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Introduction 

 

This case study describes the design, 
engineering and implementation of a 100G 
network deployed by the fastest growing 
operator in Brazil, TIM Brasil (part of Telecom 
Italia Group), who boast a 27% market share 
in 2013..  This project further illustrates the 
benefits of advanced optical amplification 
subsystems based on Raman technology, 
which enables high capacity on both long all-
optical end-to-end reach and long spans 
between intermediate sites.   

 

 

 

This case study is also an example of optical 
infrastructure built on electrical infrastructure: 
an aerial power grid supported by transmission 
towers.  

Power utility companies often own an 
infrastructure of fiber assets that were 
originally deployed along the power lines 
primarily for their own usage (voice and data 
communication, transmission of data to 
monitor the network, protect and remotely 
control the transmission lines). 

http://www.xtera.com/
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When power utilities want to monetize their 
fiber assets, they can pursue two options: (1) 
either leasing dark fibers to telecom operators 
that will install and operate their own 
transmission equipment; or (2) equipping their 
fiber plant in order to lease capacity and 
provide telecommunication services. 

The second option was chosen by Comision 
Federal de Electricidad (CFE) of Mexico.  CFE, 
the state-owned power utility, created CFE 
Telecom

®
 for the marketing and sales of 

telecommunications services in Mexico using 

the fiber plant available in their power grid and 
100G optical networking equipment supplied 
by Xtera.  As a result CFE Telecom operates 
today a 22,000 km, 100G optical network 
across Mexico. 

 

The context of the TIM Brasil project is 
different as TIM Brasil was granted the right to 
install and use optical cables on a newly built 
power grid in the north region of Brazil, by a 
consortium of regional power utilities. 

 

 

 
 

Figure 1: One example of Optical Ground Wire (OPGW) cable (Source: http://lamifil.be/)  
with multi loose tube type construction. 

 

 

 

 

The fibers found along the power lines are 
often deployed in Optical Ground Wire 
(OPGW) cables.  As depicted in Figure 1, an 
OPGW cable contains a tubular structure with 
one or more optical fibers in it, surrounded by 
layers of steel and aluminum wire.  OPGW 
cables are run between the tops of high-
voltage electricity pylons where the fiber lacks 
protection from the environment as when 
placed under ground (in cables and ducts).  
Furthermore, the fiber routed to the feet of 
pylons places additional physical constraints 
(like potentially small bending radius) on the 
fiber that can result in high Polarization Mode 
Dispersion (PMD). 

Both facts generally make high-capacity 
transmission more challenging on OPGW 
cable, requiring additional margin and high 
tolerance to PMD. 

 

 

 

This case study reports on the deployment of 
100G optical networking equipment by TIM 
Brasil in order offer higher quality and higher 
speed services. 

 

The case study has the following organization: 

 In the first section, TIM Brasil’s project will 
be described, with information on its 
context and high-level motivations and 
requirements; 

 More details will then be provided on the 
key issues solved by Xtera’s solution in 
TIM Brasil network deployment; and 

 Finally, Xtera’s key technical enablers 
(namely optical amplifier toolkit and 100G 
technology) will be described before a last 
section summarizing the main features 
and benefits of Xtera’s Nu-Wave 
Optima

TM
 optical networking platform. 

http://www.xtera.com/
http://lamifil.be/


   

 

Maximizing Network Capacity, Reach and Value 
Over land, under sea, worldwide www.xtera.com      3 

Overview & Requirements 
of TIM Brasil North Region 
Backbone Project 

 

TIM Brasil announced in July 2011 that it 
signed a contract with the LT Amazonas 
consortium for installation of optical cables 
using towers of transmission lines and electric 
power substations over 27 cities in the states 
of Amazonas, Pará and Amapá. 

LT Amazonas consortium is formed by the 
companies Linhas de Xingu Transmissora de 
Energia S.A., Linhas de Macapá Transmissora 
de Energia S.A. and Manaus Transmissora de 
Energia S.A.  This consortium decided to build 
power lines in the Amazon and published on 
31 March 2011 a public offering for sharing the 
infrastructure.  In May 2011, TIM Brasil won 
the auction that chose the operator responsible 
for OPGW cable installation and use. 

TIM Brasil agreed to install and donate the 
cables, since it holds the right to use the fiber 
for the next 20 years. 

It is decided that the investment in this optical 
fiber infrastructure will replace TIM Brasil’s 
satellite infrastructure in this part of the 
country. 

This project was part of the TIM Brasil’s 
investments to expand business and offer 
higher quality services throughout the national 
territory.  The greatest benefit is the stability of 
services, which feature the latest technology in 
optical transmission to support the growing 
demand for voice and data.  In addition, 
through Intelig, it will be possible to offer 
consumers fixed-line and data services in the 
region at more competitive prices. 

The building of the infrastructure started in 
October 2011 and was completed in the first 
half of 2013. 

 

 

 
 

Figure 2: TIM Brasil long-haul optical transmission infrastructure in the north region. 

 

 

The project includes 1,985 km of aerial OPGW 
cable through 3600 towers of transmission 
lines and power substations connecting 
Manaus, Macapa and Tucuruí.  To that, a 
section of about 400 km was added to connect 
Tucuruí to Belem (See Figure 2). 

Figure 3 illustrates the challenging 
environment of TIM Brasil optical infrastructure 
in north Brazil.  Given the total length of the 
network, one key requirement was to provide 
very long all-optical reach in order to enable a 
very long optical data path with as few 

http://www.xtera.com/
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regeneration sites as possible between the 
end points of the path. 

 
 

Figure 3: Power grid and OPGW cable in rain forest 
environment (Source: Isolux Corsán). 

 

High-level key technical equipment and 
services requirements were as follows: 

 Capability to transmit throughout several 
successive long spans in excess of 
250 km, avoiding or minimizing the need 
of regeneration points 

 Design capacity of 40 x 100G 

 Capability for the WDM transmission 
equipment to integrate and interoperate 
with TIM Brasil’s s existing IP/OTN 
ecosystem 

 Capability to roll-out the network in a 
“harsh” environment (the Amazon) and in 
a timely and precise fashion 

 Responsive post-sales support in country 

 

Let’s focus on the technical challenges 
associated with optical link engineering.  When 

there are one or several long spans between 
intermediate sites and/or when the end-to-end 
length of the optical data path is very long, 
there may be a need to regenerate the optical 
signals carried by the optical wavelengths.  
Under such circumstances, the optical data 
can be corrupted by too much noise 
accumulation or nonlinear distortion during the 
propagation along the optical line fiber. 

 

Regeneration sites, however, represent many 
drawbacks for the operators, such as: high 
power consumption, large space requirements 
and points of lower reliability, which raise 
serious OpEx concerns in the case of TIM 
Brasil project. 

Beyond these OpEx issues, regeneration sites 
are also very costly when the network capacity 
grows because interface cards must be 
deployed for each new wavelength put in 
service (contrary to an amplification site where 
all of the waves present in the line share the 
cost of the amplifier).  Regeneration sites imply 
significantly higher incremental cost and longer 
lead time when placing new capacity into 
service compared to an optically-amplified link 
implementation.  The incremental cost for 
added capacity is all the higher since the data 
rate supported by the optical wavelengths is 
high.  For all these reasons, it is of the utmost 
importance to avoid or limit the number of 
regeneration sites for long light paths in order 
to build a cost-effective optical network. 

 

Figure 4: Regeneration site versus optical In-Line 
Amplifier (ILA) site. 

 

A significant part of the 1,985 km aerial cable 
infrastructure is built in a rain forest 
environment.  This means there is a limited 
number of intermediate sites where active 
telecom equipment can be deployed between 

http://www.xtera.com/
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the main sites where access to the traffic is 
required to serve local customers.  
Consequently, the optical networking 
equipment to be deployed in this network was 
also required to offer long-span capabilities, 
since the longest span was about 280 km long. 

 

The “unfriendly” nature of rain forest 
environment drives TIM Brasil to place a 
specific emphasis on the service part of the 
solutions.  This requires the selected supplier 
to be in a position to deploy, test, commission 
and support the equipment according to a pre-
defined schedule in spite of the geographical 
context. 

 
 

Figure 5: Erecting two 295-m high transmission towers to cross the Amazon River (2.5-km span). 
(Sources: TIM Brasil and Isolux Corsán) 

 

 

Not directly related to the optical networking 
equipment supplied by Xtera, the three photos 
above give another illustration of the 
challenging nature of the whole project.  For 
building the power grid between Manaus, 
Macapa and Tucuruí, 3,600 transmission 
towers were built to support 1,985 km of 
electrical transmission line; both figures 
correspond to an average span of 550 m 
between two adjacent transmission towers. 

The crossing of the Amazon River in this 
project, however, requires a span of 2.5 km.  
To achieve such an aerial span, two 295 m 
high transmission towers were erected on 
either side of the Amazon River.  Each of 
these two transmission towers is almost as 
high as the Eiffel Tower in Paris! 

Moving back to the optical fiber plant, Figure 6 
represents the lengths of each span found in 

http://www.xtera.com/
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the Manaus – Macapa – Tucuruí – Belem 
network. 

 

 

Figure 6: Spans length statistics throughout Manaus – 
Macapa – Tucuruí – Belem network. 

 

Out of 17 optical spans, 13 (82%) are longer 
than 100 km, and 5 (29%) are longer than 
200 km.  Bridging these long spans and 
cascading them for building the desired optical 
data path with the minimum number of 
intermediate regeneration sites were the key 
technical challenges offered by this exciting 
project. 

 

 

 

Benefits Offered by Xtera’s 
Solution 
 

Although today’s telecommunication network 
transports digital data, the transmission in the 
optical fiber is highly analog with multiple 
effects occurring along the transmission 
medium that is made of the optical fiber.  All 
these effects impact the integrity of the optical 
data carried by each optical wavelength in a 
Wavelength Division Multiplexing (WDM) 
optical network.  The negative effects 
experienced by the optical signals include 
attenuation, dispersion, nonlinearities and 
distortions, as summarized by Figure 7. 

 

Among the different optical impairments listed 
in the figure below, fiber attenuation and 
nonlinearities play a key role. 

 

 

 

Figure 7: Optical impairments that degrade the quality of 
the optical data transmitted along optical fibers. 

 

The higher the fiber attenuation, the more 
optical gain you need to provide to 
compensate for the loss in the power of the 
transmitted signals.  However, optical gain, like 
electronic gain, is achieved at the expense of 
noise added to the signals.  As a result, the 
Optical Signal-to-Noise Ratio (OSNR) of the 
data carried by the optical wavelengths is 
degraded by fiber loss and optical 
amplification.  The optical signals cannot 
experience attenuation levels which are too 
elevated otherwise the data will be corrupted 
by the optical noise, with no way to properly 
recover their integrity at the output end of the 
optical link.  The optical noise imposes a lower 
limit on the per wavelength power along the 
optical fiber. 

Nonlinearities in silica optical fiber are caused 
by the Kerr effect.  The Kerr effect describes 
the dependency of the refractive index of the 
optical waveguide on the instantaneous optical 
intensity.  The higher the signal power, the 
higher the nonlinearities and the subsequent 
distortions that are experienced by the optical 
signals.  Nonlinearities impose an upper limit 
on the per wavelength power that can be 
launched into the optical fiber. 

Because of the upper limit for per channel 
power set by nonlinear effects and the lower 
limit imposed by minimal OSNR requirement, 
the per channel optical power profile must fit 
within some kind of “optical power tunnel” in 
order to guarantee correct propagation along 
the optical fiber.  This “optical power tunnel” is 
illustrated in Figure 8: as soon as the per 
channel power hits either the upper or lower 
limits, the quality of the data carried by the 
optical channel is irreparably impacted. 

http://www.xtera.com/
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Figure 8: “Optical power tunnel” for maintaining optical 
signal integrity. 

 

Traditionally, the optical amplification that is 
required for efficient long-distance optical 
transport has been mostly limited to the use of 
Erbium-Doped Fiber Amplifiers (EDFAs).  

Although effectively enabling multi-channel 
amplification and transmission, the noise 
performance of EDFAs is far from optimal, 
resulting in significant noise accumulation 
along the optical path with multiple in-line 
amplifiers.  This noise accumulation degrades 
the OSNR of the optical channels and is often 
a limitation in network optical reach, and/or 
channel count and/or channel rate. 

Furthermore the discrete nature of EDF 
amplification (i.e. the optical amplification 
happens at discrete “hot” spots along the 
optical path – See Figure 9) is conducive to 
high nonlinearities.  These nonlinearities, 
occurring inside the line fiber, are all the more 
important since the optical spans, limited by 
two optical amplification sites, are long or 
cascaded (nonlinearities also accumulate with 
the transmission length and the number of 
intermediate optical amplification sites).  
Similarly to noise accumulation, nonlinearities 
can impose an upper limit upon the [Optical 
reach x Channel count x Channel rate] metric. 

 

 
 

Figure 9: Typical per channel optical power profile as a function of the transmission distance 
in chains of EDFA and Raman amplifiers 

http://www.xtera.com/
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The management of per channel power is 
quite different in an optical transmission 
system relying on Raman amplification.  Here, 
the line fiber is not only a transmission medium 
bringing optical attenuation to the optical 
channels but also a gain medium because of 
the distributed Raman amplification effect 
occurring inside the line fiber when Raman 
pump waves are launched into the line fiber. 

In the backward Raman implementation, the 
Raman pumps are launched upstream from 
the repeater site into the preceding fiber span, 
in a counter direction compared to the direction 
of transmission for optical channels. 

In the forward Raman implementation, the 
Raman pumps are launched from the repeater 
site into the following (downstream) fiber span, 
in the same direction as the direction of 
transmission for optical channels. 

Figure 9 above illustrates the evolution of the 
per channel optical power along a link made of 
several spans and in-line Raman amplifiers.  
The net result is a lower peak-to-peak power 
excursion along the optical path compared to 
the EDFA chain. 

 

Reach wise, the benefit offered by distributed 
Raman amplification is twofold: 

 Possibility to design and implement all-
optical links with ultra-long reach because 
the degrading effects that accumulate with 
the transmission distance are mitigated: 

o Improvement of the link OSNR 
performance 

o Reduction in the amount of 
nonlinearities distorting the optical 
signals 

 Possibility to bridge longer spans than 
EDFA-based systems 

The second benefit (long span capabilities) is 
symbolized in Figure 9 by the span between 
in-line amplifiers E and F: distributed Raman 
amplification inside the line fiber not only limits 
the OSNR degradation and nonlinear 
impairments along the transmission but also 
enables longer spacing between sites E and F. 

In short, higher noise performance and lower 
peak power inside the optical fiber are the two 
key features offered by distributed Raman 
amplification that enable both long end-to-end 
reach and long spans between adjacent sites. 

 
 

Figure 10: One example (not the final TIM Brasil implementation) 
of 100G network design enabled by Raman amplification 

http://www.xtera.com/
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Figure 10 provides one example of network 
design in TIM Brasil infrastructure (this is not 
the final implementation, but an iteration of the 
link design).  Average G.652 fiber attenuation 
is 0.22 dB/km, with 3 dB margin added to each 
span for future repairs following cable cuts.  
Long spans, up to 278 km – corresponding to 
an end-of-life attenuation of 64 dB, can be 
bridged and cascaded to minimize the number 
of regeneration sites across the 100G network 
in real field conditions. 

 

 

 

Xtera’s Key Enablers 

 

Amplifier Toolkit 

Unlike competitive offerings where integrating 
optical Raman amplifier with Erbium-Doped 
Fiber Amplifier (EDFA) was an afterthought, 
Xtera designed its Nu-Wave Optima

TM
 optical 

networking platform from the ground up to 
combine different optical amplification flavors, 
ranging from simple EDFA to all-distributed 
Raman amplification.  Xtera’s amplifier sub-
system has proved to offer high efficiency, 
excellent reliability and unparalleled reach-
performance due to the high integration of the 
different optical amplification technologies. 

For this 100G project, Figure 11 shows the 
implementation of Xtera’s optical amplification 
subsystem.  The optical gain offered by the 
core amplifier is 20 to 25 dB to accommodate 
spans with a typical length of 80 to 100 km.   

 

 

Figure 11: Xtera’s optical amplification subsystem used in 
this 100G project. 

 

For longer spans, the gain of the composite 
amplifier can be increased by adding Raman 
span extension modules to the core amplifier.  
Different span extension module variants are 
available in order to cope for different span 
attenuations.  This modular configuration 
provides the right amount of optical gain on a 
per span basis, depending on the actual span 
loss encountered along the optical path. 

 

 

100G Technology 

Xtera’s 100G technology makes use of the 
PM-QPSK modulation format with coherent 
detection (PM: Polarization Multiplexing, 
QPSK: Quadrature Phase Shift Keying).  The 
basic principle of PM-QPSK modulation format 
trades speed for parallelism at the expense of 
added complexity, as illustrated in Figure 12. 

 

 
 

Figure 12: Principle of PM-QPSK modulation format. 

http://www.xtera.com/
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Instead of modulating a single optical carrier at 
100G using 100G binary modulation format 
(which would require 100 Gbaud electronics – 
baud is the unit of symbol rate), two 
independent orthogonal states of optical 
polarization, at the very same optical 
frequency (because delivered by the same 
single laser source), are modulated.  The 
polarization multiplexing halves the data rate, 
halves the spectral width, but doubles the 
count of components. 

The next parallelism step encodes the data to 
be transported not into 2 states like in any 
binary modulation format, but into 4-phase 
states.  Consequently, a single phase symbol 
transports 2 bits of data. The quadrature phase 

shift keying halves the symbol rate compared 
to the binary phase shift keying.  It also halves 
the spectral width but doubles the count of 
components.  By following this approach, the 
speed of opto-electronics components needs 
to be only 25 Gbaud to transmit and receive a 
100 Gbit/s signal.  Practically speaking, the 
line rate is closer to 120 Gbit/s than 100 Gbit/s 
because of the overhead added to the client 
data frame, requiring then approximately 30 
Gbaud opto-electronics components. 

Figure 13 shows a typical implementation of a 
100G digital coherent receiver with different 
stages: optical polarization splitting, QPSK 
detection, optical impairments compensation 
and soft-decision forward error correction. 

 

 
 

Figure 13: Typical implementation of a 100G digital coherent receiver. 

 

 

Soft-Decision Forward Error 
Correction (SD-FEC) 

 

Until very recently, all of the correction codes 
that were used in high-speed optical 
transmission systems apply correction after the 
receiver has produced a one or zero based on 
whether the signal is above or below a given 
threshold value.  It is easy to calculate the gain 
for a perfect code of this type.  The number of 
errors that can be corrected depends on the 
number of different parity checks that are 
performed.  Increasing the number of checks 
adds to the overhead, but the graph below 
shows that increasing the overhead (and thus 
the complexity) of the code adds only small 
improvements.  The squares show examples 
of “hard-decision” codes that are used. 

 

 

 

Figure 14: FEC gain vs. overhead. 
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Increasing the overhead also has the 
undesirable effect of increasing the line-rate 
and the spectral width of the signal. 

A potential solution uses "soft-decision" 
correction, where the receiver no longer 
produces a stream of binary digits.  Instead a 
very high speed Analogue to Digital Converter 
(ADC) produces a multi-bit signal that gives 
the amplitude of the detected signal. 

This helps because a signal close to the 
decision threshold is more likely to be on the 
"wrong" side than one that is distant.  With this 
extra information, and using appropriate 

coding and decoding, it is possible in theory to 
produce results 3 dB better than the binary 
process.  Although the decoding process is 
extremely complex and requires ultra-high 
speed electronics, soft-decision solutions for 
100G solutions offer significant advantages 
over binary hard-decision codes. 

With the above techniques, Xtera achieves a 
net coding gain in the range of 1.5 to 2 dB.  
Xtera was the first optical networking 
equipment vendor to deploy 100G SD-FEC in 
a commercial network (in 2011 in a 22,000 km 
backbone network in Mexico). 

 

 
 

Figure 15: 100G interface cards with 10 client interfaces at 10G and soft-decision FEC. 

 

 

 

Xtera’s Nu-Wave Optima
TM

 
Platform 

 

Xtera’s Nu-Wave Optima
TM

 platform comprises 
a unique modular optical transport system 
designed to lower the total cost of ownership 
by using a common, integrated set of modules 
for long-haul, unrepeatered and regional 
repeatered submarine applications. 

 

Being the first 100G equipment in the field with 
soft-decision Forward Error Correction (FEC), 
Xtera’s Nu-Wave Optima

TM
 offers the 

industry’s most advanced and field-proven 

100G solution available today for multiple 
optical networking applications.  For terrestrial 
backbone networks, the Nu-Wave Optima

TM
 

equipment delivers an unrivalled line capacity 
of 15 Tbit/s on more than 3,000 km in real 
network environments.  For unrepeatered 
applications, a capacity of 34 x 100G was 
recently transmitted over a cable attenuation 
exceeding 74 dB. 

 

The proven Nu-Wave Optima
TM

 multi-purpose 
platform offers unparalleled 100G WDM 
performance in real network conditions based 
on the combination of the industry’s most 
powerful 100G technology and unique line 

http://www.xtera.com/
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equipment to face different span 
configurations.  Some examples include: 

 An N x 100G 1,350 km route including a 
250 km / 60 dB span; 

 An N x 100G all-optical link deployed with 
a reach of 2,500 km, including 24 spans, 
and going through 9 ROADMS; and 

 7 Tbit/s per fiber pair on a 350 km / 65.5 
dB unrepeatered link. 

 

In addition to unrivalled transmission 
performance, the Nu-Wave Optima

TM
 platform 

achieved the following industry’s firsts: 

 First soft-decision FEC in the field in 2011 

 World’s widest 100G deployment (the 
CFE Telecom

®
 22,000 km backbone 

network in 2011) 

 First 100G repeatered subsea cable 
system to be put in commercial service 
(first quarter of 2012 with Gulf Bridge 
International) 

 

Raman optical amplification approach has 
been demonstrated in the field to maximize the 
[Capacity x Reach] metric of not only 100G but 
also Beyond 100G networks.  For instance, 
400G signals based on DC-PM-16QAM 
modulation format with coherent detection 
(DC: Dual Carrier, PM: Polarization 
Multiplexing, 16QAM: 16-state Quadrature 
Amplitude Modulation) were transmitted in the 
field on more than 1500 km of aged fiber while 
the transmission distance is limited to 400-
800 km with conventional EDFA-based 
transport systems in real network 
environments. 

Conclusion 

 

TIM Brasil’s project is a further illustration of 
the benefits offered by the combination of high-
end line equipment and advanced 100G 
technology with soft-decision FEC. 

Most of the equipment vendors do not invest in 
the common equipment conventionally made 
of EDFA and/or poorly-efficient Raman 
amplifiers with a limited reach performance.  
Higher-end line equipment, however, can relax 
the specifications and simplify the technology 
of the interface cards while increasing the 
reach and the capacity of optical networks. 

Combined with soft-decision FEC, Raman-
based line equipment capable of bridging long 
spans avoids the introduction of regeneration 
sites and building of new intermediate sites as 
demonstrated in TIM Brasil’s project with 13 
spans longer than 100 km, and 5 longer than 
200 km. 

Although viewed sometimes in the past as an 
over engineered option in N x 10G terrestrial 
network, Raman optical amplification is today 
recognized by the industry as an efficient and 
future-proof solution for 100G and Beyond 
100G optical networks. 
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