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Abstract

The purpose of work package 5 of the STRAUSS project is to structure and to coordinate the
dissemination, standardisation and exploitation activitfedhe project.

This deliverable reports the results of the standardization, dissemination and exploitations activities
in the first two years of the project and measures the progress against the objectives 9hisd 10.
includes external communicatiorgientific dissemination at journals, conferences and workshops,
the specific standardization activities per standardization body, and the exploitation plans per partner.
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Executive Summary

The STRAUSS project successfully achieved and significantly exceeded the WP5 objectives for
dissemination, demonstration, standardization and exploitation activities since the beginning of the
project. This document reports the results of the STRAUSS gbrdge Workpackage 5 on
dissemination, standardisation and exploitation activities

The online presence of the STRAUSS project is well established, with-@madape information on

the web site (including both a public and a proejatgrnal part). It wasictive and operational since

the project startup and is regularly updated. The public web site contains an updated list of all
STRAUSS publications, the public deliverables, a press corner with latest news (e.g., currently reports
on the EUCNC 2015, OFC 28, and Mobile World Congress 2015), a link to the Twitter tweets, the
newsletters and project fact sheet. The online repository in the internal part is an efficient tool for
cooperation between European and Japanese partners.

A highlight of STRAUSS achieements is the extremely successful dissemination of project results.
Until the end of the second project year, the STRAUSS project promoted its re&@lisvited talks,
16 journal papers38 peerreviewed conference papers, and 9 live demonstrations

It should be pointed out that the conference publications include higbdyigious postieadline
publications at ECOC and OFC, and a large number ofaioked reviews, which shows that the
STRAUSS project achieves magt-to-date result with highest glity. An important aspect is also
that a high sharef more than 25%f the publicationsire joined work between the European and
Japanese partners, which is evidence for the goaddsuccessfuhternational collaboration in the
project.

Two workshops ad one symposium will be (emrganized by the STRAUSS project at ECOC 2015
in Valencia, on September 2®ctober 1 2015. Additionally, one panel will be organized at EUCNC
2015 in Paris, on June 29uly 39 2015.

The standardization activities apeogressing well, with good representation of STRAUSS project
partners in all relevant standardization bodies. In the first two project year, in total 12 contributions
directly related to STRAUSS achievements and results were submitted to standardamdigsrbip
consortium partners.

The standardisation activities will also support the further exploitation and commercial usage of the
results.The high number of 5 pressleases andO live demonstrationand conference booths a
good indication for thengoing exploitation activities.

£

Paged of 44



A STRAUSS
sTR Uss Scalable and efficient arthestration of Ethernet services Deliverable D5.2

using software-defined and flexible optical networks

Table of Contents
Abstract
Executive Summary
Table of Contents
1 Introduction
2 Dissemination activities in the first two project years
2.1 External Communication Activities
2.1.1 Project Leaflet
2.1.2 Project Website
2.1.3 Social Media
2.1.4 Newsletter

2.2 Dissemination at Journals, Conferences, and Workshops

2.3 Workshops

0o

N O 0 00

1
1
12

13

2.3.1 ECOC 2015 Workshopl: SDN & NFV: Real value with new business opportunities or

research hype with unmanageable complexity?

13

2.3.2 ECOC 2015 Workshop 2: Fibre access and core network evolution: what are the next

steps towards an integrated eneend network?

14

233 ECOC 2015 Symposium: AOptical Commibni cat i

17

20

20

20

20

21

21

23

23

23

24

24

234 EUCNC D15 Panel : AOptical Net wor ks:
deployment of global ICT across society
3 Standardization activities
3.1 IETF
3.2 ITU-T
3.3 IEEE
34 ONF
3.5 OIF
4 Exploitation activities
4.1 CTTC
4.2 ADVA
4.3 TID
4.4 UNIVBRIS
4.5 Fraunhofer HHI

25

[©
2
&

hrvpoun EEVENTH AV ERE
v LR

X
0

Pageb of 44

t he

on
k ey



A STRAUSS
STR uss Scalable and efficient arthestration of Ethernet services Deliverable D5.2

using software-defined and flexible optical networks

4.6 OSAKAU 25
4.7 FUJITSU 25
4.8 KDDI 26
4.9 Demonstrations and Booths 26
49.1 TNC 2014 - ADVA booth and live demonstration of 4K Video Service
Orchestration 26
4.9.2 OFC 2014 Fujitsu booth with demonstration of STRAUSS prototype 28
4.9.3 EWSDN 2014 ADVA demonstration of optical network virtualization and STRAUSS
multi-domain orchestration 28
4.9.4 |IPOP 2014 KDDI booth with STRAUSS prototype 29
4.9.5 SDN & OpenFlow World Congress 2014ADVA booth and demonstration at ONF
SDN Solutions Showcase 29
4.9.6 FIA 20147 STRAUSS poster at booth for International Cooperation 30
4.9.7 MWC 2015- CTTC booth with STRAUSS demonstration 31
4.9.8 OFC 2015 STRAUSS interactive demonstration 31
4.9.9 |EEE NetSoft 2015 STRAUSS booth and orchestration demonstration 32
4.9.10 IPOP 2015 KDDI demonstration of hierarchical network virtualization 33
5 List of Invited Talks, Journal and Conference Publications, and Demonstrations 34
5.1 Year 2013 34
5.1.1 Invited Talks 34
5.1.2 Journals 34
5.1.3 Conferences 35
5.1.4 Standardization 35
5.2 Year 2014 35
5.2.1 Invited Talks 35
5.2.2 Journals 36
5.2.3 Conferences 37
5.2.4 Demonstrations 39
5.2.5 Standardization 39
53 Year 2015 40
5.3.1 Invited talks 40
5.3.2 Journals 40
5.3.3 Conferences 41
5.3.4 Demonstrations 42
5.3.5 Standardization 42
6 Summary 43
6.1 Verification of objectives 43
6.2 Update of dissemination, standardization and exploitation plans 43
Document History 44
d
m 9 nich
= Pageb of 44 Mic



A STRAUSS
STR uss Scalable and efficient arthestration of Ethernet services Deliverable D5.2
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1 Introduction

Dissemination, standardization and exploitation activities are at the same time an integral part of the
project deliverables and results by its own rights, and they doduhemperformed activities and
results achieved in other workpackges as well.

Therefore, all partners of the STRAUSS consortium are determined to deliver high quality
dissemination and standardisation resuitss resulted in an impressive number of pedtiions in

the first two project yearddost important are the publications in high quality journals, conferences
and workshopsA very positive aspect is the high share of joint publications from European and
Japanese partners. In section 2, a summatiyeoéchieved results of the dissemination activities in
the first two project year is given.

The industrial partners of the project will be active in several standardisation organisations and bring
new ideas and concepts into the standardisation processes. This will support the further exploitation
and commercial usage of the resulilse standardation activities related to relevant standardization

bodies are listed in section 3, and the exploitation activities per partner are summarized in section 4.

Finally, section 5 contains a full list of all invited talks, journal and confergnisications,
demonstration activities, and contributions to standardizations.

G
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2 Disseminationactivities in the first two project years
2.1 External Communication Activities
2.1.1 Project Leaflet

The project leafletRigurel) was created during the first semester of STRAUSS project to pravide
brief introduction to the STRAUSS project. The leaflet contents are aligned with the contents in the
STRAUSS factsheet. The leafledsbeenavailable for all partners in EU and JP consortium, iand
hasbeendistributed when a brief but effective introduction to the STRAUSS project is required, for
instance during exhibitions, workshops and confererdess than 800 leaflet were printatid 100
leaflets have been allocated per partner. To the end of second year, a reprint has not been needed.

Figure 1 The STRAUSS leaflet

2.1.2 Project Website

The STRAUSS project website is the main communication activity for STRAUSS project. It is
updated regularly, with news and publications contents.

To keep track othe impact of STRAUSS project website, we integrated the website inside Google
Analytics (https://www.google.com/analytif;sn order to ease the interpretation of the results.

We have created the following graph, using most of the period for STRAUSS Y2, Sintduhe
2014 to 1% of May 2015.

Figure2 shows the absolute number of web sesgilomsig STRAUSS Y2. It also shows the time line
of the sessions. It can be observed that in average 3.32 pagkevaneper session and only 27% of
the sessions are from returning visitors.
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® Sessions

200

150

July 2014 October 2014 January 2015 April 2015
W Mew Visiter M Retumning Visitor

Sessions Users Pageviews Pages / Session Avg. Session Duration
3,746 2,788 12,447 3.32 00:02:02

—— A~ AN A A N A N
Bounce Rate % New Sessions
65.40% 73.01%

e e VA I e

Figure 2 Number of sessions during STRAUSS Y2

Figure3 andFigure4 show the location of the sessions. It can be observed that STRAUSS project has
had a majoimpact in the US, Japan, Europe and Brazil.

Country Sessions % Sessions
1. B5 United States 521 [l 13.90%
2. & Japan 455 W 12.14%
3. = Spain 336 B 897%
4 Brazil 314 J 838%
5. S8 United Kingdom 224 ] 5.98%
[3 Germany 203 | 542%
7. (not set) 193 | 5.15%
8. I ltaly 174 | 464%
9. == India 169 | 451%
10. 00 Belgium 121 | 323%

Figure 3 Location of sessions during STRAUSS Y2
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Figure 4 Map of sessions during STRAUSS Y2

2.1.3 Social Media

The STRAUSS project created a Twitter account to disseminate all relevant STRAUSS news, as well
as to retweet significant advances in STRAUSS related research fpécsbjective of the Twitter
account was to impact to major players with latest news and discussions from STRAUIESease

the amount of news that where available at STRAUSS website, we have introduced a twitter timeline
(seeFigureb).
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STRAUSS Project Twitter
STRAUSS Overview s=h
Publications
Tweets W Foliow
Public Deliverables
Press Comner ayss 1CT STRAUSS Project @iCTstrauss May
LAY Lets get digital with European #DigitalSingleMarket
Latest news thndrit/INGDGe4

Twitter

STRAUSS Leaflet

Ricard Vilalta @nilia 15 Apr
Contact Come and visit our @ICTstrauss demo at #netsoftls @IEEESDN

pic.twitter.com/jil

13 Retweeted

Intranet
Deliverables
Milestones
Work Packages
Management Documents
Project Meetings
EU-P Events
Project Reviews
Repository
Forum

Users

Figure 5 STRAUSS twitter account is accessible from STRAUSS project website

Figure6 shows the absolute number of STRAUSS twitter account followers. It can be observed that

during Y2 the number of followers have doubled and STRAUSS has not lost support from the
followers.

67 followers as of 5112015 (days shown in Pacific time)

&7

335

16.8

23 Dec 14 Apr 4 Aug 24 Mowv 16 Mar

Figure 6 STRAUSSY1 and Y2followers

Figure7 shows the basic stats of STRAUSS followers, such as interests and Location.
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Interests Location
Most unique interests (7) Top countries and states

34% Business and finance
18% Data centers
18% Network security
12% Databases
8% Adult education
Top interests (2)
70% Technology

68% Tech news

A4% Science news

Top cities
A4%, Cemputer networking 12% Barcelona, ES
38% Business and news 10% Bristol, UK
38% Mobile 6% Castelldefels, ES
38% Business news and general info 4% London, UK
34% Business and finance 4% Poole, UK

26% Computer reviews

22% Politics and current events

Figure 7 STRAUSS followe statistics
2.1.4 Newsletter

Although the main efforts in STRAUSS external communication activities have been taken in
STRAUSS project website and STRAUSS twitter account, we have issued a new issue of the
newsletter in order to sum up the STRAUSS main achiewgsrfor Y2. Some of the covered topics
include:

Main Achievements in the second year of the project

European Conference on Networks and Communications (EUCNC 2015)
Optical Fiber Conference (OFC 2015)

Joint EUJP experimentation at CTTC premises

Mobile Wolld Congress (MWC 2015)

STRAUSS Live Demonstrations

=A =4 =8 -8 -8 -9

2.2 Dissemination at Journals, Conferences, and Workshops

The following table give a summary of the dissemination statistics for the last and current report
period.An important result is the high number of joint EU/JPN publications (at least one European

m NIC
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and one Japanese STRAUSS partner): in total 2 invited talks, 6 journal papers, 11 conference papers,
and 2 demonstrations.

Year 1| Year 2 Total Joint EU/JP papers Share
Invited Talks 13 6 19 2 11%
Journals 5 12 17 7 41%
Conferences 20 19 39 12 31%
Demonstrations 4 6 10 2 20%

The complete list of all publications is given in secton

2.3  Workshops

Two workshops and one symposium will @®-)organizedby the STRAUSS projeett ECOC 2015
in Valencia, on September 2®ctober 1 2015. Additionally, one panel will kerganized at EUCNC
2015 in Paris, on June 29uly 39 2015.

The two workshops are organized in collaboration with the IDEALIST and DISCUS projects. The

first wor ks3SDbg&NRVsRea value with newdbusiness opportunities or research hype

with unmanageable complexiy? and i s organized by Achim Autenri e
Andrea Di Giglio, Telecom ltalia, and Daniel King, Old Dog Consulting. The second workshop is

e nt i Ribreeactessiand core network evolution: what are the tegpd ®owards an integrated end

to-end network® |, and i s organi ze dPalgos, Jaefnica PR dMickela Fer n 8 n d
Svaluto Moreolo, CTTC, and Marco Ruffini, Trinity College Dublin.

The symposi @ptical Gmreunitaiiohslard dNetwiorks datacente’ds and i s or gani z
in collaboration with the Lightnets projects by Prof. Kehi Kitayama, Osaka University, and Prof.
Dimitra Simeonidou, University of Bristol.

The panel Optical Netwarks: the leeyl techinology for enabling thelapent of global
ICTacrosssociety and i s organized by Raul MulLficereBell CTTC, ar
Laboratories France.

The planning for additional workshops in 2016 started and a few options were proposed during the
Osaka plenary meeting preferred location for the additional workshop is Japan or the USA.

A draft of the program of the four events are provided, including an abstract as well as a list of invited
speakers.

2.3.1 ECOC 2015 Workshopl: SDN & NFV: Real value with new business
opportunities or research hype with unmanageable complexity?

Abstract

Network programmability based on Softwdefined Networks (SDN) and Network Function
Virtualization (NFV) is a major trend in optical network research and standardization. After the initial
focus on the OpenFlow protocol as a new southbound interface to directly control the forwarding
plane of packet switches, SDN is gaining increased importance as new networking paradigm allowing
virtualization and programmability based on hardware abgireahd open programming interfaces.

£
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New SDN architectures and protocols are being proposed and discussed in the IETF, e.g. northbound
protocols for topology dissemination and service orchestration. NFV is increasing the flexibility even
further by movinghetwork functions from dedicated hardware to virtual machines. This new degrees

of flexibility pose opens a set of new challenges and research issues, ranging from service
orchestration, security, reliability, monitorability, etc.

The open guestions i$and how SDN and NFV can simplify the way optical access and core network
are operated.

This workshop will bring together views from ongoing research projects (e.g., STRAUSS, IDEALIST,
DISCUS, COMBO) as well as Industrial actors (both network operatmrv@ndors) on hot topics

and current trends in SDN and NFV. The topics will be presented in the form of invited talks of 15
minutes. A moderated panel discussion both for research and industrial will deal with the controversial
topics that can be also disssed together with the audience.

Confirmed speakers

1 Ricard Vilalta, CTTC (ricard.vilalta@cttc.espDN orchestration of mutdomain and muli
vendor transport networks

9 Adrian Farrel, Old Dog Consulting (adrian@olddog.co-ukh Architecture, Protocols and
Information Models for SDN in FlexGrid Optical Networks

9 Victor Lopez, Telefonica (victor.lopezalvarez@telefonica.com)SDN & NFV for
Distributed Core seamlessly integrating wireless and fixed optical network

1 Stephan Pachniek ADVA Optical Networking (SPachnicke @advaoptical.com), Ni&éed
Universal Access for converged fixed and mobile broadband access/aggregation networks

1 Francesco Paolug&SUP(fr.paolucci@sssup)it Path detemination as a key component of
SDN and NFV for Access, Core, Transport and loT

9 Takehiro Tsuritani, KDDI R&D Labs (tsuri@kddilabs.jp): SDN and NFWiews from
Japanese Operator

1 Antonio Manzalini, Telecom ltalia (antonio.manzalini@telecomitalia.it): Opegatystems
for SDN & NFV in next generation mobile and optical networking

1 Gabriele Maria Galimberti, Cisco Systems (ggalimbe@cisco.eémgm Transport SDN to
multilayer SDN

1 Vinayak Dangui Google (vdangui@googleom) - SDN-based Scalable Optical Network
Management A case for OpenConfig YANG Models

2.3.2 ECOC 2015Workshop 2: Fibre access and core network evolution: what
are the next steps towards an integrated entb-end network?

Abstract

This workshop will provide aliscussion on the access, core evolution andt@edd network
architecture with two main objectives. The former is to identify the drivers for the different operators,
pushing them towards different evolution plans both in the access and core develddatter is

to understand what is the current plan towards a tighter integration of access and core networks, what
are the challenges and potential solutions.

Actually, while FTTH is widely recognized as the ultimate goal of access network updragath
towards its realization seems to differ among European operators, some of them planning direct FTTH
deployment, while others considering intermediate steps such as FTTCab or FTTCurb. In addition,
due to the large increase in available bandwidthrieav access technologies will bring, it becomes

£

Pagel4 of 44


mailto:fr.paolucci@sssup.it
mailto:vdangui@google.com

A STRAUSS
sTR uss Scalable and efficient arthestration of Ethernet services Deliverable D5.2

using software-defined and flexible optical networks

of paramount importance to understand how the network core should evolve to support such increase
in user bandwidth. Recent studies point at-erend solutions, based on seamless integration of
access andgore as a means to develop architectures that are sustainable from a cost and energy
consumption perspective, while providing the necessary capacity and flexibility to support
forthcoming services and applications.

List of invited speakers

1 Ari Sorsaniemi PG-Connect), Challenges for development of fast broadband, EU targets,
digital divide and regulatory perspectives

91 David Payne (Trinity College Dublin and Aston University), Introduction to-terehd
design principle and presentation of cost modeling studi

1 Andrew Lord (BT)T Juan FernandeRalacios (Telefonica), Optimization opportunities by
integrating optical access transport planning. Control and data plane interoperability in Elastic
Optical Networks.

1 Bruno Cornaglia (Vodafone), Virtualisatidor a multiservice network as enabler for future
convergence of access networks.

1 Thomas Pfeiffer (Alcatel Lucent Germany), Technical challenges for next generation
TWDM-PONSs and on access network convergence.

9 Dimitra Simeonidou (University of Bristol),ristol Is Open: A city infrastructure pioneering
SDN and flexible/programmable optical technology enablers for futur¢oesidd smart city
services

1 Jens Rasmussen (Fujitsu Laboratories l&ghan), How to face the emerging high capacity
demand with cosgize and power efficient technologies

1 Naoya Wada (NICT), Technologies and system solutions for enabling an integratied end
end network.

2.3.3 ECOC 2015Sy mposi um: AOpti cal Communi cati on
Dat acenterso

Abstract

The global amount of digitéhformation is growing at a staggering pace of 50% p.a. and will
exceed 6ettabytes in 2020. While storing and processing of such massive data will offer new
business opportunities, it will also require new Data Centre atal@entre networking
architetures to provide the necessary scalability, resource sharing, and automation.

Scalability is achieved by increasing the number of connected compute and storage devices as well
as their interface and processing speeds. Warelsizs®ata Centres can egdilost ten thousands

of servers with their associated storage. Using multiple geographically dispersed Data Centres
provides redundancy and further scalability. Server and storage disaggregation and virtualization
improve the Data Centre utilization by oesce sharing between multiple tenants or applications.

Open source or vendspecific software frameworks allow an automated control of compute and
storage resources.

One of the most challenging issues when scaling Data Centre resources is the attaciikd ne
infrastructure’ inside the Data Centre, between multiple Data Centres and between the Data Centre
and the user. Novaletwork control,flexible allocation of networking functions, advanced and

£
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programmable switching and interface technologies rargat to facilitate a seamless capacity
adaptation and a coordinated orchestration of computing, storage and network resources.

This special symposium provides a forum for service & content providers, system integrators,
equipment manufacturers, compongappliers and academia to discuss requirements, challenges
and solutions for nexgeneration Data Centres. Key results from latest research as well as practical
findings from commercial deployments will be presented.

Specifically, the following questionsill be addressed:

- What will be the role of Data Centres in future service & content provider networks?
- What network architectures & connectivity is required (6, interDC, user to DC)?
- Which role will open source software frameworks play?

- How can mtwork appliances be virtualized and where will they be allocated?

- How will next generation DCs look like?

- How to best tradeff latency, bandwidth, connectivity, cost and power?

- Which role will optics play inside future DCs (as well as i€ and usera DC)?

- Which optical interconnect technologies will be usedlfoard, intrarack, interrack)?

- What will be the granularity of interconnectexsourcespecifically with reference to needs and
benefits of disaggregation?

Program

8:459:00 Welcome and Introduction, Prof. Kitayama & Prof Simeonidou

9:00~10:45 Part I: Infrastructure (5 x15min presentations)

Chair: Prof Kitayama

9: 00~9: 15 Ton Koonen, TUE: ATri bute to Prof. Har
9:159:30: Ryo Takahashi, NTT Device Tech. Labs,

nA HyQ@PS/OCS/VOCSTorddat acenter Network Enabled by Smar:
9:30-9:45: Nicola Calabretta, TUE,

"High performance and low latency data center networks exploiting optical switching technologies"

9:4510:00: Antonella Bogoni, CNIT,

N The R @k regolutionising optical fiber transmission and networking using the orbital
angul ar momentum of | ighto

10:00 10:15: Harald Haas, University of Edinburgh,
ALi Fi Technol ogies for Data Centre Infrastructure
30min Q&A and debate

- Coffee break (&8min) -

m
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11:00~12:45 Part II: Networking and services (5 x15min presentations)
Chair: Prof. Simeonidou
11:0011:15: Yuval Bachar , Facebook,

AfFacebook's next generation Mega (and Micro) dat a

11:1511:30: Jorg Peter Elbers, ADVA,

AEmeging Trends in Optical Data Center Networ ki ngc¢
11:3011:45: Ramon Casellas, CTTC,

ilnter DC orchestration solutions and overarching
11:4512:00: Nathan Farrington, US San Diego,

AEnabling Data CermSbueceRo8tDN wi t h St atel ess

12:0012:15: Andrew Lord, BT,

AnComparing proprietary anedadpercendlrwet ied resp htamts dH e
30min Q&A and debate

12:4513:45 Reception in honor of Prof Harm Dorren sponsored by the EU LIGHTNESS project

2.3.4 EUCNC 2015P a n eQptical Retworks: the key technology for enabling
the deployment of global ICT across society

Motivation and Background

The United Nations has proclaimed 2015 as the International Year of Light andbbigtd
Technologies (IYL 2015). It is dapal initiative to raise awareness and understanding among citizens
of how optical technologies promote sustainable development of society by providing solutions to
worldwide challenges in energy, education, agriculture, communications and healthcligrathe

optical technology is the key enabler of the Information and Communication Technology (ICT)
society as known nowadays. The introduction of thigh speed and ultdew latency optical
communication and transport network solutions have rdgitednsformed the way people and

machines from everywhere can communicate across the world that was unbelievable a decades ago.

I IRV ERCRE
LR
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The objective of this Panel is to discuss the key role that optical networks are playing not only in the
present but also itme future of the ICT sector. The combination of the recent advances in flexible and
programmable optical device technologies, together with the emerging seftefared networking

(SDN) control paradigm is driving the deployment of SBihabled elastic @gal networks. The
dynamic and flexible provisioning of abstracted optical resources enables a wide range of new
functionalities that go beyond a commodity providing fixed bandwidth pipes for bulk data. An
example of these new applications are opticalaek virtualization, inter and intra data center optical
networking, orchestration of IT and optical network resources, unified control of heterogeneous
resources, or network function virtualization Infrastructure (NFVI). These functionalities are key

enalers for 5G, Smart Cities, Cloud and Big Data services.

Questiors

1. Is there room for research on optical communications and networks-farteled project
or is it game over?

2. When will networks require to take full advantage of the emerging flexible and
programmable optical device and transponder technologies?

3. Are transport SDN and NFV a real value that will drivew business opportunities or a
hype?

4. Do Data Centers really Need advanced softvdmfined highspeed and lovatency
photonics technology?

5.  What is the role of Space division multiplexing (SDM) in telecom applications? Is there

anything coming afterwards?

Participants

The panel is composed: of

1  Co-Chair: Dr. Raul MufiofHead of Optical Networks and Systems Department, CTTC, Spain).
Moderator.

1 Co-Chair: Dr. Sébastien Big@Director of the Optical Networks research department, Aleatel
LucentBell Labs France

1  Prof. Dimitra Simeonidou (Professor of High Performance Networks & CTO of Bristol is Open,
University of Bristol & Bristol is Opernited Kingdom)

1 Juan FernandePalacios Head of Core Network Evolution UniTelefonicaGlobal CTO,
Spain

1 Klaus Grobe (Sr. Principal EngineeADVA Optical NetworkingCTO office, Germany)

£
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3 Standardization activities

In total 12 concreteontributions to standardization bodies were submitted by STRAUSS project
partnersbased on STRAUSS concepts and results. The following table gives an overview of the
standardization contributions:

IEEE 7
IETF 2
OIF 2
ONF 1

In the following, thedetailed standardization activities are reported per standardization bodies.

3.1 IETF

CTTC and Telefonica actively participated in IETF discussion groups and standardizafiua.
following IETF draft has been issued in the context of Abstraction and Conin@méport Networks:

1 K.Lee, H. Lee, R. Vilalta, and V. Lépez, "ACTN Usase for Ordemand E2E Connectivity
Services in Multiple Vendor Domain Transport Networks", April 30, 2014, IETF,-Hiedt
actnconnectivitymulti-vendordomains02

In this draft weprovide STRAUSS network orchestration requirements fedemand end to end
connectivity services in muliendor domains.

3.2 ITU-T

KDDI has been monitoring ITAT SG15standardizatioactivities especiallywork items inQuestion
9 (Transport network protéon/restoratiol, Questiori2 (Transport network architectudesand
Questioi4 (Management and control of transport systems and equipment

3.3 IEEE

Fujitsu is actively participating andpromoting the results ofthe STRAUSS project anddMT
technology for 40GbE in IEEEB02.3bsDirectly related to STRAUSS concepts and results, we
attended” meetingsand presented contributionsin the period 02013-2015 as follows.

9 Toshiki Tanaka, Tomoo TakahardMasato Nishihara, Jens C. Rasmussen, IEEE802.3
400Gb/ s Ethernet Study Group Dallas Plenary,

Nov. 2013.
9 Tomoo Takahara, Toshiki Tanaka, Masato Nishihara, Jens C. Rasmussen, |IEEE802.3
400Gb/s Ethernet Study Groupndi an Wel | s I nteri m, iTechni ci

transceiver for 400GbE SMF transmission, o0 Jan.
9 Toshiki Tanaka, Tomoo Takahara, Hideki Isono, Hisaya Sakamoto and Yuji VA&KebE

DMT Tolerance to MPI, in IEEE802.3bs 400G Ethernet Study Group&mo Plenary, Jul.

2014.
1 Toshiki Tanaka, Tomoo Takahara, Hideki Isono, Hisaya Sakamoto and Yuji Miyaki:400GbE

DMT Tolerance to MPI using DMT Test Chip, in IEEE802.3bs 400G Ethernet Study Group

Ottawa Interim, Sep. 2014.

m
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9 Toshiki Tanaka, Tomoo Takahara, ddki Isono, Hisaya Sakamoto and Yuiji
Miyaki:Chromatic Dispersion Penalty of 4x100G DMT for 10km SMF PMD, in IEEE802.3bs
400G Ethernet Study Group San Antonio Plenary, Nov. 2014.

1 Toshiki Tanaka, Tomoo Takahara, Hideki Isono, Hisaya Sakamoto and Yuji Mi§@aiad:
Discrete MultiTone PMD for 10 km SMF, in IEEE802.3bs 400G Ethernet Study Group
Atlanta Interim, Jan. 2015.

9 Toshiki Tanaka, Tomoo Takahara, Hideki Isono, Hisaya Sakamoto and Yuji
Miyaki:Technical Discussion on 400GbE PMD for SMF Obijectives, in IEEER32400G
Ethernet Study Group Berlin Plenary, Mar. 2015.

3.4 ONF

ADVA actively participated at ONF meetingad participated at the ONF SDN Solution Showcase
at the SDN & OpenFlow World Congress, Diissdicgord the OIF/ONF Interop eve(dgee section

3.5.

Ricard Vilalta CTTC) has been invited by TID as a Research Associate at ONF, in order to
collaborate with STRAUSS standardization efforts inside ONF. CTTC main activities take place
inside the Optical Transport WG and NBI WG. CTTC has also joined the Transport SDN API
initiative, which is aligned with the concept proposed inside STRAUSS of the Control Orchestration
Protocol. With this regard, CTTC and TID presented the following ONF dacumulti

technology and Multdomain Network Orchestration Use Case whi ch i ncl udes al

obtained in STRAUSS for network orchestration requirements.

Telefonica and CTTC have also contributed to theNF Dr a f t Technical Documen

North Bound I nterface Framewor ko.

UNIVBRIS is activay contributing to ONF, and has participated at a number of ONF meetings and
demonstrated at the relevant evebtisnitra Simeonidou is a Research Associate at ONF, reporting
the progress achieved with the SARSS project partners in the Optical Transport WG.

3.5 OIF

ADVA, as an active member of OIF, has participated in OIF workshops related to Transport SDN and
standardization meetings of OIF. ADVA presented following contribution at an OIF workshop:

9 JorgPeterElbers, "Optical Transport SDN Architecture, Use Cases & Recent Trials"
Invited presentation at OIF Workshop "Transport SDNEnabling Technologies,
Demonstrators, Field Trials, Deployments”, 19.5.2014, Berlin.

KDDI, as an active member of OIF, hparicipatedand presenteth two workshos related to
Transport SDNandstandardization meetings of OIKDDI has contributed and shared its research
results in both network and transmission layers of the transport KDDL has also participated in
the discussion meetings for 400G transmission white paieR| presented following contribution
at an OIF workshop:

1 Xiaoyuan Cao, "Tragport SDN- Building the future of communication with KDDI," invited
talk at OIF Workshop'Transport SDN Cutting Throughthe Hype", February 10, 2014, San
Jose, California, (USA).

m
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ADVA and KDDI participated in a joint OIF/ONF Interop event in 2014omtical transport SDN
interrworking. This SDN demo involvedhore than ten industrial partners, including both carrieds an
vendors.This worldwide demo émonstrate thecurrent state of SDN itransport industryREST

API was used for northbound interface of the controller and Openflow was used as the southbound
communication protocolADVA participated as vendor in two operatabs using the Optical
Network Hypervisor developed partly in STRAUSS a carrier, KDDI was consultant partner

During the preparation and the final denkiDDI actively participated in the event, including
attending the OIF technical meetings, pravigdopinions and joining the discussions. The demo was
sucessfully showcased last year.

CTTC has been monitoring OIF activities from the data plane point of view. Interestingly, the
physical link layer work group has been taking the necessary steps to start a project for standardizing
400G optical transceivers. In this sense, a white paper & degelopment in order to survey all the
existing technologies. CTTC has contributed to that white paper, providing the description and
implementation options of OFDMased transceivers suitable for 400G transmission.

G
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4 Exploitation activities

In this setion the exploitation activities of STRAUSS partners in first two project years are reported,
andanupdate on exploitation plans in third project yisagiven.

41 CTTC

CTTC is a norprofit R&D institution, therefore CTTC cannot have industrial exploitation plans of
its own, but through transferring the knowledge gaifi@dmaximize the potential of transferring the
acquired knowledge in STRAUSS CTTC has focused in demonstrating the actiaitiesl in WP3
and WP4n the following demonstrations

1 Mobile World Congress STRAUSS demonstration
9 Optical Fiber Conference STRAUSS interactive demonstration
M 1S'IEEE Conference on Network Softwarization STRAUSS demonstration

The demonstrations are pretahin more detail in Sectich9.

4.2 ADVA

The activities and results of the STRAUSS project
and productevelopment. Several concrete company internal actions supported the exploitation of
STRAUSS project results:

1 Internal trainings and webinars on SDN and network virtualization

1 Presentation of the STRAUSS project, SDN Orchestration, Virtualization andaéfis
concepts as well as the Optical Network Hypervisor at an AINérnal training session to
Network and System consultants

Bi-lateral workshops with customers

Transfer of SDN virtualization concepts and developments into product developments

Start d ADVA product development of a Network Hypervisor on a software product platform
based on the research prototype partly developed in STRAUSS and integrated in the
STRAUSS testbed.

=A =4 =4

In addition, several external ADVA marketing and communication activiteye done with strong
STRAUSS involvement:

Press releases

91 ADVA Press release with BT, ScheduleAll, and ADVA:
ADVA Optical Networking and BT Show Real Value of Transport SDN at SDN and
OpenFlow World Congress [http://www.advaoptical.com/en/newsroom/press
releasesenglish/20141014 ]2

1 ADVA Press release on OIF and ONF Interop Demo
ADVA Optical Networking Showcases Latest Transport SDN Technology in Global
OIF and ONF Demg [http://www.advaoptical.com/en/newsroom/presieases
english/20140917

1 ADVA Press R&ease on TNC 2014 Demo

£
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ADVA Optical Networking and HEAnet Demo SDN Controlled 4K Video Services
at TNC2014 [http:/www.advaoptical.com/en/newsroom/preskeases
english/20140521

i ADVA Press Release on IBM / Marist SDN Lab:
ADVA Optical Networking Shows=irst SDNAutomated Endo-End Provisioning
for Dispersed Data Centers[http://www.advaoptical.com/en/newsroom/press
releasesnglish/20130916

i Telefonica Press release on Multivendor SDN Trial with ADVA, Ciena, Huawei and Infinera

0 Final_Press_Release_Telefonica_SDN_Trial_v_3 0O.pdf

Demonstrations

1 TNC2014
1 EWSDN 2014
1 SDN & OpenFlow World Congresx)14

The demonstrations are presented in more detail in Section 4.9.

43 TID

¢SEtSTsyAOl Lb5 Aad GKS Ayy2 gl Gousdgd inQI988.Lidl ye& 2 7F
contributes to the Group's competitiveness and modernity through technological

innovation. To achieve this aim, the company applies new ideas, concepts and practices in

addition to developing advanced products and services. It is tigesa private R+D centre

in Spain as regards activity and resources, and is the most active company in Europe in terms

of European research projects in the ICT sector (Information and Communication
Technology). Over the last few years, within the globaNhaS & ¢ St STsy A Ol Lb5 K
0S02YS | ySig2N] 2F OSYyiGNBa 2F GSOKy2ft23AO0!If
{ LI yAEGK 02NRSNE® ¢SftSFsyAOl Lb5 Ald Aa 62N]AY:
the rest of Europe, America and Asia.

The esults from theSTRAUSSB0ject providesTelefonica 1+D with new insights and helped
position the company as a reference fowulti-technology orchestration. The work in
STRAUSBas produced the firsdemonstrationof SDN Orchestration in Optical Multi
Verdor Scenariosfor the company, which has been presented to the vendors that
collaborate with all companies of the Telefonica Grotipis work was presented at OFC
2015 too.

This work has been presented on a press relessklultivendor SDN Trial with ADMBiena,
Huawei and Infinera

o0 Final_Press_Release_Telefonica SDN_Trial_v_3 0O.pdf

4.4 UNIVBRIS

In STRAUSS, UNIVBRIS is working on the SDBéefined hybrid interface for bridging the OPS and
OCS domains, and also on the SDN orchestratat related protocolfor coordinating multi

£
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technology transport networks with different contsollutions The implementation developed in
STRAUSS has contributed to the research work in other international and national projects such as
the UK EPSRC program grant TOUCAN. TOUCAN, which aims to build an ultimate converged
infrastructure, is exploring an SDN ordirator based on the one developed from STRAUSS.

UNIVBRIS, as a shared partner in both EU projects LIGHTNESS and STRAUSS, is actively bridging
the two projects and creating an iREB€ scenario. The joint work has been accepted and presented
in EUCNC 205.

As a university, UNIVBRIS has also created materials and designed projects for students (Master,
PhD) based on the research work on SDN developed from STRAUSS.

In July2015 an ONF workshop will be held in Bristol, the work done in STRAUSS will begorted
in the workshop.

45 Fraunhofer HHI

Since the Fraunhofer HHI is a npnofit organisation it has no industrial exploitation plans on its
own. The knowledge gained in STRAUSS is used for application to falfppublic funded projects
and projects witlindustry partners.

46 OSAKAU

As a national university in Japa@saka University does not have industrial exploitation plans of its
own, but through transferring the knowledge gained to students and collaborations.

1 1 undergraduate student have been awarddgbichelor's degrewith a topic directly related
to STRAUSS project, and another undergraduate and 1 master course students are now
working towards their degree with some topics related to the project.

1 The implementation of OPS transceiver develope8TRAUSS has contributed to the
research work in other national project, HOPR which is the NICT R&D program, "Basic
Technologies for HigRerformance Optoelectronic Hybrid Packet Roi¢®PR)" (2011
2016), and vice versa the HOPR provided STRAUSS wéthathation methodology of
energy consumption of OPS router.

4.7 FUJITSU

The activities and results of the STRAUSS projecuaesl in several wayBujitsuis working toward

the development of Discrete Mulfione OMT) basedransceiver produsfor 100GbE ad 400GbE.
Related, the STRAUSS project results are exploited as to support product development. Furthermore,
the concepts of the STRAUSS project have become part of internal trainings as well as being used in
customer discussions.

In 2015, we haveontinwed with thedevelgpmentof DMT basedransceiversandplan tohave ready
anddemonstrate DMT transceiver prototypat OFCin 2016.

Additional information on the demonstrations is given in seetién
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4.8 KDDI

KDDI sees STRAUSS worls expected to be applied to technology realizing a ‘aiga cloud
network that connects data centers and handlesVatgeme of dataTo exploit STRAUSS work,

KDDI and other five cooperative companies/university have successfully demonstrated, in
collaboration with the 10th International Conference on IP + Optical NesWi#®©P2014) showcase,
100Gb/sclass Softwar®efined Transport Networitemonstration withlastracted core/metro/access
optical networks consisting of the latest 100GHéss wavelength division multiplexing equipment,
optical packet switching (OPS) equipment controlled by OpenbBlased unified control plane in the
showcaseMoreover KDDI and other seven cooperative companies/university succeeded in an
interoperability experiment of constructing a nationwide optical transport network. It comprised
several network domains with different communication technologies, control methods, and
architectwes, and dynamically produced a seamless traffic flow across the domains using SDN
(Software Defined Networking) technology. This technology is expected to be applied to the
construction of a future, worscale, integrated network service, which combimetsvork services

and various cloud servicedlhis interoperability demonstration was conducted at the 11th
International Conference on IP + Optical Network (iPOP2015) showcase.

Some additional information on the demonstrations is given in setion

4.9 Demonstrationsand Booths

Demonstrations are an important tool to promote and exploit the project progress and results. In the
reporting period, a total df0 demonstrationgand boothsvere organized andonductedat major
conferences and exhibitionBelow is a list ofthe demonstrations and booths, which are shortly
summarized in the following sections.

1. TNC 2014: i D e menakdet colartess directiesS ROMDM network"

2. OFC 2014: "400GbE Transceiver by Optical DMT"

3. EWSDN 2014: AiDemonstration of SDN Based Opt
Mul ti domain Service Orchestrationo

4. iPOP2014: "OpenFlovwbased OPS/OCS Unified Control Plane"

5. SDN & OpenFlow Word Congress

6. FIA 2014: "STRAUSSScalable and efficient orchestration of Ethernet services using
softwaredefined and flexible optical networks"

7. Mobil e World Congress 2015: ANet work Virtual

Control of OpenFlowenabled Milti-tenant Multit e c hnol ogy Transport Net wi
8. OFC 2015: ANet work Virtualization Controller
enabled Multitenant Multit e c hnol ogy Transport Networ kso,

9. IEEE NetSoft2015 London, April 2 0 1 5ion ofiviitygb etworkne nt a | D
Controller for Abstraction and Control of Muliétnant Multitechnology Transport
Net wor ks o,

10.iPOP2015, "SDN based Control for Transport Networks"

4.9.1 TNC 2014 - ADVA booth and live demonstration of 4K Video Service
Orchestration

At the Terena Networking Conference (TNC) 20AMDVA demonstratd together with HEAnet,
i2CAT and Eurotek a 4K video service orchestration over an-8idled colorless directionless
ROADM network using OpenNaaS as Orchestration Platform, OpenDaylight as opea clant
SDN controller, andhe multi-tenant capable Optical Network Hypervisor (ONH) to abstract and

£
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virtualize the optical infrastructurthe STRAUSS project was acknowledged and presented at
multiple scheduled demo sessions, at the exhibition et a smaller demo), in internal customer
workshops and a press release.

45 i h /‘\'
al+Ethernet Solutior Ak /,4 i

etwork

Live Demonstration of SDNenabled colorless directionless ROADM network
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4.9.2 OFC 2014- Fujitsu booth with demonstration of STRAUSSprototype

At the Optical Fiber Conference (OFC) 20E4jitsu demonstrateldiscrete MultiTone (DMT) based
transceiver technology, and showcase@€RRCFP2 form-factor compliant 400GbE transceiver
module.

Fujitsu booth with demonstration of STRAUSS probtype

4.9.3 EWSDN 20147 ADVA demonstration of optical network virtualization
and STRAUSSmulti-domain orchestration

ADVA presented the joint ST RAB&& OdtieanbetwdrlD e mon st r
Virtualization and Mu | t iTlbmas8ziyrkowies,eAchim Autenriefhr c he st r a
JorgPeter Elbers, Wolfgang Kellerer, Pawel Kaczmarek, Victor Lopez, L. Contreras, O. Gonzalez de

Dios, J. P. Fernade2alacios, Raul Mufioz, Ricard Vilalta, Ramon Casellas, R. Martifiez, A. Mayoral,

M. Channegowda, Shuping PenB. Nejabati and D. Simeonidpwat the EWSDN 2014. We

demonstrated, with remote access to a real setup, atendtit capable SDN based optical network

including its virtualization. Two scenarios were shown: the dynamic setup of optical connectivity

senices as well as a multidomain service orchestration using the orchestration architecture defined in

the project STRAUSS over a shared optical infrastructure.

™\, STRAUSS
SDN Network
Orchestration

K REST APL

Openiow 4 OpenFlon S Se

Controller troller [:J__J e
Op 0 E j

& OvtlcalN twork
Hypervisor, CP & NMS

F
Os:gm:: . GMPLS-enabled
Flexi- Flexi-grid
DWW doraat I
University of AW\
Bl Crrgs  oaunhofer,

SDN-Based Optical Network Virtualization and Multidomain Service Orchestration
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Yelefonica O
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vna)
COMECTIONS OFORMTION ~

ABNO Based Multi-domain Orchestration Controller
4.9.4 IPOP 2014- KDDI booth with STRAUSS prototype

KDDI R&D Labs.and other five cooperative companies/university have successfully demonstrated,
in collaboration with the 10th International Conference on IP + Optical Networks (iPOP2014)
showcase, the first 100Gkttass Software Defined Transport Network (SDTN) dematisin with
abstracted core/metro/access optical networks consisting of the latest 10RGdH/svavelength
division multiplexing equipment, optical packet switching (OPS) equipment controlled by OpenFlow
based unified control plane in the showcase. Thisathstration regarding OpenFlesontrolled OPS
network wassupported by STRAUSS project.

KDDI booth with STRAUSS prototype at IPOP 2014

495 SDN & OpenFlow World Congress 2014 - ADVA booth and
demonstration at ONFSDN Solutions Showcase

At the SDN & OpenFlowVorld Congress in Disseldorf (14 October 2014), ADVA was present
with a booth and a demonstration, showing the virtualization of optical connectivity networks with a
multi-layer multitechnology (Ethernet over Optical) service scheduling at the SIDI¥ Solutions
Showcase (https://www.opennetworking.org/imagsgiries/sdrsolutionshowcase/ADVA
demo.pdyf. With the partners BT and ScheduALL we presented maasiiewhere a network circuit

was scheduled by a calendaring software used in the field of broadcasting.
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0 YouTubevideo of SDN Solutions Showcase 2014 ADVA DembSDN & MPLS
World Congresshttps?//www.youtube.com/watch?v=fMYin3qCwgg

The two racks on the left contain the equipment used for the demo
4.9.6 FIA 20147 STRAUSSposter atbooth for International Cooperation

STRAUSS was present in the International Cooperation booth at the Future |1Assmm@ibly (FIA),

which took place in Athens, Greece, in March 2014. STRAUSS representatives were invited to
participate in several FIA events. The first invited talk, "The impact of advanced optical technologies
on Transport SDN" was given at the FIA sessidransport SDN", jointly organized by STRAUSS

and the ICT IDEALIST project. The second invited talk "Orchestration of heterogeneous optical
networks for Ethernet transport” was given in the-fpi@ workshop "Network Virtualization”.
Finally, in the contet of the EUMexico workshop, STRAUSS summarized its main research
activities with a talk entitled "Research activities on flexible optical infrastructure and SDN for
network convergence, virtualization and irtitacentre connectivity ".

STRAUSS poste at FIA booth
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