
SUBMARINE  TELECOMS

ISSUE 106 | MAY 2019

GLOBAL 
CAPACITY

FORUM



38  SUBMARINE TELECOMS MAGAZINE

BY PASCAL PECCI AND OLIVIER COURTOIS

SDM: A REVOLUTION 
FOR THE  

SUBMARINE  
INDUSTRY

FEATURE

W e need more capacity! Demand keeps on increasing…. 
You have probably heard this a thousand times, and 
this message, regularly justified by Moore’s law, is 

more than ever a reality in 2019 and for years to come. 
Indeed, several new technologies around the corner such 
as virtual reality, 4K on smartphones and the Internet of 
Things (IoT), will lead to a hugely increased demand for 
bandwidth capacity worldwide, with a strong impact spe-
cifically for the subma-
rine cables industry that 
transports almost 100% 
of the Internet traffic. 
Let’s not forget as well 
traffic resulting from 
machine-to-machine 
(M2M) interaction that 
is now overtaking hu-
man-related traffic.

This article explains the 
evolution of the subma-
rine industry during the 
last 10 years, that recently 
led to the emergence of 
the SDM solution. SDM 
(Spatial Division Multi-

plexing) was introduced for the first time by ASN as a prod-
uct in 2017, and has been since picked up on many recent 
projects. Indeed, the submarine industry had not seen such 
a wave of change for a long time, but something is definitely 
happening with SDM now becoming the reference in the 
subsea cable world. Those 3 letters were on everyone’s lips 
during SubOptic 2019 last April in New Orleans, proving 
this is not just one more buzzword, but a real game changer 

for the whole industry.

FLASHBACK TO 2010-2017
2010 was the begin-

ning of the coherent 
era in research and very 
quickly became a prod-
uct, leading to a quick 
evolution of the capacity 
per wavelength. In some 
cases, it was multiplied 
by 10 (from 10G to 
100G), 15 (from 10G 
to 150G) and even for 
some happy customers 
by 20 (from 10G to 
200G). The modulation Capacity vs OSNR (Optical Signal to Noise Ratio)



MAY 2019 | ISSUE 106  39

formats today known as 
the classical ones were: 
BPSK, QPSK, 8QAM 
and 16QAM. In 2020, 
they will all be replaced 
by modulation formats 
based on probabilistic 
constellation shaping 
(PCS) that can get closer 
to the Shannon limit, al-
lowing the customers to 
extract the best capacity 
from the cables. 

In order to cope with 
the growing needs for 
capacity, the wet plant 
optimization was first 
done by optimizing 
the design on a per-FP 
(fiber pair) basis, where 
the typical design relied on operating the optical repeat-
ers roughly 1dB below the optimum power ( the opti-
mum being a compromise between maximizing signal-
to-noise ratio and non-linear effects). There was no need 
to go to the optimum of the bell curves, since only a few 
Gigabits would be gained and the power consumption 

should be increased by 
20%. The second step to 
reach the requested cable 
capacity was to increase 
the number of FPs into 
the cable, from 2 to 4 
FPs or more.In 2017, the 
average number of FPs 
into a cable was about 6.

As the request for 
capacity continued 
to grow,thanks to the 
introduction of coherent 
transponders that can 
compensate for line fiber 
chromatic dispersion, 
submarine cables with 
only +D fiber started to 
be built. This allowed 
to simplify the man-

agement of the line fiber (no more +D/-D or NZDSF 
fibers) and also to improve the performance in combi-
nation with coherent 100G to achieve higher capacity.
The effective area of the fiber gradually increased from 
110µm² to 130µm², getting close to the multimode limit 
with 150µm² fibers. This effective area increase automati-
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cally induces capacity increase, which is also facilitated by 
reducing the attenuation of the fiber, from 0.180dB/km 
to 0.144dB/km. In order to fully benefit from these non-
linearity-tolerant fibers, the TOP (Total Output Power) 
of the repeaters should be increased beyond +20dBm. 
Finally, ongoing improvements on the transponders side, 
where we can foresee efficient compensation of nonlin-
ear effects becoming available in the years 2020+, lead to 
designing systems to operate beyond the optimum at the 
beginning of life (BOL) of the system.

As a summary, up to 2018, standard designs to answer 
the demand for higher capacity in the submarine industry 
were based on a per-FP optimization using:
• Average number of 6 FPs in the cable
• Effective area of 150µm²
• Attenuation of the bare fiber around 0.15 dB/km
• Very high power repeaters: > +20dBm
• Optimization beyond the BOL optimum

THE SDM NEW PARADIGM
As capacity demand keeps increasing, the first solution 

proposed to the market was based on expanding the WDM 
(Wavelength Division Multiplexing) technology introduced 
in the late nineties with the addition of the “L” transmission 
band, so that the so-called “C+L” systems would provide 
twice the optical spectrum. This solution was interesting as 
it leverages the linear part of the Shannon formula (BW)
to increase the capacity, which is better than the SNR part. 
Nevertheless, the introduction of mux and demux devic-
es, required to add the L band, leads to additional losses, 
thus reducing the efficiency of the solution. Additionally, 
going to C+L means that a FP will transport around 40 to 
50Tb/s. In practical terms, such a big pipe would be split 
between 2, 4 or even 10 customers in order to offer 4Tb/s 
capacity for each customer. The old discussion of who will 
have the best portion of the fiber (C or L spectral band) 
would naturally resurface, as well as delicate discussions 
about one’s traffic potentially impacted by the other’s traffic. 
ASN chose another approach, which is to also use the 
linear part of the Shannon formula, but multiplying the 
number of FPs into the cable.

Indeed, the basic underlying concepts of SDM were 
introduced three years ago, during SubOptic 2016, where 
we proposed a disruptive design approach: putting 16 fiber 
pairs in a 17mm submarine repeatered cable. During the 
following years, several major players were looking for 
high-capacity and cost-optimized systems, requiring new 
system designs and stepping stones towards what would 
become SDM a few months later. SDM was explicitly un-

veiled in February 2018, and subsequently shared and dis-
cussed with the whole submarine community in submarine 
industry events that year.. So what are the key elements of 
the SDM solution?

THE SDM SOLUTION: BUILT UPON 3 PILLARS
The SDM solution is based upon 3 pillars.
The first pillar is the number of fibers pairs within the 

cable. In 2018, the average number of fiber pairs within 
installed cable was 6. In 2019, a 16FP system will be avail-
able for new systems, which is fully in line with the SDM 
solution. Essentially more FPs within the cable will bring 
greater capacity to customers at a lower price.

The second pillar is the line optical fiber and to be more 
specific, the type of fiber. In addition to the high effective 
area fibers that can handle higher optical power and can 
transmit high capacity per fiber, we are proposing to use 
new fibers that will improve the cost per bit, and the num-
ber of fibers that can be cabled, to have “the right fiber type 
for the right fiber capacity”.

The third pillar of the SDM solution is the repeater. 
Essentially an innovative architecture based on optical 
cross-connection allows us to implement pump farming to 
a bundle of FPs, efficiently delivering the power required: 
“the right power to the right fiber”.

These 3 pillars contribute to a stable and reliable solution 
where SDM allows to offer the right cable with the right 
amount of power for each fiber with a lower cost per bit.

The SDM paradigm: impact on the industry
SDM really is a revolution for the submarine industry, 

impacting several key components: optical line fiber, repeat-
ers, branching units and SLTE (Submarine Line Transpon-
der Equipment). On the optical fiber front, moving away 
from 150µm² premium fiber, the volume demand for fibers 
with lower effective area (80-110µm²) has more than dou-
bled when switching from 6 to 16 FPs. On the SLTE front, 
since the system design optimization is set 1 or even 2dB 
before the optimum, the nonlinear effect (NLE) compen-
sation feature is not mandatory anymore. Additionally, the 
spectral efficiency has been divided by a factor of 2 going 
from ~5 b/s/Hz to 2.5-3 b/s/Hz. Finally, since the targeted 
OSNR is lower (12-15dB/0.1nm for 120 channels), the 
achievable distance is now well above 15,000km. 

Considering the branching units usually associated to 
WSS ROADM (Wavelength Selective Switch Reconfigu-
rable Optical Add and Drop Multiplexer) units, for which 
granularity is at the wavelength level, we can slowly see 
a shift to fiber-level granularity with the introduction of 
FP-switching branching units, where a FP can be switched 
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from the trunk to the branch 
and vice-versa. It sounds logical 
since from a business point of 
view, it is easier for customers 
to swap FPs and also to sell 
FPs, since the FPs have lower 
capacity than with the standard 
(non-SDM) design. FP man-
agement also brings indepen-
dence with respect to the other 
FPs.

Finally, operating with 
lower OSNR in SDM designs 
compared to the standard de-
signs minimizes impact on the 
optical line when an optically 
transparent extension of to 
the PoP is requested. Indeed, 
the noise brought by the extra 
terrestrial kilometers generate a smaller penalty with SDM 
design compared to the conventional approach.

THE FUTURE
As the capacity transported around the world keeps 

increasing, what’s in store for future submarine cables? We 
expect a second step for SDM with more FPs within the 
cable , and then in the longer term, a third step with the 
introduction of multicore fibers. Multicore fiber will bring 
the benefit of limiting the outer diameter of the cable, 
which otherwise could make it very expensive. In order to 
reach these future SDM steps, more electrical power should 
be launched into the cable, by increasing the voltage or by 
using lower resistivity cable. These steps will be necessary to 
achieve 500 Terabit/s cables, or even 1 Petabit/s cables.

CONCLUSION
The SDM solution is revolutionizing the traditional sub-

marine network design paradigm. It is a disruptive solution, 
where an innovative design approach allows to optimize the 
cost per bit. SDM offers higher capacity to the customers, 
and extends the capability of networks with more flexibility 
owing to switching granularity at the FP level. SDM en-
ables an efficient optical and electrical design, bringing the 
transmission performance very close to the Shannon limit. 
SDM is an efficient and scalable solution with a 10-year 
evolution path, leading to continuously growing number of 
fiber pairs and additional features to further improve the 
networks efficiency. STF
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