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THE IDEA

Captured On a Napkin

During one of the breaks of TNC2008, in Bruges,
Belgium, cookies were served on paper napkins.
After eating the cookies, four persons (attendees)
decided to solve a major challenge, using the napkin.

They defined a way to engineer a foreign wavelength
on an optical system, without being restrained by the
usual control systems managing the optical system.
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When it comes to spectrum sharing

in NORDUnet's next generation network design -
L]

| COST IS SIGNIFICANTLY REDUCED A "YOU CAN'T LOOK AT THE
- = COMPETITION AND SAY
The Nordic NRENs and NORDUnet agreed upon an incremental cost sharing YOU'RE GOING TO DO IT
model for the new network, that allows everybody to save money. 3 , , . " &  BETTER.

According to this model, the Nordic NRENs provide NORDUnet with the needed | » ' FOU BAVE 1% LOCE AT THE
spectrum in their respective country-wide optical networks. NORDUnet covers the ,‘ y v ” . COMPETITION AND SAY

cost of getting access to the spectrum, leaving the cost of housing equipment to T YOU'RE GOING TO DO IT
be the only additional expense on the transmission layer. ; X DIFFERENTLY."
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2017 SNORDICNRENS DECIDE NORDUNET NGN
TO BE BUILD BY SPECTRUM SHARING?

ICELAND

DENMARK
DeiC

FIRST AND FOREMOST BY COLLABORATIVE EFFORT (4*50Ghz spectrum From all)

Nordic Gateway for Research & Education
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REDUNDANT OR ABUNDAND?

Shared infrastructure. (used same fiber ducts and conduits)

A

&\ )
24 TRH SKE109
39
20 MDH4 M
Liu2 (LUt
18
HJT |[HJ2
GU1 |[GU2
A9
- BOS a8 g5
344341
x 23 x 21 x 22 x
343
340 378 ULR5 JKG
CTH1/CTH2 NSNIQ
29
24
HB1 | HB2
Onsala1i 28
w X JC gy X
347 P
AVA3
VLA
HH2 |(HH1 Lu2 | LUd
ar LNU1 LNU2 30
e amp ELUT
25
26
HsD1 LNDE8
50
MAHZ MAH1 HKR2)HKR1
Nordunet 4 "Redundancy is built into our system for

security, so you'll be billed twice."

SUNET optical network .



‘ By building confidence from Test
Results in live production network.

AND WITH THE USE OF ALIEN WAVES..
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I. INTROD

118 J. OPT COMMUN. NETW/VOL. 11, NO. 3/MARCH 2019

Alien wavelength

Article Talk

From Wikipedia, the free encyclopedia

Wessing et al.

Search

Read Edit

XA Add languages v

View history Tools v

This article may be too technical for most readers to understand. Please help improve it to make it
%\g& understandable to non-experts, without removing the technical details. (July 2020) (Learn how and when to

remove this template message)

In the context of wavelength-division multiplexing, an alien wavelength is a "colored" optical signal that is originated from equipment not under the direct

control of the transmission network operator. This technique was first mentioned in 2009."]

Alien Wave transport involves transparent transmission of colored optical channels over pre-existing third-party physical infrastructure. In other words,
Alien Wave transport implies an innovative spectrum utilization arrangement between an optical infrastructure owner and a bandwidth crippled customer.
The fact that multiple providers co-exist and utilize the common fiber and optical layer infrastructure turns out to be a viable and cost-effective way to

scale-up network capacity through minimal capital and operational investments.

A practical example of an Alien Wave implementation is one where network resources owned by one carrier are being utilized to transport optical
channels that are in the control of a secondary carrier. The possibility of Alien Wave insertion without any impact to existing services has resulted in a

rapid acceptance of this technology by the telecom service provider community.

References [edit]

1. A"FOM (Figure of Merit) for dark fiber Iinks“@ (PDF). SURFnet, 5th Customer Empowered Fibre networks meeting, Prague. Retrieved 2009-05-15.

See also [edit]

o Dark fiber

1. INTRODUCTION

among NRENs, reducing CAPEX [3] (the need tor electrical
regeneration), and allowing transponders from several
vendors to be deployed in the NREN infrastructure. The
AW concent is being utilized both within single NREN envi-
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HOW? ALIEN WAVE CONCEPT
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HOW?

NORDUnet 5 NORDUnet

End transponder owned NN SUNET

End transponder owned NN

\/\ Line systems owned by NRENSs /\,\/

> w(ﬂ“
)<

<<y ~




IRF2 IRF1

NORDUnet |

9 ads

]
KIRS 1
:
|
KIR3

SUNET 3 LTu1 LTuz

HOW? (EXAMPLE) ]

Mordic Gateway for Research & Education

ROADM
€5 POP Router
%% University Router #

a8
Line fiber °
1

UMuz umu

UMES 07

MIUNZ [ MIUNT

nx 100G Core SEA1 SVA

[ 10
— 100G Access MIUN| MIUNA HIGZ HIG
10G PTP -8
osb e
.| 8BO
DUT | DU2 2
15 DC '
o uuz | uut
3t =
DU3 | DU o
‘Stu;nnolm ™ m o
y 10R10 ”
- e 15 uPA
— QRUZORU1  MDHZMDH1 40
KAU1kauZ Nordunet 41
DwDMm
% o o KTH1|KTH2
gt
X o R s X ;
su1 [ suz
KKAS)| LBA FSN2
17 kL
i o 48 K| K2
HV1 | Hv2 HIS1|[HIS2 x 37 .x
e s 8 SH1 'SH2
of ™
- TRH o SKE109
39
20 MDH2 MDH3
R Livz (LUt
1% [ N x
DWDM HA | HI2 NKG188
3% _as
GU1 | Guz 42
48
Bz BOS 48 350
a4
3ad :: : : : : : :C LIN3
¥t S ULRS JKG
CTH1lCTHZ NSNIQ
29
24
HB1. HB2 VX
Onsalai x 28 x
= X,
i
AVA3 Qldgsﬁ
VLA
HHz | HH1 Luz | Lo LNULNU4
El LNUT/LNU2 30 .K uil
ar g7 ST s KMREA -

NORDUnet 1™ NE=

MAHZ MAH1 HKR2 HKR1 KKA2

@NNtransponders/Modems [ e e -

Copenhagen

MCEN1 KSD1



IRF2 | IRF1

NORDUnet

9 ads

Mordic Gateway for Research & Education
KIRS 1

KIR3

SUNET 3 LTu1 |LTU2

HOW? (EXAMPLE) |

HOADM UMUZ UMU|
7 08
€5 POP Router
a

UMEB H07
%% University Router # AN AR
. " a1
Line fiber s
SEA1 SVA
n x 100G Core
— 10
— 100G Access MIUNG)MIUN4 HIG2 HIG1
10G PTP -9
0sD
o . a1
w15 .
- o uu2 ) uut
14
DU3 | DU+ ot
‘Stotkholm o m .
JOR10
e 1%
—— @RU2/0RUT  MDHZMDH1 40
KAU1 KaUZ | Nordunet ‘ Ll
DWDM
47 ol a4E
st
1 . 34 . 35
sU1
KKAS)| LBA FSN2
17 38
ETATD 46 i
HV1 HIS1| HIs2 .x a7
e 38 SH1
o SKE109
3
2 MDH4 MDH3
— Lz | uut
18 Nordunet
‘ DWDM HA | HI2 NKG188
355 sl
42
23 21
LIN3
CTH1/CTHZ NSNIQ
2
HB1 | HB2
Onsalai
HH2 | HH1 Luz | Lu1 LNU3 LNU4
LNU1/LNUZ 30 x uil
. KMRed o
25 E
Copenhagen BTH1|BTH2
: NORDUnet 2
oue
MAH2 MAH1 HKR2 [HKR1 KKAB

KSD1




NORDUnet

ordic Gateway for Rese:

TESTING & SIMULATION
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Figure 2. VPI simulation results showing how the 40Gb/s PM- Figure 3. Experimental results showing how the 40Gb/s PM-QPSK

QPSK signal quality changes with 10 Gb/s channel power. signal quality changes when 10 Gb/s channel powers are varied.
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HOW?

TESTING & SIMULATION
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* Licensed "foreign wavelength” control that deals native and
foreign wavesin same manor
* Protection for phase modulations (Amplifier optimisations) The importance of Optical controllers

Fig. 10
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' CONCLUSIONS?

Guess what, the behaviour was as it usually is when we mix signals

)
SI MILAR-To- Me-Eerect ” ’f‘a‘ ,»”\
/ \ in
- N q’ﬁ /\J b\\
("hy Y TTNGER : . » M ) '|J|| |
On Wy, Burt X g & ap ——
LI kE THeSE SPM: self-phase modulation
PEORLE .., XPM: cross-phase modulation
N::::tw i FWHM: four-way mixing

SRS: stimulated Raman scattering

SBS: stimulated Brillouin scattering

WHICH WE LIKE ©

XPM in particular when mixing NRZ OOK signal with Coherent.
Decision 10G i production needs "at least” 4*50Ghz channel space from neighbouring coherent (related to the launch powers).
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STARTED 2017 NOW THE NETWORK LOOKS LIKE
THIS:

NORDUnet NETWORK NORDUnet

National and international Nordic Gateway for Research & Education
connections

* Utsjoki
o Narvik
Luled 4 Kalix
»
Umed o
o Vaasa

. Helsinki
P

Map key

Point of Presence

European

connection * Singapore

Advanced North
Atlantic (ANA) S

collaboration

Asiapacific Europe

Ring (AER) N

*The links in the Nordics are part of our Next Generation Network, co-operated by the Nordic NRENs and NORDUnet
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MIXING NETS, WHAT IMPACT? DOWNSIDES?

High visibility to own network @AM SEPAED\%ATH@N

To each other
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Publish the results: (specmon.nordu.net)

QUICK (& DIRTY) SOLUTION Dol DS =

Your headhne :

NORDUnet Transponder data
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Zoom in to:

Nordic Region
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WHAT ABOUT THE “NON NREN” WORLD?

* Lot of shipment problems during the pandemic (Disaggregation concepts started).

Separation of line system and end modems, facilitated multivendor scenarios for multi
sourcing.

 Automation open API’s and standardisations is maturing.

« Advantages beyond sourcing: Customers getting the right prices, faster implementation of new
and better technologies.

. CMQS, Si Photonics, Indium phosphite (InP), advanced fabrication tech all help scaling down
electronic footprints.

*  Future coherent pluggable’s will mature even more and supplement, (or perhaps), eventually
take over traditional transponder market thus merging the optical and IP domain...

‘-._ Ju K ' Bs’ “

) » ! “( - > )

MULTISOURCING




FUTURE

DSP and photonic developments downscale (size and power) enable IPoDWDM

e Juniper Mx304, (support eg. 400GZR are now exchanging old routers
(being deployed atm)

« 2"d main optical vendor selected in NN (multisourcing) being deployed on new
fiber stretch from Copenhagen -> Berlin via Bornholm.

* Funding freed up for investments in e.g. optical sensing, time and frequency,
RAMAN and inbuild OTDR systemes.
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Thank you

THE END

NORDUnet "~ For miore information: rasmus@nordu.net
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