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Advanced test solutions
for future high speed
communications

Facing the future with the right tools
In this key timeframe for high speed communications to move from legacy to next
generation networks, Anritsu is already addressing testing requirements for future
network equipment!
MD1260A - an extremely compact portable platform for advanced performance testing

Download your High Speed
Signal Integrity White
Paper and get your FREE
100G Reference Poster

of 40G/100G networks in Development, Manufacturing and Installation, which now offers
brand new features such as:
• MPLS-TP and Providers Backbone Bridge Protocols
• IPv6 Compliancy
• Ethernet VLANs Multi-flow Real Time Counters
• Service Disruption & APS
• Through Mode with GFEC generation
MP1800A - the most flexible signal quality analyser BERT in the market, now offering:
• New Multichannel testing capability for up to 8 parallel channels in one single
mainframe
• New compact pluggable cards offering 1 channel, 2 channels and 4 channels
• Pulse Pattern Generators and Error Detectors reaching up to 32,1Gbps
• New extremely fast automatic graphical analysis
• 4 Taps Emphasis Generation with automatic setup based on DUT’s characteristics

Advanced test solutions for future high speed communications
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Message from the Sponsor
Anritsu are glad and honored to attend ECOC once again in 2012, a year in which we see signs
of convergence of the Telecomms Industry with the Computing Industry, both moving to next
generation of high speed communications.

By Alessandro Messina

S

tandardisation and
technology evolution are
driving strong focus on new
high speed electrical data rates
to act as building blocks for, both,
more efficient Ethernet Optical
transport in mass deployment of
100 Gb/s links, and for extremely
higher computing power to
support data management
services and seamless data
sharing in the cloud.
At the same time several
European research centers and
Universities are already focusing
on advanced researches for
future higher transmission
speeds through sophisticated
modulation methods, targeting
optical Terabits/s transport as the
next frontier.

Industry News

Going beyond 100 Gb/s,
Anritsu provides unique, high
quality and complete test
solutions for all market trends
where we see major growth in
development and consequent
new high end testing needs:
• high speed connectivity in
Printed Circuit Boards, in
data links for computing
communication devices and
in Network Equipment used in
data centers
• evolution from 10G Ethernet
to 100G, 400G and Terabit
Ethernet in optical networks
Anritsu is proud to be at the
forefront of this worldwide
innovation effort, and to be at
ECOC 2012 to showcase our
new state-of-the-art testing
on our MD1260A platform for
testing 40/100 Gb/s modules
and systems, and on our
MP1800A Signal Quality
Analyser:

• Anritsu MP1800A SQA
offers new market unique
specifications and flexibility,
with extremely compact
multichannel testing
capability for signals up to
32.1 Gb/s, which we are
proud to exhibit for the first
time in Europe at ECOC 2012
• Anritsu MD1260A now adds
compatibility with IPv6, MPLSTP and Providers Backbone
Bridge, together with many
other new functions to cope
with new testing needs in the
100G Ethernet market
Alongside the above trends,
we are also active and
successful in the area of Optical
Fibre Networks and PON
deployments to provide FTTx
services.
To help and support
Operators and Installers who
are concerned about ROI,
Anritsu has a range of new test

solutions to reduce installation
and maintenance costs of
optical fibre networks:
• A brand new “micro-OTDR”
series with exclusive PON
Selective Power Meter, as part
of the revolutionary Network
Master platform
• the “just released - first
time on show” new Access
Master OTDR
• the 10G-Ethernet/10G-SDH/
Synch-E support in the CMA
3000 “all-in-one” platform
All these solutions have been
developed in close partnership
with leading operators, as
a key strategy of Anritsu to
combine our leading edge
technical expertise with close
understanding of customer
requirements.
Alessandro Messina,
EMEA Wireline Marketing
& Business Development
Director, Anritsu

Linking the Future
F

ormed by the joining of
companies Prysmian and
Draka, the Prysmian Group
is now the leading global cable
manufacturer. Prysmian Group
can offer the full range of products
required for any type of future-proof
network. Applications range from
low-loss long-haul fibre optical
cables, Fibre-to-the-Home (FTTH)
networks, or solutions for 100G
data centres and 40G Cat. Ethernet
office infrastructure. Prysmian
Group can also supply specialty
optical fibres for any application.
With production locations in
Europe, North and South America
and using the most sophisticated
manufacturing processes
including PCVD (Plasma-activated
Chemical Vapor Deposition) and
OVD (Outside Vapor Deposition),
Prysmian Group is able to supply
a wide range of fibre types to suit
every application – single-mode,
multimode and fibres for special
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applications. Amongst this latter
category, the BendBright family of
fibres was developed to address
the particular need of the ‘last
mile’ fibre applications. In this
environment fibres are subjected
to bends, twists and strains
not traditionally experienced in
‘standard’ cables and fibres.
Prysmian Group engineers
therefore developed the BendBright
range – in accordance with new
ITU standards – to address this
growing need. BendBright XS
is a particular member of this
exclusive family which exhibits
excellent characteristics of ‘bend
insensitivity’
However, we’re not just aiming
at being the leading optical fibre
provider. We are offering and
maintaining a wide range of cable
and FTTx solutions and pursuing
innovation in that area. The fact that
we can offer advanced, integrated
cabling solutions in different areas

simply makes life a lot easier for
our customers. We can now bring
even more value to existing and
new customers.
The cable and connectivity
portfolios of Draka and Prysmian
are largely complementary. We
consider our extensive product
portfolio vital in this market and
show existing and new customers
that our future-proof solutions add
value when it comes to speed,
efficiency, ease of use and cost.
The strength of both companies
has always been their proximity
to the customer and capacity
for innovation. Furthermore, our
geographical footprints are a
perfect match. It is important to our
existing customers to understand
Prysmian Group now has all these
capabilities in-house. Innovation
forms the core of our business
units and the full range of all our
product ranges which can be used
in their current and future networks.
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Clean your act up: Passives
manufacturers need to up their
game for 100Gb networks

W

e hear about it every day.
Industry media is full of
it. Someone somewhere
is going 100Gb. The possibilities
these very high-speed networks
offer are huge, however like all
consumer services they will be
covered by binding service quality
guarantees: when operator states
100Gb, that’s what it will have
to be. Anything less will bring
customer complaints and action
against the operator.
One of the implications of
this is that network component
performance needs to rise to
meet the challenge. Current
standard practices for the
mass-manufacturing of passive
components, especially those
such as pigtails and patchcords,
need to be brought into line with
the demands imposed by coming
100Gb regimes.
Kamaxoptic Communication is
working towards this new, veryhigh-speed world.
As experts in the field of passive
component manufacturing we
listen to our customers’ changing
demands and work on providing

solutions. A major factor
we have identified is
a combination of
contamination
and variable
environmental
factors in
production.
These are
responisble
for a great
number of shortcomings in
performance at 100Gb levels so
to combat this we have adopted
two lines of attack:
1. We ultrasonically clean the
ferrule and pay special attention
to cleaning the fibre before
insertion. For obvious reasons
this has a clear impact on
product performance but we
are going further.
2. We find that even slight
contamination will occasionally
mean that the epoxy is not
always in complete contact
with the ferrule. Allowing
temperature and humidity
fluctuations to minutely pull
and push the fiber over curing
time, this may translate directly

into unpredictable
changes in fiber height. To
minimize this we are building
a special, environmentally
conditioned 100Gb production
line at our factory in Shenzhen
which is expected to come
online end September this year.
3. Our semi-automated pigtail
production is also opening
soon which will reduce the
contamination even further by
reducing worker contact time.
This will also dramatically
increase our capacity to meet
coming demand.
Kamaxoptic Communication
is commited to serving our
customer’s developing needs
and we welcome you to visit us at
stand 640 to find out more.

LC Push-Pull Uniboot Connector

S

anwa LC push-pull uniboot
connector offers the easiest
disengagement in the
industry from LC adapter high
dense mounted panel.
No need to leave any room at
top of the bottom of LC adapters
for pushing down LC connector
latch any more.
The slide structure of LC pushpull uniboot depresses the latch
by being slide backward and
facilitates smooth removal.
This enables the most high
dense panel design ever or
minimizes of the panel size the
most.
2.0mm/3.0mm versions are
available and even with short
length boot. SM/MM/APC are
also the options.

LC uniboot connector

Sanwa offers uniboot
solution for next 100G
generation
In high-density package,
it is very hard to put your
fingers into the space
between adapters. Sanwa
LC uniboot offers that
long latch LC uniboot
connector enable to
unlock and pull of the LC
uniboot easier from the
high density panel.
Also, Using crimpring and heat shrink
tube,Sanwa LC uniboot
connector can hold the
cable very tight. No more
lose cable trouble in the
field.

3.0mm & 2.0mm are now ready

Industry News

ALF Launch
NOYES® M310
Designed for data center
testing, AFL’s is launching
the new NOYES® M310
– the only OTDR with
controlled mode fill for testing
multimode fiber without
the need of an external
mode controller. Improved
launch conditions provide
more accurate link loss
measurements comparable
to a mode-conditioned light
source and power meter loss
measurement. Complete
with an OPM and VFL, the
M310 OTDR also combines
industry-leading short
dead zones, and is Digital
FiberScope ready. Available
in multimode and singlemode models, the M310 is
offered in Certification kits
with an OLS, DFS inspection
probe and Advanced Analysis
software for macro-bend
detection and bi-directional
trace analysis.
Visit stand 616 for more
information.

CIVCOM launch
100Gbps coherent
widely tunable
transponder
Visitors to this year’s event
will be the first to see the
latest product release from
opto-electronic components
and modules pioneer,
Civcom: The 100G DP-(D)
QPSK module is a 100Gbps
multi-rate Coherent widely
Tunable Transponder.
The transponder is
equipped with an advanced
DSP by NEL that eliminates
the need for optical
compensation of chromatic
dispersion, 1st and 2nd
order PMD. An SD-FEC
was implemented to support
extreme low OSNR networks.
The module complies with the
OIF-MSA-100GLH standard
using MDIO interface to
communicate with the hosting
line card.
Please visit booth 458 to
find out more information.
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Fraunhofer Heinrich Hertz Institute and ID Photonics
Launch Modular Multi-Terabit Solution

Arbitrary Waveform Generator

F

raunhofer Heinrich Hertz
Institute and ID Photonics offer
a multi-Terabit test solution for
multi-format, flexi-grid and flexi-rate
optical transport systems.
Bandwidth explosion requires
pushing the envelope of next
generation transmission systems
to new capacity limits using highorder complex modulation formats,
such as 16-QAM and flexible
channel grid systems to allow
for closer channel spacing and
ultimately higher system capacity.
The modular test solution
provides researchers and
engineers a comprehensive way
to design and test future ultra-high
capacity network architectures
up to 54 Tbit/s for the coherent

Optical Multi-format Transmitter

Highly Scalable Multi Carrier Laser Platform

Polarization Maintaining Multiplexer

transmission era using various
modulation formats and channel
configurations with unsurpassed
ease of operation.
The multi-Terabit solution
consists of an optical multiformat transmitter that enables a
flexible generation of optical data
signals with various modulation
formats (PSK, QPSK, 16-QAM,
etc.) for up to 272 Gb/s per
carrier when using 16-QAM. Each
multi-format transmitter includes
four intuitively programmable
34-GSa/s arbitrary waveform
generators, electrical driver
amplifiers and a high-bandwidth
dual polarization IQ-modulator as
well as a nonlinear pre-distortion
processing unit to compensate for

impairments caused by the highspeed electrical-to-optical signal
conversion. Its unique capability
to synchronize up to 16 AWG
channels and a waveform memory
of 16 Mbit allows generating
realistic transmission scenarios
required for future network
designs.
ID Photonics versatile carrier
comb generator provides up to
200 DWDM channels and consists
of narrow line-width tunable
lasers optimized for coherent
transmission. On that basis, the
platform allows for generation of
multi-Terabit/s test signals (up to
54 Tbit/s when fully equipped)
using different modulation formats,
carrier spacings and wavelength

bands in a very flexible way
by just a few mouse clicks. The
modular design of pluggable
tunable laser units with an industryleading portfolio of chassis variants
adapts to customers’ needs and
easily allows extension of existing
installations.
We cordially invite you to
find out more about our latest
developments at the ECOC 2012.
Meet us at our booths 558 in
Amsterdam, September 17 - 19
this year to discuss your testing
needs and requirements with our
experts.
For more information please
see www.hhi.fraunhofer.de/
MultiTerabitSolution or visit
booth 558.

Agilent 32 Gb/s BERT for 100G Ethernet,
CEI-28G VSR and 32G FC applications

T

he N4960A is a high
performance modular BERT
system intended for product
design, device characterization,
and production test of devices and
systems operating up to 32 Gb/s.
100G Ethernet, CEI28G VSR and
32G FibreChannel all use a base
data rate of 25.8 Gb/s. They differ
in the precoding and level of FEC
(Forward Error Correction) applied,
which often push the symbol rate
beyond 28 Gb/s. With the N4960A
32 Gb/s BERT, Agilent offers BER
test beyond 28 Gb/s at a new level
of simplicity and affordability.
The system is controlled with
Signal Integrity Studio (SIS)
software – which is included
with the instrument. SIS
provides extremely intuitive
setup and control interface to
simplify operation.

The system is very compact,
with the main controller being
only a half rack width. The
pattern generator and error
detector, which operate at full
rate without external multiplexers
or de-multiplexers, are physically
configured as small remotely
mountable heads. The pattern
generator output and error
detector input are generated and
processed directly in the heads,
close to the connectors. This
configuration minimizes the cable
length and associated signal
degradation between the DUT
and the head.
100G Ethernet applications
which require 4 lanes of 25.78 or
28+ Gb/s data are addressed
with four single channel
systems. The 4 channel
configuration can be configured
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to operate
with a single
synchronous
clock, or 4
asynchronous
clocks. Other
four channel
BERTs only
operate with
synchronous
clocks, which does not allow
verifying communication
ASICs such as gearbox chips
with independent clocks – a
requirement in some of the
standards.
The N4960A offers a high level
of performance at an affordable
price. It is one of the new
products from the Centellax Test
and Measurement business
which Agilent acquired in May
2012. The new BERTs utilize

full custom ASICs with a high
level of integration. Use of
these proprietary components
dramatically lowers the parts
count, thus reducing cost and
improving reliability. These
benefits are passed on to the
customer. Agilent’s portfolio
of BERT instruments cover all
applications from cost sensitive
production test to the highest
performance instruments
needed for advanced research.

Roy Rubenstein - Optical Industry Restructuring?
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Is the Optical Industry
set for a Restructuring?

By Roy Rubenstein

T

he view that the optical
industry is due a shake-up
has been aired often in the last
decade. Yet the industry’s structure
has remained largely intact. Now,
with the depressed state of the
telecom industry, the spectre of
impending restructuring is again
being raised.
Larry Schwerin, CEO of ROADM
subsystem player Capella
Intelligent Subsystems, believes
restructuring of the optical industry
is inevitable.
Schwerin’s view is that while
the fundamental drivers of telecom
are sound - IP traffic continues
to grow at over 30% a year
- operators’ capital expenditure is
not keeping pace while revenueper-bit continues to fall. The result
is an ailing supply chain: fierce
competition at the system vendor
and optical component layers
coupled with depressed margins
and profits.
Once the vendors Huawei,
Alcatel-Lucent and ZTE are
considered, the remaining optical
system vendors’ market share trails
to low single digits. “If you have
5% or less [optical networking]
market share, that really is not a
sustainable business given the
[companies’] overhead expenses,”
says Schwerin.
Moreover, some 80% of the

optics used by system vendors are
bought. “How do you differentiate
on features above and beyond
what you are buying?” he says.
“The business model of the
communication sector needs to
change, and change in a relatively
short order.”
Industry analysts largely agree
with Schwerin’s analysis. “The
industry has not been in good
shape for many years,” says
Sterling Perrin, senior analyst at
Heavy Reading. “The operators
are the ones with the power and
they seem to be doing decently
but it is not a good situation for the
systems players and especially the
component vendors.”
Where the analysts differ is that
change is already happening and
they expect the restructuring to be
slow and gradual.
“There is no one dominate
[optical component] supplier
driving the industry that you would
say: This is undeniably the industry
leader,” says Daryl Inniss, practice
leader for components at Ovum.
That said, component players
recognise they must adapt.
“Finisar looks more like an
industry leader than we have had
before, and its behaviour is that
of a market leader,” says Inniss.
Finisar is building an integrated
company to become a one-stopshop supplier, he says, as is the
newly merged Oclaro-Opnext
which is taking similar steps to be
a vertically integrated company.
Finisar acquired optical amplifier
specialist RED-C Optical Networks
in July.
Equipment makers are also
acquiring specialist component
players. Cisco Systems acquired
coherent receiver specialist
CoreOptics in 2010 and more
recently silicon photonics player,
Lightwire. Meanwhile Huawei
acquired photonic integration
specialist, CIP Technologies
in January. “This is to acquire
strategic technologies, not for
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Historical Comparison of Global Optical Communications Revenue
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revenues but to differentiate and
reduce the cost of their products,”
says Perrin.
“There is a problem with the
rate of innovation coming from
the component vendors,” adds
Inniss. This is not a failing of the
component vendors but rather
innovation has to come from the
system vendors: a device will
only be embraced by equipment
makers if it is needed and available
in time.
Inniss also highlights the
changing nature of the market
where optical networking and
the carriers are just one part.
This includes enterprises, cloud
and the growing importance of
content service providers such as
Google, Facebook and Amazon
who buy components and gear. “It
is a much bigger picture than just
looking at optical networking,” says
Inniss.
Huawei is one system vendor
targeting these broader markets,
from components to switches, from
consumer to the core of the data
centre. Huawei has transformed
itself from a follower to a leader
in certain areas, while fellow
Chinese vendor ZTE is also getting
stronger and gaining market
share. Furthermore, this will fuel
the emergence of Chinese optical
component players that for now
have a limited presence.
Perrin also notes Huawei’s huge
emphasis on the enterprise and

Source
Photonics

Fujitsu Optical
Components

IT markets but highlights several
challenges.
The content service providers
may be a market but it is not as
big an opportunity as traditional
telecom. “It is also tricky for the
systems suppliers to navigate
as you really can’t build all your
product line to fit Google’s specs
and still expect to sell to a BT or an
AT&T,” says Perrin. “Yet systems
companies have to go after every
opportunity they can because the
global telecom market has slowed
so significantly,” he says.
Inniss expects the big optical
component players to start to
distance themselves, although this
does not mean their figures will
improve significantly. “This market
is what it is - they [component
players] will continue to have
35% gross margins and that is
the ceiling,” says Inniss. If players
want to improve their margins, they
will have to invest and grow their
presence in other markets.
“I like the idea of a Cisco or a
Huawei acquiring technology
to use internally as a way to
differentiate and innovate, and we
are going to see more of that,”
says Perrin
Thus the supply chain is
changing, say the analysts, albeit
in a slow, grinding way; not the
radical change that Capella’s
Schwerin suggests is coming.
Roy Rubenstein is editor of
Gazettabyte.com
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Building Energy Aware & Prof
I

By Astrid Fichera

Building a
transport network
of nation-wide
European
Telecom
Operators, with
energy aware
systems can
save up to
13.5M€ per
year and reduce
CO2 emissions
by an amount
equivalent to
approximately
310k cars

n the past, profit and
performance have been
the main driving factors in
the development of products
and services, while energy
and ecology aspects have not
been considered as much.
Notwithstanding this assertion,
Information and Communication
Technologies (ICT) have been
historically and fairly considered
to play an important role in the
reduction of “third-party” energy
wastes and achieve higher levels
of efficiency. However, until
recently, ICT has not applied the
same efficiency concepts to itself,
not even in fast growing sectors
like telecommunications and
Internet.
The European Commission DG
INFSO report (September 2008)
estimated that European telecoms
and operators had an overall
network energy requirement equal
to 14.2 TWh in 2005, which raised
to 21.4 TWh in 2010 and will reach
to 35.8 TWh in 2020 if no “green
network technologies” are adopted.
Triggered by increasing energy
costs, continuous population
growth, the spread of broadband
access, and the expanding
number of services being
offered by telecoms and Internet
Service Providers (ISPs), energy
efficiency becomes a high priority
objective for networks and service
infrastructures.
The sole introduction of low
consumption silicon elements
are not enough to effectively
curb tomorrow’s network energy
requirements. The key is a new
and novel green network-specific
paradigm which reduces energy
requirements of network equipment
by 20% to 50%.
Within the (European Framework
7FP) ECONET project, Ericsson,
in collaboration with the University
of Genoa (Italy), has developed an
innovative solution that dynamically
adapts network capacities and
resources to current traffic loads
and user requirements, while
ensuring end-to-end Quality of
Service (QoS).
Energy-aware platforms are
being introduced to the market,
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that envisage Dynamic and
Intelligent Power Management1.
Efficient eco-design based on the
latest silicon technology can be
further strengthened by innovative
techniques. Smart standby
and power scaling primitives
optimize power management
features, while energy-efficient
flexible and cognitive network
OAM enables dynamic, scalable,
ad-hoc optimized resource
allocation in terms of trade-off
between energy consumption and
network performance, as well as
differentiated performance, faulttolerance and robustness levels.
Dynamic power scaling tunes the
trade-off between energy profiles
and processing capacity of internal
engines, while meeting the actual
traffic load and QoS constraints.
This is possible thanks to innovative
traffic handling policies and
queuing/shaping disciplines, which
effectively exploit active/idle HW
transitions.
Power Management Modes, such
as Low Power Active Modes, Fast
Sleeping, and Smart Standby, put

useless signaling storms of routing
protocols at each active/sleep
transition of links or nodes.
Local control policies, see
figure 2, coordinate the energy
profiles and resource allocations
of all energy-aware elements
in the system, thus optimizing
the trade-off between its
overall power consumption
and traffic loads/requirements.
This is accomplished by jointly
synchronizing and effectively
tuning the capacities and
the behavior of processing
engines and network interfaces.
Additionally, local optimization
policies provide detailed
information regarding heat
dissipation and this data is used
to finely modulate cooling systems
and thus to further reduce energy
consumption.
The energy control policy
can be smartly extended to full
networks. A large amount of
spare capacity is typically required
for over-provisioning and fault
management to guarantee the
desired QoS to the users. Smartly

Routing & Traffic Engineering
Local Optimisation
Policies

Network-wide Monitoring

Figure 1 – Energy - Aware platform

unused parts of network devices
into very low energy consumption
modes, where only some basic
functions are performed (For
example heart-beating message
reply). The development of such
network-specific low-energy
modes is a fundamental key
factor for disruptively reducing
the carbon-footprint in different
network scenarios, since it allows
switching some portions of the
network to a sleep mode in a smart
and effective way. The key benefit
of such solutions with respect to
a simple switching-off results in
reduced recovery times as well
as in the possibility of avoiding

putting to sleep complete links
reduces energy waste, while the
spare capacity is not in use.
Energy-efficient algorithms and
protocols provide key information
on traffic profiling, power
measurements, traffic engineering
issues and impact of networking
devices on energy costs. The
energy aware OAM scheme allows
adjusting configurations remotely
and automatically taking into
account actual traffic load, green
metrics and system capabilities.
Network-wide control strategies,
like routing and traffic engineering,
enable the possibility of moving
traffic load among network nodes.
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Ericsson - Energy Aware & Profitable

itable Metro Optical Networks
Local + network-wide control policies

Performance scaling
Power Consumption

Only local control policies

Standby state

Energy-aware state
Figure 2 – Local and Network wide control

When a network is under-utilized,
possible to quantify the benefits of
it is possible to move network
the large-scale adoption of Energy
load on few “active” nodes, and
Aware communications Networks
put all other nodes in Standby
in terms of Operations Expense
state, which is the lowest power
(OPEX) and Green House Gas
consuming state, thus optimizing
(GHG) emission saving.
the energy savings. see figure 2.
Building a Transport network of
With the first experiments on
a nation-wide European Telecom
a Service Module, varying1traffic
Operator
with Energy
Aware
012_ECOC_FreeSub_PS&EP_Layout
8/1/12 10:20
AM Page
1
load and sleeping mode, it was
systems can save up to about

13,5M€ per year and reduce
CO2 emissions by an amount
equivalent to approximately
310K cars. Going beyond
transport, when this method of
energy awareness is applied to
the entire network the savings
increase to about €170M per
year and CO2 emissions can
be reduced by the equivalent

of approximately 4M cars. This
is real, sustainable, green and
profitable networking.
Astrid Fichera is Strategic
Product Manager at Ericsson.
1

Ericsson are introducing such a system to
the market, the SPO1400 Family of Packet
Optical Transport Platforms (POTP) - http://
www.ericsson.com/ourportfolio/products/
spo-1400
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The Multimedia Olympics
If the Beijing Olympics in 2008 was the first truly digital Olympics, then London 2012 will go
down in history as the first multimedia Olympics.

C

By Pauline Rigby

London 2012
has been a
catalyst for
innovation
in both TV
broadcasting and
communication
technologies.

overage of live sporting
events is a major driver
for internet traffic, and the
London 2012 Olympic Games
were no exception. Indeed, it
was a record-breaking Games in
terms of online viewing.
“The peak audiences for Team
GB’s medal moments were
bigger than anything we’ve
ever seen,” commented Cait
O’Riordan, head of product, BBC
Sport and London 2012, for the
UK public service broadcaster
in a blog post. Over a 24-hour
period on the busiest days,
Olympic traffic to bbc.co.uk
exceeded that for the entire BBC
coverage of the FIFA World Cup
2010, she said.
While television remained the
most popular way of viewing the
Games, with over 90% of the UK
population watching via satellite,
cable or terrestrial channels,
online viewing habits have
changed significantly since the
2008 Olympics in Beijing. Back
then smartphones and mobile
video were in their infancy. The
dominant phone manufacturers
were Research in Motion (RIM)
and Nokia. The original iPhone
was barely a year old and the
iPad still two years away from its
initial release.
London 2012 was billed as
the “multi-platform Games”
and it was available on all four
screens – PC, mobile, tablet
and connected TV. The BBC
promised to deliver coverage
of every sport in HD, which was
available via its “red button”
IPTV service on satellite or cable
(there was insufficient capacity
for terrestrial transmission), the
internet or mobile networks.
With up to 24 sporting events
happening simultaneously,
viewers could choose to watch
one event live on their television
while catching up with other
results or watching replays online
using their laptops and tablets.
Commuters could even follow
the sporting action live on their
smartphones.
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On the busiest day, the BBC
says it delivered 2.8 petabytes
of data, with the peak traffic
moment of 700Gbps occurring
when cyclist Bradley Wiggins
won Gold in the time trials. To
put that into perspective, Cisco
estimates that internet traffic in
2011 averaged 30.7 petabytes a
month for the entire world (Cisco
Visual Networking Index forecast
2012-2016).
Spectators outside the UK
consumed similarly massive
amounts of data. NBC, the
official broadcaster in the US,
says it delivered 159 million video
streams of the event, more than
double the 2008 Beijing Olympics
(75.5 million). And a study issued
by Procera Networks, which
sells packet inspection gear
to service providers, says that
fixed operators in the US saw
Olympics streaming peak at 34
percent of total bandwidth usage.
BT, as the official
communications partner to the
Olympics, was responsible
for delivering all the coverage
recorded by Olympic
Broadcasting Services London
(OBSL) from and between the
sporting venues to OBSL’s
broadcast centre, for onward
transmission to broadcasters
across the world. The services
that BT supplied to London 2012
also encompassed (among other
things) 1,000 wireless access
points that would allow the public
to offload their smartphone
traffic onto Wi-Fi inside the
Olympic Park. As a result of
the increased uptake of HDTV
and smartphones, the planned
network capacity for this year’s
Games was four times that
deployed for Beijing, the operator
said.
Given the eagerness to view
the Olympics action, it’s hardly
surprising that London 2012 was
also used to experiment with
the next big thing in television
– Super Hi-Vision. With its “8K”
format, this will offer a resolution
of 7,680 by 4,320 pixels, which

is roughly 16 times greater
than regular HDTV. Japanese
public service broadcaster NHK
has developed three cameras
capable of filming in such high
resolution at 60 or 120 frames
per second.
For the Olympics, NHK teamed
up with BT and NBC to provide
closed-circuit broadcasts to giant
screens at locations in Tokyo and
Fukushima in Japan; London,
Bradford, and Glasgow in the
UK; and to Washington in the US.
This required an insane amount
of capacity – the video streams
were transmitted uncompressed
via fibre from the venue to the
broadcast hub at a rate of
85Gbps and, after encoding,
were sent onwards to the public
viewing venues at 350Mbps via a
10Gbit connection on the JANET
research and eductation network.
Analyst firm Ovum says Super
Hi-Vision represents the logical
next step in TV transmission
technology, following on
from regular HD. “In our view,
it is a far more significant
development than 3D, which
offers a limited range of usecases,” said Jonathan Doran,
principal analyst, consumer,
for Ovum. While the bandwidth
requirements of the signal are a
barrier to adoption, new video
coding standards will slash those
requirements in future, he adds.
London 2012 has been a
catalyst for innovation in both TV
broadcasting and communication
technologies. The investments
by the BBC, BT, and the Super
Hi-Vision partners make for a
tangible Olympics legacy.
Dr. Mike Short, President of
the Institute of Engineering and
Technology (IET) will be speaking
on “The data revolution and
some Digital lessons from the
London2012 Games” on Monday
17 September at 12:15 in the
Market Focus theatre. Don’t
miss it!
Pauline Rigby is a science and
technology writer specialising
in optical communications
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FTTH: From Services
to Subscribers

E

nd users are ready to
subscribe to ultra-highspeed services and
applications – and they are ready
to use any high bandwidth that is
offered to them. This is the result
of a recent study commissioned
by the FTTH Council Europe.
Consultancy firm Diffraction
Analysis analysed the
subscriber growth for a number
of established FTTH service
providers across the globe,
and discovered that the most
significant factor influencing
the take-up rate was simply the
length of time that the business
had been in operation. Take-up
was defined as the proportion of
paying subscribers to the number
of homes passed by the network
and ready for service.
This observation can be explained
by the fact that FTTH services can
only expand into places where
the infrastructure has already
been deployed. As the potential
customer base grows, mass
marketing becomes more effective,
and the number of people taking
the service increases accordingly.
“While demand builds up fairly
gradually, the research shows that
there is no inherent problem with
demand,” explained Benoit Felten,
chief research officer of Diffraction
Analysis and author of the report.
Interestingly, the trend of

Customers embrace new
services over FTTH

The study also showed that
service providers generally offer a
wider range of services over FTTH
than over DSL, with triple-play
(voice, video and data) being the
standard bundled offer. While
most service portfolios centre on
content, some enterprising service
providers have expanded into
home automation and security,
and healthcare and education
services are on the horizon. Others
have formed partnerships with
over-the-top service providers to
speed up the introduction of new
services.
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The study concluded, however,
that there was still significant
opportunity for service innovation,
particularly in the small business
market. In areas such as
healthcare and education, few
programmes have moved beyond
the trial phase. This is perhaps not
surprising as such programmes
become more cost effective
and efficient as the number
of users increases – but they
cannot be widely adopted until
the infrastructure becomes more
widely deployed.
A wider choice of services gives
FTTH subscribers the opportunity
to purchase more services and
add-ons, such as video on
demand, and that’s exactly what
they do. The study showed that
on average FTTH subscribers
consume more services than DSL
customers in the same market.
The improved stability and higher
speed of a FTTH connection make
the user experience more reliable
and comfortable, and this leads to
higher consumption.
The study also showed that most
FTTH operators (except those with
the most aggressive pricing) can
expect significant revenue uplift
from FTTH services. The increase
in user activity combined with
higher service prices on FTTH
networks translates into higher
average revenues per user (ARPU).

Among the FTTH service providers
in the study, FTTH ARPUs were
on average 47% higher than their
DSL ARPUs (or, where unavailable,
in the same market), and can be
much higher.
The cautious approach of
incumbent operators is also
apparent in their ARPU figures.
Competitive players, on average,
had ARPUs only 21% higher than
the average DSL ARPUs whereas
incumbents had ARPUs 71%
higher. Competitive players were
more likely to drive acquisition
through aggressive pricing,
whereas incumbents often took
a more cautious approach to the
transition to fibre infrastructure –
partly because they cannot offer
the new, improved services to all
customers simultaneously.
Taking all those facts in
consideration, there is clear
evidence that consumers are more
than ready for FTTH networks.
They are willing to subscribe and
to make use of the additional
bandwidth. Operators just need
to have a realistic view on the
adoption rate over time. Let’s
therefore simply switch from
“Users don’t need it” to “Give the
user the choice!” – and FTTH will
be the big champion!
Nadia Babaali is
Communications Director for
FTTH Council Europe

Where’s the consumer demanad for FTTH? Right here!
There is no demand issue, the FTTH market develops over time.

Take-up vs years in operation
90%
80%
Take-up across deployment

By Nadia Babaali

increasing market penetration
with time was independent of the
strategy being pursued by the FTTH
service provider. The study identified
three main strategies at play in the
FTTH market.
Operators following an
“acquisition” strategy aim to attract
the maximum number of customers
through aggressive pricing. Hong
Kong Broadband Network (HKBN)
is the classic example. In 2009,
the Asian operator slashed prices
on its bandwidth-guaranteed
100Mbps symmetric fibre service
from HK$268 per month to HK$99
or approximately €10. HKBN was
already one of the fastest growing
and most profitable broadband
providers in Hong Kong, and has
cemented its position in the market
by marketing FTTH as an affordable
yet high-quality product.
At the opposite end of the scale
are service providers following
“premium” strategies, who position
their products at the top of the
market. Finally, there are service
providers who fall somewhere
in between, usually because
their pricing is constrained by
competition and the local market.
Incumbent operators often fall into
this category because they have to
consider the impact of introducing
FTTH services on their existing DSL
customers and revenues.
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MODEGAP - Enabling SDM Systems
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Enabling practical Space Division Multiplexed Systems
– new transmission fibre concepts, designs and challenges

By Professor David Richardson

T

he relentless demand for
ever increasing transmission
capacity on the world’s
optical fibre networks continues
year-on-year, with estimated
average growth rates ranging
anywhere from 40-80% per annum
depending on geographic area
and network sector. This growth
is driven by the emergence of
an increasingly broad array of
video-centric applications and
there is no sign of this growth
abating anytime soon. At the same
time laboratory experiments on
current single-mode fibre (SMF)
technology are edging ever closer
to fundamental, information theory
based limits: to the extent that there
are growing concerns of a future
“capacity crunch” where the ability
to deliver capacity is outstripped
by demand – at least at a level of
cost-per-bit that will be acceptable
to customers.
As a consequence significant
global effort has been mobilised
to investigate new system
approaches capable of providing
better network capacity scaling
than technology based on the
use of SMF. Central to all of this
effort, given that all other signalling
dimensions (time, wavelength,
polarisation and quadrature)
are already close to being fully
exploited, is the possibility to
incorporate multiple transmission
paths through the same optical
fibre and to derive cost/power
saving benefits by exploiting the
opportunities for improved device

integration and interconnection
enabled by the higher information
density flow per unit area. These
benefits might be achieved for
example by better integration of
transmitter and receivers, or by
the reduced component count
enabled by performing functions
simultaneously on multiple
channels in a single device rather
than on a device-per-channel
basis. This approach is generically
referred to as Space Division
Multiplexing (SDM).
The range of potential
technological SDM approaches is
ultimately defined by fibre design
and, as summarised in figure 1,
several options are currently under
investigation.
The first, and arguably most
obvious approach, is to increase
the number of independent cores
in the fibre cross-section, with the
core design and spacing chosen
to minimise inter-core cross-talk for
a suitably bounded range of cable
operating conditions, see figure 1b.
In this instance each core provides
a distinct independent information
channel. Progress to date seems
to indicate that the maximum
number of independent cores one
can envisage using for long-haul
transmission lies somewhere in the
range 12-19, although for shorter
distance applications higher core
counts may be possible.
An alternative and potentially
simpler option to multicore fibres,
figure.1a is to use an array of thin
single-core fibres (possibly in
some form of common coating
to aid rigidity and handling). This
approach has significant merits
and may be more practical from a
fabrication perspective; however,
the scope for associated device
integration is perhaps somewhat
more limited.
A third approach, figure 1d
is to try and establish separate
distinguishable information
channels within a single multimode
core that supports a suitably
restricted number of modes.
Such fibres are referred to as a
few mode fibres (FMFs). Most
work to date has been on fibres
that support two mode groups
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(b)

(c)

(a)

(d)

(e)

Figure 1 - Various forms of SDM transmission fibre currently under investigation:
(a) fibre bundle; (b) multicore fibre; (c) coupled-core fibre; (d) few mode Fibre;
(e) few mode, hollow core photonic bandgap fibre.

(LP01 and LP11) providing a total
of 6 distinct modes including all
polarisations and degeneracies,
although some work on 4 mode
group fibres (12 distinct modes)
has now been reported. Due to
the strong likelihood of significant
mode-coupling in such fibres
- further complicated by modal
dispersion (MD) - it is generally
necessary to exploit electronic
Digital Signal Processing (DSP)
techniques to unravel and retrieve
the otherwise scrambled data, in
much the same way as is done to
remove the effects of polarisationMD within current digitally-coherent
SMF systems. To minimize the DSP
requirements requires fibres with
low MD, and/or the development
of MD compensation techniques.
Significant progress on both fronts
has been made, at least for two
mode group fibres, and the current
challenge is to scale beyond this
to a greater number of modes.
Transmission in multi-mode hollow
core fibres, figure.1e, is also
generating significant interest,
since as well as supporting modemultiplexing, these fibres provide a
1000-fold reduction in nonlinearity
and have the potential for lower
losses than conventional solid-core
fibres as the signals propagate
mainly in air.
Finally, it is worth mentioning that
the FMF concept can be extended
to the case of multicore fibres in

which the cores are packed more
closely together such that they
become coupled. In this case it is
possible to excite super-modes of
the composite structure which can
then be exploited as a practical
orthogonal modal basis-set for
FMF-data transmission, see figure
1c. Work is also now starting on
MC fibres comprising FMFcores which provide a far greater
number of distinguishable paths
by combining the two basic SDM
approaches.
From the above it should be clear
that there are several potential
routes to realising SDM-fibre
systems, some more ambitious
and radical than others. Each of
them present their own challenges
(including amplification, channel
Mux/Demux, DSP etc.) that will
need to be overcome in a practical
and cost effective manner if any
of them are ever to become a
commercial reality. The challenge
for the present though is to better
understand what is and what is
not physically possible, which at
the very least will lead to major
advances in our understanding
of complex multimode optical
systems.
Professor David Richardson of
the University of Southampton,
plays a key role as Technical
Project Coordinator of the
European Union project
MODEGAP
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By Ross Saunders
100Gb/s coherent (DP-QPSK)
development has progressed
leaps and bounds over the past 5
years or so. Many DWDM system
vendors now offer 100G coherent
solutions, many more will have it
in the next 6-12 months. Merchant
silicon for MODEM/MUX ASICs,
MSA modules and MSA integrated
photonics are all available at the
infancy of this market. This healthy
ecosystem makes 100G coherent
available to the masses, with link
engineering rules similar to 10G
and plenty of fierce competition
to drive ongoing cost reduction
throughout the food chain. This
focusing of resources into coherent
technology has solidified DP-QPSK
as the de-facto standard for 100G
DWDM networking. However,
do all 100G DWDM network
applications really require the
performance of 100G coherent?
Are there cheaper, smaller, lower
power alternative options available
for less demanding applications?
Does coherent “one size fits all”
really make sense for 100G DWDM
networking?

Metro 100G DWDM Design
When exploring potential
design options to minimize
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Figure 1 – 4x28Gb/s Optical Duobinary 100G DWDM Transceiver Implementation

the transceiver cost for metro
applications, there are still some
networking constraints that
must be kept in mind to ensure
product usability. The 100G
product should still be deployable
on existing metro DWDM
systems, which places minimum
requirements on Chromatic
Dispersion (CD), Polarization
Mode Dispersion (PMD), Optical
Signal-to-Noise Ratio (OSNR)
and optical filtering tolerance.
In order to minimize cost, one
approach is to evaluate where it
is possible to use high volume,
low cost electro-optics. 10G has
dominated DWDM networks
for the past decade, with the
latest iteration based on 10G
tunable XFP technology, utilizing
very low cost Transmit/Receive
Optical Sub-assemblies (TOSA/
ROSAs) inside. On the transmit
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side, it is actually possible to use
existing 10G TOSA technology
but drive them at 28Gb/s by
utilizing Optical Duobinary (ODB)
modulation format. As ODB
is a form of correlative coding

that uses electrical low pass
filtering of the transmit digital
waveform, the required BW of the
electro-optics can be relaxed,
in fact allowing the use of 10G
TOSAs straight from tunable

Parameter

Coherent (DP-QSK)

Direct Detection (4λ x 28G ODB)

Cost (x10G XFP)

≈ 25 times

≈ 10m times

Footprint

5” x 7” MSA

CFP

Power (W)

80-100

20-30

Spectral efficiency (x10G)

10 times

2.5 times

Reach (km)

≈ 2,000

≈ 500

CD tolerance (ps/nm)

± 40,000

± 400

PMD tolerance (ps)

100

15

OSNR (dB/0.1m)

13-14

16-18

Faceplate pluggable

No

Yes

Table 1 – Comparison of 100G DWDM Coherent and Direct Detection Designs
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More Direct Approach
than Coherent?

Application Driven 100G
DWDM Networking

Table 1 shows a comparison of
the key pros and cons of 100G
coherent and direct detection.
Clearly the major benefit of
100G coherent is the incredible
optical performance, really
exceeding 10G OOK link
engineering rules in many cases

(such as CD/PMD tolerance)
and delivering an increased
10x improvement in spectral
efficiency over existing 10G
deployments. No wonder
there is huge carrier interest
in this technology and core
network deployments are
already well underway.
For applications such as
backbone and submarine
networks then clearly this
is a killer technology that
meets carriers needs
extremely well. However, as
is shown in table 1, 4x28G
ODB is approximately a
third of the cost of coherent,
a quarter of the power
consumption and can fit into a
faceplate pluggable CFP, rather
than bulkier 5” x 7” MSA module.
It has inferior optical performance
and a quarter of the spectral
efficiency of coherent, but for
applications where coherent
performance may be overkill, the
direct detection advantages in
density, power and cost will be
attractive. It is also interesting
that the cost structure of 4x28G
ODB technique is close to the
10x 10G XFP. Breaking this cost
barrier may be important as it
could really drive some faster
migration away from 10G and
40G towards 100G in the metro.
The intrinsic cost of the
transceiver also depends on
the DNA of the specific vendor.
For optical transceiver vendors
who often have their own chip
foundries, typically with excess
capacity, the optical components
are relatively cheap due to
vertical integration so direct
detection solutions can be made
at low cost. Other vendors may
have expertise in MODEM ASIC
development and/or software,
algorithms, but need to purchase

4x25G OOK
4x28G ODB

Submarine

DP-QSK

Spectral Efficiency

XFP product development to be
used with 28Gb/s ODB. This
technology re-use leverages
10G volume for the product cost
and leverages the development
cost already sunk into 10G XFP
development. On the receive
side, wider bandwidth is needed
(the same as NRZ OOK) but in
this case we can use identical
receiver structure to 100G client
LR4 CFP, i.e. 4x28G PIN-TIA array.
On the receive side, although
the optics are more expensive
than at transmit, we can still ride
the volume curve from 100G
CFP that is experiencing a fast
ramp-up and also leverage
existing R&D development from
the client CFP in this new DWDM
application. The schematic of the
4x28Gb/s ODB design is shown
in figure 1. On the electrical side,
the 10:4 gearbox IC used to
aggregate 10 lanes of 10G OTU4
client (OTL4.10) into 4x28Gb/s
line side is the same as used
in the latest generation of client
LR4 CFP. Once again, we can
leverage technology developed
for the client application
inside this design, minimizing
development cost. The only real
new technology development
here is the driver amplifiers
and ODB encoding filters. This
design needs some clever RF
engineering and experience
with ODB encoding, but the
component costs are not high.

Long Haul
Metro

Regional

Data Centre
Client
Reach

Figure 2 – 100G WDM Application Space

optical components off-the-shelf.
For these vendors, solutions
that leverage differentiated
DSP is likely a better approach
than purely buying off-the-shelf
optical components, as they
will not have the required level
of optical vertical integration
to be price competitive. The
application space for different
100G technologies is shown in
Figure 2.
When high optical performance
and maximizing spectral
efficiency are key drivers, such
as in carrier backbone networks,
coherent will be the clear winner.
For shorter distance applications
such as data center interconnect
and metro networks, direct
detection 4x28G should offer a
better fit. For regional networks
in US and moderate size
national networks, there may
be a mix of both coherent and
direct detection technology.
Direct detection transponders
will always be cheaper than
coherent but it will come down
to economic decisions such as
whether some direct detection
regens would be needed and

whether the reduced spectral
efficiency of direct detection
might lead to increased number
of DWDM overlays. Both of
these network level attributes
can increase cost, so it becomes
more than a pricing comparison
of the terminal transponders.

Conclusions

There really is no winner or
loser in this coherent vs direct
detection contest for 100G
DWDM networking. Rather it
is a case of different horses for
different courses, the application
will drive which technology is the
best fit, one size does not fit all.
It is expected that both coherent
and direct detection technologies
will be utilized to best address
different 100G DWDM network
applications. Certainly both
these technologies bode well
for network evolution to 100G.
These 100G WAN technologies
will help scale broadband IP
networks cost-effectively to
support growing services such as
mobile broadband and video on
demand.
Ross Saunders, Oclaro
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Super-Channels: The Next Big
Thing in DWDM Evolution?

By Geoff Bennett

T

here are few certainties
in life but arguably one
of them is that demand
for bandwidth will continue to
grow, with a number of industry
surveys indicating that global
internet demand is growing at a
rate of about 40% per year, see
figure 1. This growth is driven
mainly by increasing video traffic
in the network—Netflix now
takes up to 30% of the internet’s
bandwidth at peak hours, and
new competitors like Amazon,
Hulu, Youku, and the BBC iPlayer
are growing rapidly. This growth
is now further accelerated by
mobile access, with video clients
shipping on all smart phones
and tablets, enabling video to be
consumed more conveniently via
network connections anywhere,
anytime.
Furthermore, these video and
rich media files are migrating
into the network, stored in cloud
architectures such as Microsoft
Azure or Apple’s iCloud. These
tend to produce significant
replication of data for resilience
and performance purposes.
This triple threat of video,
mobile and cloud provides both
an opportunity and a threat for
service providers. Those that can
provide the best user experience
in this dynamic and media rich

mobile environment can capture
market share. But they must
be able to scale their networks
dramatically, and do so while
lowering capital and operational
costs per gigabit per second.
The place to start is with the
Transport Network, which forms
the foundation of long distance
internet communication. It is clear
that in addition to a move toward
larger, more powerful transport
switches, the mechanisms of
DWDM optical transmission have
to change too. A new approach
to DWDM (wavelength-division
multiplexing) capacity—the
super-channel—promises
an effective solution to the
challenges posed by internet
growth.

What is a Super-Channel?

DWDM is an innovation that
enables multiple optical carriers
to travel in parallel in a fiber; to
more efficiently use the expensive
fiber assets that have been
installed over thousands of
kilometers in the ground and on
aerial poles. Many in the industry
view the “state of the art” in
DWDM in 2012 and 2013 to be
100 Gb/s. However, it has taken
the DWDM industry so long to
deliver practical 100G coherent

technology, that many service
providers now urgently need to
answer the question, “What is
beyond 100 Gb/s?”. One answer
is the super-channel, an evolution
in DWDM in which several optical
carriers are implemented on a
single line card, are combined
to create a composite line side
signal of “greater than 100G”,
and which is provisioned in one
operational cycle. In the past,
transponder-based DWDM line
systems operated with a fixed
relationship between client data
rates and line side data rates,
for example a 10 GbE service
would be carried by a 10G
DWDM carrier. However, another
innovation with super-channels
is that they offer new levels of
flexibility via software selectable
modulation formats. This “flexible
coherent” capability is critical
to allowing service providers to
trade off DWDM optical reach
and fiber capacity.

What Problems will SuperChannels Address?

Super-channels address three
fundamental issues:
• Scaling bandwidth without
scaling operational procedures
• Optimizing DWDM capacity
and reach

Drivers
Network Traffic

Cloud
Mobility
Video

Figure 1 - Video, Mobility and Cloud are helping drive around 40% annual growth in internet demand
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• Supporting the next generation
of high speed services
As mentioned above, service
providers are faced with the need
to turn up ever more capacity
without any real increase in the
number of engineers to do the
work. In the words of Interoute’s
CTO Matthew Finnie: “Bringing
up multiple wavelengths in the
form of a super-channel on the
same card means less patching
of fibers so there are fewer
opportunities for something to go
wrong.”

Superchannels : the
practical option for moving
beyond 100 Gb/s

There are two obvious
implementation options for
developing single-carrier
transponders that operate at
data rates above 100 Gb/s. One
is to transmit more modulation
symbols per second and the
other is to encode more bits into
a modulation symbol (or some
combination of the two). A key
point of both of these options
is that both single carrier and
super-channel implementations
have the same spectral efficiency,
but the super-channel has far
better optical performance
and is possible to build using
technology that will be available
in the near future. By treating
multiple carriers as a single
operational unit it means that
service providers can optimize
the combination of reach and
spectral efficiency without having
to order multiple part numbers
from their system supplier. In our
view super-channels offer the
only practical and timely solution
to the problems of scaling
operational processes, optimizing
fiber capacity and reach, and
supporting the next generation of
client services beyond 100G.
Geoff Bennett is Director of
Solutions & Technology at
Infinera
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A State of the Industry Report
Against a backdrop of global economic woes, the optical components industry has fared
remarkably well. But it still faces significant challenges.

T

By Pauline Rigby

In many
countries the
widespread
adoption of
highspeed
consumer
broadband and FTTx in
particular - is
now seen as
a national
imperative.

he optical networking industry
has been on a roller coaster
ride over the past decade or
so. The bursting of the dot-com
investment bubble in 2001, the
financial crash of 2008, as well
as the earthquake in Japan and
flooding in Thailand in 2011 – all
have taken their toll on optical
hardware vendors and their
suppliers. That rollercoaster ride
continued into 2012.
The first half of the year has
brought a slew of unpromising
reports on the health of the
industry. In the first quarter,
optical network systems
revenues dropped by 23 percent
worldwide to $2.8 billion (€2.24
billion), according to Infonetics
Research. The market shrinkage
was particularly acute in Europe,
which suffered its “worst optical
communications capex quarter
in five years”, the company
says. And although the market
rebounded in the second quarter,
overall it was still 10 percent down
compared to the year ago quarter.
But brighter times are on the
horizon. Analysts at Ovum, for
example, are upbeat about the
long-term forecast for sales of
optical hardware. The firm is
predicting that sales will grow
at a compound annual growth
rate of 5% to reach $20 billion
(€16.2 billion) by 2017. For optical
components vendors, short-term
growth prospects look even
better. Ovum says the market for
optical components is on track to
grow 8% in 2012, and is forecast
to reach $11.1bn by 2017, a
compound annual growth rate
of 10%.
Other analysts concur. In a
report titled “Don’t give up on
the optical networking industry”,
specialist consultancy firm
LightCounting predicts that even
if the telecom equipment market
remains slow, sales of optical
components will grow at least 10%
overall in 2012. Most of the major
service providers reported healthy
revenue growth during the first half
of 2012, and an increase in capital
expenditure will follow revenue
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growth, they say.
It’s not hard to explain
this optimistic outlook. The
fundamentals of increasing
bandwidth demand are not in
question. Businesses have an
escalating need for reliable,
high-capacity communications
networks and the services that run
over them, and the excess optical
network capacity installed during
the boom years of the late 1990s
has now mostly been used up.
In many countries the
widespread adoption of highspeed consumer broadband
– and FTTx in particular – is now
seen as a national imperative.
Communications is increasingly
viewed as a critical infrastructure,
and governments like to spend
their way out of a recession by
investing in big infrastructure
projects. That’s exactly what’s
happening; the Connecting
America fund in the US and the
National Broadband Network in
Australia being two high-profile
examples.
And don’t forget mobile
networks! Mobile operators
around the world are spending
like crazy to launch Long Term
Evolution (LTE) networks, capable
of supporting mobile broadband
at speeds that match those
possible on wireline networks.
These new mobile networks
increasingly require optical
backhaul from base stations
as well as high-capacity core
networks.
On top of this, the spiralling
demand for internet content
must be served up by massive
data centres. Service and
content providers are building
new mega data centres that
increasingly depend on optical
networking, due to their capacity
demands, and the shift in data
centre architectures to those
underpinned by optics. This is
providing a new driver for growth
in the optical industry.
In spite of the positive
indicators, the optical industry
still has significant challenges to
solve. With few exceptions, the

profitability of communication
equipment manufacturers and
suppliers of components remains
volatile says LightCounting.
That pressure on profitability is
coming down from the top of the
supply chain as service providers
struggle to monetize the capacity
they deliver to consumers.
That’s something over which
the systems and components
suppliers have little control.
Structural problems are also
present. Consolidation of
optical suppliers hasn’t gone far
enough. There are still too many
components vendors chasing too
few customers – in spite of some
high profile mergers over the
last few years. Finisar combined
with Optium in 2008 to create the
number one supplier of optical
components, and Oclaro just
closed a merger with Opnext
putting it in second place. The
recent merger of Accelink and
WTD has also created a large,
well-diversified Chinese vendor,
comparable in size to the leading
Western manufacturers.
An increasing degree of vertical
integration is taking place that
threatens to change the balance.
Systems vendors have sought
to differentiate themselves by
developing some of the highspeed integrated optics and
electronics inside next-generation
optical transmission systems.
Cisco’s purchase of silicon
photonics start-up Lightwire
and Huawei’s acquisition of
optical integration specialist the
Centre for Integrated Photonics
(CIP) also indicate that network
equipment manufacturers see
increasing value in optics. What
impact this development will have
on the overall supply chain is not
yet clear. While some say this
may help to improve the longterm health of the optical industry,
others believe components
vendors risk having systems
vendor take over the most
valuable components entirely.
Pauline Rigby is a science and
technology writer specialising
in optical communications
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Beating the Bandwidth Bottleneck by Exploiting
Optical Fibre Spectrum Abundance

Dr Alain Bertaina

N

owadays, most of the
information flow that is
exchanged over the Internet,
fixed or mobile, is carried or
backhauled through optical fibres,
encoded on beams of laser light.
With data traffic on the world’s
networks growing at a pace of
40% year-on-year (source: Cisco
Visual Networking Index), fuelled
by social networking, cloud
computing and bandwidth-hungry
video services, pressure is on
transmission systems to deliver
additional capacity in the longer
term. Transmission capacity in a
fibre can be increased through
higher bit rate per channel,
optimized modulation format
to increase spectral efficiency,
closer channel spacing and new
transmission bands for more
transmitted channels. This article
focuses on the latest generation of
optical fibres developed to secure
deployed cable infrastructure for
multiple generation of system
upgrades.
The potential transmission
bandwidth of single-mode optical
fibre is huge (1260nm - 1650nm or
approximately 50THz of spectrum),
spanning all the ITU-T bands:
the Classical C-band, as well as
the O (Original), E (Extended), S
(Short), L (Long) and U (Ultra-long)
bands. The enabling parameters,
of dramatic importance, to open-up
those bands to transmission are:
the intrinsic attenuation level in any
band, the securing of such level
when the fibre is placed inside the

cable design to be installed and
finally the attenuation of the fibres
after installation, handling and
splicing, for an expected lifetime of
several decades.
There is one key pre-requisite
for any new development on
transmission fibre: the vast majority
of networks rely on ITU-T G.652.D
low water peak fibre cables. Hence,
to be successfully deployed,
an optical fibre, bringing in new
benefits, has to offer full compliance
(adhesion to all specifications) and
total compatibility (for installation
and operation) with legacy G.652.D
fibre.
With more than 1.2 billion fibre
kilometres deployed in total
around the globe, the roll-out
of optical fibre networks has
significantly accelerated over the
last decade, ranging from ultra
long distance to last mile and
inside premises, as well as, beyond
fixed, mobile infrastructure, both
for backhaul and Radio Access
Network with Fibre to the Antenna
deployments. Those deployments
have encountered a variety of
challenges that cable solutions
and latest generations of fibres
are aiming to tackle. This article
focuses on the new horizons
offered by the latest generation
of bend-immune G.652.D fibres,
which ITU-T describes in the G.657.
A2 category. Those fibres leverage
an optimized index profile with a
solid single trench concept that
preserves all key characteristics
of G.652.D and offer a level of
bend resistance more than 100
times higher, preventing optical
power leakage, hence loss, to the
outside of the fibre; in addition,
coupled to optimized protective
coatings, the resilience of those
fibres to micro-bending effects
inside the cable equip them
with a quasi-flat dependence on
wavelength when regular G.652.D
is rather steep, opening the door
to very demanding designs not
achievable before and securing
all transmission bands, including
the L and U-bands which present
the highest exposure to microbending effects. At last, the mode
field diameter and other optical
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characteristics of bend-immune
G.652.D fibres as well as their
splice compatibility with any
equipment available make them
totally compatible with legacy
G.652.D fibres for installation and
commissioning.
The advantages can clearly
be monitored in all deployment
scenarios: indoor, central offices
and outdoor.
For indoor and multi-dwelling
unit deployments in FTTH, the key
challenges are bends, corners,
compactness of equipment and
ease-of-installation: the macrobending resilience provided by
bend-immune G.652.D fibres
encompass any indoor challenge
and gave birth to new passive
infrastructure solutions like preconnectorized risers, smaller
connectivity and bend-resistant
drop cables.
In central offices, where
transmitted optical powers are
destined to become ever higher
(Raman pumps for longer coverage
and higher channel rates, more
WDM channels, higher channel
powers for analogue signal
transport over PON systems…)
with exposure to tight bends and
corners in system racks, another
key advantage of bend-immune
fibres is that they keep light in the
core, preventing optical power from
leaking out from the fibre with risks
of damaging protective coatings
and in return damaging the fibre
itself.
In the outdoor environment, the
micro-bending immunity offered
now enables all access challenges
to be tackled, securing all optical
transmission budget in all bands
even those at higher wavelengths
(L and U bands), offering room
for any future NG PON evolution;
in addition, the immunity converts
into resilience to give birth to cable
designs that were not possible
before, enabling deployments in
very demanding environments
(temperature, weather conditions,
handle-ability). At last, with such
extra resilience offered, bendimmune G.652.D fibres also
produced 200µm coated fibres
(instead of regular 250µm) with

same or better still performance
in cables as the legacy G.652.D
fibres, yielding industry-record
cable density to deploy extremely
high fibre counts in congested
right-of-ways.

With more than 1.2
billion fibre kilometres
deployed in total around
the globe, the roll-out
of optical fibre networks
has significantly
accelerated over the
last decade

As demand and transmission
capacity increases, particular care
has to be taken for a durable,
upgradable and long-lasting
fibre cable infrastructure, able
to withstand optimally several
generations of transmission
system upgrade – over decades
of expected lifetime. Securing
an end-to-end fibre consistency
throughout the network, in total
compliance with both legacy
regional infrastructure and the
newest FTTH fibre is key for
passive infrastructure.
In any of those aspects for
indoor, central offices and outdoor
environments, latest generation
of bend-immune G652D
yielded new solutions tackling
all deployment challenges,
hence providing carriers with
new means to contain their
Total Cost of Ownership and
secure the performance of their
infrastructure.
Dr Alain Bertaina is
Singlemode Fibre Product
Manager at Prysmian Group
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WDM PON Solutions to Tackle the Future
Challenges of Optical Connectivity

By Rob McManus

B

roadband traffic is
exploding. There are
already over 6 billion
mobile subscriptions, with more
than 1.2 billion of these being
mobile broadband users and
the increasing popularity of
cloud-based services driving
capacity demand and fast
connectivity. Not only is the
nature of broadband services
and applications being used
becoming more unpredictable,
but the demand for network
capacity is also becoming more
unevenly distributed throughout
the day and at different locations.
For example high demand for
bandwidth in commercial districts
and town centers during the day
when people are at work, while
in the evening, higher demand
in residential areas after work.
New developments, in terms of
services and technology can also
have unforeseen impacts: the
launch of new device software, a
new over-the-top (OTT) service
or even a new application can
create sudden pressure on
networks. Large events can
also create huge traffic for short
periods of time: the UK Royal
Wedding on the 29th April 2011
created a 26% surge in video
streaming traffic, with the BBC’s
iPlayer experiencing traffic six
times higher than normal levels1.
Fast connectivity is seen to be a
challenge to technology as this
does not only require to further
evolve the used to technology

to higher bandwidths, but also
to streamline the technology
or even leap frog to a next
generation to reduce delay.
There’s no question that
operators need more network
capacity and faster connectivity.
In the case of the access and
aggregation network layers,
operators are moving or already
have moved towards fiberbased technologies (GPON,
EPON). However, TDM based
technologies are unable to offer
true scalability, have the issue
of only being able to provision
shared bandwidth and require
some active amplification
components that cost money to
install and maintain. Furthermore,
when evolving cellular networks
to LTE and LTE-A, such
technologies will render part of
an operator’s investment as they
cannot keep up with the latency
improvements of the new radio
technologies.
Therefore the industry is on
the turn to change over to WDM
based access and backhauling
technologies: These promise
high, unshared, bandwidth at
lowest latency. Out of several
options Ultra Dense Wave
Division Multiplexing (UDWDM)
technology is seen as the most
advanced candidate for next
generation optical connectivity.
It introduces coherent detection
technology as known from
long-haul transmission to deliver
maximum benefits in terms of
flexibility, scalability and reach.
Operators that utilize a UDWDMbased coherent solution will
not only benefit from increased
capacity and sensitivity across
longer distances over existing
infrastructures, for example
Passive Optical Networks and
metro network rings, they will
also be able to deliver blisteringly
fast speeds in an unprecedented
manner to a vast number of users,
scaling cost-effectively from
100Mbit/s to 10Gbit/s.
A key enabler for low cost
coherent detection in backhauling
and metro access networks is
photonic integration of optical
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components into packed modules
via Silicon Photonics, enabling
the use of CMOS manufacturing
processes and low cost, nonhermetic packaging, as found
from consumer products. To
further reduce the costs of
optical modules, the industry is
analyzing technology concepts
such as Advanced IQ Modulation
(AIQM™) and Paired Channel
Technology (PCT™)2: used to
generate multiple wavelengths
from one laser with upstream and
downstream channels adjacent
and with a fixed off-set to each
other, permitting the omission of
expensive wavelength locking and
thermo-electric cooling within the
equipment.
One essential requirement
of future optical connectivity
technology in this context andone
that is also explicitly mentioned in
the relevant pre-standards work
in FSAN is that of co-existence,
whereby any new technology
can be smoothly introduced
alongside existing legacy
systems on the same fiber-based
medium. For example, existing
Digital Subscriber Line Access
Multiplexer (DSLAM) and GPON
equipment could be backhauled
using suitable technology,
eliminating numerous and costly
pieces of intermediate equipment.
Similarly, the technologies used
should co-exist with current
PON-based technologies
(GPON, EPON), with the use
of blocking filters, for example
WDM 1r. This will allow operators
to protect legacy investments in
these technologies, eventually
eliminating them when return
on investment is met, end-of-life
is reached and/or bandwidth
demands of end-users drive
a migration to higher capacity
technologies.
The always-connected lifestyle
drives the need for higher-

speed connectivity, pressurizing
operators to become more
agile and adaptive, striving to
enhance their service experience
for each and every end-user
and application. To meet
these challenges, a radical
new technological approach
is necessary that combines
advanced techniques and
components to fully utilize
existing network infrastructure to
produce both a viable business
case and a differentiated end-

The always connected lifestyle
drives the need
for higher-speed
connectivity,
pressurizing
operators to
become more agile
and adaptive

user experience. Native WDM
systems promise this radical
and technologically disruptive
approach to future optical
connectivity networks, permitting
operators to differentiate and
address the ongoing broadband
connectivity challenge.
Rob McManus is Product
Marketing Manager at Nokia
Siemens Networks

References
1

See http://www.betterbroadbandblog.com/2011/05/global-internet-phenomena-spotlight-theroyal-wedding/

2

For more information on Nokia Siemens Networks implementation of AIQM™ and PCT™
request white paper document reference C401-00756-WP-201204-1-EN at
www.nokiasiemensnetworks.com/about-us/contact-us/product-information or see
www.nokiasiemensnetworks.com/news-events/publications/unite-magazine-issue-10

Sponsored by:

Southern Photonics - OMA’s

Optical Modulation Analysis Tools -

‘Current Technologies
O

By Andy Stevens

The emergence
of new
approaches to
OMAs and new
competitors
can only be
positive for those
involved in the
development of
new modulation
formats,
modulators,
transmitters, and
networks

ptical Modulation Analyzers
(OMA’s) are fast becoming
key tools in optical
communication research labs
across the globe and are starting
to migrate into the production
environment. Significant changes
in the last two years have produced
competitive OMA products
and prices; as a result, new
technologies and innovations have
emerged.
Currently, all OMA technologies
use a Reference Coherent Receiver
(RCR) which beats the signalunder-test (SUT) with a reference
laser to recover both the in-phase
and quadrature component of
orthogonally polarized signals.
The key differentiator between
each technology is how the optical
electric field is sampled after the
RCR; this has the greatest effect
over the measurement accuracy
and features of the OMA.

10ns of data is sampled in 10ns.
Agilent’s N4391A OMA system
works in conjunction with their
90000 X-Series RTO. Tektronix’s
OM4000 works with their DPO7000
oscilloscope platform. In 2012
LeCroy will release an OMA based
on Southern Photonics’ RCR
(IQScope) which will work with
LeCroy’s LabMaster Zi RTOs.
All RCRs need a local reference
laser also known as ‘local oscillator’
(LO) to beat with the SUT. All
the RTO OMAs offer an optional
internal LO or external (user’s
own) LO. The LO wavelength must
closely match the SUT center
wavelength (∆ƒ < 10GHz), which
is especially important for lower
bandwidth RTOs or high Baud rate
SUTs.
Oscilloscopes dominate the
system cost, with historical prices
exceeding $400K. However in
2012, a fully integrated OMA with
an internal RTO at around $165K
was released to the market, albeit
with only 20GHz of RF bandwidth
and without the additional flexibility
of a separate RTO.

OMAs using Real-Time
Oscilloscopes (RTO)

OMAs used in conjunction with
RTOs are perhaps the most
recognized in the market and have
been around since 2006. This
technology combines a RCR with
an oscilloscope that samples the
electrical signals in ‘real-time’; i.e.

Bandwidth

OMAs using Equivalent-Time
Oscilloscopes (ETO)

Southern Photonics pioneered this
technology, launching the IQScope

in 2011 which works with ETOs
from Tektronix, Agilent, and LeCroy.
An ETO samples a signal at a
much lower sampling rate, and will
reconstruct the original waveform
after acquisition.
A system with a bandwidth of
45GHz will typically cost from
$175K to $275K, inclusive of the
general purpose ETO. In 2012
a cost-reduced 30GHz singlepolarization version was released
for less than $50K, for the RCR unit
on its own.
ETO OMAs also offer both internal
and external LO. However, for ETO
OMAs, the LO center wavelength
must match the center wavelength
to within 100MHz, this is typically
achieved by using the same laser
for both the LO and SUT.
OMA’s using Optical Sampling
Oscilloscopes (OSO).
Exfo’s PSO-200 is an ETO with an
optical sample and hold technology.
The PSO-200 fully integrates the
RCR and the OSO, providing up to
60GHz of effective bandwidth. No
additional oscilloscope is required,
providing a single unit solution
trading-off reduced flexibility and
functionality. The OSO uses its
own modelocked laser, so is the
only solution that doesn’t offer an
external LO input.

RTO

OSO

ETO

20 to 32 GHz

20 to 60 GHz

30 to 45 GHz

8 bit

Not stated

16 bit

Bit Resolution
EVM noise floor

3% rms

Not stated

<2.4% rms

Samples/Baud*

Less than 3

Up to 10 000

Up to 8000

Medium (Some vendors
offer flexibility)

Low (Application
Specific)

High (Very flexible)

Real BER

Estimated BER

Estimated BER

No restriction

Up to 215

Up to 216

Yes

Not stated

Yes

~$165K to >>$400K

Unknown

$50K~$275K

Equipment Flexibility
BER measurement
Pattern Length
Offline processing
Cost

Table 1: Summary of key specifications based on core OMA technology 			
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*for 28 Gbaud/s signals
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Southern Photonics - OMA’s

& Future Directions’
Choosing the right solution
The key specifications for each
technology are summarized in
table 1.

Actual Signal
20GHz Analyser

30GHz Analyser

OMA Bandwidth

Actual I & Q vector transition:
RZ QPSK signal with a skew between I and Q channels

8

RMS Error [%]

It is important that the bandwidth
of the OMA significantly exceeds
the bandwidth of the SUT; if not,
the measured signal will not be an
accurate representation of the SUT.
Figure 1 shows simulations for the
measurement error introduced by
filtering a 28Gbaud ‘actual signal’.
The ‘actual signal’ (before the OMA)
is generated by filtering rectangular
pulse shapes with a raised-cosine
profile. Filtering the SUT within the
OMA will lead to an increase in
pattern dependency, an increase in

45GHz Analyser
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Equivalent time sampling
up to 8000 pts across
a symbol transition

Real-time sampling
~ 2 pts across
a symbol transition

Figure 1: RMS error versus OMA Bandwidth and Effect of sampling rate

the Error Vector Magnitude (EVM)
and an increase in the BER.

OMA Sampling Rate

Where repetitive signals can be
used, ETOs and OSOs offer

a significant advantage by
providing up to 10,000 samples
per baud. This enables detailed
measurement of transitions
between symbols which is difficult
to measure with RTOs. Figure 1

shows a 30GBaud return-to-zero
QSPK signal with a timing skew
between the I and Q channels.
RTOs with 60GSample per second
can only provide 2 samples
per baud and would miss this
distortion.
The emergence of new
approaches to OMAs and
new competitors can only be
positive for those involved in the
development of new modulation
formats, modulators, transmitters,
and networks. The future of OMAs
will be determined by how these
technologies evolve to meet the
needs of device and equipment
manufacturers.
Andy Stevens is COO at
Southern Photonics
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