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ABSTRACT

We show here that combination of "low-cost" transport solutions based on 100 Gbps DCO-CFP interface and
G.657.A2 fibre is able to address long-haul (~2000 km) WDM transmission applications. A performance
comparison is carried out with "premium" solutions based on 100 Gbps coherent OIF-MSA transceivers and
legacy G.652.D fibre.
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1. INTRODUCTION

Silicon photonics [1] drive an incredible technological breakthrough in the field of high bit-rate coherent WDM
interfaces. Integrating a coherent 100 Gbps transceiver with advanced digital signal processing and soft-decision
FEC (SD-FEC) into a C-form factor pluggable (CFP) module of 5.7 x 3.2 inches is today possible [2]. This high
level of miniaturization results in a drastic reduction of cost, power consumption and size of 100 Gbps WDM
transceivers.

From its side, the domain of optical fibres is in a deep mutation. G.652.D fibres [3], usually deployed over
regional and core transport networks, are now challenged by G.657.A2 fibres [4], that are become the standard
for building wiring, connection boxes and fibre-to-the-home (FTTH) networks. Thanks to their low bending loss
and compliance with G.652 fibre pigtails, G.657.A2 fibres should be of high relevance for metro/regional and
long-haul (LH) transport applications, and as such, should involve significant cost savings and management
simplification of fibres and cables in the field.

In this paper, we demonstrate that combination of such "low-cost" transport solutions based on 100 Gbps
digital coherent CFP (DCO-CFP) transceiver [5] and G.657.A2 fibre is well-adapted to LH (~2000 km)
transmission applications. For the first time, a relevant performance comparison is carried out with "premium"
solutions based on 100 Gbps Optical Internetworking Forum (OIF) multi-source agreement (MSA) coherent
transceivers [6] (dedicated to ultra-long-haul transport networks) and G.652.D fibres (devoted to legacy
metro/core fibre infrastructure).

2. FIBRES AND 100 GBPS WDM TRANSCEIVERS UNDER INVESTIGATION

Table 1: Compared features of the 100 Gbps DCO-CFP and  Table 2: Compared features of the G.657.42 and G.652.D
100 Gbps OIF-MSA WDM transceivers under test. fibres under test.

Mode Field
Line Rate 120 Gbps 120 Gbps ?;asrgetef 10.4 £ 0.5 pm 9.7 £ 0.5 pm
nm
FEC SD-FEC (TP(2J) SD-FEC (TPC% Attenuation
Threshold BER ~ 2x10 BER ~ 1.5x10 1310 — 1625 nm <0.40 dB/km <0.40 dB/km
CD ~60000 ps/nm ~40000 ps/nm Attenuation
Distance Up to 3500 km Up to 2000 km 1550 nm hAveln (s | DESeENm ([5)
Dispersion
PMD Up to 30 ps Up to 25 ps 1520 . <18 ps/(nm.km) <18 ps/(nm.km)
Sensitivit ~-24 dBm ~-28 dBm i
y LMD Link <0.06 ps/km? <0.06 ps/km?
Wavelength Full C-Band Full C-Band CEllgh Yellls
Power ~ MacroBendlossat1625nm
) ~80 W 28 W
Consumption Mandrel Diameter 60 mm 60/ 15 mm
Size (LXW) 7"x5" 5.7"x3.2" Number of turns 100 100/ 1
Attenuation <0.1dB <0.05/<1dB

The highest benefit of 100 Gbps DCO-CFP is to be three-fold cheaper than standard 100 Gbps WDM interfaces
[2], while drastically reducing size (divided by four) and power consumption (divided by three when considering
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OIF requirements). Its SD-FEC based on Turbo-Product-Codes (TPC) is very efficient, with a pre-FEC BER
threshold of ~1.5x107% a net coding gain of ~11 dB at 107", an overhead of only 15%, and an OSNR (in 0.1 nm)
of ~13 dB at the FEC limit [5]. Its power consumption is ~28 W when chromatic dispersion (CD) and
polarization mode dispersion (PMD) compensation are at their maximum values (i.e. 40000 ps/nm for CD and
25 ps for PMD). The main features of the 100 Gbps DCO-CFP and 100 Gbps OIF-MSA (used here as
a reference) transceivers are summarized in Tab. 1.

The main interest of G.657.A2 fibre resides in its high robustness to bends (see Tab. 2). The trench-assisted
index-profile structure also lowers micro-bending sensitivity and thus cable-induced loss effects [7]. The other
parameters are identical to those of G.652.D fibre, except the attenuation and mode field diameter which are
slightly lower.

3. EXPERIMENTAL SET-UP

The 120 Gbps DP-QPSK wavelengths generated by the OIF-MSA interface at 1548.51 nm and the DCO-CFP
module at 1547.72 nm are inserted in a 58%120 Gbps DP-QPSK 50-GHz spaced WDM multiplex. The
60 channels are then injected into an uncompensated fibre line of 20x100 km constituted of the two fibres under
test (see Fig. 1). The 19.5/20-dB span losses of the G.657.A2 / G.652.D fibre spans are balanced by single-stage
EDFA with 4.5-dB noise figure. Two dynamic gain equalizers (DGE) flatten the WDM multiplex at 500 km and
1500 km. At the receiver side, a 0.4-nm flat-top optical band-pass filter (OBPF) selects the right channel, while
an optical switch sends the signal under measurement over the right transceiver.

The 120 Gbps coherent OIF-MSA transceiver [6] used here as a reference compensates CD up to 60000 ps/nm
and PMD up to 30 ps [8]. Like the DCO-CFP module, it uses a TPC-based SD-FEC, with a pre-FEC BER of
~2x107, a net coding gain of 11.1 dB at 10" and an overhead of 15%. Its energy consumption is ~100 W.
As shown in Fig. 3, its OSNR limit at the FEC threshold is equal to ~12.3 dB, i.e. ~0.8 dB better than the DCO-
CFP. Two 100 GbE LR10 client CFP modules are plugged into the Ekinops transponder (which embeds the OIF-
MSA transceiver) and the Acacia evaluation board (which hosts the DCO-CFP). Each of the two 100GbE
LR10 CFP is connected to a 100 GbE tester for long-duration BER measurements. Inside the Ekinops
transponder and Acacia board, the WDM transceiver and client interface communicate together thanks to
a 100 Gbps attachment unit interface (CAUI).
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(OSA resolution: 20 MHz)

Figure 1. Experimental setup with, in insets, the spectrum at the transmitter side (a & b), after 1000 km (c) and 2000 km (d).

4. TRANSMISSION PERFORMANCE AND DISCUSSIONS

For various distances, BER versus span input power per channel (Pi, span /channet) CUrves are plotted in Fig. 2 for
each of the two fibres and each of the two interfaces under test. It can be observed first that the performances of
G.657.A2 and G.652.D fibres are similar at the optimum Pj, span /channel> and second, that the optimum Py, span schannel
is 1 dB lower for the G.657.A2 than for the G.652.D fibre spans. It means that G.657.A2 fibre is slightly more
sensitive to nonlinear effects. Indeed, mode field diameter and effective area of G.657.A2 fibre are slightly
smaller than those of G.652.D fibre (see Tab. 1). Secondly, the lower attenuation of G.657.A2 fibre slightly
increases the effective length L.y (i.e. the length where nonlinearities are induced) of G.657.A2 fibre spans
(Legr = 22 km for 100 km spans) with respect to G.652.D fibre spans (Ler = 21.5 km for 100 km spans).
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Now comparing the performance of the two 100 Gbps interfaces, it can be inferred from Fig. 2 that the OIF-
MSA solution works better than the DCO-CFP one. After 2000 km, the pre-FEC BER is one decade better with
the OIF-MSA transceiver (BER ~ 1x10*) than with the DCO-CFP interface (BER ~ 1x107). However, in the
both cases, the optimum pre-FEC BER is far to reach the FEC threshold. In particular, for the DCO-CFP, more
than one BER decade margin still exists between the BER after 2000 km and the FEC threshold (BER = 1.5% 107?).
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Figure 2. BER vs. Piy panchanner JOr the 100 Gbps OIF-MSA / DCO-CFP transceivers and the G.652.D / G.657.42 fibres.

Left hand side of Fig. 3 confirms these results. Whatever the distance, the performance of G.657.A2 and
G.652.D fibres are equivalent, and the OIF-MSA performs better than the DCO-CFP, with large BER margins
with respect to the FEC threshold. BER measurements during 24 hours with the 100 GbE testers confirm that
error-free transmission is achieved after 2000 km whatever the configuration under study. In the right hand side
of Fig. 3, the optimum of each BER versus Pj; span /channel CUrves is reported over a BER versus OSNR (in 0.1 nm)
graph, where are also plotted the back-to-back (BtB) sensitivity curves of the OIF-MSA and DCO-CFP
interfaces. Transmission penalties are nearly similar for the two fibres under test, and the OSNR after 2000 km is
~18.5 dB, i.e. very far from the OSNR limits measured in BtB at the FEC threshold (~12.3 dB for the OIF-MSA
transceiver and ~13.1 dB for the DCO-CFP interface).
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Figure 3. BER vs. transmission distance at the optimum Pj, gun/chamner for the 100 Gbps OIF-MSA / DCO-CFP transceivers
and the G.652.D / G.657.42 fibres (Left), BER vs. OSNR in 0.1 nm in BtB for the 100 Gbps OIF-MSA and DCO-CFP
transceivers. BER vs. OSNR points at the optimum Pi, spanchanner JOT various distances (Right).

5. CONCLUSIONS

We have shown that low-cost 100 Gbps transport solutions based on DCO-CPF module and G.657.A2 fibre can
address long-haul (~ 2000 km) WDM transmission in replacement of "premium" solutions based on 100 Gbps
OIF-MSA coherent transceivers and legacy G.652.D fibre. For operators facing a continuous erosion of their
average revenue per user, it is critical to deploy such cheap 100 Gbps solutions well-dimensioned with respect to
their transport applications.

ACKNOWLEDGEMENTS
The authors express special thanks to Ekinops and Acacia Communications for their support.



ICTON 2016 Th.B1.5

REFERENCES

[1] C.R. Doerr, “Photonic integrated circuits for high-speed communications,” in Proc. CLEO 2010, San Jose,
USA, paper CFE3.

[2] B. Mikkelsen, “Challenges and key technologies for coherent metro 100G transceivers,”
www.lightwaveonline.com

[3] ITU-T G.652 rec., “Characteristics of a single-mode optical fiber and cable,” (Ed. 11/2009).

[4] ITU-T G.657 rec., “Characteristics of a bending-loss insensitive single-mode optical fiber and cable for the
access network,” (Ed. 10/2012).

[5] Y. Loussouarn, M. Song, E. Pincemin, G. Miller, A. Gibbenmeyer, and B. Mikkelsen, “100 Gbps DCO-
CFP for short-reach, regional and ULH transmission applications,” in Proc. ECOC 2015, Valencia, Spain,
Sep. 2015, paper Mo.3.5.3.

[6] OIF recommendation, “Multi-source agreement for 100G long-haul DWDM transmission module,” (2010).

[7] P.Sillard, S. Richard, L. A. de Montmorillon, and M. Bigot-Astruc, “Micro-bend losses of trench-assisted
single-mode fibers,” in Proc. ECOC 2010, Torino, Italy, Sep. 2010, paper We.8.F.3.

[8] L.E. Nelson, G. Zhang, M. Birk, C. Skolnick, R. Isaac, Y. Pan, C. Rasmussen, G. Pendock, and

B. Mikkelsen, “A robust real-time 100G transceiver with soft-decision forward error correction,” J. Optical
Communications and Networking, vol. 4, no. 11, pp. 131, Nov. 2012.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 0

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 200

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 200

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 400

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



