery, or
camcorder battery adapter

* Automatically adjusts fusion arc to compensate for
differences in atmospheric pressure or altitude

* Simultaneous focus on all 12 fibers and large image
magnification on low-glare 5" color LCD monitor
provides great fiber visibility

* Great mass fusion splicer capacity under battery power

146 Visit us at www.AFLFiber.com. To place an order contact a sales representative at 1-800-AFL-FIBER
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ALCOA

FSM-30R12 MINI MASS FUSION SPLICER
SPECIFICATIONS

Fiber Splicing Capability

SM, MM, NZ-DS (non-zero dispersion-shitea) & DS ribers
(capabie of splicing 2, 4, 6. 8. 10, or 12 fibers simultanecusly. as well as single fiber splicing)

Splice Loss 0.044B for SM, 0.02dB for MM. 0.07d8 for NZ-0S fiber (typical)
Return Loss < -60d8
Fusion Splices Per Battery Charge ~30 (includes use of splice protection tube heater & hot jacket ribbon stripping tool)

40mm mass splice sleeves, both 40mm & 60mm single nber spice sieeves. and MICIO/MINI Sieaves

Splice Sleeve Capability (10 programmable tube heater modes)

Altituce Compensation Function’ Fully autornatic up ta 3.5G0 maters (11,500 feet)
Viewing Method 57 LCD color monitor with 40X magnification
Operating Temperature -10°C !0 +50°C

Storage Temperature -10°C to +80°C

Modular bay accepts slide-in 12V 2.0 amp-hour battery pack or slice-in AC adapier. AC adapter accspts 100
to 240 VAC (50/60Hz). Optional slide-in adapter for 12V 2.0 amp-hour camcorder battery.

Dimensions (W x D x H) 150mm x 150mm x 150mm (5.9 x 59" x 5.9

Power Supply

Weight 2.8 kg (6.2 Ibs) with AC adapter installed; 3.2 kg (7.0 1bs} with battery installed

ORDERING INFORMATION

FSM-30R12 Mass Fusion Splicer Kit

Fiber Holders (1 set)

HJS-02 Hot Jacket Stripper

E:ngg?)rcflii\-/g; Efa:?l;s:r Arrangement Tool 5010208

BTR-04 Field Replaceabie Battery

ADC-07 AC Adapter/Battery Charger

FP-5 Splice Protection Sleeves
BTR-04 Spare Battery S$010226
ADC-07 Adapter/Battery Charger S010240

?J-S-OZ Hot Jacket Stripper 5010340

BTA-02 Camcorder Battery Adapter $010232
Camcorder Battery, 12V 2.0 amp-hour {5.65" leagth) $010324
FAT-02 Fiber Arangement Toot S00211
FAT-04 Fiber Arangement Tool $010212
FAA-03 Ribbon Forming Adhesive (4 oz. bottle) 5008720
ST-3 Splice Tray Halder ) $010860
Fiber Holders:

FH-12 (12 fibers) 5010220

FH-10 (10 fibers) 5010348

FH-8 (8 fibers) S010352

FH-6 (6 fibers) 5010356

FH4 (4 fibers) $S010360

FH-2 (2 fibers) $010364

FH-250 (250pm coated single fiber) S010368

FH-900 (900um jacketed single fiber) S010372
Electrodes {pair) S010216

Visit us at www.AFLFiber.com. To place an order contact a sales represantative at 1-800-AFL-FIBER 147
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APPENDIX - D:

SPECIFICATION SHEETS FOR OPTICAL

LINE TERMINAL EQUIPMENT




Jéniper Networks - SONET/SDHPICs £ »-' Page | of ¢1

® This Section (T Whole Site ] ) i

» Producty > [P Infrastructure > Modules » SONET/SDH PICs

IP INFRASTRUCTURE
SONET/SDH PICS : DATASHEET

* Aavantages ¢ Description * Port Density and Flexibility ¢ Key Features ¢ Specifications ¢ Ordernng information

E-series © SONETISDH PICs

M-series ) SONET/SDH is a widely deployed, maiure enabling technology used in providing nigh-speed, large-scale 1P networks This dependable technology combines
T-series : high-bandwidth capacity with efficient link utilization, makingit.a me for accommodating a fast giovang 1P infrastructure both in the core and

the ed
Modules onfhe edge

JUNQS Software _ As demand for more bandwidth increases, so does the demand to build out new, state-of-the-art, I infrastructures to achieve gieater backbone throughput
JUNOSe Software ¢+ and faster netvork response times. Junmiper Networks is at the forefront of IP infrastructure builid-owt, offering a complete range of SOMET/SDH Physical

) Interface Cards (PICs) and supporting speeads from OC-3¢c/STM-1 through OC-192¢/STM-64
SDX Service )

Deployment System
M-senes and T-senes SONET/SDH PICs suppott rich packet processing, multiple IP services, and uncompromesmg peformance, while offering market-
* Mobile Operators . leading port density and flexibility. They also provide IP-over-SONET optical connectivity to backbone and access cicuits. Juniper Metworks platforms support

» Cable Operators both concatenated and non-concatenated SONET/SDH intetfaces, as well as channelized versions

Advantages

.

@ Predictable performance and consistent service-enabling features f w Supports rich 1P service deployment across all Interfaces
across all M-series and T-series PICs :

o Increases service relabiity
u Simphfies configuration

u  Accelerales deployment ume

tile://C:\My DocumentsMuniper Networks SONET-SDH PICs htm 2/13/04
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Reduces operational complexity
u Decreases operational costs

& Minimizes training time for operational staff

s High-density interfaces with the ability to mix and match up to four & Improves edge concentration and scalability of the core
PICs within a single Flexible PIC Concentrator (FPC) slot @ Increases configuration flexibility by enabling service providers to mix
different speeds, technologies, and IP services

v Enables service providers to add uplink interfaces without wholly
consuming an FPC slot

m Reduces operational costs by maximizing

s POP space

s Broad range of connectivity speeds s FEnables service providers to offer a wide range of IP services In
diverse environments

s Enhances service definition rnichness by increasing configuration
fle xitlity
s Ensures scalability for both subscnber and uplink interfaces

m SOMET APS, SDH MSP and MPLS fast reroute protection B Increases network reliability with unrier 50-ms fallover
mechanisms

a Link aggregation u Increcses performance by muttiplying available bandwidth
w [ncreases network reliability
a2 Provides ink redundancy
u [ncreases scalability using existing SOHET/SDH technology to
provide aadinenal bandvwadth

Descriptions
- 2-port, 4-port The OC-3c/STM-1 PIC provides an ideal solution for building backbones using high-speed OC-3¢/STM- 1 access circuits. This PIC
*0C-3¢iSTM-1 delivers per-port 155-Mbps throughput for an aggregate PIC throughput of up to 622 Mbps

a 2-pon available on M5 and M10 Routers

itle 7/C "My Documents\Jumper Networks SONET-SDH PICs him 2/13/04
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a 4-port available on all M-series routers, T320 routers, and the T640 routing node
= MM and SMIR optics
a Operates in concatenated mode cnly

1-port, 4-port i The one-port OC-12¢/STM-4 PIC 1s ideal for migiating backbones 1o higher speeds while preserving the option for redundant circuits.
0C-12c/STM4 { This PIC delivers up to 622-Mbps clear channel throughput and can also provide four 155-Mbps OC-3/STM-1 circuits over a single
: : optical interface.

The four-port OC-12¢/STM-4 PIC is well suited for high-bandwidth intra-POP connections, offering a lower cost per connection than
OC-48c/STM-16 interfaces. it is also well fitted for applications where high-bandwadth inttracampus connections are needed. This PIC
delivers per-port 622-Mbps throughput for an aggregate PIC throughput of upto 2 5 Gbps

m 1-port
s Available on all M-series routers
s Operates in both concatenated and nonconcatenated modes
u MM and- SMIR optics
s 4-port
w Avai ) ) ters, and the T640 routing node
s Operates in concatenated mode only
w MM and SMIR optics

1-port, 4-port The OC-438¢/STM-16 SONET/SDH PIC is ideal for meeting the bandwidth demands at the Intetnet core with its uncompromising
-0C-48¢/STM-16 performance It delivers true 2 5-Gbps throughput vath 12 services enabled

» 1-port SFP
s Small form factor pluggable (SFP) optics (SMIR, SMLR. and SMSR ouptions)
s Available on M20, M40e, M160, T320, and T640 platforins
s 1-port »
s Quad wide available on M10 router
s SMLR and SMSR optics
w Operates in both concatenated and nonconcatenated modes
n 4-poit SFP
s Small forra factor pluggable (SFP) optics (SMIR, SMLR, and SMSR options)
= Available on the T320 and 7640 platforms

file:7/C ANy DocumentsMJumiper Networks SONET-SDH PICs him 2/13/04
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1-port

s Operates in concalenated mode only

Page 4 of #1

OC-192¢iSTM-64  and intra-POP connections. This PIC can &lso provide four 2 5-Gbps OC-48/STM-18 circuits over a single optical interface.

' The VSR optics, in particular, offer a more cost-effeclive option than longer reach oplics, and are very sultable when coupled with a
: DWDM system (for long haut connections)

= Quad wide available on the M160 router

a Single wide avaiiable on T-series platforms

s SMLR, SMSR, and VSR optics
a Operates in both concatenated and nonconcatenated modes

Port Density and Flexibility

M5IM7

- Per chassis

: Perrack

- M10/M101

w

i Per chassi

Per rack

60

Per rack

 M40e
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— = Not applicable

Key Features

A few of the key features supported by SONET/SDH PICs include SONET ARS, SDH MSP. MPLS fast reroute. and link aggreqgation. Additionally,
SONET/SDH PICs suppott filtering, sampling, load balancing, tate miting, class of service, and other key features necessaiy for deploying secure,
dependable, high-performance IP services

Automatic Protection Switching

The SONET/SDH PICs support APS 1+1 switching (bidirectional), which enables two routers and & SONET ADM to communicate. This functionality ensures
a secondary path in the case of a router-to-ADM circuit failure, interface failure, or router failure This functionality 1s interopérable vath any ADM that uses GR-
253-CORE-style signaling (K1/K2). In addition to the automatic switchover, sevice providers can manually intate the switchover

MPLS Fast Reroute

MPLS fast reroute provides fast recovery if any circuit or router along a predetermined MPLS path, known as the label-svatched path (LSP), fails Each router
along the LSP computes a standby detour path that avoids its downstream hop. If a circuit falls, the nearest upstream router autornatically activates the detour
paths

Link Aggregation
Link aggregation 1s the ability tc bundle together a set of ports configured with the same speed in full-duplex mode into a virtual ink, thereby supporting

tile://C ANy Documents\Juniper Networks SONET-SDH PICs htm 2/13/04
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supports up to 8 ports. If a link goes down, the *raffic is redistributed among the remairing links, thereby improving network reliability

Specifications

i General

Interfaces

9,192-

byte MTU

Encapsulations

Frame Relay

HDLC

MPLS Circuit Cross-connect
FPP

0OC-3¢c/STM-1 PICs
& MM optical interface

a
- |
]
[ |
[
2 SMIR
@
]
n
o
|
-

ConnectorinSC duplexiconnecion
Le 'gth: 2.milee 1'2 km
V\,’ ~1 1y 4 A5 AL .

Average launch power: -20 to -14 dBm
Receiver saturation: -14 dBm
Receiver sensitivity: -30 dBm

optical interface (Bellcore GR-253-CORE compliant)
Connector: SC duplex connector
Length: 9.3 miles / 15 km
Wavelcngth: 1,260 to 1,360 nm
Average launch power: -15 o -8 dBm
Receiver saturation: -8 dBm
Receiver sensitivity: -28 dBm

0C-12c/STM-4 PICs
a MM optical interface

Connector: SC duplex connector
Length: 546.80 yards / 500 m
Wavelength: 1,270 to 1,380 nm
Average Launch Power: -20 to -14 dBm
Receiver Saturation: -14 dBm

Receiver Sensitivity: -26 dBm
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s SMIR optical interface (Bellcore GR-253-CORE comphant)

Connector: SC duplex connector
Length: 9.3 miles/ 15 km
Wavelength: 1,274 to 1,356 nm
Average launch power: -15 to -8 dBm
Receiver saturation: -8 dBm
Receiver sensitivity: -28 dBm

Small form-factor pluggable (SFP) optics (SMIR, SMLR, and SMSR options)
SMIR optical interface (Belicore GR-253-CORE compliant)

Connector: LC duplex connector
Length: 9.3 miles / 15 km
Wavelength: 1,260 to 1,360 nin
Average launch power: -510 -0 dBm
Receiver saturation: -0 dBm
Peceiver sensitivity: -18 dBm

8 SMLR opticalinterfage (Bellcore GR253-CORE

}jl'ﬂll

m SMS

Connector LG duplex connector

Le v+ by O 71 milenc / Rf
Wavelength: 1,500 to 1,580 nm
Average launch power: -2 1o +3 dBin
Receiver saturation: -9 dBm
Receiver sensitivity: -28 dBm

Connectors: LC duplex connector
Length: 1.24 miles/ 2 km
Wavelength: 1,266 to 1,360 nm
Average launch power: -10 to -3 dBm
Receiver saturation: -3 dBm
Receiver sensitivity: -18 dBm

1-port OC-48¢c/STM-16 PICs
s SMLR optical interface (Belflcore GR-253-CORE compliant), compatible with 1,550 nm single-mode long reach

Connector: SC duplex connector
Length: 49.71 miles / 80 km
Wavelength: 1,500 to 1,580 min
Average launch power: -2 to +3 dBm
Receiver saturation: -9 dBm

tile://C:\My Documents\Juniper Networks .SONET-SDH PICs him

mpliant), compativle with 1,550 nm single-mode long reach

optical interface (Bellcore GR-253-CORE compliant)
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n SMSR optical interface (Bellcore GR-253-CORE compliant)
m Conneclor: SC duplex connector

Length: 1.24 miles / 2 kin

Wavelength: 1,266 to 1,360 nm

Average launch power: -10 to -3 dBm

Receiver saturation: -3 dBm

Receiver sensitivity: -18 dBm

0C-192c/STM-64 PICs

m SMLR optical inierface (Bellcore GR-253-CORE comphant), éompahble with 1,550 nm single-mode long reach

Connector: SC duplex connector

Length- 49.71 miles / 80 kin

Wavelength: 1,530 to 1,565 nm

Average launch power: +6 dBm 1o +8 dBm
Receiver saturation: -10 dBm

Receiver sensitivity: -22 dBm

a SMSR2 or ompliant); compatible vath 1,550 nm single-mode short reach 2

= Congégtor: SC duplex connector

a Lengthy 15.5.miles /.25

s YWavelength: 1,530 to 1,565 nm

a Average launch power: -4 to -0 dBm
u Receiver saturation: -3 dB

s Receiver sensitivity: -14 dBm

a VSR optical interface; compatible with 12-rnbbon multimode fiber
a Connector: MTP connector

a Length: 984.25 ft /300 m

a Wavelength: 830 nm to 860 nm

» Average launch power: -10 {o -3 dBm

s Receiver saturation: -3 dB

]

Receiver sensitivity: -16 dBm

LEDs One tricolor LED per port
Green Portis o.nllne with. no alarms or failures
Amber Portis online with alarms or remote fail.ures
Red  Portisactive with alocal alarm failure detected
Oﬁ ........................ pomsnot enab |ed ........... T
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Safety m CAN/CSA-C22.2 No. 60950-00/UL 60950—Thud Edition, Safety of information Technology Equipment

3 m EN 60825-1 Safety of Laser Products—Part 1 Equipment Classification, Requirements and User's Guide
u EN 60825-2 Safety of Laser Products—Part 2° Safety of Optical Fibre Communication Systems

w EN 60950, Safety of Information Technology Equiprment

Agency Approvals

- EMC m AS/NZS 3548 Class A (Australia / Mew Zewland)
w BSMI Class A (Taiwan)
w EN 55022 Class A Emissions (Europe)
m FCC Part 15 Class A (USA)
a VCCI Class A (Japan)

Immunity u ENB61000-3-2 Power Line Harmonics
i s EN61000-4-2 ESD

B FNS1000-4-% Radiated Immunity

a ENG1000-44EFT

w EN61000:4.5 Surge

w ENG61000-4-6 Low Freguency Caommon Immunity
w ENS51000-4-11 Voltage Dips and Sags

NEBS Designed to meet these standards

u GR-63-CORE NEBS, Physical Fiotection
v GR-1089-CORE. EMC and Electiical Safety for Network Telecommunicauons Equipment
m SR-3580 NEBS Ciiteria lLevels (Level 3 Compliance)

Ordering Information

o

OC-3c/STM-1 SONET/SDH

file:/7C\My Documents\Juniper Networks SONET-SDH PICs htm 2/13/04



file://C:/My

Jubiper Networks - SONET/SDHAPICs p

‘ Multimode, 2-port

Muitimode, 4-port

Smgle mode, mtermedlate reach, 2 port

Single-mode, mtermedmte reach, 4-port

ocC- 12(:/STM 4 SONET/SDH

 Multimode, 1-port

Mulnmode 4-port

: Slngle mode intermediate reach 1- port

Single-mode, intermediate reach, 4-pornt
OC-48ciSTM-16 SONET/SDH

1-poit SFP (Requires pluggable SFP Optics Modules” SMIR, SMILR, and SM3R)

Single-mode, long reach, 1-pon
: Single-mode, short reach, 1-poit

4-pont SFP (Requires pluggable SFP Optics Modules: SMIR, SMLR, and SMSK)
| 0C-192¢/STM-64
Single-maode, long reach, 1-port

Single-mode, short reach 2, 1-port

tile:/C \My DocumentsMuniper Networks SONET-SDH PICs htm

i M5, M7i, M10, M10i

M5, M71, M10, M10
 M20

M40, M160, T320
M5, M7i, M10, M10I

M5, M7, M10, M10|
M20

M40, M160, T320
1320, 7640

M5, M7, M10, M 10
N b
MaOe. M160
“Md0e, M160, T320, T640
M5, M71 M10, M10s
o M
Md0e M160
Md0s, M160, T320, T640

M20

M:iGe, 160, T320, 1640
Mm10 '
M10

T320 T640

M 160
T37O TGJO
' M 160

Page 10 of W

: PE-20C3-SON-MM

PE-40C3-SON-MM
P-40C3- SON MM

 PE-20C3-SON-SMIR

............................................................. Z

"PE-40C3-SON-SMIR

p-40C3-SON-SMIR :
 PB-40C3-SON- SMIR :
 PC-40C3-SON-SMIR :

- 1OC12 SON MM

PB-10C 12-SON-MM

PB»AOCY)-SON»MM '

fPE mcw SOMN- SMIR

P10CT2- SOMN- SMIR ,
PB-10C12-SON- SMR
PB-40C12-SON-SMIR

F10CA48-SON-SFP

PE 10C48 SOM-SMLR

PE-10C48-SON-SMSR
PC-40C48-SON-SFP

18-0C 192-SON- LRE :
PC-10C192-SON-LR
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Small Form-Factor Pluggable Optic Module Single Mode Intermediate Reach

Small Form-Factor Pluggable Optic Module Single Mode Long Reach

" Copyright @ 1968-2004, Juniper Nstwarks, Inc. All Rights Raserved. Trademark Motige. &+~ & 107
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- M160
- T320, T640

> Page 11 of 01

IB-OC192-SON-VSR-E
PC-10C192-SON-VSR

SFP-10C48-SR
SiFP-10C48-IR

How 1o Buy
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APPENDIX - E:

MS EXCEL WORKSHEETS OF OPTICAL

POWER BUDGET CALCULATIONS




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: New Anuradhapura - Kotmale
Link Length /(km): 163

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cabie / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 168

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 27

OPGW Splice Loss 1.08
Total Connector / Splice Losses 2.16

3 Attenuation Losses

OPGW Attenuation / (dB) 48.9

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 49.2
4 Total System Loss / (dB) 51.36

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kotmale - Kiribathkumbura
Link Length /(km): 225

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 24

2 Connector / Splicing Losses

Loss at Location (1) 05
Loss at Location (2) 05
Loss at Location (3) 0.08
Number of Splices 3

OPGW Splice Loss 0.12
Total Connector / Splice Losse: 1.2

3 Attenuation Losses

OPGW Attenuation / (dB) 6.75

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 7.05
4 Total System Loss / (dB) 8.25

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kiribathkumbura - Ukuwela
Link Length /(km): 299

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 30

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 4

OPGW Splice Loss 0.16
Total Connector / Splice Losse: 1.24

3 Attenuation Losses

OPGW Attenuation / (dB) 8.97

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 9.27
4 Total System Loss / (dB) 10.51

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kolonnawa - Kotmale

Link Length /(km): 85.2
1 SYSTEM FIGURES

Single splice loss / (dB) 0.04-
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 90

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 14
OPGW Splice Loss 0.56
Total Connector / Splice Losse 1.64

3 Attenuation Losses

OPGW Attenuation / (dB) 25.56

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 25.86
4 Total System Loss / (dB) 27.5

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kotmale - Badulla
Link Length /(km): 826

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 05
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest

» multiple of span) 6
Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 84

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 13

OPGW Splice Loss 0.52
Total Connector / Splice Losse: 16

3 Attenuation Losses

OPGW Attenuation / (dB) 2478

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 25.08
4 Total System Loss / (dB) 26.68

5 Total System Gain / (dB)

6 Margin / (dB)



Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Badulla - Laxapana
Link Length /(km): 742

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 78

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 12

OPGW Splice Loss 0.48
Total Connector / Splice Losse: 1.56

3 Attenuation Losses

OPGW Attenuation / (dB) 22.26

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 22.56
4 Total System Loss / (dB) 24.12

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEE"

LINK: Laxapana - Kolonnawa
Link Length /(km): 104.2

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 108

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08 ‘
Number of Splices 17 /;
OPGW Splice Loss 0.68 [

\
Total Connector / Splice Losse 1.76 A\

3 Attenuation Losses

OPGW Attenuation / (dB) 31.26

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 31.56
4 Total System Loss / (dB) 33.32

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kolonnawa - Kotugoda
Link Length /(km): 23.3

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
A Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6
Approximated Link Length: (to be given in the nearest
multiple of splicing interval) 24

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 05
Loss at Location (3) 0.08
Number of Splices 3

OPGW Splice Loss 0.12
Total Connector / Splice Losses 1.2

3 Attenuation Losses

OPGW Attenuation / (dB) 6.99

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 7.29
4 Total System Loss / (dB) 8.49

5 Total System Gain / (dB)

6 Margin / (dB)



Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kotugoda - Bolawatta
Link Length /(km): 21

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 24

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 3

OPGW Splice Loss 0.12
Total Connector / Splice Losses 1.2

3 Attenuation Losses

OPGW Attenuation / (dB) 6.3
OFAC Attenuation / (dB) 0.3
Total Attenuation Losses / (dB) 6.6
4 Total System Loss / (dB) 7.8

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Bolawatta - Chilaw
Link Length /(km): 294

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

mulitiple of splicing interval) 30

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 05
Loss at Location (3) 0.08
Number of Splices 4

OPGW Splice Loss 0.16
Total Connector / Splice Losses 1.24

3 Attenuation Losses

OPGW Attenuation / (dB) 8.82

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 9.12
4 Total System Loss / (dB) 10.36

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Chilaw - Puttalam
Link Length /(km): 68.2

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 03
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 05
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 72

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 11

OPGW Splice Loss 0.44
Total Connector / Splice Losses 1.52

3 Attenuation Losses

OPGW Attenuation / (dB) 20.46

OFAC Attenuation / (dB) 03

Total Attenuation Losses / (dB) 20.76
4 Total System Loss / (dB) 22.28

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Laxapana - Balangoda
Link Length /(km):

1 SYSTEM FIGURES

Single splice loss / (dB)

Attenuation coefficient / (dB/km)

Insertion Loss for pair of Demountable Connectors / (dB)

Length of Optical Fiber Approach Cable / (km)

Span between tower / (km)

Splicing Interval for OPGW / (km) - to be given in the nearest

multiple of span)

Approximated Link Length: (to be given in the nearest

multiple of splicing interval)

2 Connector / Splicing Losses

Loss at Location (1)
Loss at Location (2)
Loss at Location (3)
Number of Splices

OPGW Spilice Loss

Total Connector / Splice Losses

3 Attenuation Losses

OPGW Attenuation / (dB)
OFAC Attenuation / (dB)

Total Attenuation Losses / (dB)
4 Total System Loss / (dB)

5 Total System Gain / (dB)
6 Margin / (dB)

445

0.04
0.3
025
0.5
04

48

0.5
0.5
0.08
0.28

1.36

13.35
0.3

13.65

15.01




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Balangoda - Galle
Link Length /(km): 102.5

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 108

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 17
OPGW Splice Loss 0.68
Total Connector / Splice Losses 1.76

3 Attenuation Losses

OPGW Attenuation / (dB) 30.75

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 31.05
4 Total System Loss / (dB) 32.81

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Balangoda - Embilipitiya
Link Length /(km): 78

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of spiicing interval) 78

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 12

OPGW Splice Loss 0.48
Total Connector / Splice Losses 1.56

3 Attenuation Losses

OPGW Attenuation / (dB) 23.4

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 237
4 Total System Loss / (dB) 25.26

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Embilipitiya - Matara
Link Length /(km): 52

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 54

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 8

OPGW Splice Loss 0.32
Total Connector / Splice Losses 1.4

3 Attenuation Losses

OPGW Attenuation / (dB) 16.6

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 15.9
4 Total System Loss / (dB) 17.3

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Embilipitiya -Hambantota
Link Length /(km): 35

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
& Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6
Approximated Link Length: (to be given in the nearest
multiple of splicing interval) 36

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 5

OPGW Splice Loss 0.2
Total Connector / Splice Losses 1.28

~ 3 Attenuation Losses
OPGW Attenuation / (dB) 10.5
OFAC Attenuation / (dB) 03
Total Attenuation Losses / (dB) 10.8
4 Total System Loss / (dB) 12.08

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kolonnawa - Panadura

Link Length /(km): 117
1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
A Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - ta be given in the nearest
multiple of span) 6
Approximated Link Length: (to be given in the nearest
multiple of splicing interval) 12

2 Connector / Splicing Losses

Loss at Location (1) 0.5

Loss at Location (2) 0.5

Loss at Location (3) 0.08

Number of Splices 1

OPGW Splice Loss 0.04

Total Connector / Splice Losses 1.12

% 3 Attenuation Losses

OPGW Attenuation / (dB) 3.561
| OFAC Attenuation / (dB) 03
|

Total Attenuation Losses / (dB) 3.81

4 Total System Loss / (dB) 4.93

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Habarana - Valaichchenai

Link Length /(km):
1 SYSTEM FIGURES

Single splice loss / (dB)

Attenuation coefficient / (dB/km)

Insertion Loss for pair of Demountable Connectors / (dB)

Length of Optical Fiber Approach Cable / (km)

Span between tower / (km)

Splicing Interval for OPGW / (km) - to be given in the nearest

multiple of span)

Approximated Link Length: (to be given in the nearest

multiple of splicing interval)

2 Connector / Splicing Losses

Loss at Location (1)
Loss at Location (2)
Loss at Location (3)
Number of Splices

OPGW Splice Loss

Total Connector / Splice Losses

3 Attenuation Losses

OPGW Attenuation / (dB)
OFAC Attenuation / (dB)

Total Attenuation Losses / (dB)
4 Total System Loss / (dB)

5 Total System Gain / (dB)

6 Margin / (dB)

99.7

0.04
0.3

0.25
05
0.4

102

0.5
0.5
0.08
16
0.64

1.72

29.91
03

30.21

31.93




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Kiribathkumbura - Kurunegala
Link Length /(km): 346

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 36

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 05
Loss at Location (3) 0.08
Number of Splices 5

OPGW Splice Loss 0.2
Total Connector / Splice Losses 1.28

3 Attenuation Losses

OPGW Attenuation / (dB) 10.38

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 10.68
4 Total System Loss / (dB) 11.96

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: New Anuradhapura - Vavuniya
Link Length /{km):

1 SYSTEM FIGURES

Single splice loss / (dB)

Attenuation coefficient / (dB/km)

Insertion Loss for pair of Demountable Connectors / (dB)

Length of Optical Fiber Approach Cable / (km)

Span between tower / (km)

Splicing Interval for OPGW / (km) - to be given in the nearest

multiple of span)

Approximated Link Length: (to be given in the nearest

multiple of splicing interval)

2 Connector / Splicing Losses

Loss at Location (1)
Loss at Location (2)
Loss at Location (3)
Number of Splices

OPGW Splice Loss

Total Connector / Splice Losses

3 Attenuation Losses

OPGW Attenuation / (dB)
OFAC Attenuation / (dB)

Total Attenuation Losses / (dB)
4 Total System Loss / (dB)

5 Total System Gain / (dB)

6 Margin / (dB)

53.5

0.04
0.3

025
0.5
0.4

54

05
05
0.08
0.32

14

16.05
03

16.35

17.75




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: New Anuradhapura -Trincomalee
Link Length /(km): 103.3

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing interval for OPGW / (km) - to be given in the nearest
mulitiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 108

2 Connector / Splicing Losses

Loss at Location (1)
Loss at Location (2)
Loss at Location (3)
Number of Splices

OPGW Splice Loss

‘Total Connector / Splice Losses

3 Attenuation Losses

OPGW Attenuation / (dB)
OFAC Attenuation / (dB)

Total Attenuation Losses / (dB)
4 Total System Loss / (dB)

5 Total System Gain / (dB)

6 Margin / (dB)

05
0.5
0.08
17
0.68

1.76

30.99
0.3

31.29

33.05



Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Badulla - Ampara
Link Length /(km): 104.9

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 0.4
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 108

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 17
OPGW Splice Loss 0.68
Total Connector / Splice Losses 1.76

3 Attenuation Losses

OPGW Attenuation / (dB) 31.47

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 31.77
4 Total System Loss / (dB) 33.53

5 Total System Gain / (dB)

6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Ukuwela - Habarana
Link Length /{km): 82.3

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) , 0.3
Insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 05
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 84

2 Connector / Splicing Losses

Loss at Location (1) 0.5
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 13

OPGW Splice Loss 0.52
Total Connector / Splice Losses 1.6

3 Attenuation Losses

OPGW Attenuation / (dB) 2469

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 24.99
4 Total System Loss / (dB) 26.59

5 Total System Gain / (dB)
6 Margin / (dB)




Appendix E: OPTICAL POWER BUDGET WORKSHEET

LINK: Habarana - New Anuradhapura
Link Length /(km): 50.4

1 SYSTEM FIGURES

Single splice loss / (dB) 0.04
Attenuation coefficient / (dB/km) 0.3
insertion Loss for pair of Demountable Connectors / (dB) 0.25
Length of Optical Fiber Approach Cable / (km) 0.5
Span between tower / (km) 04
Splicing Interval for OPGW / (km) - to be given in the nearest
multiple of span) 6

Approximated Link Length: (to be given in the nearest

multiple of splicing interval) 54

2 Connector / Splicing Losses

Loss at Location (1) 05
Loss at Location (2) 0.5
Loss at Location (3) 0.08
Number of Splices 8

OPGW Splice Loss 0.32
Total Connector / Splice Losses 1.4

3 Attenuation Losses

OPGW Attenuation / (dB) 156.12

OFAC Attenuation / (dB) 0.3

Total Attenuation Losses / (dB) 15.42
4 Total System Loss / (dB) 16.82

5 Total System Gain / (dB)

6 Margin / (dB)
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