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Cable Capacity and Cost/bit Modeling of
Submarine MCF Systems with MC-EDFA

Alternatives

John D. Downie, Yongmin Jung, Sergejs Makovejs, Merrion Edwards, and David J. Richardson

Abstract— We model and examine various amplification
options for trans-oceanic repeatered submarine systems using
multicore fiber (MCF) transmission in the context of relative cable
capacity and relative system cost/bit. First, we compare the optical
performance of various configurations of parallel standard single-
core erbium-doped fiber amplifiers (SC-EDFAs) and multicore
erbium-doped fiber amplifiers (MC-EDFAs), including both the
C/L-bands and core/cladding pump designs. Key amplifier
parameters governing expected capacity and cost/bit performance
include noise figure, amplifier bandwidth, relative electrical-to-
optical conversion efficiency, and relative amplifier cost. We make
our best estimates of these parameters through modeling, analysis,
and component cost estimates and assess the sensitivity of the
results to the nominal values. We find that MC-EDFAs using
either core- or cladding-pumping might offer lower cost/bit than
parallel SC-EDFAs but cladding-pumping may reduce cable
capacities due to the higher noise figure and potentially smaller
amplifier bandwidth.

Index Terms—Optical fiber cables, optical fiber amplifiers,
submarine cables, cable capacity, multicore fiber.

I. INTRODUCTION

TRAFFIC growth in trans-oceanic undersea systems has
grown rapidly in recent years and this growth appears to

continue unabated [1]. This creates continuing demand for
submarine cables with ever greater capacities. At the same
time, it is always necessary to minimize system cost/bit for
viable system techno-economics. These requirements for
higher capacity and lower cost/bit have led naturally to the cable
concept of space division multiplexing (SDM) in which the
limited electrical power is distributed over more spatial paths in
the cable [2-7]. Both theoretical and experimental studies have
demonstrated that power efficiency (and thus capacity for fixed
power supply) can be significantly enhanced in this manner [8-
11], at least up to limits imposed by signal droop effects [12,13].
To date, this industry design approach has followed an
evolutionary path by deploying larger numbers of single-core
fibers (SCFs), from traditional designs with 2-6 fiber pairs
(FPs) to 8, 16, and now up to 24 FPs of standard diameter fiber
(~250 pum). The next step in cable capacity growth is likely to
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be with 200 pm diameter fibers that may allow 32-36 FPs to be
deployed in current cable designs [14,15]. However, to enable
continued cable capacity growth and to achieve >1 Pb/s cables
will require further fiber and system innovations. This will
likely come from either additional reduction of SCF diameter
[16,17] or multicore fibers (MCFs) [18,19].

MCF is a fiber technology that has been studied intensively
in the past decade and has attracted great interest in the
submarine cable community as a means to achieve even higher
density of spatial paths than is likely possible with SCFs.
Current MCF designs considered potentially suitable for
submarine systems generally have 2 cores or 4 cores [20,21]. It
is likely that at least initial deployments of MCF in submarine
systems would achieve amplification in repeaters using
conventional single-core erbium-doped fibre amplifiers (SC-
EDFAs) with fan-in/fan-out (FIFO) devices at the input and
output ends of the repeaters [22,23]. This type of configuration
may be sufficient for 2-core MCF systems. However, systems
built with 4-core (or > 4) MCFs may run into space limitations
in repeaters with the parallel SC-EDFA approach, motivating
continuing research in MC-EDFAs, and indeed recent work has
demonstrated MCF cable transmission tests using MC-EDFAs
[21].

In this work, we focus on potential submarine cable systems
using MCF transmission fiber and we evaluate overall cable
capacity and relative system cost/bit through the modeling of
different amplification options. Since the need for
amplification alternatives may be greater for MCFs with 4
cores, we consider that fiber type for the transmission system.
The baseline amplification configuration used as a reference is
that with parallel SC-EDFAs and FIFO devices. Through
enhanced integration, MC-EDFAs may offer valuable repeater
space savings and potentially other benefits. Here, we compare
MC-EDFAs using core-pumping and cladding-pumping
against the baseline, with assumptions about feasible critical
parameters such as noise figure (NF), electrical-to-optical (E-
0) conversion efficiency, and relative costs. The analysis
evaluates the sensitivity to these assumptions and suggests the
ranges of cable capacity and relative cost/bit enabled by the
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different options. This paper is an expanded version of a
previous conference paper [24]. Compared to [24], we
significantly expand on the description of the various MC-
EDFA designs with details about how critical parameters were
estimated and determined, including relative EDFA cost,
relative E-O conversion efficiency, noise figure, and
bandwidth. We also include FIFO costs in the analysis that
were neglected earlier, and present new results for a second
system design objective of overall cost/bit minimization.

The remainder of this paper is organized as follows: in
section I we describe the systems modeled and provide details
on the parameter assumptions made for the MC-EDFA
configurations. We present the modeling results and discussion
in section III, and then a summary and conclusions are given in
section IV.

II. SYSTEM AND MODEL ASSUMPTIONS

The primary system link length considered for this analysis
was a 7,000 km trans-Atlantic type link. Two different system
design objectives were studied. The first objective was to
maximize the system cable capacity for a fixed span length with
a fixed number of fiber pairs, and the second objective
addressed was to minimize the overall system cost/bit by
searching over span length and number of fiber pairs.
Currently, the largest cable voltage applied for single-ended
powering is 18 kV so we used this value here for our modeling
since very large capacity cables using MCF will consume large
amounts of power. The level of power that can be delivered to
the repeaters is dependent on both the cable voltage and the
cable conductor resistance. Lower resistance provides greater
electrical power for use in the repeaters to drive the amplifiers.
A cable resistance value of 0.7 /km was used in this analysis
for the first design approach, at the low end of practical cable
conductors today, again to create maximum power delivery
conditions for an MCF system.

The MCF assumed for the transmission link was a 4-core
MCEF. The cores were nominally uncoupled, each with uniform
attenuation of 0.160 dB/km and effective area of 82 um?. The
baseline or reference amplification scheme illustrated in Fig. 1
employed 4 parallel conventional SC-EDFAs with FIFO
devices on each side to connect the transmission MCF with the
SC-EDFAs. The FIFOs had 0.3 dB average loss and generated
-50 dB crosstalk per individual device (fan-in or fan-out). Both
of these parameters may be slightly conservative, as we note
that FIFO values below 0.15 dB have been recently
demonstrated [25], but losses in large scale manufacturing
could be somewhat higher.

SC-EDFAs
Core 1 >
4-core MCF Caipa 4-core MCF
Core 3
Core 4
Fan-out Fan-in

Fig. 1. Baseline amplifier case with FIFOs and parallel SC-EDFAs.

The basic system cost/bit model used in this work follows
from earlier work [21,22] with further description details
provided in [22]. We base cost estimates on the wet plant only
with contributions for fiber, repeaters, cable, and marine
operations. In this model, the repeater costs are calculated
based on amplifier costs. That is, while overall repeater costs
were originally cast in terms of the number of fiber pairs for a
system using single-core fibers, we converted this into a per
amplifier cost to allow variation over a range of fiber pairs, or
in this case, fiber core pairs. As we will later estimate the
relative amplifier costs of MC-EDFAs against SC-EDFAs and
use those relative values in the cost/bit modeling, we note that
this approach may somewhat overemphasize the repeater cost
dependence on amplifiers. However, we believe that the effect
will be minor given the very large number of amplifiers
involved in the MCF system. In the previous study [24], we
ignored the FIFO costs because they were assumed to be fairly
small compared to the other cost factors. We include the FIFO
costs here with a conservative estimate based on what we
believe are currently available when purchased in small
numbers. Large scale production of FIFOs would almost
certainly result in cost reduction so more realistic conditions
would likely produce cost/bit results somewhere between the
earlier results in [24] and those found here, serving as
boundaries for the dependence on FIFO costs.

Fiber capacities and thus total cable capacities are calculated
using the Gaussian Noise (GN) model [26,27] for coherent
transmission in dispersion-unmanaged systems. We use a
pump sharing model as described in [28] for SC-EDFAs that
estimates overall electrical-to-optical (E-O) conversion
efficiency as a function of repeater power, EDFA output power,
and span loss. For the MC-EDFAs, we modify the E-O
conversion efficiency from the baseline by the relative
efficiency penalty incurred by the MC-EDFA configuration (if
any) as described shortly.

As shown in Fig. 2, three different fiber amplifier
configurations capable of realizing simultaneous amplification
of multiple spatial channels are considered in this study. Note
that 4-core fibers are used in both core- and cladding-pumped
MC-EDFAs with a standard outer clad/coating diameter of
125/250 pm compatible with existing submarine cables and a
pump resilience of 2 is applied to create pump route diversity
and improved reliability.

First, we evaluated the potential cost-saving benefits of MC-
EDFAs compared to parallel SC-EDFAs based on the current
available technology and likely component cost estimations,
summarized in Table I. Here, we assumed that passive MCF
components cost twice as much as SCF devices because they
require rotational alignment during fabrication. Note that
polarization maintaining fiber components currently cost 2x
more than SCF devices due to the need for rotational alignment
and it is reasonable to expect MCF components to be at a similar
price premium because they will ultimately require similar
manufacturing complexity. Note that the absolute cost numbers
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Fig. 2. Three different fiber amplifier configurations for multi-spatial channel amplification: a) parallel SC-EDFAs, b) core-pumped MC-EDFAs and c)

cladding-pumped MC-EDFAs.

we are using are based on quotes for one-off type purchases, but
we anticipate substantial cost saving when buying in volume.
We contend that the likely bulk cost saving factors will be
similar for all components meaning that the relative cost
reduction estimates for the different amplifier builds should be
reasonable. We consider that the price of the EDF will be
dominated by the cost of the doped core glass material and
hence that the material cost of a 4-core EDF should reasonably
be expected to be 4x that of a SC-EDF. However, MCF
fabrication itself requires additional fabrication processes (e.g.,
according to current stack-and-draw or drilling methods), and
hence is expected to be significantly more expensive than SCF.
However, due to the relatively short fiber length needed to
fabricate an EDFA, we have assumed that the total cost of 4-
core EDF is likely to be 1.5x the material cost (by material cost
we refer to the base material costs + fabrication steps required
to produce the core preforms). In terms of pump diodes and
current driver modules for the core- and cladding-pumped
configurations, 500 mW fiber pigtailed single mode pump laser
diodes (LDs) and 10 W capable multimode pump diodes are
considered. Here, note that the price of the pump LDs (both for
single mode and multimode technologies) is typically
determined in terms of $/W. The cost of multimode pump LDs
is much lower than that of single mode pump LDs in terms of
$/W (approximately 50-60 times cheaper). Based on our
considered estimates of likely relative component costs for the
3 different amplifier configurations we anticipate ~15% capital
expenditure (CAPEX) cost saving benefit from device
integration in core-pumped MC-EDFAs and ~50% in cladding-
pumped MC-EDFAs (with some scope to further improve this
to ~70%). The greater price savings of cladding-pumped MC-
EDFAs is mainly due to the use of low-cost multimode pump
LDs and the need for a lesser number of pump LDs, current
drivers and fiber components.

TABLE I

COST SAVING BENEFITS OF MC-EDFAS

Parallel SC- Core-pumped Cladding-
EDFA MC-EDFA pumped MC-
(5] 5] EDFA [$]
Fiber components 8,000 4,800 4,800
EDFs 1,200 1,800 1,800
Pump LDs & 8,000 8,000 1,700
drivers
Total 17,200 14,600 8,300
Cost benefit 1 0.85 0.48

Secondly, we analyzed the E-O conversion efficiency of the
MC-EDFAs compared to parallel SC-EDFAs and the results of
our assessment are summarized in Table II. As detailed in
references [28,29], the overall E-O conversion efficiency of
submarine repeaters can be calculated as
N=Wdriver Haging Mpump NEDF N GFF, WhETe Hariver is the efficiency of
the electrical current driver, #.gne accounts for the current
required to accommodate pump LD aging over a 25-year
lifespan, #ump is the E-O conversion efficiency of the pump LD,
nepr is the optical power conversion efficiency (OPCE) of the
erbium doped fiber and #¢r is the associated power loss due to
the use of a gain flattening filter (GFF). Here, the E-O
conversion efficiency of the pump LD and the OPCE of the
EDF are the most important differentiating factors that lead to
the difference in the overall amplifier efficiency between
architectures. In our detailed power consumption estimates, E-
O conversion efficiencies of ~30% and ~45% were used as
typical values for single- and multi-mode pump LDs,
respectively [30,31]. For the OPCE estimation of EDFs, to
ensure a fair performance comparison across the various optical
amplifier configurations, we modelled their relative
performance using a commercial optical amplifier simulator
(OptiSystem) [32] and compared the predictions to
experimental data in the literature to provide added confidence
in the results [33,34]. Note that we examined both core- and
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TABLE I

POWER CONSUMPTION OF MC-EDFAS IN CORE- AND CLADDING-PUMPED CONFIGURATIONS

Band Composition Pump LD Driver Current for PumpLD OPCEof  Gain Overall Efficiency
of EDF efficiency pump aging E-O EDF flattening  amplifier ~ penalty
(Mariver) (Maging) efficiency  (7zpr) filter efficiency  compared to
(Mpump) (6rr) () SC-EDFA
Core- C-band Er SM980nm ~30% ~50% 1.6% -
pumped L-band Er SM950nm ~30% ~30% 0.9% ~40%
EDFA
33% 67% 50%
Cladding- C-band Er/Yb MM980nm ~45% ~30% 1.5% ~10-15%
pumped
EDFA L-band Er MM980nm ~45% ~30% 1.5% ~10-15%
cladding-pumped MC-EDFA configurations operating in both
the C- and L-bands with appropriate rare earth ion/host dopants TABLE III
and pump wavelengths for each pumping approach as shown in
Table II. In general, the OPCE of an amplifier strongly depends TOMINAL AMPLIFIER PARAMETERS :
on the input signal power and it improves as the input signal SC- Core-pumped Cladding-pumped
power increases. Therefore, in our simulations, we fixed the EDFA MC-EDFA MC-EDFA
input signal power to 0 dBm and then compared the relative Band C-band C-band Cband  L-band
OPCE:s of the various amplifier configurations. In the case of
core-pumped MC-EDFAs, we estimated a OPCE of ~50% in BW (nm) 35 35 30 35
the C-band and ~30% in the L-band. The lower L-band OPCE
is mainly due to strong backward propagating C-band amplified NF (dB) > > 6 6
spontaneous emission (ASE) at the input port of the EDF. E-O efficiency B} 0 15 15
Moreov.er, a proper choice of pump wavelength (e.g. .950—960 Penalty (%)
nm, which is ~20-30nm away from the pump absorption peak
at 980 nm, or 1480 nm) [35] is very important for efficient L- EDFA cost - 15 50 50

band amplification. In cladding-pumped MC-EDFAs, ~30%
OPCE is readily achievable in both the C- and L-bands. Note
however that erbium-only doped fibers are generally inefficient
for C-band amplification in cladding-pumped configurations
due to the relatively low absorption cross section of Er (OPCE<
a few %) and ytterbium-sensitized EDFs (called Er/Yb co-
doped fibers) [36] are used to enhance pump absorption and to
increase the amplifier efficiency. As shown in Table II, we
expect core-pumped MC-EDFAs to have no appreciable overall
E-O efficiency penalty relative to the use of multiple SC-
EDFAs. Conversely, we estimate a ~10-15% E-O efficiency
penalty for cladding-pumped MC-EDFAs compared to
conventional C-band SC-EDFAs. Moreover, according to our
modelling, we expect cladding-pumped C-band MC-EDFAs to
have a slightly reduced bandwidth (i.e. 30 nm for the C-band
due to the requirement for Er/Yb co-doping) versus 35 nm for
L-band operation (where Er-only doping can still be used).
However, for both C&L band cladding-pumped devices we
estimate an increased noise figure of ~6 dB (due to the lower
population inversions achievable given the relatively low
brightness pumping). Table III summarizes the nominal
parameters used for the different amplifier configurations.

For the system modeling in the next section, we assumed 100
Gbaud signals with 44 channels corresponding to the 35 nm
bandwidth, and 38 channels corresponding to the 30 nm
bandwidth.

reduction (%)

III. MODELING RESULTS AND DISCUSSION

To begin, we examined the performance of MC-EDFAs
compared to the baseline case with parallel SC-EDFAs and
FIFO as a function of the two main variables E-O conversion
efficiency penalty and EDFA cost reduction if NF and amplifier
bandwidth can be maintained equal to SC-EDFAs. According
to our assumptions summarized in Table III in the previous
section, equal NF and bandwidth is reasonable for core-pumped
MC-EDFAs but not for cladding-pumped MC-EDFAs. The
system length was 7,000 km. The objective was maximization
of cable capacity with 16 FPs (64 core pairs). The behavior of
cable capacity depends only on the E-O efficiency penalty and
this dependence is shown in Fig. 3. The results are presented
normalized to the capacity of the baseline system with parallel
SC-EDFAs. For no efficiency penalty such as expected with a
core-pumped MC-EDFA, there is a capacity gain of
approximately 8% due to the elimination of the FIFOs. An E-
O efficiency penalty of about 15% would yield the same cable
capacity as the baseline, and larger penalties would result in
smaller cable capacities.  The relative cost/bit of the
hypothetical MC-EDFA systems to the cost/bit of the baseline
system is shown as a function of both variables in Fig. 4. The



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 5

thick solid line represents cost/bit parity between the MC-
EDFA and parallel SC-EDFA systems with all points below the
line representing lower system cost/bit for the MC-EDFA
systems. The solid blue circle represents the expected
performance of a core-pumped MC-EDFA system and the red
circle is that of an ideal cladding-pumped MC-EDFA system
with equal NF and bandwidth to the baseline SC-EDFA system.
Those points suggest a system cost/bit advantage of ~16% for
the core-pumped MC-EDFA, and ~25% for the cladding-
pumped MC-EDFA under these conditions. These values are
approximately 2% greater than the values obtained in [24] when
the cost of FIFOs was neglected.
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Fig. 3. Relative cable capacity as a function of E-O efficiency reduction of MC-
EDFAs. Results are normalized to the baseline system case.
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Fig. 4. Relative system cost/bit of MC-EDFA system to baseline SC-EDFA
system as functions of MC-EDFA cost reduction and E-O efficiency penalty.

We next apply the nominal MC-EDFA parameters expressed
in Table III including higher NF for the cladding-pumped
amplifiers and smaller bandwidth for the C-band cladding-
pumped amplifier. The results are shown in Fig. 5 for the cable
capacities predicted and the relative cost/bit normalized to the
value of the baseline case with parallel SC-EDFAs. Because
the core-pumped MC-EDFA eliminates the losses of the FIFOs
but is assumed to have no E-O conversion efficiency penalty
and the same bandwidth and NF, this amplifier type can offer
slightly higher cable capacity than the baseline. On the other
hand, the higher NF of the cladding-pumped MC-EDFAs
reduces the cable capacity, as does the smaller bandwidth of the

C-band cladding-pumped configuration to a lesser extent. The
smaller bandwidth of that amplifier is somewhat mitigated by
the higher channel powers allowed for the same 16 fiber pairs.
Interestingly, all 3 types of MC-EDFAs appear to offer lower
relative cost/bit compared to the baseline case, even for the
cladding-pumped versions with lower cable capacity. This is a
result of the significant amplifier cost savings projected of
~15% for the core-pumped MC-EDFA and 50% for the
cladding-pumped MC-EDFAs. Under these nominal parameter
assumptions, the core-pumped MC-EDFA enables more than
15% overall system cost/bit reduction, while the reductions may
be in the range of 9-12% for the cladding-pumped amplifiers.
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Fig. 5. (a) Cable capacity values for different amplifier configurations in a 4-
core MCF system. (b) Relative cost/bit values of the amplifier configurations..

While the basic results corresponding to the nominal
parameters are given in Fig. 5, it is helpful to assess the
sensitivity to the major parameters since they are not known
with precision. In Fig. 6, the dependence of the relative cost/bit
normalized to the baseline case as a function of MC-EDFA cost
reduction is shown. The nominal E-O efficiency penalties are
applied. The results show that at least 35-40% amplifier cost
reduction is needed for cladding-pumped MC-EDFAs to
achieve cost/bit parity with the baseline, while a significant
20% cost/bit advantage may be possible if the MC-EDFA cost
savings is as high as 70%. On the other hand, there appears to
be significant latitude in the MC-EDFA cost reduction for the
core-pumped MC-EDFA to achieve lower system cost/bit than
the baseline. According to these results, core-pumped MC-
EDFAs may still enable some cost/bit advantage even if the cost
is the same or even slightly higher (negative cost reduction in
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the figure) than the parallel SC-EDFA configuration. For
reference, the nominal values of the MC-EDFA cost reduction
are also illustrated in Fig. 6 by the blue arrows.
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Fig. 6. Relative system cost/bit as a function of MC-EDFA cost reduction
compared to baseline case.
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Fig. 7 has results illustrating the sensitivity of both cable
capacity and relative system cost/bit as functions of MC-EDFA
E-O efficiency penalty. Dashed horizontal lines in both figures
represent the levels of the baseline case. The results suggest
that the MC amplifier E-O efficiency penalties should be no
higher than about 25% for all MC-EDFA types to enable some
relative cost/bit advantage to the baseline. Recall that our
nominal assumptions are no E-O penalty for the core-pumped

MC-EDFA and about a 15% penalty for the cladding-pumped
MC-EDFAs. However, even if cladding-pumped MC-EDFAs
had no penalty, the expected cable capacities would still be
smaller than the baseline due to the higher NF and smaller C-
band bandwidth.

The previous results were obtained when maximizing the
total cable capacity by deploying 16 fiber pairs of 4-core MCF
with a fixed span length of 70 km. In the next approach, we
design the systems with an objective of minimizing the overall
cost/bit for each system with different amplifier types. This is
done as a function of conductor resistance value with 18 kV
cable voltage. In this approach, we optimize the designs by
finding the optimal number of fiber pairs and optimal span
length that minimize system cost/bit for each resistance value.
The span length is determined with a granularity of 10 km in
the range from 50 km to 100 km. We use the nominal MC-
EDFA parameters as given in Table III. The relative cost/bit
and corresponding cable capacity results of this approach are
given in Fig. 8 for the 7,000 km link. The relative cost/bit
results are normalized to the parallel SC-EDFA baseline case
with 0.7 Q/km cable resistance. The optimal number of 4-core
MCF fiber pairs as a function of resistance is given for each
amplifier type in Fig. 9. One observation is that the relative
cost/bit of the C-band core-pumped MC-EDFA and the L-band
cladding-pumped MC-EDFA systems are nearly the same for
any cable resistance and that both have about a 15-16%
reduction compared to the baseline case. However, the cable
capacities of those two systems are quite different as the core-
pumped MC-EDFA systems offer significantly higher capacity
on the order of 20-30%. We also note that the optimal number
of fiber pairs is not 16, even for the lowest cable resistance of
0.7 Q/km. The largest optimal number of FPs is always for the
core-pumped MC-EDFA systems while the lowest number is
always for the L-band cladding-pumped MC-EDFA systems.
This may be at least partly due to the fact that the optimal span
length was 70 km in all cases for the core-pumped MC-EDFA
while it was 60 km for the L-band cladding-pumped MC-
EDFA.
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Fig. 8. Relative system cost/bit and corresponding cable capacity as functions
of cable resistance with minimum cost/bit as the design objective.
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IV. SUMMARY AND CONCLUSIONS

We have examined several different amplification options for
MCF submarine transmission systems in terms of cable
capacity and relative system cost/bit. We studied two different
system design objectives, namely 1) maximizing cable capacity
and 2) minimizing overall cost/bit and found both approaches
produced similar results. We found that both core-pumped
MC-EDFAs and cladding-pumped MC-EDFAs may offer a
small (~15% or less) system cost/bit advantage relative to the
baseline case of parallel SC-EDFAs with FIFOs. Inclusion of
FIFO costs at current low-volume levels seems to affect the
relative techno-economic performance of the baseline case by
about 2% [24]. Cladding-pumped MC-EDFAs always produce
total cable capacities lower than the baseline configuration or
core-pumping due to higher NF, an E-O conversion efficiency
penalty, and a slightly narrower gain bandwidth in the case of
C-band operation. On the other hand, core-pumped MC-
EDFAs can offer the same E-O efficiency as SC-EDFAs and
allow the elimination of FIFO losses, thereby enabling higher
cable capacity of about 5-10%. These results suggest that core-
pumped MC-EDFAs may be a preferred solution for MCF
submarine systems, at least for MCFs with 4 or more cores. We
did not consider the effects of core-core gain variation in this
study, which would likely be more significant and detrimental
for cladding-pumped amplifiers than core-pumped amplifiers
due to lack of independent core controls [37]. This prospect,
along with the historically proven reliability of single-mode
pump lasers in comparison to high power multimode pump
lasers further supports the case for core-pumped MC-EDFAs
for future MCF systems. While the results obtained here were
for the case of 16 FPs (64 core pairs), we do not expect
significant differences in the relative capacity and cost/bit for
larger FP counts producing greater cable capacities.
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