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Executive Summary

This ALPHA Deliverable D5.2 reports on the majompermental activities (laboratory tests and
demonstrations) performed during the first yeathaf project. The work has been done to a great
extent in the project testbeds as well as at smakperimental facilities/laboratories at the partn
locations. The experimental activities have sobfeen focused to single-partners tests, with plans t
transfer/integrate them to other partner testbaddiffes and multi-partner demonstrations at arlat
stage.

In the first project year, Acreo deployed the hamaeéwvork and showroom, performed a demonstration
of IPTV over Plastic Optical Fibre (POF), implemathiPTV/Video-on-Demand to the test-pilots

over the fixed access testbed and (partially) dvemwireless access (HSPA) testbed. Acreo has also
performed a number of control and management @aperiments for the next-generation access
network (multi-layer point-to-point resource resaion, initial visualisation of data and controhpé
topology and others).

Telefonica I1+D has deployed a fixed home testbexttdan POF, performed extensive femtonode
tests in various scenarios, and carried out ottté@riees including, in particular, “personalisatidn
home”, a “follow me” demonstration, a video-calrisfer as well as a number of demonstrations to
the external public.

France Telecom has carried out a number of denatiwsts based on a Broadcast & Select CWDM
architecture, in particular, the following experim& have been demonstrated simultaneously on this
single infrastructure: Residential PON, “LAN-likaepplication, Radio-over-Fibre, terrestrial TV
broadcast transport and WDM-based point-to-poichigecture.

Alcatel-Lucent France has completed a number ofisitions and experiments that have confirmed
the feasibility and shown promising results for thglementation of a 10 Gb/s WDM-TDM PON.
Also, parts of the demonstrator have been testddassembly of the demonstrator in the racks has
started. Preparation work for the interconnectidti the France Telecom’s home network testbed has
been also initiated.

Luceat has tested and validated different priaiton approaches for integrating triple and qualdrup
play service on IP Networks over POF. UniversityBafhgor has performed laboratory experiments to
demonstrate data transmission of Adaptively Modd@ptical Orthogonal Frequency Division
Multiplexed (AMOOFDM) signals in a non-real-timessgm which verified the potentially high data
rates achievable with the AMOOFDM technique. IBBSSldeployed an experiment to evaluate the
viability of using UPnP-QoS (Universal Plug & PlayQuality of Service Extension) to make Quality
of Service (QoS) reservations in a home networkmefibre have investigated user scenarios
regarding the integration of various IP-based ses/and performed the comparison of technologies
in terms of performance and power consumption.

In summary, the majority of the experiments planfedthe first year of the project have been
successfully implemented.
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1 Introduction

1.1 Purpose and Scope

The purpose of this deliverable is to report ondgkperimental activities and demonstrations carried
out during the first year of the ALPHA project.

The document highlights the most important demaittistns performed, doing a particular emphasis
on the services, the physical layer aspects anddtveork used.

In this first year of the project, the main effodsne in Workpackage 5 (Demonstrations and field
trials) have been focused in the deployment, tgstind validations of the project network facilities

The planned experimental activities for the whaleation of the project have been presented in the
project Deliverable D5.1 “Plan for demonstrationsl dield trials of the project” [6] submitted onlyu
18, 2008.

The services planned for testing during the fiesiryof the project are summarised in the Figure 1-1
[6].

Advance tes
Femto-node RoF over PON
model tests o

—— HSDPA (14.4 Mb/s) 1Gb/s Home "D Vid 5
laec-on-Demant
IPTV services \ HSUPA (3.5 Mbls) | network [

Test-beds Test-bed Very High-Spee:
deployment upgrade File Transfer

Second year

Interconnectio
with metro network

Best effort
services

optical OFDNM
___modems in MMF links

Dynamic allocatio
- capacit

Figure 1-1: Major ALPHA experimental activities yeaise.

| \
WDM TDM PON  / \___RoF over PONs | k
- |

I
/ EMC Complianc /| Traffic
AGbislab tests tests / \ prioritization

1.2 Reference Material

1.2.1 Reference Documents

[1] J. M. Tang, P. M. Lane, and K. A. Shore, “Highesppéransmission of adaptively
modulated optical OFDM signals over multimode fgasing directly modulated DFBs,
J. Lightw. Technol., vol. 24, no. 1, Jan 2006

[2] UPnP Device Architecture v1.Bttp://www.upnp.org/resources/documents.asp

[3] UPNP-QoS Architecture v2.0ttp://www.upnp.org/specs/qos/

[4] The Click Modular Router Projedittp://www.read.cs.ucla.edu/click/

[5] D1.1 Specification of services for access. madild in-building networks

[6] D5.1 Plan for demonstrations and field trialshaf project

[7] D2.1 Reference and emerging architectures in agusvorks

[8] D3.1 Techniques for high capacity transport ofedliand wireless services in in-building
networks

1.2.2 Acronyms and Abbreviations

Most frequently used acronyms in the Deliverable Bsted below. Additional acronyms can be
specified and used throughout the text.
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2G Second Generation

3G Third Generation

3GPP 3rd Generation Partnership Project
ADSL Asynchronous Digital Subscriber Line
AE Access Edge

ALF Alcatel Lucent France (project partner)
AMOOFDM | Adaptively Modulated Optical OFDM
AMR Adaptive Multi-Rate

AN Access Node

AON Active Optical Network

APD Avalanche Photodiode

ATFI Andrew Wireless Systems Srl ((project partiher)
ATM Asynchronous Transfer Mode

AWGR Arrayed Wavelength Grating Router
B&S Broadcast and Select

B3G Beyond third Generation

BER Bit Error Rate

BW Bandwidth

CAPEX Capital expenditures

CATV Cable Television

CCTV Closed Circuit Television

CS Circuit Switched

CSMA/CD | Carrier Sense Multiple Access with CollisiDetection
CWDM Coarse WDM

dB Decibel

DCF Dispersion Compensating Fibre

DFB Distributed Feedback laser diode

DL Downlink

DLNA Digital Living Network Alliance

DS Downstream

DSCP Differentiated Services Code Point
DSP Digital Signal Processor

DVB Digital Video Broadcasting

DVD Digital Video Disc

DWDM Dense wavelength Division Multiplexing
EDFA Erbium Doped Fibre Amplifier

EMC Electromagnetic Compatibility

EVM Enhanced error vector magnitude
FA-LSP forwarding adjacency LSP

FEth Fast Ethernet

FFT Fast Fourier Transform

FPGA Field Programmable Gate Array
FSAN Full Service Access Network

FT France Telecom (project partner)

FTP File Transfer Protocol

FTTH Fibre To The Home

FWT Fixed Wireless Terminal

GbE Gigabit Ethernet

GEth Gigabit Ethernet

GMPLS Generalized Multi Protocol Label Switching
GW Gateway

HDMI High Definition Multi-media Interface
HDTV High Definition Television

HN-OLT Home Network- Optical Line Termination
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HN-ONT Home Network- Optical Network Termination
HSDPA High Speed Downlink Packet Access
HSPA High Speed Packet Access

HSUPA High Speed Uplink Packet Access

ICT Information and Communication Technologies
IEEE Institute of Electrical and Electronics Engine
IETF Internet Engineering Task Force

IFFT Inverse Fast Fourier Transform

IMSI International Mobile Subscriber Identity
IPTV Internet Protocol Television

ITU International Telecommunication Union
LAN Local Area Network

LD Laser Diode

LSP Label Switched Path

LTE Long Term Evolution

MAC Medium Access Control

MMF Multi Mode Fibre

MMS Multimedia Messaging System

MPLS Multi Protocol Label Switching

MSF Multi Service Edge

NTP Network Time Protocol

OCX0S Oven-Controlled Crystal Oscillators
OFDM Orthogonal Frequency Division Multiplexing
OLT Optical Line Termination

ONT Optical Network Termination

ONU Optical Network Unit

00S Out of service

OPEX Operational expenditures

OSNR Optical Signal-to-Noise Ratio

OTN Optical Transport Network

P2P Peer to Peer

PC Personal Computer

PCI Peripheral Component Interconnect
PE Provider Edge

PIN Personal Identification Number

PLMN Public Land Mobile Network

POF Plastic/polymer Optical Fibre

PON Passive Optical Network

PTP Picture Transfer Protocol

PVC Private Virtual Circuit

QoS Quiality of Service

RFID Radio Frequency IDentification

RNC Remote Node Controller

RoF Radio over Fibre

Rx Receiver

SDH Synchronous Digital Hierarchy

SFP Small Form Factor

SMF Single Mode Fibre

SMS Short Message Service

SNR Signal Noise Ratio

SOA Semiconductor Optical Amplifier

TBD “To Be Determined”

TCP Transmission Control Protocol

TDM Time Division Multiplexing
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TID Telefénica 1+D (project partner)

TX Transmitter

UDP User Datagram Protocol

UL Uplink

UMTS Universal Mobile Telecommunication System
UniBO University of Bologna (project partner)

UPnP Universal Plug and Play

UPVLC Univesidad Politécnica de Valencia (projeattper)
usS Upstream

USB Universal Serial Bus

UwB Ultra Wide Band

VHDL VHSIC hardware description language
VHSIC Very high speed integrated circuit

VLAN Virtual Local Area Network

VPN Virtual Private Network

WDM Wavelength Division Multiplexing

WiFi Wireless Fidelity

WP Work Package

1.3 Document History

Version Date Authors Comment

00 Sept 2008 ToC

01 Dic 2008 First version to review
02 Jan 2009 Complete version

03 Jan 2009 See the list of Minor corrections

04 Jan 2009 authors Format corrections
05 Jan 2009 Small additions

06 Jan 2009 Reviewed version
07-08b Jan 20-21, 2009 Final version
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2 Experimental activities, demonstrations and field tials

The presented activities have been performed inpttogect testbeds as well as in the partner
experimental facilities (in case of smaller expamtal validations). It has been found convenient fo
this report to present the results on the partraeisb To the end of the project, as the different
technologies will be integrated, the experimentaivities will in general be focused to a fewer
partner locations, as well the demonstrations/fie&ds will become multi-partner.

2.1 Acreo testbed

Acreo offers four different facilities for test adémonstration activities within ALPHA:
Home network and showroom at the Acreo premises
Fixed line testbed in the field in an urban aredhneal test pilots)
Fixed wireless testbed in the field in a rural greih real test pilots)
Fixed line multi-layer testbed in the in the lab

The Acreo testbed and demonstration facilities lef@cus on providing the infrastructure for tegtin
interoperability of home and access networks, itrafheasurements, studying of fixed-mobile
convergence issues, multi-layer control plane, biela studies and traffic measurements, testing
multi-operator solutions as well as the commereiglloitation-related questions. General operations
and maintenance of the testbed and demonstratalitiés are covered by national research projects
whereas the ALPHA-related activities are coverednd reported to ALPHA.

2.1.1 Fixed line testbed

Acreo is operating a production-grade fixed lingtlied based on active optical network (AON, a.k.a.,
active Ethernet or point-to-point Ethernet) curhenith either 10 or 100 Mb/s symmetrical
connections to 50-60 real end-users or test pilitxe information about the fixed line testbed is
found in [6]. In year 1 of the project, the testlveals prepared for ALPHA test and demonstratiores, th
planned IPTV and VoD services are available to test-pilots. (IPTV over POF was also
demonstrated in the Acreo home network/showroom).

2.1.2 Fixed wireless testbed

The fixed wireless part of the testbed (based @oramercial high speed packet access (HSPA) or
“turbo-3G” network) has been established and isdpeieployed, see Figure 2-1, and the test-pilots
have access to Internet browsing. It comprisesas®5-20 test-pilots (real end users), who areredfe
downlink connections of “up to 7.2 Mb/s”. In pramj the bandwidth is much lower. Each test pilot is
equipped with a universal serial bus (USB) donghebling HSPA reception directly in the computer)
and a fixed wireless terminal (FWT, enabling HSR&aption as well as WiFi coverage in the home).
The test-pilots’ internet traffic has been monitbeand will be compared with the internet usage from
the fixed line testbed. Also, the test pilots hdiMled in a questionnaire to analyse the perceived
quality of the service.

The IPTV/VoD over the fixed wireless network hasibeested with partial success (it has been
identified that further troubleshooting of softwaserequired). Different transcoding techniquesl wil
be tested among the test pilots with the goal afymmng which techniques and which parameters to
use under which circumstances. The major challeagedandwidths that occasionally become less
than 1 Mb/s and connection fall-outs — which aremra in such HSPA networks but do not pose
problems if they are just used for “normal” interaetivities.
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Figure 2-1: The fixed wireless testbed

The test pilots’ internet traffic is continuouslyeibg monitored. As an example, the traffic
measurements in the fixed wireless testbed are shwowigure 2-2. The total (inbound + outbound)
traffic for each terminal (host) during the measoeeat period is calculated. The households aredorte
by the FWT (Fixed Wireless Terminal) traffic in deading order and plotted. Each pair of dots in the
figure represents one household. By adding the eusnlone can see that the top 4 households use
more bandwidth than all the others together. Ttiiwisy is not funded by the ALPHA project, but the
traffic monitoring and measurement provide impdrtemiormation which can and will be used for

network design.

Total data per testpilot (October)
3
254 *
2 s FWT
= USB dongle
B 15
11 ¢ & o o
* *
054
¢ . * [ ] = -
0 P T T - SN
o} 2 4 6 8 10 12 14 16
testpilot No (sorted by FWT traffic)

18

Figure 2-2: The total (inbound + outbound) traffar each terminal during October 2009. Each dotresggnts

a household.

2.1.3 Home network and showroom

The showroom includes a simulated home and offisér@enment and will be furnished, in particular,
with equipment and solutions developed by Acreo atidr ALPHA partners, see Figure 2-3. The
interior of the showroom was almost finished durisigar 1 of the project. Preparations in
infrastructure have been carried out within thevgloom, in particular, the plastic optical fibre and
transmission equipment from an ALPHA partner (Hdbref) has been used for an IPTV distribution

demonstration.
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Uncompressed
HD video
conference
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Fatch panels media equipment
+ electrical
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Telemetri Haome network T
equipment  equipment + different
types of cabling

Figure 2-3: lllustration of Showroom interior

When the showroom is fully equipped it is expectede frequently used for demos for external
visitors thereby providing a showcase for ALPHA jpob including technologies, products, solutions -
and the partners themselves.

2.1.4 Multi-layer AON network resource allocation

2.1.4.1 Demonstrations scenario and solution background

The goal of this activity is to demonstrate thewwgk response to an end-user service provisioning
request in the future multi-layer AON environmerst specified in the project Deliverables D2.1
“Active optical network (AON) architectures” [7] de section 5.1 of D2.1), D5.1 “Plan for
demonstrations and field trials of the project” (6¢e section 2.1.1 of D5.1). The main requiresient
to be met are found in “Active Optical Network (AQNG6] (see section 4.2.4.3 of D1.2) The
demonstrations will show all different types of eedn the multi-layer AON network and the end-to-
end service delivery over the ALPHA next generath@®N network architecture.

The first step in this activity is a purely softwaemulated network where control, data/forwarding,
and management plane functions and protocols atised on a Linux environment, i.e. an AON node
is implemented on a PC platform. The second stepriixed case where the data/forwarding plane
can be realised by a commercial product and thdra@loand management plane functions and
protocols by a software implementation made witthie project. The commercial part needs to
correspond to the requirements of the data/forwgrgilane of the ALPHA AON solution (ALPHA
WP2).

To illustrate the activity, we will consider a casden a person that wants to buy an e.g. high
definition video service on-demand and get it deidd over an ALPHA AON solution. That person
may do this through some service provisioning panaa personal computer or a set-top-box, or this
can be requested automatically by the applicatonfuter/set-up boxThe expected result is a
network resource allocation that meets the requeets of the provisioned servicEhe requested
service is then supplied through the data-planeocend-user, in our example; it is a high-defimiti
video that appears on the television set of theoowsr.

In the designed AON architecture, the home gateacty as the mediator between the home network
and the access metro-access network and thereéeddsra number of functions belonging to both
parts in order to make it possible for the sentizebe provisioned end-to-end through the home
gateway. The specification of some of the functithed enables this type of home gateway has been
specified in section 5.3 of the ALPHA Deliverabl8.DD [8]. The access and metro access nodes also
need a number of functions in order to facilitajga¢h calculation, resource allocation, resourc8,Qo
protection cases an so on in an optimised way.
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All of this should be demonstrated in the Acreowvghmom. The ordering and delivery of the

requested service is readily visualised in the shoam environment. The network resource
allocation, however, needs development to be adelgugisualised. The goal is to show an event
based visualisation of the network resource allonabn a big screen in the show room. This would
also show the different types of nodes that existhe next generation Alpha network architecture
solution. This demonstration would show all differeéypes of nodes in the network and therefore
demonstrate end-to-end service delivery over amalpext generation AON network architecture.

The figure below describes what must happen inomesgpto an end-user service provisioning request,
plus a protection event.

Customer
Premises Multi
| Service
:’ v Access  Provider

Home network edge I )
functions, e.g. service | Network control and management functions,
provisioning || e.g. routing, signalling, fibre management

Core network edge
functions, e.g. peering

Home Network Next Generation Access Network Core Network

Figure 2-4: Single or multi-technology resourceoathtion through an multi-regional and/or multi-lage
generalised multi-protocol label switching netwarichitecture

The above picture is a “snapshot” of the layereswof the network presented in Figure 2-5. The
future AON network architecture will have a numbédifferent data/forwarding plane technologies,
and in order to be described in a picture it woudgd to have a layered view of the network. Even
within a technology there can be multiple layerg. Ehe IEEE Ethernet standard has multiple flasour
that meet different requirements as well as the IDON and SDH. Even an IETF MPLS
data/forwarding plane can be considered consigifngultiple layers since one can stack an MPLS
label into another one.
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wg Access . }g Dlstrlbutlon Network ; i
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Figure 2-5: An example of a layered view of a neknsmnsisting of an IP, Ethernet, optical transpoetwork
(OTN), and a fibre/cable/duct layer.

In order to be able to allocate resources in aifayer environment there is a need to allocateveel
layer, i.e. a server layer, in order to be ablaltocate an upper layer, i.e. a client layer. Thsans
that there is a hierarchy between the layers thest tme allocated in order to facilitate the delyef a
service over that network. It is illustrated in g 2-6 where a generic multi-layer network witheth
different layers can be seen. The end result @&al Iswitched path of the highest layer that isetes
into an LSP of the middle layer, which is nestet ian LSP of the lowest layer. The nesting LSP is
called a forwarding adjacent LSP (FA-LSP). Thisthe classic way the multi-layer data plane
allocation is done through a unified control plafbe naming of the layers is somewhat schematic
since they are not supported in current standards.
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TE-link type L2SC Ethernet .1ah Resulting PSC TE-link due to advertising
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Figure 2-6: A generic picture of a multi-layer neitk and how the server layer resource allocatidmetgh
forwarding adjacency label switched path (FA-LS&up results in a client layer resource. The erglules are
multiple nested resource “tunnels” which are depentdon the actual technology in which they are tda

2.1.4.2 The proposed ALPHA AON network architectural solutions
The proposed ALPHA AON network architecture inclsil@o multi-layered solutions:

1. An IETF GMPLS controlled multi-layered IEEE Etherndata plane solution, schematically
described in the upper part of Figure 2-7.

Similar to current solutions when it comes to iaffows, which are usually not optimised for
a traffic matrix with a high degree of local traffi

Benefits compared to current solutions [6] (se¢iced.2.4.3 of D1.2)
Physical infrastructure topology has a higher degferedundancy

Traffic engineering, i.e. the possibility to cortwehere in the network to place traffic
in order to optimise network resources

Protection and restoration, due to some degree ediundancy of the fibre
infrastructure

2. An IETF GMPLS controlled multi-layered IETF IRJPLS and/or IEEE Ethernet data plane
solution, schematically described in the lower péfigure 2-7

The same benefits as the above but optimised fgelaamounts of local traffic due to e.g.
requirements from future peer-to-peer applicatiéhgsee section 4.2.4.3 of D1.2)

Also seen in Figure 2-7 is the different site typethe ALPHA AON solution.
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H B EEE B

Figure 2-7: A layered data plane view of a schemdtagram of possible implementations of the next
generation ALPHA AON network architectural solutidime diagram describes the different site typabthgir
location in the network, i.e. if they are part béthome, access and/or metro access network. Tire\ahtions

Q, ah, Qay corresponds to IEEE Ethernet flavoursl B/C/D to fibre/cable/duct. Full lines mean thetwal
layer that is being encoded onto that particuldoré link. The dotted lines indicate a layer beitacked into
another one and also its termination point.

2.1.4.3 Network functions in the ALPHA AON solutions

For these two approaches, the functions and pristamecified (and to be specified) in WP2 and

WP3, will be implemented and tested with respecthi network response to an end-user service
provisioning request. The functions that is needad that will be demonstrated, depending on the
particular AON solution, can grouped based on wheltwork architectural plane (control plane,

data/forwarding plane, or management plane) thigngeo, as follows.

Control plane functions:
Signalling plane
- Resource reservation
- Resource termination
- Resource alteration
- Error notification
- Error handling (protection/restoration)
- Calls (targeted information requests)
- QoS
- point-to-point LSPs
- point-to-multipoint LSPs
Routing plane
- Multi layer information dissemination

- Multi layer path computation
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- Protection path computation
- Layer specific constraints
- Distributed PCE
- Centralised PCE
Data/forwarding plane functions:
IP
Hierarchical Ethernet (multi flavour)
- 802.1D (Standard Ethernet)
- 802.1Q (VLAN Ethernet)
- 802.1ad (Q-in-Q, PB)
- 802.1ah (MAC-in-MAC, PBB)
- 802.1Qay (PBB-TE)
MPLS
Unicast forwarding
Multicast forwarding
Management plane function:
Link management
- Ethernet OAM
- Fault management
Service provisioning to network resource allocaiitantiation
Network management system
- Visualisation of control and data plane topology
- LSP visualisation
- LSP instantiation and removal
The full range of the experiments described absvelanned to be carried out in the Acreo testbed
during the project.
2.1.4.4 Demonstrations 2008

During the first year of the projethe following protocol extensions and functions evenplemented
and tested at the Acreo testbed.

Signalling plane:
Multi-layer point-to-point resource reservation aadmination

- Continuous LSP setup over MPLS and 802.1Q Ethetagérs using two methods;
Forwarding adjacency LSPs (MPLS LSPs using 802.ltQerBet LSPs as data links
[RFC4206]) and LSP Conversion (converting the L$petat layer borders, non-standard
Acreo implementation).

- Unnumbered interface identifiers, node-local irde€f identifiers as opposed to network
unigue IP-addresses

Targeted error notification (using the RSVP NOTIRYechanism which also is the basic
mechanic for implementation of Calls [RFC3473] [RIPZ4])
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Routing plane:

Extensions of the PCEs internal network databasslésv multiple links between nodes (useful
for protection and restoration testing)

Data/forwarding plane:

Unicast multi-layer forwarding on MPLS and 802.1Ghétnet using both MPLS-in-Ethernet
packet encapsulation (data plane component of folimg adjacency LSPs) and MPLS to
Ethernet label translation (moving the payload frarvIPLS labelled packet to a 802.1Q tagged
frame). Demonstrated on both hardware Ethernetcbest and GNU/Linux-based software
Ethernet switches.

Management plane:

Management and visualisation system initial visgiadj data and control plane topology as well as
LSPs that are either established or configuredrioeyet signalled).

2.2 Telefonica I+D

2.2.1 Telefbnica testbed

The Telefénica home network testbed is a platfoased on mixed technologies and with the support
of femtonodes.

In the home environment testbed of Telefénica a B&R network has been installed. This network is
all IP and with the Fast Ethernet as the LayercBnielogy. The network deployed has 16 end-points
and each one has a POF fibre to the communicatzmk#patch panel. This is done in order to provide
the possibility to test different network architaets.

The current deployment is a tree architecture, aileere are two main branches. The first one, that
includes SW1, SW2 and SW3 is done with Luceat egai and the second one (SW1', SW4' and
SW5’) is done with Homefibre equipment. Both arermected with the residential gateway from
Telsey as showed in the Figure 2-8.

- n B | .'
8W1 |,

IPlAccess >
Ethernet &

Residential b— |

Galeway [ —I_ )
aw !

Figure 2-8: TID's testbed.

The end-points of the network have optical converteith RJ45 Ethernet output (no pure optical
outputs have been yet implemented).
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Most of the demonstrations have been done in #sithéd, using the existing devices showed in the
Figure 2-9.

Figure 2-9: Testbed devices.

2.2.2 Femtonode laboratory setup

The femtonode tests have been done in Telefonical®sofacilities in Madrid. The femtonode has
been connected directly to the security gatewaymidDSL line using a commercial router through a

point to point POF link from Homefibre (the testsr& done using 35 meters of POF), see Figure 2-10
and Figure 2-11.

Page 19 of 60



212352 - ICT ALPHA PUBLIC D5.2p

Architectures for fLexible Photonic Home and Acchletworks
@

L0 8

ol

Figure 2-11: Femtonode labtest.
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During this lab-test, the femtonodes used wereopypes following a traditional architecture andhwit
only a subset of the functionalities needed for w@ncial deployment.

The interface between the femto node and the RNECthva “standard” lub interface, adapted to work
over an IP link.

For the Clock Synchronization a proprietary protosas used instead of standard NTP or PTP.
Femto-nodes prototypes were equipped with very ratewscillators (OCXOs) which do not really
need to be adjusted for months

As the femto nodes used in the trial were protaypeey were lacked of the following femtonode
specific functionalities:

Node authentication. The identity of the node d@ADSL line used are not checked.

lub interface security. Only standard 3GPP lub wotion was used. No IPSec or equivalent
protocol was used for authentication, encryptioth protection against intruders.

Automatic reselection between macro and femto .ckliers had to manually search for femto
PLMN, and select it in order to camp on the ferth. c

No active-mode mobility between femto and macrdscel
No QoS implementation in transport network.

- This is a limitation on the transport network, natthe femto prototype (Diffserv + MAC
Priority Tags 802.1p available but not supportedfie internet PVC)

- Femto access shares bandwidth with internet aeaésshe same priority
No positioning of users camped on femto cells.
The main objectives of the trial were:
Check the performance of femto nodes with real AliBés and real user traffic profiles.
Check the coverage of femto nodes.
Check femto technology stability.
Mobile services bottleneck was not observed orFmato capacity but on the ADSL line bandwidth
ADSL lines are not symmetrical; UL capacity is low@20 kb/s UL is commonplace)
Most mobile standards (e.g. UMTS) generate heavighalling traffic

2.2.3 Experimental activities 2008

2.2.3.1 Femto-node
The following tests were realized to the femtonadigsng the lab-tests:
Automatic configuration without user intervention:
- Users just had to switch their femtonode on, anit fea“ready” indication.
- Femto measures the pilot of cells nearby and setbetbest Scrambling Code.
- Femto also builds the Neighbour Cells List baseth@scanning.
IMSI-based Access Control:

- Each user selected the mobile numbers he wantadctss the femto cell, and they were
provided in the RNC access list.

Home-zone Indication:

- A dedicated Home PLMN was used for the femto nodes
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- Aflash SMS is sent to the mobile when it registerthe femto cell

Femto nodes used in the trial provided the foll@nservices to their users:

- Voice calls AMR 12.2 kb/s

- Video calls 64 kb/s

- R99 384/64 kp/s data connections

- HSDPA 7.2 Mb/s

- SMS/MMS

The most spread ADSL lines in Spain are of 1Mbpd 3lb/s of downlink and about 300kb/s of
uplink. The line used for these lab-tests was ofb&Mof downlink and 320kb/s in the uplink
(theoretical values During the tests, the main problems encountareck:

1. FemtoNode uses up slightly more BW than expectedarJL.

2. FemtoNode cell is taken Out Of Service (OOS) by RMC when the ADSL line gets highly
loaded, even if only the femtonode was the oridithat traffic.

3. FemtoNode calls QoS and drop rate are very seediiithe ADSL BW usage
4. HSDPA Throughput < WiFi Throughput

Problems 2 and 3 could be foreseen since theraav@0S mechanism in place. So, the main problem
is the bandwidth of the ADSL line, above all in taink.

ADSL heavily loaded due to femtonode own traffic

In this case only the femtonode is connected toARSL modem-router. When traffic reached the
maximum available bandwidth, due to simultaneousu@i Switched (CS) calls or ftp download using
HSDPA, the cell temporarily dropped (switched offfany times the CS call or ftp download

continued but the rest of mobiles attached to #mtd cell had moved to the macro network (3G
network) because common channels were not radidgdlly the cell dropped for tens of seconds

In the Figure 2-12 there are HSDPA ftp downloadoice call, using the ADSL 2 Mb/s. The data
connection drops in the middle of the ftp downl¢s8 MB file) and the voice call continues

ftp download + voice call
ol Ly

Black UL+DL Traffic e

1 UL Traffic V 100000
Red DL Traffic

Modem connection

Modem registration

Start of the voice call
Only voice call
Cell setup, without traffic N
Vi AL N

PR ey e vl oo ) PR i Sropei o=y
LAWY LAV A L T TA R WYL W WA/ WY

SR N v v i e e
i o e [ e ) P e T ] B P e e U o P o o P e e L L I it s o 0

505 100s 1505 200s 250s 300s 3505 4005

Figure 2-12: High Femto Traffic: Femto Cell Out Sérvice (I).

If an ADSL line with higher downlink bandwidth (8VH) is used, the ftp download (12 MB file)
finishes correctly and when voice call starts, ddlytotal traffic increases. See Figure 2-13
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Start of the voice call

Black:UL+DL Traffic
Green: UL Traffic Start of the ftp
Red: DL Traffic

Modem registration & connection

Mobile registration

Only vojce call
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Figure 2-13: High Femto Traffic: Femto Cell Out Sérvice (Il).

ADSL heavily loaded due to other external applicatins (P2P, web browsing) on a PC connected
to the same ADSL router:

In this case, when there is another traffic throtighrouter; femto-node calls’ QoS and drop rate ar
very sensitive to the ADSL BW usage. The voice @iddo quality decrease, and even drop. When the
total UL traffic (Femto + PC) reaches ADSL UL limitib protocols are affected and RNC shuts down
the cell. This is especially problematic with PZ#placations which share files in the UL See Figure
2-14

Black: Total UL+DL Traffic
Blue: DL Femto Traffic
Pink: UL Femto Traffic
Red: DL P2P Traffic

Green: UL P2P Traffic

——
—r
T

Cell is deleted

by RNC [ 5 M

505 1008 150s 2005
Figure 2-14: High ADSL Traffic: Femto Cell Out OCSice.
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There are some possible solutions for the QoS asmnt:

Support of QoS mechanisms in Access Network (Feantb RNC used DSCP marking, packet
prioritization)

Dedicated PVC/VLAN for Femto, as it is done for peaio (Telefénica’s IPTV)
Prioritize in the ADSL modem/router Femto UL traffiver other UL traffic:

- This simple QoS mechanism was tested (only matifyouter configuration was needed).
See Figure 2-15 for test results.

— This mechanism, though simple, is actually useithéncurrent commercial VolP calls
over ADSL

— Solution only for UL traffic

Black: Total UL+DL Traffic
Blue: DL Femto Traffic
Pink: UL Femto Traffic
Red: DL P2P Traffic

: UL P2P Traffic

400k

1 Video Call 1 Video Call
80k

Figure 2-15: High ADSL Traffic: Interim QoS Mechami.

Taking into account that the next generation ofterades will require a higher bandwidth, e.g. LTE-
femtonodes target 100 Mb/s in downlink and 20 Mhb/she uplink, it is clear that likely no xDSL

lines will support this bit rate and higher spequtiaal access and in-building networks will be
mandatory.

2.2.3.2 Personalisation in home

During this demonstration, the home environmeradapted to the user preferences when he arrives
home. A 3G mobile with an RFID interface is usediébect the user presence at home and customize
it following his preferences. Thus, the mobile pbas synchronized and the new photos are picked
and sent to a digital frame. The lights are swidcbie, and the TV shows his favourite channel.

Page 24 of 60



212352 - ICT ALPHA PUBLIC D5.2p
Architectures for fLexible Photonic Home and Acciistworks

Figure 2-16: Mobile with tag RFID + Tag Reader.

2.2.3.3 “Follow me”

The user is watching a movie on a TV set at thedwed, which is being played from a DVD player.

The DVD player and the TV are connected throughotbiical network. The user decides to move to
the living room and keep watching the movie th&efollow me” service provides the automatic

redirection of the film to the TV of the living ran

For the provision of this service, it is necessarprecisely locate the customer at every roormhen t

house. The location is based on simple RFID tags$ dvery person would wear (for example,
embedded in the wrist watch).

Figure 2-17: Follow me.
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2.2.3.4 Home control

The testbed has a ZigBee control network. This agtwhas sensors and actuators. The main
information provided by the sensors is temperatiurajnosity and motion. The actuators can be used
to control lights or other devices into the hom#.tiis information is managed using web-services.

During this demonstration, the control network sed to close a water valve remotely, using the
mobile phone.

Figure 2-18: ZigBee controlled valve.

2.2.3.5 DLNA tests

In this service scenario many different multimedieeams, high definition type in the very next
future, will have to be provided to different rooinsa house, in order to let different people waich
different content. These contents will be supplieain the access network (IPTV service), thus
making use of the gateway functionality.

The service does not need additional equipmentTahefonica offers all the tools needed to control

all its functionality (purchase, rendering) witrethame interface. This is real Plug&Play experience
and it can be exported to other kind of services.

Three different screens are used to show this DsRices. See Figure 2-19
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Figure 2-19: Multiple IPTV services.

2.2.3.6 Video-call transfer

The user makes a video-call with the mobile phome this is re-directed to a TV-set for a more
convenient experience. This demonstration makesofigee 3G capabilities, the optical network.

When the video-call is transferred, the web-cantlsehis case is not the mobile-phone’s one, it is
used the cam besides the TV-set.

Figure 2-20: video-call transfer.
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2.2.3.7 Demonstrations to external public

As the major part of the year has been used to riakeleployment of the optical network in the
testbed, the demonstrations have not been readyxtesnal public until the end of the year. The
demonstrations of the first part of the year hagerbfocused on the femtonode lab-tests, and the
second part of the year on the functionality of @&F network.

The main audience to the TID demonstrations was:

The femtonode demonstrations have been done td6hata Moéviles and to the femtonodes
manufactures.

The audience on the other demonstrations has baerynother groups into Telefénica I1+D, and
Telefénica de Espafia staff.

- In November 2008, Telefénica I1+D organized an Irat@mn fair to show the last investigation
results. There were more than 800 visitors, inudiclg the members of the Direction staff of
Telefénica de Espafia. This fair had more than G@amstrations, and the concept of the
evolved femtonode in the ALPHA project was showest¢.

Figure 2-21: Distrito C demonstration.

- The Mayor of Zaragoza and other Council membersevieterested in the management
capacities of the equipment.

- The public TV (Television Espafiola), report abdé investigations done in Valladolid.

- Internal demonstrations with other TID divisions

2.2.4 Planned activities 2009

In the next two years, the demonstrations in Teleg testbed will focus on the following activity
areas:

Evolved femtonode

Evolution of the home network to 1Gb/s
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Robotic assistance
Test with different manufactures to get convergence

Collaboration with other projects.
2.3 France Telecom

2.3.1 Network architecture

The demo studied and developed by France Telecaheiframe of ALPHA project is an innovative
solution for the home network, based on a Broad&Select (B&S) CWDM architecture. This
approach, depicted in Figure 2-22, and describedl iPHA deliverables D3.1 and D5.1, implements
a fully transparent optical plant, shared by a# tonnected devices and running services. CWDM
technology is then used to combine these diffesmmtices working in parallel: this allows the
superposition of several simultaneous applicatieith different data formats (digital, analogue) or
with different topologies (point to point, point tmultipoint, multipoint to multipoint) without
interference between each other.

Accass nﬂworkl)

] Access
ONT

Figure 2-22: Broadcast and Select CWDM architecture

As shown in Figure 2-23, this solution is basedaoNxN splitter. A pair of fibres (TX and RX)
connects one coupler to optical outlets, locatethemrooms. Each TX fibre is connected to all RX
fibres through this splitter. As each applicatiomsinoften uses one or two wavelengths, several
wavelengths circulate simultaneously in the netw@le to the broadcast function achieved by the
splitter, all these wavelengths reach each optiatlet (at the extremity of the Rx Fibre). An oplic
filter is then used at this point to select the &lamgth corresponding to the application to whiod t
device has to be connected. To allow the connedi@®everal devices to several applications at each
optical outlet, add and drop filters are preferifed,they can be cascaded with limited additiorséss
(Figure 2-24).
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Figure 2-23: Optical NxN plant.
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Figure 2-24: Connection to an application using aaattl and drop filter.

This Broadcast & Select CWDM solution is based ioglse-mode fibre, mainly for two reasons:

It is assumed that bit rates will continuously gase inside the home, and that single-mode is
the medium really ensuring long life expectancyanfin home cabling, that has to remain
efficient during several decades.

All the optical functions necessary to implemens tolution (splitters, add & drop modules,
CWDM sources) are today fully available, unlike tiker fibre technologies.

In a fist phase, the demonstration is developed atand-alone experiment. In a second step, the
interconnection with the Alcatel-Lucent (a projpertner) access platform will be implemented.

2.3.2 Experimental activities and demonstrations

2.3.2.1 The target demonstration and overview of experimerst

The aim of this demonstration is to validate thexaapt of the proposed architecture, mainly by
showing its capability to offer a multi-gigabit tughput, while delivering simultaneously various
data formats and various application topologies.

The services that were selected to illustrate ¢hability are listed below, and illustrated in g
2-25:

Residential PON ("PON-like" application): derivifiggm the access domain, this transport
solution uses the mechanisms developed in the a&@8ls to share a passive infrastructure
between several users. The gateway is then a Haheokk Optical Line Termination (HN-
OLT). Premises are connected using Home Networkic@lpNetwork Termination (HN-
ONT). Real time traffic and best effort traffic co& with a good QoS, as PON allows
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resource reservation. Increasing the number of ected devices is very easy, as PON are
presently sized with up to 128 ONT. In our B&S CWDddlution, two wavelengths are
necessary to implement a PON on the transparemisinficture: one for upstream, and one for
downstream traffic.

Residential LAN ("LAN-like" application): with thisolution derived from LAN and Ethernet
context, all premises are connected to an optigg) bsing optical transceivers. The gateway
is on the same hierarchical level than other presnend the network manages itself. The
advantage is the simplicity of the Medium Accesani@d (MAC) e.g. CSMA/CD. The
drawback is that this type of network has beengiesl for best effort traffic and no QoS is
currently considered. But, considering the shamd$mission distances, the limited number of
nodes compared to the LAN context and taking intcoant the increasing speed of
transceivers, the ability of such a network to $@ort simultaneously real time and best effort
traffic should be possible. As the best solutioninbplement an optical bus is the passive
optical NxN star, this approach is well suited lte transparent optical plant we use for the
demo. Another advantage is that only one waveleisgtlecessary for this application.

Point to point links: this topology is not well gaad to the B&S CWDM architecture, for it
requires two wavelengths, one for each transmisgigection, only to connect two devices
between each other. However, it is useful to be dabl offer such links, for instance to
interconnect two devices for very high bit rate dngh QoS services. In the frame of the
demo, Fast Ethernet and Gigabit Ethernet poinbtotpinks are implemented.

RoF transmission: as wireless connectivity is oftegferred for its convenience, data have to
be transported to radio access points. The begti@olis to achieve the transmission in the
radio native format, in order to simplify the radawcess points, and to be transparent
regarding the protocols used by the radio appboati

TV broadcasting: the possibility to broadcast tetnial TV programs from the TV antenna to
the TV sets inside the home may be a significamaathge for the user. One wavelength may
then be used to transmit the whole TV spectrunath dV set.

¥ v @
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Garage | Dining Living study |Bedroom 1 |Bedroom 2 [Bedroom 3
room room

Figure 2-25: The different services implementedhendemo.

After defining the applications embedded in the dethe next step was to determine the wavelength
allocation for all these applications. For costsmes, wavelengths were chosen in the coarse WDM
(CWDM) grid, except for the RoF transmission, fohigh we selected two very close wavelengths
chosen in the DWDM grid, only to demonstrate thosgibility. The wavelength allocation is given in
Figure 2-26.
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Figure 2-26: Wavelength allocation.

2.3.2.2 The optical infrastructure

The first step of the demo has consisted in implding the single-mode passive infrastructure,
organized around an NxN splitter. Two splittersééeen purchased, an 8x8 port and a 16x16 port
splitter (Figure 2-27). As shown in Figure 2-28edh splitters are constituted of arrays of cascaded
2x2 couplers (Figure 2-28). The main parameterthefsplitters have been measured: insertion loss,
uniformity and return loss. A bi-fibre cabling bdsen single-mode fibre was then achieved, according
to the scheme depicted in Figure 2-23.

Figure 2-27: Picture of the 16x16 optical splitter.
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Figure 2-28: Structure of 16x16 optical splitter.

PUBLIC D5.2p

Add & drop modules are used for inserting or extracapplications to or from the home network.
According to the application configuration, onetao add & drop modules are required to connect
one device. These modules, shown at Figure 2-2% Ween packaged in boxes to ensure easy
handling, as depicted in Figure 2-32. Examplesoofigurations are given in Figure 2-30:

PON-like modules: this application works with twaffekent wavelengths, on for each
transmission direction. Two add & drop modules vifte corresponding wavelengths are then

packaged in the same box.

LAN-like modules: the same wavelength is used &mreiving and transmitting. Two add &
drop modules at the same wavelength are packagethe.

TV modules: this application uses only one dirattigransmitting at the antenna end,
receiving at the TV set end). Only one add & dragdaie is necessary. In the other direction,
a very short fibre patchcord is inserted to enslueecascadability of the modules.

Figure 2-29:

1570 nm x 1530 nm

PON-like
modules

Figure 2-30: Examples of add & drop packages.

Add & Drop filters used in the demo.
1510 nm 1310 nm 4 1310 nm
’
T T R 1,
-+ o _
LAN-like
TV
dul {(CSMA/CD)
oduies modules

The principle of cascading adds & drops is showhigtire 2-31, while an example is given at Figure
2-33, with three cascaded modules: point to p&I@N-like and TV.
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Figure 2-31: Principle of cascading add & drop mdek

Figure 2-32: Packaging of the add & drop modules.

Figure 2-33: A cascade of add & drop modules.

Page 34 of 60



212352 - ICT ALPHA PUBLIC D5.2p
Architectures for fLexible Photonic Home and Acciistworks

2.3.2.3 Implementing the applications

2.3.2.3.1 Residential PON ("PON-like") application

As we had no the possibility to develop a spedifiene Network PON, we had to use an access point.
One difficulty is that access PONs are designedwtwk in a monofibre configuration, with
wavelengths specified by the FSAN standardisatimug, and most of the systems cannot work in a
CWDM environment. Generally, there is no possipild access to the optical components, which is a
major difficulty to adapt them to our demo. TheyoRION system that we could use was purchased to
a company from Israel, Flexlight Networks. This teys uses DFB lasers for both transmission
directions, in the 1.5 um window. With some slighbdifications, we could adapt this system to the
bifibre configuration of our demo. As two wavelemgitare necessary for implementing this PON
system, we chose 1570 nm and 1530 nm for downstegmhupstream transmission respectively, as
shown in Figure 2-34 .

The demo is interconnected with a distant serviadfgrm, so we have demonstrated the delivering of
Internet applications and video over IP programsugh the PON-like application.

mvon i E

Sef Top Box

1570 nm

Figure 2-34: Implementation of PON-like application

2.3.2.3.2 "LAN-like" application

This application runs on an optical bus, with oohe wavelength. As today Ethernet networks are
generally based on point to point links in an aettar configuration (switched Ethernet), it was no
easy to find products compatible with the bus togy] in other terms working with the CSMA/CD
medium access control. We only found one companyUSA) able to provide us with such
prototypes, at a bit rate of 100 Mb/s. Some netjotia were necessary to modify these prototypes to
cope with our requirements related to CWDM envirenin Wide spectrum Fabry-Perot lasers were
replaced by DFB lasers, at a wavelength of 1310 Timese prototypes were designed as Ethernet
cards to be inserted on the PCI bus in PC (Fige88)2Three cards were used to interconnect three
PC through our transparent optical architecturshasvn in Figure 2-36.

Figure 2-35: CSMA/CD prototypes.
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To test this application, files were transferreahirPC to PC, while movies were played, from one of
the PC acting as a video server. Some difficuliigseared, as file transfers tend to use the maximum
available resource, competing with real time appitcs. Some errors then occurred when playing
movies. One of the difficulties we faced was a wlefyy issue. Until now, we could not get a valuable
understanding of this problem, as three possildeaies may unfavourably impact the quality of real
time services in such a configuration: poor perfamges of CSMA/CD protocol, or of the bus of the
PC, or of the operating system (Windows). Furthmalysis has to be done to get a better knowledge

of this problem, especially through MAC simulations
100BaseFP l!ﬁ

ranscel ve;#
- 4 ‘; o

100BasaFP

transceiver

|

1310 nm

T

LR

100BaseFP ; 1310 nm

franscaiver

Figure 2-36: "LAN-like" application implementation.

2.3.2.3.3 RoF application

With the RoF technology, radio signals are trangabin their native format on optical fibre (more
details on this technique can be found in D3.1)usTha RoF system achieves a transparent
interconnection of radio cells, their associatiogsinly equivalent to a unique cell with a wider
coverage. Ultra Wide Band (UWB) was the technologgsen for this demo. As RoF products for the
home network do not exist, this application was lamented using commercially available
components. The dimensioning was made on the lmdstke common cable lengths in a home
network, and taking into account the losses intceduby a 16x16 splitter. The RoF application was
implanted in the demo, according to the schemeigurE 2-37. A communication between two
devices using an UWB interface has been considé@ed. of these devices was a video server, the
other one being a PC. Rather than using two wagtierselected in the CWDM grid, we chose two
very close channels, 1549.76 and 1550.33 nm, anshow the compatibility of this approach with
Dense WDM (DWDM), the two wavelengths being in zene CWDM channel. The separation of 1
nm between the two wavelengths prevents from prabldue to optical beat interference.

FoF

acress point
&
o i
lﬁ.
ﬁ% 1550, 33
1 | —E
J - ¥ 154976 nm
RoF

Video sener access point

Figure 2-37: RoF application implementation.
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To validate the RoF applications, streaming vidas been successfully tested, but a high bit rate wa
not required (only 2 Mb/s). So, we preferred thkutson of file transfers FTP between two devices,
using FTP. Figure 2-38 shows the obtained resultsrims of bit rate, regarding the distances betwee
the devices and the radio access points. The maxiauhieved bit rate was 65 Mb/s, this figure being
in relation with the PC processor speeds and therket protocol (Fast Ethernet).
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Figure 2-38: Measured bit rate for a FTP transfarsus the distance between the RoF access poirthand
device, the distance between the server and thex BtbF access point being 4 meters.

2.3.2.3.4 TV broadcast application

The aim of this application was to demonstratepthesibility of broadcasting the whole TV terredtria
spectrum to a large number of TV sets, from theeram located on the roof of the house. The
requirements for transmitting these signals werengt in terms of optical budget, which had to be
compatible with our passive architecture (Figurgd2; and laser linearity. One transmitter and some
receiver modules have been developed by a smatickreompany, IFOTEC, according to our
specifications (Figure 2-40). We have to notice thes application is unidirectional.

TV receiver

Figure 2-39: TV broadcast implementation.

The broadcast of terrestrial TV has been validatedhe demo, using the wavelength of 1510 nm.
With a 16 x 16 splitter, the optical budget prowddout 5 dB margin, which is sufficient to instée
TV add & drop module in a cascade of filtering miedufrom the T to the %' rank). With a 32 x 32
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splitter, this module should be inserted in thetfiank of the cascade to ensure the required power
level at the receiver end.

Figure 2-40: Example of developed device for TVadgast (left side of picture).

2.3.2.3.5 Point to point application

This application is the simplest to implement, eiféhis not the more advantageous one, in terins o
wavelength waste, as it requires one channel fon daection. So, a point to point bidirectionaiKi
uses two wavelengths. But this can be a relevduatiao if two devices have to be interconnectechwit
a very high bit rate with strong QoS requirements/o point to point bidirectional links were
implemented in the demo, one at 100 Mb/s (Fastriétg the other one at 1 Gb/s (Gigabit Ethernet).
They also contribute to prove the huge potentialeims of capacity for the demonstrated solution.
One implementation example is given at Figure 2fét,a bidirectional Gigabit Ethernet link. A
traffic analyser exhibiting SFP cages was usecetetate Gigabit Ethernet frames, and CWDM SFP
modules with the desired wavelengths were insdnethese cages. According to the SFP modules
characteristics (transmitted power, sensitivity)l #me application bit rate, the optical budget jutes
different margin levels, which generally remainsl@ly sufficient for an easy implementation.

1370 nm

Drata
Analyzer

1370 nm

SFP module
Figure 2-41: Point to Point application implementat.

2.3.2.3.6 Co-existing applications

All the previous described applications were rumwtaneously using the CWDM technology. An
optical spectrum measured with an optical spectamalyser is depicted Figure 2-42. It shows the
wavelength allocation for the different implemenggaplications.

Page 38 of 60



212352 - ICT ALPHA PUBLIC D5.2p
Architectures for fLexible Photonic Home and Acciistworks

n I
= m
=] O - PR =
1T} o T £
o ‘;:,' o IE SISl
< o = ) Lhal
E ................... - E = |- "l':'l' R L;E
w0 o O O
-3. 2| REF- () S W - E——— g i L ) e E
cdBEm = o A = N
I d ............................ ot e - D .......... n- -
G.lde | Gl R N =
Sl :
=7, 1Y WO | N RN S NN 1 NORRUONN SR | WU SN NN 1) NN WU S I W
dEm
...Jn/lrL ................ mu““wu“"“lll“_
_Bjéﬁ RFes_lLncal
L220. Unm 3% Brim-d i 1455, @nm in Yac 1628. Bnm
% £
£ ENN E £ A E|IEEE |E
= c c c = = © '".&' = c
= o o o S =1 i= o
™ o 8 g o[ I = o r)
E -~ - - = Ik o -

Figure 2-42: Wavelength allocation for the diffetrepplications.

The requirements concerning optical budget fordifierent applications are given in Table 2-1. For
the demo, a 16 x 16 splitter was used, introdudihgiB of attenuation. The loss of a connector is
about 0.2 dB. Without taking into account the catoes associated to the add & drop modules, a
minimum of four connectors is necessary: two attthasmitter and receiver ends, two at the input
and output ports of the splitter. Each add & dramole with two connectors introduces about one dB
attenuation. Fibre attenuation is almost negligitbleve consider the short distances for in home
applications. So, the total attenuation with onlyecadd & drop module is about 16 to 17 dB.
Analogue or quasi-analogue services (TV broadcRstF) have the strongest optical budget
requirements, and thus have to be inserted oragtiaat the first ranks in case of cascading add &

drop modules at the optical outlet.

Applications Optical budget
PON-like 25.2 dB
LAN-like 30.5 dB

Point to point 28.4 dB

TV broadcast 20.8 dB

RoF
(3 dB antenna, 5m + 5m) 19 dB

Table 2-1: Optical budget requirements for theadight implemented applications.

We also may notice that a compromise has to be metfeeen the number of ports for the splitter and
the number of cascaded add & drop modules. Multiglpy 2 the number of ports introduces about 4
dB losses (splitting loss of 3 dB plus 1 dB for #iddal insertion loss), though an additional catezh

add & drop module introduces only 1 dB attenuation.
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2.3.3 Planned activities

Concerning the France Telecom’s Home Network, & lojgality videoconferencing service and HD
video will be implemented early this year (indicht®115 in table 3-1). There expected no major
issues to run this application, as this video cafeing service will use a point to point Etherirakt.
Such links have already been implemented in theodstrations, and the performances of the
physical layer are ensured.

Concerning the activities in the next year(s), oh¢he main issues will be interfacing the France-
Telecom Home Network with the Alcatel —Lucent asce&emonstrator. The aim is to provide
seamless services from the access network CentifateCto the terminal in the house. Two
approaches will be studied: the first one is prdpdlhe simplest one, as we could use standardized
interfaces (Ethernet) to cascade the two netwofther solution would be implementing a
wavelength in overlay, and using the optical tramepcy of the access PON to set an optical link
directly from the Central Office to a terminal ihet house. Some issues must be solved: with this
approach, the access ONT and the Home Gatewaythdneebypassed to ensure optical transparency.
This induces strong limitations concerning the agitbudget, and optical amplification will probably
be necessary. Also, security aspects of this cdimmewill be considered.

2.4 Alcatel-Lucent France (ALF) testbed description andechnical status

2.4.1 ALF testbed: specifications and technical status

The lab testbed proposed by ALF (Figure 2-43) @M 10GPON connected to 256 subscribers
with a possible extended reach of 100 km. The ¢bgof this demonstrator is to evaluate the
different technologies that could be used in thmiteals or in the amplification stages to perforithw
the required quality of signal. The limits of opwa will be also studied in terms of dynamic rasge
and extra losses that this concept could support.

This demonstrator will be open to parallel experitsdo the other ALPHA partners. To be compliant
with an adapted power budget and negligible noalineffects, different access points will be
available on the demo to validate this specific 18&hnology.

Finally, the demonstrator will be exploited as e platform to do these extra tests:

Interconnection of the WDM 10GPON with a home netwd his experiment will be done in
collaboration with France Telecom/Orange Labs.

Interconnection of the WDM 10GPON with a metro natkvdeveloped in the frame of the
French ECOFRAME project.
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Burst Mode Tunable Laser (BMTL) B 5urst Mode Receiver (BMRX)

Figure 2-43: WDM 10G TDM PON of the WP2.

2.4.1.1 Testbed specifications
- The network specifications are the followings:
Network under study: WDM TDM 10GPON

Total number of wavelengths: 16 or 32 wavelengths

Bit rate: 10 Gb/s per wavelength

Configurations under study:

o Symmetrical 300 Mb/s guaranteed at the subscriler 8 wavelengths for the
upstream, 8 wavelengths for the downstream

o Symmetrical 600 Mb/.s guaranteed at the subscsider 16 wavelengths for the
upstream, 16 wavelengths for the downstream

Bit rate: upstream (US) versus downstream: (DS)eshitrate (10Gb/s) for the upstream and
for the downstream

Coupler: Coupler representative of 1256, with intermediate possible connections @,
1 16,1 128,1 256)

Amplification adapted to a burst mode operatiodjrectional amplification
Transmission lengths: 25-50-75 or 100 km of SMFGFD
Terminal description:
0 Atthe ONU:
optical circulator (to separate the US and the DS)
TX: 10 Gb/s burst mode tuneable source (modulatonable source)
RX: tunable filter & 10 Gb/s APD receiver
0 Atthe OLT:
TX: Gb/s fixed laser
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RX: 10 Gb/s burst mode APD receiver
- The tables of specifications for key componerdstze followings:
ONU receiver & transmitter:

Receiver:
Characteristic Value/Type Unit Option Comment
Receiver Synchronous

receiver with APD
Bit rate supported| 10-12 Gb/s
Input power >5 dB
dynamic range
DATA format Synchronous

packet stream
Sensitivity > 0.85 AW
Packaging ROSA

Table 2-2: ONU Receiver.
Transmitter (modulator):
Characteristic Value/Type Unit Option Comment
External R EAM + SOA
modulator
Bit rate 10-12 Gb/s
Output power 10 dBm
On/Off > 40 dB
Packaging TOSA
Table 2-3: ONU Transmitter (modulator).

Transmitter (tuneable source)
Characteristic Value/type Unit Option Comment
Tuneable source ECL PLC or

SSGDBR
Wavelength rangeg C band L Band
Channel Spacing | 100 GHz
Switching time <1 second
Wavelength 0.2 nm 0.1
stability
Output power 10 dBm
SMSR > 35 dB
Packaging TOSA

Table 2-4: ONU Transmitter (tuneable source).
OLT Receiver/Transmitter

Receiver:
Characteristic Value/Type Unit Option Comment
BMRX Burst mode

receiver with APD
Bit rate 10-12 Gb/s
Fast packet power > 5 dB
dynamic range
Packet phase -180° -- +180°
supported
Preambule <128 bits
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DATA format Optical packets

with guard band
Sensitivity > (0.85 AW
Packaging ROSA

Table 2-5: OLT Receiver.

Transmitter

Characteristic Value/Type Unit Option Comment
Fixed laser DFB with an
integrated
modulator
Wavelength rangg C band L band
Bit rate 10-12 Gh/s
Frequency cut off| >5 GHz
Wavelength 0.1 nm
stability
Output power 10 dBm
SMSR > 40 dB
RIN <-150 dB/Hz at 2GHz
Packaging TOSA

Table 2-6: OLT Transmitter.

Optical amplification

Characteristic Value/Type Unit Option Comment
EDFA EDFA with fast
gain control
Wavelength range C Band L Band
Output power 20 dBm
Total Input power | Between —15 anddBm
+3
Gain Close to 23 dB
Maximum length | Unlimited
of voids
Noise Figure 55-6 dB
Gain flatness +/- 1.5 dB
PDG <05 dB
PMD <0.5 dB
Maximum power |<1 dB
variation on the
top of each packe
Packaging Commercial
format

Table 2-7: Optical amplification.

2.4.1.2 Measurements and characterisations
The testbed activities:

to study the power budget required for differertivoek configuration (wavelength, time and
space as main parameters)

to study the dynamic ranges supported by the n&tvii@ansient effects in the amplifiers
to propose upgraded architectures to support egtedistances up to 100 km

to test and evaluate different technology fromrttegket place: transponders and amplifiers
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to evaluate the RoF technology on dedicated phlygiath/wavelengths. The RoF system
integrated by ATFI with components provided by 3®tonics will be first tested in FT
laboratories and finally integrated on ALF testbed.

to evaluate the interconnection of the network vather network segments: home network
and metro network

The characterisation activities:
at the power budget level, including datagram rdicgs
at the BER level, to evaluate the signal qualitd &me system margins of different network
configurations, including different technologies

2.4.1.3 Theoretical results

To evaluate first feasibility issues, we have eatdd the signal quality of an upstream and of a
downstream data flow at 10Gb/s.

First of all we have evaluated the required powstdget of the WDM PON using a simulation tool
developed in C for the need of the study.

The power budget for the upstream is illustrated-igure 2-44 whereas the power budget of the
downstream is illustrated in Figure 2-45.

Analysis of the upstream power budget:

g 30

T N\ Total power

2 ] //7

o

_‘55 0 PRA AR/ PR\ 13.14;}5//Channel power
=3

o

OSNR min : 29 dB

OoLT

Figure 2-44: Power budget of the WDM PON for thetigam channels

The output power of the source has been fixed tdBIfd. We observe that the losses are introduced
by the splitting coupler (here 256 1). Ideally the losses are 24 dB, but becausdéefatiditional
insertion losses we could have, the losses ardlysugher than the theoretical value. To be clase
the reality, we have adopted the real losses of @256 coupler we had in the lab. This is the reason
why, we have introduced in the simulation tool ssl@f 31 dB leading to a channel power after the
coupler close to —22 dBm. Because 16 wavelengthie meiltiplexed in the coupler, the total power
after the coupler is close to —10dBm. Extra lossesthen introduced by the optical circulator ket a
negligible with respect to the splitting losses. BBFA with a total output power not exceeding 20
dBm is then used to amplify the 16 channels to lenaltransmission of 50 km of SMF followed by a
DCF. Once again the values of the losses (17.5 wid for the simulation came from the
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experimental transmission line we had in the lahe Tast losses are coming from the optical
demultiplexing stage before the receiver. The abl output power is then close to —16 dBm.

We observe that the OSNR is quite high, close tdR® a 0.1 nm bandwidth. Creating no additional
sensitivity penalty at the receiver side.

One first conclusion is that this network can supfd® wavelengths with a sufficiently high signal
power and a sufficiently high OSNR to detect theT@Awith no significant penalty on the sensitivity.

But we need to take into account the dynamic orptukets that could affect also the received power
level. For that reason, an APD in the receiveec®ommended.

Analysis of the downstream power budget :

. ~ I Total power

e O __é\
i AN V7 ,\ - /Channelpower

Optical power (dBm)

. \ \ OSNR min : 34 dB

Figure 2-45: Power budget of the WDM PON for thevdstream channels

Because we are in a synchronous data regime, tdgsiof the downstream part can be considered
as much closed to the reality. The power dynamigeas at the channel power level and not at the
packet level.

We assume that the source can deliver 10 dBm glubwiower per channel. The losses introduced by
the optical multiplexer reduces then the channelgrao a value close to 6dBm. We have then the
losses of the transmission line (SMF + DCF), adjdsis previously with the experimental set up. A
second EDFA operating in the opposite directionsisd to amplify the signal and compensate for the
losses of the coupler. AS previously we used an/A&Pdpable to provide an output power of 20 dBm.
We observe then that the cumulated losses intradogehe coupler (1 256) and of the coupler plus
the tuneable filter, imposes a channel power intfiaf the receiver close to —26 dBm. The OSNR is
very high, and reaches values close to 34 dB id aut bandwidth.

We observe then that the low level of the chanoelgr injected in the receiver imposes an APD in
the receiver.

The conclusion is that an APD is mandatory forréeeiver detecting the downstream traffic.

In conclusion of this paragraph, we can say thatfibM PON could support 16 wavelengths for the
upstream and 16 wavelengths for the downstreammuitsevere physical limitations.

2.4.1.4 Experimental results

To confirm the simulation results, we have mourdegstbed to evaluate the signal quality through
BER recordings at 10 Gb/s for the upstream anth®downstream.
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Building block used:

Packet generation:

We have generated optical packets using a pat&rergtor, and software. The software was used to
program in the memory of the pattern generatogcket stream of four consecutive packets having
the following format:

a global packet size of 20480 bits

a guard band of 2048 bits (10% of the packet size)

a preamble of 128 bits, with a sequence : ‘1"001"...

an address of few bits

a payload, including a random sequence limited¢orisecutive bits

Figure 2-46 shows the structure of the optical pack

Packet duration : 2,048
ps

Preambule : 128 bits

Payload : pseudo
randon sequence

Figure 2-46: Packet stream for the upstream
WDM source:

A WDM source was used to simulate the presencé& ahannels (for the upstream and for the
downstream).

16 different channels (lasers) were coupled inpassive optical coupler through polarisation
maintaining fibres. After the coupler we used atemal modulator, modulating the 16 wavelengths
with the same DATA sequence. The decorrelationatunally made in the transmission fibre to
simulate a crosstalk.

Figure 2-47 shows the WDM source used for the.tests
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Figure 2-47: 16 channels sources for a WDM operatio
WDM TDM PON :

To simulate a WDM TDM PON, we need also to havedheect splitting ratio. In that case,
we assume that 256 subscriber can be connectbéé satne WDM TDM PON. With 16 wavelengths
for the upstream or for the downstream, each sid#sccan then have more than 600 Mb/s (16
subscribers sharing a 10 Gb/s pipe) of capacity.

Figure 2-48 shows the coupler mounted on a board:256 sub-equipped coupler that was
used for the experimental simulations.

Schematic of the sub-equiped 1 256  Sub-equipped 1 256 implemented

on a board
1->8
Bl
!
|
B8
A Losses in dB
‘\ 1 256 Bl1|B2 | B3| B4 | B5| B6| B7 | B8
coupler 30,7/30,6/30,8| 31 |30,7|30,2/30,8(29,7

Figure 2-48: Optical coupler used for the experinatrvaluation

Burst mode receiver:

One important element for the quantification of BEER in a full asynchronous packet mode
is the burst mode receiver. For the needs of tkperment we used a burst mode received operating
at 10 Gb/s and supporting 10 dB of fast packet padymamic range. The sensitivity of the burst
mode receiver is close to —18 dBm in a back-to-tmaKiguration for a 1®reference BER.

Figure 2-49 shows the burst mode receiver usethéoexperimental investigations.
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Main features

10 Gbit/s burst mode
receiver

Independent to the packet
phase

Support of 10 dB of power
variation

Sensitivity : close to —18
dBm

Figure 2-49: 10Gb/s burst mode receiver

Upstream tests:

For the upstream tests we have connected all helkenents to simulate a WDM TDM PON having
16 wavelengths.

Three classical EDFAs were used:
One at the output of the WDM source to compengatéhe losses of the coupler
One before the transmission span, to boost thealgiower
One after the transmission fibre to have enoughepdmvfront of the burst mode receiver

We can notice that we used a tuneable filter instdfaa WDM demultiplexer at the OLT side. This
optical filter has equivalent losses with respedhie WDM demultiplexer.

The schematic of the testbed is illustrated in FEg+50.

Ext. modulator

Coupler

WDM
source

Optical packets S ———

ONUs
simulator

Figure 2-50: Testbed used to simulate the upstraffic and measure the BER
Results obtained:

At the reception side, we have recorded the BER.preslicted in the theoretical simulation, the
sensitivity is close to the back-to-back value.ufgg2-51 shows that no sensitivity penalty is then
recorded. We have not explored the BER in theGutland, but the margin observed indicate that with
a flat gain EDFA, the difference between the déferchannels must be negligible.

Tests with variable loads will be made in the secpear of the project, to evaluate the impact ef th
packet dynamic range, and its limits. For that pagy a specific EDFA adapted to the burst mode
regime will be used.
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Figure 2-51: Eye diagram recorded and BER perforoefor the upstream traffic

Downstream tests:

For the downstream tests, we used a modified w@sdililostrated in Figure 2-52.

In that case, the signal is generated at the OH&, $or a BER measurement at the ONU side. To
don’t change the testing conditions (transmitteeceiver + data sequences), we used the same packet
stream in a full synchronous regime and the receptvas made also with a burst mode receiver
(which is not conventional with respect to the itgal The motivation of using the same source/RX
chain is to be able to compare the upstream andawaestream with a common reference chain.

..................................................

Coupler \ H
i1 256 R H

............................................

_________________________________
' El

Coupler
1 P

WDM
source

Optical Transmission span
packets |

Coupler
1 P

Figure 2-52: Testbed used to simulate the downsireaffic and measure the BER

Figure 2-52 shows that we have added another ED#érd the receiver to compensate for the low
sensitivity of the PIN. In our burst mode receivee used a PIN PhotoDiode and the theoretical
simulations have indicated a need for an APD.

Figure 2-53 shows the BER recordings. The seritipenalty was higher than in the upstream
configuration. Different causes may affect this sivity penalty which needs to be analysed in
details. In addition tests must be completed wittA®D in front of the receiver to be in a real cate
reception. But wed can notice that the sensitigipalty is lower than 1 dB with respect to the back
to-back, indicating that a 16 channel configurai®also feasible for the downstream configuration.
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Figure 2-53: Downstream characteristic at 10 Gb/s

2.4.1.5 Conclusions and the feasibility issues

Both theoretical simulations and experimental satiaohs have demonstrated feasibility for a 16
channel configuration for the upstream and fordbwnstream traffic at 10 Gh/s.

Complementary tests need to be done to confirmfutiefeasibility, in particular the dynamic
operation of the network taking into account diferload levels and different packet power variaio

for the upstream traffic, an APD in the receivensboth upstream and downstream, the tests over the
full C band to evaluate the impact of the gain dfanfunction of the EDFAs. These complementary
tests are programmed for the second year of theqgtro

The first results confirm the feasibility of thetwerk proposed.
2.4.2 Laboratory setup description: structure of the demonstraions

2.4.2.1 Demonstration 1: WDM TDM PON at 10 Gb/s + RoF

Demonstrations 1 is WDM TDM PON operating at 10 $Gbrhe objective of this demo is to
demonstrate the feasibility for a high connectivitgtwork (256 is the minimum) in a real flexible
concept.

Because the testbed will be used for extra chaiaat®ns linked to the physical convergence
between wired and wireless networks, the testbéichave some intermediate interconnection points
to evaluate a RoF technology in the third yeahefproject.

The topology of the testbed is shown in Figure 2-54
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| BTS

Figure 2-54: Modular WDM TDM PON operating at 10 8b
At the ONU (see Figure 2-55), the terminals wilbpt
- atuneable laser plus a R-EAM-SOA for the transngjtpart

- atuneable filter plus a classical synchronousivecéor the receiving part

Both directions will be separated through the dsanooptical circulator.
% & % &
l $ [ T

Figure 2-55: Terminal adopted for at the ONU sitimeable laser + external modulator / tuneableefilt RX

In the experiment made during the second year efptioject, we will use commercial R EAM as
illustrated in Figure 2-56: and SOA gates to switchor switch off the emission of packets. In a
second step, R EAM SOA from our research departménbe used.
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Figure 2-56: R EAM from CIP Figure 2-5Tuneable laser

8 optical circulators have been mounted on threedsoas illustrated in Figure 2-58.
For the filters we will use mechanical filters witvitching time close to 1 s.

For the tuneable lasers, different components ameatly envisaged (as illustrated in Figure 2-bi)
the objective is to test low cost devices. Smalkfbility devices are also considered.

Figure 2-58: 8 optical circulators mounted on a boda

The optical coupler has been modified to offerrmiediate splitting access points. Figure 2-59 shows
the coupler mounted on a board.

Figure 2-59: 1 sub-equipped coupler mounted on a board, withrinégliate splitting access points
Three racks will be used for the demonstration:

- one rack will include the transmission spans, tbé£&s, the coupler and the passive devices
on the network
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- one rack will include the terminals for the ONU dodthe OLT
- one rack will include the 32 lasers, 16 for thettgzsm and 16 for the downstream
Figure 2-60 shows the structure of the demonstratioee racks + the test-equipment rack:

Figure 2-60: Test-equipments on the left, and kined rack demonstrator (not yet fully equipped}taright
side

Tests for RoF experiments will be made using betwédermediate coupler after 25 km of
transmissions and the output 18 of the passive coupler of the WDM TDM PON.

The components of the terminals will be providedByPhotonics, partner of the ALPHA project.

2.4.2.2 Demonstration 2: WDM TDM PON + METRO NETWORK

The demonstration 2 will integrate the WDM TDM PQ@Nd a packet ring metro network developed
in the frame of a national project. This packegriretwork will simulate the presence of a regional
metro network interconnecting a high capacity ascetwork: the WDM TDM PON.

Two wavelengths will be reserved in the packet tmgransport transparently packets from a serfrer o
application located in one node of the packet rieggvork to one ONU interconnected to one of the
outputs of the passive couplers forming the PON.

No processing will be made at the boundary of tleéronand the access network. The objective of this
demonstration is to demonstrate a transparent ctionebetween the server of application and the
subscribers to enable a multicast and a broadoaskction supporting a video service.

Figure 18 shows the structure of the packet ringatestrator that will be interconnected to the WDM
TDM PON.
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Figure 2-61: Photo of the Packet Ring Metro Netw@dri&m the ECOFRAME project)

2.4.2.3 Demonstration 3: WDM TDM PON + METRO NETWORK + Home Networks

The demonstration 3 will be an extension of the alestration 2, to interconnect a home network at
the interface of the ONU.

Once again, a transparent path (no packet processade at this point) will be established to
interconnect the server of application locatechim netro area, to the terminal (a PC in an apattmen
of the subscriber) through a passive home network.

The physical interface at the gateway level andveen the access network and the metro network
will be an O/E/O regenerator, one for the downsireand one for the upstream. The bit rate is still
under discussion, and will depend on the availahlépment for the final demonstration.
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Figure 2-62: Shows the final demonstration anddiferent measurements that will be done
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2.4.3 Planned activities

2.4.3.1 Activities planned for the second year of the projet
The activities programmed for the second year jlitisto four tasks.

- Task 1: complementary tests on the WDM TDM PONwalgate the packet power dynamic
ranges supported by the technology. Exploratiothef DWDM window. Evaluation of the
impact of different loads at the receiver level abdhe amplification level. For this last point,
a specific EDFA adapted to a burst mode operatitirber extensively evaluated.

- Task 2: evaluation of different terminal technokxyiavailable on the market place: tuneable
lasers, tuneable filters, R EAM, R EAM SOA (from /A¥5 Lab), and SOA (equipped with
fast drivers), analog TX and RX for the RoF teclgyl (from partner 3S Photonics; together
with partner FT).

- Task 3: continuation of the mounting of the demiatst: boards, switching elements to test
the different wavelengths for the downstream p&RD on the RX, integration of the new
EDFAs, planning of test scenarios in the test aments.

- Task 4: work on the interfaces to interconnectpgheket ring metro network on one side, and
to interconnect the home network from FT/OrangesLai the other side. One monthly audio
meeting will be programmed with FT/Orange Labs tsuee the compatibility of the two
testbeds (home network + access network). Duriagséitond year, the focus will be made on
the definition, on the specifications and on thaisation of these interfaces to make possible
the demonstration of the third year.

2.4.3.2 Main technical targets
The main targets of the second year are:
- full feasibility demonstration of a WDM TDM PON oging at 10 Gb/s.

- identification of the final terminals that will kadopted for the final demo of the third year of
the ALPHA project.

- to have a sub-equipped demonstrator open to edts, in particular RoF and interconnection
with other demos.

- to have two interfaces: one to interconnect thescnetwork with the metro network; one to
interconnect the access network and the home nletwor
2.4.4 Summary for ALF experiments

No strong blocking point has been identified on fésesibility issues. Even if complementary results
are required to fully demonstrate the conceptt fingoretical and experimental simulations have
shown promising results for the WDM TDM PONSs.

The second activity of this first year of the patjevas the mounting of boards for the final
demonstrator of the project. The parts mounted are:

- the passive boards: couplers, circulators, trarsamdibre ...

- some active boards: burst mode receiver, SOA +dasers, external modulators, classical
EDFAs

- the structure of the demonstrator: mechanical gfamo racks, including the power supply
- the WDM source and the test-equipments programmedack mounted form

Discussions have been also initiated with FT/Oradabs to take into account the different tests that
will be done in the next steps for the interconimectvith a home network. In conclusion, the main
targets of the first year have been reached.
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2.5 Other experimental activities and tests
2.5.1 Luceat

2.5.1.1 Laboratory tests

Luceat has tested and validated different pri@iion approaches for integrating triple and quakdrup
play service on IP Networks over POF. The Lab veste conducted using the Luceat unmanaged
switches configured with port priority and DSCP/8G2prioritization queues.

The first tests have been conducted using only wmaged switches with two IPTV Cameras
connected to high priority ports on the switchesaintiree topology. The same backbone carried
different TCP and UDP sessions with Priority tagdad, the statistics of the frame per second
received by the decoder and the overall latencthefnetwork streams according to their class of
prioritization have been recorded using Nudog'siduis QoS Application.

The same test has been conducted using the pretoofi.uceat Industrial Switches adding redundant
Paths in ring topologies (Using Luceat propriethitgnet Protocol) and mesh network using RSTP
(Rapid spanning tree protocol), the QoS test ha teored during the reconfiguration time in

consequence of a change in the redundant paths.

2.5.1.2 Demonstrations

Video surveillance IP Network over POF with ringpédogy, based on Luceat proprietary Litenet
Protocol and unmanaged Switches, configured for @u& prioritization of video streams, has been
demonstrated to several CCTV installers at our fges

2.5.2 Bangor

In February 2008 laboratory experiments were peréol to demonstrate data transmission of
AMOOFDM signals [1] in a non-real-time system. Tiesults verified the potentially high data rates
achievable with the AMOOFDM technique.

The experimental work currently underway is the alegment of an experimental system to
demonstrate data transmission in real time usiegAIMIOOFDM technique. Work towards realising
the real-time demonstration system has been ungdiawabout 10 months. All required components
and laboratory equipment have now been sourcedidsign environment for the FPGA based DSP is
in place and the system construction has recentiyneenced. More specifically, the following work
has been undertaken:

Extensive work has been performed designing théesysarchitecture and selecting the
system elements, as the system utilises stateeedith technology sourcing suitable

components was a significant task, also selectlagents that could be easily interfaced
together minimising custom built parts was necegssarcritical component in the system is

the FPGA used to provide the DSP functionality, muired DSP performance was therefore
studied in great detail to allow a suitable devioald be selected.

The design methodology for the FPGA logic has bestablished and the necessary
development environment is in place. The adoptguicgeh provides a complete design flow
with a graphical environment to develop and sinalsystem models which can then be
converted to VHDL and synthesised into the logicpgimgramming the FPGA.

A major task of the system development is the imgletation of the required IFFT and FFT
functions in the FPGA. Designs have been develagigidh allow control of the parameters
effecting performance. The IFFT/FFT designs havenbeerified by simulation in an

AMOOFDM system model and initial implementationtbé IFFT/FFT designs in the FPGA
boards has been achieved.

Symbol synchronisation is also a key function reegiin the AMOOFDM receiver, this has
been investigated thoroughly, a novel solution ffied and a logic design has been
implemented and tested in the FPGA.
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Work has now started to integrate the system el&sreerd verify data flow across the various system
interfaces. When this is achieved the next steps@mdevelop the full FPGA design in stages using
internal FPGA loopbacks, back-to-back tests witgitdi signals, back-to-back tests with analog
signals and finally with transmission over desifegdnsmission medium for various application
scenarios.

2.5.3 IBBT

2.5.3.1 Preliminary lab test on the viability of UPnP-QoS br QoS reservations

In this lab test a small-scale experiment was degalpto evaluate the viability of using UPnP-QoS
(Universal Plug & Play — Quality of Service Extamsj [2][3] to make Quality of Service (Qo0S)
reservations in a home network.

This experiment is a first step towards a moreapt lab setup due month 18, entitled “experiments
about the viability of UPnP for service discovendaoS negotiation”.

A schematic overview of the setup is shown in Fég263. On one end is the streaming server, which
sends a video stream over the Internet to the nsdakain the home network. As the setup focuses on
the home side of the network, the streaming semaardirectly connected to the home gateway in this
case (without the Internet in between).

The home network consists of a gateway, a layeeicd emulator capable of making QoS
reservations, a client (i.e. media sink) and a cam&he gateway acts as UPnP control point,
QoSManager service and QoSPolicyHolder servicés thus responsible for configuring the home
network when QoS reservations are made. As cuyrentllayer-2 switches exist that support UPnP-
QoS, we have implemented an emulator for a layewich using the “Click Modular Router”
framework [4]. This click router contains a QoSDmviservice, which allows the gateway to make
bandwidth reservations on it. Finally, the camerpresents a high-priority security device, which
feeds streams to the client computer.

The lab setup shows in several steps how QoS rsmng can be made for the stream originating at
the streaming server and the feed from the secuodtgera. The gateway is capable of generating
additional UDP background traffic, to simulate antbaidth shortage in the home network. As the
background traffic uses more and more bandwidth,ghality of the streams visually degenerates.
Once the client reserves bandwidth for the videeast the quality again improves to its original
level. When the security camera comes online, quests bandwidth for streaming its feed to the
client. As the camera has priority over the vidigeam originating from the Internet, the video aine
loses its bandwidth reservation.

This setup allows us to evaluate the speed of viegebandwidth in a home-scenario using UPnP-
QoS and the stability of our UPnP implementation.

Figure 2-63: A schematic view of the lab setup.
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2.5.4 Homefibre

2.5.4.1 Tests in Home Network Architecture and QoS Managenmd

Homefibre has designed an internal test facilityoider to test the installation of POF in the real

environment and real state architecture by utijsghre electrical installation architecture and adted

In addition user scenarios regarding the integnatib various IP-based services as e.g. IP-video
surveillance, VolP, IPTV, DVB-IP and file transféom home servers and the related network

behaviour of Data - and IP-streaming functions mr@hagement on Ethernet IEEE 802.3-u have been
investigated. Also, technology comparisons in tewhgerformance and power consumption have

been done. These results will be a part of 2009%t@timnological considerations and will be extended

in 2009 by implementing more advanced applicat{eng. multiple HDTV streaming).

The test scenarios implemented in 2008 include:
Internal home VLAN trunking and IPTV tunnelling

0 In test scenario the requirement of partial VLANrk for combined IPTV and file
transfer has been identified. First concepts feoktion to trunk over optical fibre
(POF) have been implemented in commercial availplaiorms.

Simultaneous IP-streaming of Telco IPTV and Vided\NLHDTV streaming

o By organising the first simultaneous Video-LAN anBTV (QoS) streaming
management and switching issues have been idehtlfidbecame visible that more
advanced bandwidth and configuration managementbsilneeded to support user
friendly network performance. These issues willfimther discussed within ALPHA
in 2009.

Scenarios and testing’s on Multicast, Unicast armbBcast IP-management

o First test-scenarios with various applications skdve lack of interoperability and
network configuration tools taking care on specift transmission methods. The
results of this work are for further study in 20@9g. VolP external and internal
combined with multiple Video services etc).

Real environment POF installations and integratibliP-applications

o The impact of real environment POF installatiordata through out, BER and system
architecture concepts has been investigated inpthis of the work. The installation
will serve for 2009 extended testbed scenarios.
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3 Summary

The majority of the planned experiments for thetfirear of the project have been implemented. The
work has been done to a great extent in the prdgstbeds as well as in smaller experimental
facilities/laboratories at the partner locationkeTexperimental activities have so far been focused
single-partners tests, with the plans to integiaesfer them to other partner as well as multtrpar
demonstrations at a later stage.

The Table 3-1 shows the list of the major experitaldiaboratory activities from the deliverable D5.1
[6] which have been planned for the first yearha project. The column “Comment” clarifies on the
status of each activity. The other activities/sSolu$ (to be integrated/used in the experimentitelst

at a later stage) have been performed by the partngeat (various prioritisation approaches, video
surveillance IP network), Bangor (AMOOFDM modem®&BT (UPnP-QoS for QoS reservations),
Acreo (control, data and management plane), andefibre (VLAN trunking, IPTV tunnelling and
some others).

Month Main achievement Testbed Comment
/Laboratory

Transmission evaluation: wavelengths,

1 optical sockets, BER, FER, throughput, ET Done
latency, Tx parameters for analog
transmission (Radio-over-Fibre)
Supply Acreo test bed with 100 Mb/s
unmanaged switches based on POF,

4 : s Luceat, Acreo Done
preconfigured for “triple play
environment”
Supply Acreo Testbed with 100 Mb/s
POF Media Converter and 100 Mb/s PQF
3-port Switch. Homefibre, Acreo,

4 ) . Done
Supply Telefonica Testbed with 100 Mby/s TID
POF Media Converter and 100 Mb/s PQF
3-port Switch.

5 Internet browsing over wireless network, ACreo Done
HSPA traffic

5 IPTV over fixed network Acreo Done

5 IPTV-based services over fixed network Acreo Done
Simultaneous services of today: triple

S play on a TDMA "PON-like" layer al Done
Point-to-point Gigabit Ethernet (on

6 Broadcast and Select infrastructure) kT Done

8 POF network deployment TID Done
Experiment about the viability of 1Gb/s In progress

8 over POF using adaptive equalization and Luceat (results due
Duo Binary coding Month 15)
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Luceat supplies Telefénica test bed with
8 100 Mb/s unmanaged switches based g TID Done
POF, preconfigured for “triple play
environment”
File transfer and video streaming on
9 CSMA "LAN-like" layer FT Done
Test Integration VLAN Trunk — IPTV / )
9 Home Network Homefibre, Acreo, Done
) TID (Homefibre)
Acreo and/or Telefonica Testbed
. . . Done (fixed),
11 Video on Demand over fixed/wireless Acreo Partially done
network .
(wireless)
11 P2P (_Peer-to-peer) best effort services Acreo Done
over fixed network
4-12 Test femtonode architecture on a mode TID Done
platform
Partially done
12 IPTV over wireless network Acreo d (software
evelopment
required)
12 Vldeo—confere'nce and video-streaming TID Done
(low quality) via femtonode
HSDPA (3.6 Mbps) and HSUPA (1.5 Done (model
12 ; TID
Mbps) using femtonodes platform only)
Done (single
12 WDM-TDM PON implemented with ALF tuneable
limited number of TRX wavelength
upstream)
12 High quality videoconferencing FT Month 15
12 High Definition (HD) Video (internal to ET Month 15
the home)
Wall Outlet Media Converter (Prototype Homefibre. Acreo
12 | for Acreo and Telefonica Testbed from TID' ' Month 15
Homefibre

Table 3-1: Major ALPHA experiments in the chronatadjorder.
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