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Executive Summary 

This ALPHA Deliverable D5.2 reports on the major experimental activities (laboratory tests and 
demonstrations) performed during the first year of the project. The work has been done to a great 
extent in the project testbeds as well as at smaller experimental facilities/laboratories at the partner 
locations. The experimental activities have so far been focused to single-partners tests, with plans to 
transfer/integrate them to other partner testbeds/facilities and multi-partner demonstrations at a later 
stage.   

In the first project year, Acreo deployed the home network and showroom, performed a demonstration 
of IPTV over Plastic Optical Fibre (POF), implemented IPTV/Video-on-Demand to the test-pilots 
over the fixed access testbed and (partially) over the wireless access (HSPA) testbed. Acreo has also 
performed a number of control and management plane experiments for the next-generation access 
network (multi-layer point-to-point resource reservation, initial visualisation of data and control plane 
topology and others).  

Telefonica I+D has deployed a fixed home testbed based on POF, performed extensive femtonode 
tests in various scenarios, and carried out other activities including, in particular, “personalisation in 
home”, a “follow me” demonstration, a video-call transfer as well as a number of demonstrations to 
the external public.    

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

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

Luceat has tested and validated different prioritization approaches for integrating triple and quadruple 
play service on IP Networks over POF. University of Bangor has performed laboratory experiments to 
demonstrate data transmission of Adaptively Modulated Optical Orthogonal Frequency Division 
Multiplexed (AMOOFDM) signals in a non-real-time system which verified the potentially high data 
rates achievable with the AMOOFDM technique. IBBT has deployed an experiment to evaluate the 
viability of using UPnP-QoS (Universal Plug & Play – Quality of Service Extension) to make Quality 
of Service (QoS) reservations in a home network. Homefibre have investigated user scenarios 
regarding the integration of various IP-based services and performed the comparison of technologies 
in terms of performance and power consumption. 

In summary, the majority of the experiments planned for the 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 on the experimental activities and demonstrations carried 
out during the first year of the ALPHA project. 

The document highlights the most important demonstrations performed, doing a particular emphasis 
on the services, the physical layer aspects and the network used. 

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

The planned experimental activities for the whole duration of the project have been presented in the 
project Deliverable D5.1 “Plan for demonstrations and field trials of the project” [6] submitted on July 
18, 2008. 

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

 
Figure 1-1: Major ALPHA experimental activities year-wise. 

1.2 Reference Material 

1.2.1 Reference Documents 

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

[2]  UPnP Device Architecture v1.0, http://www.upnp.org/resources/documents.asp 
[3]  UPnP-QoS Architecture v2.0, http://www.upnp.org/specs/qos/ 
[4]  The Click Modular Router Project, http://www.read.cs.ucla.edu/click/ 
[5]  D1.1 Specification of services for access. mobile and in-building networks 
[6]  D5.1 Plan for demonstrations and field trials of the project 
[7]  D2.1 Reference and emerging architectures in access networks 
[8]  D3.1 Techniques for high capacity transport of wired and wireless services in in-building 

networks 

1.2.2 Acronyms and Abbreviations 

Most frequently used acronyms in the Deliverable are listed below. Additional acronyms can be 
specified and used throughout the text. 

First year Second year  Third year  

Test - beds 
deployment

IPTV services

Best effort 
services

1Gb/s lab -tests

Test- bed 
upgrade

HSDPA ( 14.4 Mb/s ) 
HSUPA ( 3.5 Mb/s ) 

1Gb/s Home 
network

WDM TDM PON RoF over PONs 

HD Video - on- Demand

Very High -Speed 
File Transfer 

optical OFDM 
modems in MMF links 

Femto- node 
model tests

HDTV

EMC Compliance 
tests 

Traffic 
prioritization 

Interconnection 
with metro network 

Advance tests 
RoF over PONs 

Dynamic allocation 
capacity 
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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 partner)) 
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 Collision Detection 
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 Engineers 
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 
OCXOS Oven-Controlled Crystal Oscillators 
OFDM Orthogonal Frequency Division Multiplexing 
OLT Optical Line Termination 
ONT Optical Network Termination 
ONU Optical Network Unit 
OOS 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 Quality 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 Telefónica I+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 (project partner) 
US 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 Minor corrections 
04 Jan 2009 Format corrections 
05 Jan 2009 Small additions 
06 Jan 2009 Reviewed version 
07-08b Jan 20-21, 2009 

See the list of 
authors 

Final version 
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2 Experimental activities, demonstrations and field trials  

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

2.1 Acreo testbed 

Acreo offers four different facilities for test and demonstration activities within ALPHA: 

·  Home network and showroom at the Acreo premises 

·  Fixed line testbed in the field in an urban area (with real test pilots) 

·  Fixed wireless testbed in the field in a rural area (with real test pilots) 

·  Fixed line multi-layer testbed in the in the lab 

The Acreo testbed and demonstration facilities have a focus on providing the infrastructure for testing 
interoperability of home and access networks, traffic measurements, studying of fixed-mobile 
convergence issues, multi-layer control plane, behaviour studies and traffic measurements, testing 
multi-operator solutions as well as the commercial exploitation-related questions. General operations 
and maintenance of the testbed and demonstration facilities are covered by national research projects 
whereas the ALPHA-related activities are covered in and reported to ALPHA. 

2.1.1 Fixed line testbed 

Acreo is operating a production-grade fixed line testbed based on active optical network (AON, a.k.a., 
active Ethernet or point-to-point Ethernet) currently with either 10 or 100 Mb/s symmetrical 
connections to 50-60 real end-users or test pilots. More information about the fixed line testbed is 
found in [6]. In year 1 of the project, the testbed was prepared for ALPHA test and demonstrations, the 
planned IPTV and VoD services are available to the 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 on a commercial high speed packet access (HSPA) or 
“turbo-3G” network) has been established and is being deployed, see Figure 2-1, and the test-pilots 
have access to Internet browsing. It comprises so far 15-20 test-pilots (real end users), who are offered 
downlink connections of “up to 7.2 Mb/s”. In practice, the bandwidth is much lower. Each test pilot is 
equipped with a universal serial bus (USB) dongle (enabling HSPA reception directly in the computer) 
and a fixed wireless terminal (FWT, enabling HSPA reception as well as WiFi coverage in the home). 
The test-pilots’ internet traffic has been monitored and will be compared with the internet usage from 
the fixed line testbed. Also, the test pilots have filled in a questionnaire to analyse the perceived 
quality of the service. 

The IPTV/VoD over the fixed wireless network has been tested with partial success (it has been 
identified that further troubleshooting of software is required). Different transcoding techniques will 
be tested among the test pilots with the goal of analysing which techniques and which parameters to 
use under which circumstances. The major challenges are bandwidths that occasionally become less 
than 1 Mb/s and connection fall-outs – which are normal in such HSPA networks but do not pose 
problems if they are just used for “normal” internet activities. 
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Figure 2-1: The fixed wireless testbed 

The test pilots’ internet traffic is continuously being monitored. As an example, the traffic 
measurements in the fixed wireless testbed are shown in Figure 2-2. The total (inbound + outbound) 
traffic for each terminal (host) during the measurement period is calculated. The households are sorted 
by the FWT (Fixed Wireless Terminal) traffic in descending order and plotted. Each pair of dots in the 
figure represents one household. By adding the numbers, one can see that the top 4 households use 
more bandwidth than all the others together. This activity is not funded by the ALPHA project, but the 
traffic monitoring and measurement provide important information which can and will be used for 
network design. 
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Figure 2-2: The total (inbound + outbound) traffic for each terminal during October 2009. Each dot represents 
a household.  

2.1.3 Home network and showroom 

The showroom includes a simulated home and office environment and will be furnished, in particular, 
with equipment and solutions developed by Acreo and other ALPHA partners, see Figure 2-3. The 
interior of the showroom was almost finished during Year 1 of the project. Preparations in 
infrastructure have been carried out within the showroom, in particular, the plastic optical fibre and 
transmission equipment from an ALPHA partner (Homefibre) has been used for an IPTV distribution 
demonstration. 
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Figure 2-3: Illustration of Showroom interior 

When the showroom is fully equipped it is expected to be frequently used for demos for external 
visitors thereby providing a showcase for ALPHA project 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 the network response to an end-user service provisioning 
request in the future multi-layer AON environment as specified in the project Deliverables D2.1 
“Active optical network (AON) architectures” [7] (see section 5.1 of D2.1), D5.1 “Plan for 
demonstrations and field trials of the project” [6] (see section 2.1.1 of  D5.1). The main requirements 
to be met are found in “Active Optical Network (AON)” [6] (see section 4.2.4.3 of D1.2) The 
demonstrations will show all different types of nodes in the multi-layer AON network and the end-to-
end service delivery over the ALPHA next generation AON network architecture. 

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

To illustrate the activity, we will consider a case when a person that wants to buy an e.g. high 
definition video service on-demand and get it delivered over an ALPHA AON solution. That person 
may do this through some service provisioning portal on a personal computer or a set-top-box, or this 
can be requested automatically by the application/computer/set-up box. The expected result is a 
network resource allocation that meets the requirements of the provisioned service. The requested 
service is then supplied through the data-plane to the end-user, in our example; it is a high-definition 
video that appears on the television set of the customer. 

In the designed AON architecture, the home gateway acts as the mediator between the home network 
and the access metro-access network and therefore needs a number of functions belonging to both 
parts in order to make it possible for the service to be provisioned end-to-end through the home 
gateway. The specification of some of the functions that enables this type of home gateway has been 
specified in section 5.3 of the ALPHA Deliverable D3.1 [8].  The access and metro access nodes also 
need a number of functions in order to facilitate a path calculation, resource allocation, resource QoS, 
protection cases an so on in an optimised way. 
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All of this should be demonstrated in the Acreo show room. The ordering and delivery of the 
requested service is readily visualised in the show room environment. The network resource 
allocation, however, needs development to be adequately visualised. The goal is to show an event 
based visualisation of the network resource allocation on a big screen in the show room. This would 
also show the different types of nodes that exist in the next generation Alpha network architecture 
solution. This demonstration would show all different types of nodes in the network and therefore 
demonstrate end-to-end service delivery over an Alpha next generation AON network architecture. 

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

Next Generation Access Network

Multi 
Service
Access
Edge

PES

ANS
ANS

ANS ANS

ANS
ANS

Core
Network

Home
Network

Home
Network

Next Generation Access Network

Customer 
Premises
Gateway

Provider 
Edge

GWS

GWS

AES

Core network edge
functions, e.g. peering

Home network edge 
functions, e.g. service 

provisioning
Network control and management functions,

e.g. routing, signalling, fibre management

Home Network Core Network

X

 

Figure 2-4: Single or multi-technology resource allocation through an multi-regional and/or multi-layered 
generalised multi-protocol label switching network architecture 

The above picture is a “snapshot” of the layered view of the network presented in Figure 2-5. The 
future AON network architecture will have a number of different data/forwarding plane technologies, 
and in order to be described in a picture it would need to have a layered view of the network. Even 
within a technology there can be multiple layers. E.g. the IEEE Ethernet standard has multiple flavours 
that meet different requirements as well as the ITU OTN and SDH. Even an IETF MPLS 
data/forwarding plane can be considered consisting of multiple layers since one can stack an MPLS 
label into another one. 
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802.1ah
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MPLS
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Figure 2-5: An example of a layered view of a network consisting of an IP, Ethernet, optical transport network 

(OTN), and a fibre/cable/duct layer.  

In order to be able to allocate resources in a multi-layer environment there is a need to allocate a lower 
layer, i.e. a server layer, in order to be able to allocate an upper layer, i.e. a client layer. This means 
that there is a hierarchy between the layers that must be allocated in order to facilitate the delivery of a 
service over that network. It is illustrated in Figure 2-6 where a generic multi-layer network with three 
different layers can be seen. The end result is a label switched path of the highest layer that is nested 
into an LSP of the middle layer, which is nested into an LSP of the lowest layer. The nesting LSP is 
called a forwarding adjacent LSP (FA-LSP). This is the classic way the multi-layer data plane 
allocation is done through a unified control plane. The naming of the layers is somewhat schematic 
since they are not supported in current standards. 
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FA-LSP

TE-link type PSC
TE-link type L2SC Ethernet .1Q
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FA-LSP of type L2SC .1ahFA-LSP of type L2SC .1Q

LSP of type PSC

 
Figure 2-6: A generic picture of a multi-layer network and how the server layer resource allocations through 

forwarding adjacency label switched path (FA-LSP) setup results in a client layer resource. The end results are 
multiple nested resource “tunnels” which are dependent on the actual technology in which they are created. 

2.1.4.2 The proposed ALPHA AON network architectural solutions 

The proposed ALPHA AON network architecture includes two multi-layered solutions: 

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

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

-  Benefits compared to current solutions [6] (see section 4.2.4.3 of D1.2) 

�  Physical infrastructure topology has a higher degree of redundancy  

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

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

2. An IETF GMPLS controlled multi-layered IETF IP, MPLS and/or IEEE Ethernet data plane 
solution, schematically described in the lower part of Figure 2-7 

-  The same benefits as the above but optimised for larger amounts of local traffic due to e.g. 
requirements from future peer-to-peer applications [6] (see section 4.2.4.3 of D1.2) 

Also seen in Figure 2-7 is the different site types in the ALPHA AON solution. 
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Figure 2-7: A layered data plane view of a schematic diagram of possible implementations of the next 

generation ALPHA AON network architectural solution. The diagram describes the different site types and their 
location in the network, i.e. if they are part of the home, access and/or metro access network. The abbreviations 

Q, ah, Qay corresponds to IEEE Ethernet flavours, and F/C/D to fibre/cable/duct. Full lines mean the actual 
layer that is being encoded onto that particular fibre link. The dotted lines indicate a layer being stacked 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 protocols specified (and to be specified) in WP2 and 
WP3, will be implemented and tested with respect to the network response to an end-user service 
provisioning request. The functions that is needed and that will be demonstrated, depending on the 
particular AON solution, can grouped based on which network architectural plane (control plane, 
data/forwarding plane, or management plane) they belong to, 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 



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

Page 17 of 60 

-  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 allocation instantiation  

·  Network management system 

-  Visualisation of control and data plane topology 

-  LSP visualisation 

-  LSP instantiation and removal 

The full range of the experiments described above is planned to be carried out in the Acreo testbed 
during the project. 

2.1.4.4 Demonstrations 2008 

During the first year of the project the following protocol extensions and functions were implemented 
and tested at the Acreo testbed.  

Signalling plane: 

·  Multi-layer point-to-point resource reservation and termination 

-  Continuous LSP setup over MPLS and 802.1Q Ethernet layers using two methods; 
Forwarding adjacency LSPs (MPLS LSPs using 802.1Q Ethernet LSPs as data links 
[RFC4206]) and LSP Conversion (converting the LSP type at layer borders, non-standard 
Acreo implementation). 

-  Unnumbered interface identifiers, node-local interface identifiers as opposed to network 
unique IP-addresses  

·  Targeted error notification (using the RSVP NOTIFY mechanism which also is the basic 
mechanic for implementation of Calls [RFC3473] [RFC4974]) 
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Routing plane: 

·  Extensions of the PCEs internal network database to allow multiple links between nodes (useful 
for protection and restoration testing) 

Data/forwarding plane: 

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

Management plane: 

·  Management and visualisation system initial visualising data and control plane topology as well as 
LSPs that are either established or configured (i.e. not yet signalled). 

2.2 Telefónica I+D 

2.2.1 Telefónica testbed 

The Telefónica home network testbed is a platform based on mixed technologies and with the support 
of femtonodes. 

In the home environment testbed of Telefónica a POF data network has been installed. This network is 
all IP and with the Fast Ethernet as the Layer 2 technology. The network deployed has 16 end-points 
and each one has a POF fibre to the communications rack/patch panel. This is done in order to provide 
the possibility to test different network architectures. 

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

 

Figure 2-8: TID’s testbed. 

The end-points of the network have optical converters with RJ45 Ethernet output (no pure optical 
outputs have been yet implemented). 
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Most of the demonstrations have been done in this testbed, 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 Telefónica Móviles facilities in Madrid. The femtonode has 
been connected directly to the security gateway via an ADSL line using a commercial router through a 
point to point POF link from Homefibre (the tests were done using 35 meters of POF), see Figure 2-10 
and Figure 2-11. 
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Figure 2-10: Femtonode trial architecture. 

 
Figure 2-11: Femtonode labtest. 



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

Page 21 of 60 

During this lab-test, the femtonodes used were prototypes following a traditional architecture and with 
only a subset of the functionalities needed for commercial deployment. 

The interface between the femto node and the RNC was the “standard” Iub interface, adapted to work 
over an IP link. 

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

As the femto nodes used in the trial were prototypes, they were lacked of the following femtonode 
specific functionalities: 

·  Node authentication. The identity of the node and the ADSL line used are not checked. 

·  Iub interface security. Only standard 3GPP Iub encryption was used. No IPSec or equivalent 
protocol was used for authentication, encryption and protection against intruders. 

·  Automatic reselection between macro and femto cells. Users had to manually search for femto 
PLMN, and select it in order to camp on the femto cell. 

·  No active-mode mobility between femto and macro cells. 

·  No QoS implementation in transport network.  

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

-  Femto access shares bandwidth with internet access with the 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 ADSL lines and real user traffic profiles. 

·  Check the coverage of femto nodes. 

·  Check femto technology stability. 

Mobile services bottleneck was not observed on the Femto capacity but on the ADSL line bandwidth 

·  ADSL lines are not symmetrical; UL capacity is lower (320 kb/s UL is commonplace) 

·  Most mobile standards (e.g. UMTS) generate heavy UL signalling traffic 

2.2.3 Experimental activities 2008 

2.2.3.1 Femto-node 

The following tests were realized to the femtonodes during the lab-tests: 

·  Automatic configuration without user intervention: 

-  Users just had to switch their femtonode on, and wait for “ready” indication. 

-  Femto measures the pilot of cells nearby and selects the best Scrambling Code. 

-  Femto also builds the Neighbour Cells List based on this scanning. 

·  IMSI-based Access Control: 

-  Each user selected the mobile numbers he wanted to access 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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-  A flash SMS is sent to the mobile when it registers in the femto cell 

·  Femto nodes used in the trial provided the following services 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 1Mbps and 3Mb/s of downlink and about 300kb/s of 
uplink. The line used for these lab-tests was of 2Mb/s of downlink and 320kb/s in the uplink 
(theoretical values). During the tests, the main problems encountered were: 

1. FemtoNode uses up slightly more BW than expected in the UL. 

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

3. FemtoNode calls QoS and drop rate are very sensitive to the ADSL BW usage 

4. HSDPA Throughput < WiFi Throughput 

Problems 2 and 3 could be foreseen since there was no QoS mechanism in place. So, the main problem 
is the bandwidth of the ADSL line, above all in the uplink. 

ADSL heavily loaded due to femtonode own traffic: 

In this case only the femtonode is connected to the ADSL modem-router. When traffic reached the 
maximum available bandwidth, due to simultaneous Circuit Switched (CS) calls or ftp download using 
HSDPA, the cell temporarily dropped (switched off). Many times the CS call or ftp download 
continued but the rest of mobiles attached to the femto cell had moved to the macro network (3G 
network) because common channels were not radiated. Usually the cell dropped for tens of seconds 

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

Cell setup, without traffic

Start of the voice call

Modem registration

Modem connection

ftp download + voice call

Only voice call

ADSL DL BW
in Bytes 

( measured)

Black:UL+DL Traffic
Green: UL Traffic
Red: DL Traffic

Cell setup, without traffic

Start of the voice call

Modem registration

Modem connection

ftp download + voice call

Only voice call

ADSL DL BW
in Bytes 

( measured)

Cell setup, without traffic

Start of the voice call

Modem registration

Modem connection

ftp download + voice call

Only voice call

ADSL DL BW
in Bytes 

( measured)

Black:UL+DL Traffic
Green: UL Traffic
Red: DL Traffic

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

If an ADSL line with higher downlink bandwidth (8Mb/s) is used, the ftp download (12 MB file) 
finishes correctly and when voice call starts, only UL total traffic increases. See Figure 2-13 
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Figure 2-13: High Femto Traffic: Femto Cell Out Of Service (II). 

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

In this case, when there is another traffic through the router; femto-node calls’ QoS and drop rate are 
very sensitive to the ADSL BW usage. The voice and video quality decrease, and even drop. When the 
total UL traffic (Femto + PC) reaches ADSL UL limit, Iub protocols are affected and RNC shuts down 
the cell. This is especially problematic with P2P applications which share files in the UL See Figure 
2-14 
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Figure 2-14: High ADSL Traffic: Femto Cell Out Of Service. 
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There are some possible solutions for the QoS assurement: 

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

·  Dedicated PVC/VLAN for Femto, as it is done for Imagenio (Telefónica’s IPTV) 

·  Prioritize in the ADSL modem/router Femto UL traffic over other UL traffic: 

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

— This mechanism, though simple, is actually used in the current commercial VoIP calls 
over ADSL 

— Solution only for UL traffic 
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Figure 2-15: High ADSL Traffic: Interim QoS Mechanism. 

Taking into account that the next generation of femtonodes will require a higher bandwidth, e.g.  LTE-
femtonodes target 100 Mb/s in downlink and 20 Mb/s in the uplink, it is clear that likely no xDSL  
lines will support this bit rate and higher speed optical access and in-building networks will be 
mandatory. 

2.2.3.2 Personalisation in home 

During this demonstration, the home environment is adapted to the user preferences when he arrives 
home. A 3G mobile with an RFID interface is used to detect the user presence at home and customize 
it following his preferences. Thus, the mobile phone is synchronized and the new photos are picked 
and sent to a digital frame. The lights are switched on, and the TV shows his favourite channel. 
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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 the bedroom, which is being played from a DVD player. 
The DVD player and the TV are connected through the optical network. The user decides to move to 
the living room and keep watching the movie there. A “follow me” service provides the automatic 
redirection of the film to the TV of the living room. 

For the provision of this service, it is necessary to precisely locate the customer at every room in the 
house. The location is based on simple RFID tags that every 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 network has sensors and actuators. The main 
information provided by the sensors is temperature, luminosity and motion. The actuators can be used 
to control lights or other devices into the home. All this information is managed using web-services. 

During this demonstration, the control network is used 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 multimedia streams, high definition type in the very next 
future, will have to be provided to different rooms in a house, in order to let different people watch a 
different content. These contents will be supplied from the access network (IPTV service), thus 
making use of the gateway functionality. 

The service does not need additional equipment and Telefónica offers all the tools needed to control 
all its functionality (purchase, rendering) with the same 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 DLNA services. 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 phone and this is re-directed to a TV-set for a more 
convenient experience. This demonstration makes use of the 3G capabilities, the optical network. 
When the video-call is transferred, the web-cam used in this 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 make the deployment of the optical network in the 
testbed, the demonstrations have not been ready to external public until the end of the year. The 
demonstrations of the first part of the year have been focused on the femtonode lab-tests, and the 
second part of the year on the functionality of the POF network. 

The main audience to the TID demonstrations was: 

·  The femtonode demonstrations have been done to Telefónica Móviles and to the femtonodes 
manufactures. 

·  The audience on the other demonstrations has been mainly other groups into Telefónica I+D, and 
Telefónica de España staff. 

-  In November 2008, Telefónica I+D organized an Innovation fair to show the last investigation 
results. There were more than 800 visitors, in including the members of the Direction staff of 
Telefónica de España. This fair had more than 60 demonstrations, and the concept of the 
evolved femtonode in the ALPHA project was showed there. 

 
Figure 2-21: Distrito C demonstration. 

-  The Mayor of Zaragoza and other Council members were interested in the management 
capacities of the equipment. 

-  The public TV (Televisión Española), report about the investigations done in Valladolid. 

-  Internal demonstrations with other TID divisions 

2.2.4 Planned activities 2009 

In the next two years, the demonstrations in Telefónica 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 Telecom in the frame of ALPHA project is an innovative 
solution for the home network, based on a Broadcast & Select (B&S) CWDM architecture. This 
approach, depicted in Figure 2-22, and described in ALPHA deliverables D3.1 and D5.1, implements 
a fully transparent optical plant, shared by all the connected devices and running services. CWDM 
technology is then used to combine these different services working in parallel: this allows the 
superposition of several simultaneous applications with different data formats (digital, analogue) or 
with different topologies (point to point, point to multipoint, multipoint to multipoint) without 
interference between each other. 

 

Figure 2-22: Broadcast and Select CWDM architecture 

As shown in Figure 2-23, this solution is based on a NxN splitter. A pair of fibres (TX and RX) 
connects one coupler to optical outlets, located in the rooms. Each TX fibre is connected to all RX 
fibres through this splitter. As each application most often uses one or two wavelengths, several 
wavelengths circulate simultaneously in the network. Due to the broadcast function achieved by the 
splitter, all these wavelengths reach each optical outlet (at the extremity of the Rx Fibre). An optical 
filter is then used at this point to select the wavelength corresponding to the application to which the 
device has to be connected. To allow the connection of several devices to several applications at each 
optical outlet, add and drop filters are preferred, for they can be cascaded with limited addition losses 
(Figure 2-24). 
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Figure 2-23: Optical NxN plant. 

 
Figure 2-24: Connection to an application using and add and drop filter. 

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

·  It is assumed that bit rates will continuously increase inside the home, and that single-mode is 
the medium really ensuring long life expectancy of an in home cabling, that has to remain 
efficient during several decades. 

·  All the optical functions necessary to implement this solution (splitters, add & drop modules, 
CWDM sources) are today fully available, unlike the other fibre technologies. 

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

2.3.2 Experimental activities and demonstrations  

2.3.2.1 The target demonstration and overview of experiments 

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

The services that were selected to illustrate this capability are listed below, and illustrated in Figure 
2-25: 

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

·  Residential LAN ("LAN-like" application): with this solution derived from LAN and Ethernet 
context, all premises are connected to an optical bus, using optical transceivers. The gateway 
is on the same hierarchical level than other premises and the network manages itself. The 
advantage is the simplicity of the Medium Access Control (MAC) e.g. CSMA/CD. The 
drawback is that this type of network has been designed for best effort traffic and no QoS is 
currently considered. But, considering the short transmission distances, the limited number of 
nodes compared to the LAN context and taking into account the increasing speed of 
transceivers, the ability of such a network to transport simultaneously real time and best effort 
traffic should be possible. As the best solution to implement an optical bus is the passive 
optical NxN star, this approach is well suited to the transparent optical plant we use for the 
demo. Another advantage is that only one wavelength is necessary for this application. 

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

·  RoF transmission: as wireless connectivity is often preferred for its convenience, data have to 
be transported to radio access points. The best solution is to achieve the transmission in the 
radio native format, in order to simplify the radio access points, and to be transparent 
regarding the protocols used by the radio application. 

·  TV broadcasting: the possibility to broadcast terrestrial TV programs from the TV antenna to 
the TV sets inside the home may be a significant advantage for the user. One wavelength may 
then be used to transmit the whole TV spectrum to each TV set. 

 
Figure 2-25: The different services implemented on the demo. 

After defining the applications embedded in the demo, the next step was to determine the wavelength 
allocation for all these applications. For cost reasons, wavelengths were chosen in the coarse WDM 
(CWDM) grid, except for the RoF transmission, for which we selected two very close wavelengths 
chosen in the DWDM grid, only to demonstrate this possibility. 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 implementing the single-mode passive infrastructure, 
organized around an NxN splitter. Two splitters have been purchased, an 8x8 port and a 16x16 port 
splitter (Figure 2-27). As shown in Figure 2-28, these splitters are constituted of arrays of cascaded 
2x2 couplers (Figure 2-28). The main parameters of the splitters have been measured: insertion loss, 
uniformity and return loss. A bi-fibre cabling based on 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. 

Add & drop modules are used for inserting or extracting applications to or from the home network. 
According to the application configuration, one or two add & drop modules are required to connect 
one device. These modules, shown at Figure 2-29 were then packaged in boxes to ensure easy 
handling, as depicted in Figure 2-32. Examples of configurations are given in Figure 2-30: 

·  PON-like modules: this application works with two different wavelengths, on for each 
transmission direction. Two add & drop modules with the corresponding wavelengths are then 
packaged in the same box. 

·  LAN-like modules: the same wavelength is used for receiving and transmitting. Two add & 
drop modules at the same wavelength are packaged together. 

·  TV modules: this application uses only one direction (transmitting at the antenna end, 
receiving at the TV set end). Only one add & drop module is necessary. In the other direction, 
a very short fibre patchcord is inserted to ensure the cascadability of the modules. 

 
Figure 2-29: Add & Drop filters used in the demo. 

 

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

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

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

 
Figure 2-33: A cascade of add & drop modules. 
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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 specific Home Network PON, we had to use an access point. 
One difficulty is that access PONs are designed to work in a monofibre configuration, with 
wavelengths specified by the FSAN standardisation group, and most of the systems cannot work in a 
CWDM environment. Generally, there is no possibility to access to the optical components, which is a 
major difficulty to adapt them to our demo. The only PON system that we could use was purchased to 
a company from Israel, Flexlight Networks. This system uses DFB lasers for both transmission 
directions, in the 1.5 µm window. With some slight modifications, we could adapt this system to the 
bifibre configuration of our demo. As two wavelengths are necessary for implementing this PON 
system, we chose 1570 nm and 1530 nm for downstream and upstream transmission respectively, as 
shown in Figure 2-34 . 

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

 
Figure 2-34: Implementation of PON-like application. 

2.3.2.3.2 "LAN-like" application  

This application runs on an optical bus, with only one wavelength. As today Ethernet networks are 
generally based on point to point links in an active star configuration (switched Ethernet), it was not 
easy to find products compatible with the bus topology, in other terms working with the CSMA/CD 
medium access control.  We only found one company (in USA) able to provide us with such 
prototypes, at a bit rate of 100 Mb/s. Some negotiations were necessary to modify these prototypes to 
cope with our requirements related to CWDM environment. Wide spectrum Fabry-Perot lasers were 
replaced by DFB lasers, at a wavelength of 1310 nm. These prototypes were designed as Ethernet 
cards to be inserted on the PCI bus in PC (Figure 2-35). Three cards were used to interconnect three 
PC through our transparent optical architecture, as shown in Figure 2-36.  

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

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

2.3.2.3.3 RoF application  

With the RoF technology, radio signals are transported in their native format on optical fibre (more 
details on this technique can be found in D3.1). Thus, a RoF system achieves a transparent 
interconnection of radio cells, their association being equivalent to a unique cell with a wider 
coverage. Ultra Wide Band (UWB) was the technology chosen for this demo. As RoF products for the 
home network do not exist, this application was implemented using commercially available 
components. The dimensioning was made on the basis of the common cable lengths in a home 
network, and taking into account the losses introduced by a 16x16 splitter. The RoF application was 
implanted in the demo, according to the scheme in Figure 2-37. A communication between two 
devices using an UWB interface has been considered. One of these devices was a video server, the 
other one being a PC. Rather than using two wavelengths selected in the CWDM grid, we chose two 
very close channels, 1549.76 and 1550.33 nm, only to show the compatibility of this approach with 
Dense WDM (DWDM), the two wavelengths being in the same CWDM channel. The separation of 1 
nm between the two wavelengths prevents from problems due to optical beat interference. 

 

Figure 2-37: RoF application implementation. 
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To validate the RoF applications, streaming video has been successfully tested, but a high bit rate was 
not required (only 2 Mb/s). So, we preferred the solution of file transfers FTP between two devices, 
using FTP. Figure 2-38 shows the obtained results in terms of bit rate, regarding the distances between 
the devices and the radio access points. The maximum achieved bit rate was 65 Mb/s, this figure being 
in relation with the PC processor speeds and the Ethernet protocol (Fast Ethernet). 
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Figure 2-38: Measured bit rate for a FTP transfer versus the distance between the RoF access point and the 

device, the distance between the server and the other RoF access point being 4 meters. 

2.3.2.3.4 TV broadcast application  

The aim of this application was to demonstrate the possibility of broadcasting the whole TV terrestrial 
spectrum to a large number of TV sets, from the antenna located on the roof of the house.  The 
requirements for transmitting these signals were strong, in terms of optical budget, which had to be 
compatible with our passive architecture (Figure 2-39), and laser linearity. One transmitter and some 
receiver modules have been developed by a small French company, IFOTEC, according to our 
specifications (Figure 2-40). We have to notice that this application is unidirectional. 

 
Figure 2-39: TV broadcast implementation. 

The broadcast of terrestrial TV has been validated on the demo, using the wavelength of 1510 nm. 
With a 16 x 16 splitter, the optical budget provides about 5 dB margin, which is sufficient to insert the 
TV add & drop module in a cascade of filtering modules (from the 1st to the 5th rank). With a 32 x 32 
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splitter, this module should be inserted in the first rank of the cascade to ensure the required power 
level at the receiver end. 

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

2.3.2.3.5 Point to point application  

This application is the simplest to implement, even if it is not the more advantageous one, in terms of 
wavelength waste, as it requires one channel for each direction. So, a point to point bidirectional link 
uses two wavelengths. But this can be a relevant solution if two devices have to be interconnected with 
a very high bit rate with strong QoS requirements. Two point to point bidirectional links were 
implemented in the demo, one at 100 Mb/s (Fast Ethernet), the other one at 1 Gb/s (Gigabit Ethernet). 
They also contribute to prove the huge potential in terms of capacity for the demonstrated solution. 
One implementation example is given at Figure 2-41, for a bidirectional Gigabit Ethernet link. A 
traffic analyser exhibiting SFP cages was used to generate Gigabit Ethernet frames, and CWDM SFP 
modules with the desired wavelengths were inserted in these cages. According to the SFP modules 
characteristics (transmitted power, sensitivity) and the application bit rate, the optical budget provides 
different margin levels, which generally remains widely sufficient for an easy implementation. 

 
Figure 2-41: Point to Point application implementation. 

2.3.2.3.6 Co-existing applications  

All the previous described applications were run simultaneously using the CWDM technology. An 
optical spectrum measured with an optical spectrum analyser is depicted Figure 2-42. It shows the 
wavelength allocation for the different implemented applications. 
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Figure 2-42: Wavelength allocation for the different applications. 

The requirements concerning optical budget for the different applications are given in Table 2-1. For 
the demo, a 16 x 16 splitter was used, introducing 14 dB of attenuation. The loss of a connector is 
about 0.2 dB. Without taking into account the connectors associated to the add & drop modules, a 
minimum of four connectors is necessary: two at the transmitter and receiver ends, two at the input 
and output ports of the splitter. Each add & drop module with two connectors introduces about one dB 
attenuation. Fibre attenuation is almost negligible if we consider the short distances for in home 
applications. So, the total attenuation with only one add & drop module is about 16 to 17 dB. 
Analogue or quasi-analogue services (TV broadcast, RoF) have the strongest optical budget 
requirements, and thus have to be inserted or extracted at 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 the different implemented applications. 

We also may notice that a compromise has to be made between the number of ports for the splitter and 
the number of cascaded add & drop modules. Multiplying by 2 the number of ports introduces about 4 
dB losses (splitting loss of 3 dB plus 1 dB for additional insertion loss), though an additional cascaded 
add & drop module introduces only 1 dB attenuation. 
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2.3.3 Planned activities  

Concerning the France Telecom’s Home Network, a high quality videoconferencing service and HD 
video will be implemented early this year (indicated M15 in table 3-1). There expected no major 
issues to run this application, as this video conferencing service will use a point to point Ethernet link. 
Such links have already been implemented in the demonstrations, and the performances of the 
physical layer are ensured. 

Concerning the activities in the next year(s), one of the main issues will be interfacing the France-
Telecom Home Network with the Alcatel –Lucent access demonstrator. The aim is to provide 
seamless services from the access network Central Office to the terminal in the house. Two 
approaches will be studied: the first one is probably the simplest one, as we could use standardized 
interfaces (Ethernet) to cascade the two networks. Another solution would be implementing a 
wavelength in overlay, and using the optical transparency of the access PON to set an optical link 
directly from the Central Office to a terminal in the house. Some issues must be solved: with this 
approach, the access ONT and the Home Gateway have to be bypassed to ensure optical transparency. 
This induces strong limitations concerning the optical budget, and optical amplification will probably 
be necessary. Also, security aspects of this connection will be considered. 

2.4 Alcatel-Lucent France (ALF) testbed description and technical status 

2.4.1 ALF testbed: specifications and technical status 

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

This demonstrator will be open to parallel experiments to the other ALPHA partners. To be compliant 
with an adapted power budget and negligible nonlinear effects, different access points will be 
available on the demo to validate this specific 10G technology. 

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

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

·  Interconnection of the WDM 10GPON with a metro network developed in the frame of the 
French ECOFRAME project. 
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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 subscriber side: 8 wavelengths for the 
upstream, 8 wavelengths for the downstream 

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

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

·  Coupler: Coupler representative of 1�  256, with intermediate possible connections (1� 8, 
1�  16, 1�  128, 1�  256) 

·  Amplification adapted to a burst mode operation; bidirectional amplification 

·  Transmission lengths: 25-50-75 or 100 km of SMF + DCF 

·  Terminal description: 

o At the ONU: 

�  optical circulator (to separate the US and the DS) 

�  TX: 10 Gb/s burst mode tuneable source (modulator + tunable source) 

�  RX: tunable filter & 10 Gb/s APD receiver 

o At the OLT: 

�  TX: Gb/s fixed laser 
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�  RX: 10 Gb/s burst mode APD receiver 

- The tables of specifications for key components are the 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 
dynamic range 

> 5 dB   

DATA format Synchronous 
packet stream 

   

Sensitivity > 0.85 A/W   
Packaging ROSA    

Table 2-2: ONU Receiver. 

Transmitter (modulator): 

Characteristic Value/Type Unit Option Comment 
External 
modulator 

R EAM + SOA    

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 range C band  L Band  
Channel Spacing 100 GHz   
Switching time < 1 second   
Wavelength 
stability 

0.2 nm 0.1  

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 
dynamic range 

> 5 dB   

Packet phase 
supported 

-180° -- +180°    

Preambule < 128 bits   
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DATA format Optical packets 
with guard band 

   

Sensitivity > 0.85 A/W   
Packaging ROSA    

Table 2-5: OLT Receiver. 

Transmitter 

Characteristic Value/Type Unit Option Comment 
Fixed laser DFB with an 

integrated 
modulator 

   

Wavelength range C band  L band  
Bit rate 10-12 Gb/s   
Frequency cut off > 5 GHz   
Wavelength 
stability 

0.1 nm   

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 and 

+ 3 
dBm   

Gain Close to 23 dB   
Maximum length 
of voids 

Unlimited    

Noise Figure 5.5 – 6 dB   
Gain flatness +/- 1.5 dB   
PDG < 0.5 dB   
PMD < 0.5 dB   
Maximum power 
variation on the 
top of each packet 

< 1 dB   

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 different network configuration (wavelength, time and 
space as main parameters) 

·  to study the dynamic ranges supported by the network: transient effects in the amplifiers 

·  to propose upgraded architectures to support extended distances up to 100 km 

·  to test and evaluate different technology from the market place: transponders and amplifiers 
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·  to evaluate the RoF technology on dedicated physical path/wavelengths. The RoF system 
integrated by ATFI with components provided by 3S photonics will be first tested in FT 
laboratories and finally integrated on ALF testbed. 

·  to evaluate the interconnection of the network with other network segments: home network 
and metro network 

The characterisation activities: 

·  at the power budget level, including datagram recordings 

·  at the BER level, to evaluate the signal quality and the system margins of different network 
configurations, including different technologies 

2.4.1.3 Theoretical results 

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

First of all we have evaluated the required power budget 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 in Figure 2-44 whereas the power budget of the 
downstream is illustrated in Figure 2-45. 

Analysis of the upstream power budget: 

 

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

The output power of the source has been fixed to 10 dBm. We observe that the losses are introduced 
by the splitting coupler (here 256 �  1). Ideally the losses are 24 dB, but because of the additional 
insertion losses we could have, the losses are usually higher than the theoretical value. To be close to 
the reality, we have adopted the real losses of a 1�  256 coupler we had in the lab. This is the reason 
why, we have introduced in the simulation tool a loss of 31 dB leading to a channel power after the 
coupler close to –22 dBm. Because 16 wavelengths were multiplexed in the coupler, the total power 
after the coupler is close to –10dBm. Extra losses are then introduced by the optical circulator but are 
negligible with respect to the splitting losses. An EDFA with a total output power not exceeding 20 
dBm is then used to amplify the 16 channels to enable a transmission of 50 km of SMF followed by a 
DCF. Once again the values of the losses (17.5 dB) used for the simulation came from the 
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experimental transmission line we had in the lab. The last losses are coming from the optical 
demultiplexing stage before the receiver. The available output power is then close to –16 dBm. 

We observe that the OSNR is quite high, close to 29 dB in a 0.1 nm bandwidth. Creating no additional 
sensitivity penalty at the receiver side. 

One first conclusion is that this network can support 16 wavelengths with a sufficiently high signal 
power and a sufficiently high OSNR to detect the DATA with no significant penalty on the sensitivity. 

But we need to take into account the dynamic on the packets that could affect also the received power 
level. For that reason, an APD in the receiver is recommended. 

Analysis of the downstream power budget : 

 
 

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

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

We assume that the source can deliver 10 dBm of output power per channel. The losses introduced by 
the optical multiplexer reduces then the channel power to a value close to 6dBm. We have then the 
losses of the transmission line (SMF + DCF), adjusted as previously with the experimental set up. A 
second EDFA operating in the opposite direction is used to amplify the signal and compensate for the 
losses of the coupler. AS previously we used an EDFA capable to provide an output power of 20 dBm. 
We observe then that the cumulated losses introduced by the coupler (1�  256) and of the coupler plus 
the tuneable filter, imposes a channel power in front of the receiver close to –26 dBm. The OSNR is 
very high, and reaches values close to 34 dB in a 0.1 nm bandwidth. 

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

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

In conclusion of this paragraph, we can say that the WDM PON could support 16 wavelengths for the 
upstream and 16 wavelengths for the downstream with no severe physical limitations. 

2.4.1.4 Experimental results 

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

Packet generation: 

We have generated optical packets using a pattern generator, and software. The software was used to 
program in the memory of the pattern generator, a packet 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’’0’’1’’0’ … 

·  an address of few bits 

·  a payload, including a random sequence limited to 7 consecutive bits 

Figure 2-46 shows the structure of the optical packet.  

 

Figure 2-46: Packet stream for the upstream 

 WDM source: 

A WDM source was used to simulate the presence of 16 channels (for the upstream and for the 
downstream). 

16 different channels (lasers) were coupled into a passive optical coupler through polarisation 
maintaining fibres. After the coupler we used an external modulator, modulating the 16 wavelengths 
with the same DATA sequence. The decorrelation is naturally made in the transmission fibre to 
simulate a crosstalk.  

Figure 2-47 shows the WDM source used for the tests. 

� Packet duration : 2,048 
µs

� Preambule : 128 bits

� Payload : pseudo 
randon sequence
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Figure 2-47: 16 channels sources for a WDM operation 

WDM TDM PON : 

To simulate a WDM TDM PON, we need also to have the correct splitting ratio. In that case, 
we assume that 256 subscriber can be connected to the same WDM TDM PON. With 16 wavelengths 
for the upstream or for the downstream, each subscriber can 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: 1�  256 sub-equipped coupler that was 
used for the experimental simulations.  

 

Figure 2-48: Optical coupler used for the experimental evaluation 

Burst mode receiver: 

One important element for the quantification of the BER in a full asynchronous packet mode 
is the burst mode receiver. For the needs of this experiment we used a burst mode received operating 
at 10 Gb/s and supporting 10 dB of fast packet power dynamic range. The sensitivity of the burst 
mode receiver is close to –18 dBm in a back-to-back configuration for a 10-9 reference BER. 

Figure 2-49 shows the burst mode receiver used for the experimental investigations. 
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Figure 2-49: 10Gb/s burst mode receiver 

Upstream tests:  

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

Three classical EDFAs were used: 

·  One at the output of the WDM source to compensate for the losses of the coupler 

·  One before the transmission span, to boost the optical power 

·  One after the transmission fibre to have enough power in front of the burst mode receiver 

We can notice that we used a tuneable filter instead of a WDM demultiplexer at the OLT side. This 
optical filter has equivalent losses with respect to the WDM demultiplexer. 

The schematic of the testbed is illustrated in Figure 2-50. 

 

Figure 2-50: Testbed used to simulate the upstream traffic and measure the BER 

Results obtained: 

At the reception side, we have recorded the BER. As predicted in the theoretical simulation, the 
sensitivity is close to the back-to-back value. Figure 2-51 shows that no sensitivity penalty is then 
recorded. We have not explored the BER in the full C band, but the margin observed indicate that with 
a flat gain EDFA, the difference between the different channels must be negligible. 

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

Downstream tests: 

For the downstream tests, we used a modified testbed illustrated in Figure 2-52. 

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

 

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

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

Figure 2-53 shows the BER recordings. The sensitivity penalty was higher than in the upstream 
configuration. Different causes may affect this sensitivity penalty which needs to be analysed in 
details. In addition tests must be completed with an APD in front of the receiver to be in a real case of 
reception. But wed can notice that the sensitivity penalty is lower than 1 dB with respect to the back-
to-back, indicating that a 16 channel configuration is 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 simulations have demonstrated feasibility for a 16 
channel configuration for the upstream and for the downstream traffic at 10 Gb/s. 

Complementary tests need to be done to confirm the full feasibility, in particular the dynamic 
operation of the network taking into account different load levels and different packet power variations 
for the upstream traffic, an APD in the receivers for both upstream and downstream, the tests over the 
full C band to evaluate the impact of the gain transfer function of the EDFAs. These complementary 
tests are programmed for the second year of the project. 

The first results confirm the feasibility of the network proposed. 

2.4.2 Laboratory setup description: structure of the demonstrations 

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

Demonstrations 1 is WDM TDM PON operating at 10 Gb/s. The objective of this demo is to 
demonstrate the feasibility for a high connectivity network (256 is the minimum) in a real flexible 
concept. 

Because the testbed will be used for extra characterisations linked to the physical convergence 
between wired and wireless networks, the testbed will have some intermediate interconnection points 
to evaluate a RoF technology in the third year of the project. 

The topology of the testbed is shown in Figure 2-54: 
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Figure 2-54: Modular WDM TDM PON operating at 10 Gb/s. 

At the ONU (see Figure 2-55), the terminals will adopt: 

- a tuneable laser plus a R-EAM-SOA for the transmitting part 

- a tuneable filter plus a classical synchronous receiver for the receiving part 

Both directions will be separated through the use of an optical circulator.  

 

Figure 2-55: Terminal adopted for at the ONU side: tuneable laser + external modulator / tuneable filter + RX 

In the experiment made during the second year of the project, we will use commercial R EAM as 
illustrated in Figure 2-56: and SOA gates to switch on or switch off the emission of packets. In a 
second step, R EAM SOA from our research department will be used. 
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Figure 2-56: R EAM from CIP Figure 2-57: Tuneable laser 

8 optical circulators have been mounted on three boards as illustrated in Figure 2-58. 

For the filters we will use mechanical filters with switching time close to 1 s. 

For the tuneable lasers, different components are currently envisaged (as illustrated in Figure 2-57) but 
the objective is to test low cost devices. Small tuneability devices are also considered. 

 

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

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

 

 

 

 

 

 

 

 

 

 

Figure 2-59: 1�  sub-equipped coupler mounted on a board, with intermediate splitting access points 

Three racks will be used for the demonstration: 

- one rack will include the transmission spans, the EDFAs, the coupler and the passive devices 
on the network 
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- one rack will include the terminals for the ONU and for the OLT 

- one rack will include the 32 lasers, 16 for the upstream and 16 for the downstream 

Figure 2-60 shows the structure of the demonstration: three racks + the test-equipment rack: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-60: Test-equipments on the left, and the three rack demonstrator (not yet fully equipped) on the right 
side 

Tests for RoF experiments will be made using between intermediate coupler after 25 km of 
transmissions and the output 1�  8 of the passive coupler of the WDM TDM PON. 

The components of the terminals will be provided by 3S Photonics, partner of the ALPHA project. 

2.4.2.2 Demonstration 2: WDM TDM PON + METRO NETWORK 

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

Two wavelengths will be reserved in the packet ring to transport transparently packets from a server of 
application located in one node of the packet ring network 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 the metro and the access network. The objective of this 
demonstration is to demonstrate a transparent connection between the server of application and the 
subscribers to enable a multicast and a broadcast connection supporting a video service. 

Figure 18 shows the structure of the packet ring demonstrator that will be interconnected to the WDM 
TDM PON. 
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Figure 2-61: Photo of the Packet Ring Metro Network (from 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 demonstration 2, to interconnect a home network at 
the interface of the ONU. 

Once again, a transparent path (no packet processing made at this point) will be established to 
interconnect the server of application located in the metro area, to the terminal (a PC in an apartment 
of the subscriber) through a passive home network. 

The physical interface at the gateway level and between the access network and the metro network 
will be an O/E/O regenerator, one for the downstream and one for the upstream. The bit rate is still 
under discussion, and will depend on the available equipment for the final demonstration. 

 

Figure 2-62: Shows the final demonstration and the different 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 project 

The activities programmed for the second year are split into four tasks. 

- Task 1: complementary tests on the WDM TDM PON to evaluate the packet power dynamic 
ranges supported by the technology. Exploration of the DWDM window. Evaluation of the 
impact of different loads at the receiver level and at the amplification level. For this last point, 
a specific EDFA adapted to a burst mode operation will be extensively evaluated. 

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

- Task 3: continuation of the mounting of the demonstrator: boards, switching elements to test 
the different wavelengths for the downstream part, APD on the RX, integration of the new 
EDFAs, planning of test scenarios in the test –equipments. 

- Task 4: work on the interfaces to interconnect the packet ring metro network on one side, and 
to interconnect the home network from FT/Orange Labs on the other side. One monthly audio 
meeting will be programmed with FT/Orange Labs to ensure the compatibility of the two 
testbeds (home network + access network). During the second year, the focus will be made on 
the definition, on the specifications and on the realisation 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 operating at 10 Gb/s. 

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

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

- to have two interfaces: one to interconnect the access network with the metro network; one to 
interconnect the access network and the home network 

2.4.4 Summary for ALF experiments 

No strong blocking point has been identified on the feasibility issues. Even if complementary results 
are required to fully demonstrate the concept, first theoretical and experimental simulations have 
shown promising results for the WDM TDM PONs. 

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

- the passive boards: couplers, circulators, transmission fibre … 

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

- the structure of the demonstrator: mechanical part of two racks, including the power supply 

- the WDM source and the test-equipments programmed in a rack mounted form 

Discussions have been also initiated with FT/Orange labs to take into account the different tests that 
will be done in the next steps for the interconnection with 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 prioritization approaches for integrating triple and quadruple 
play service on IP Networks over POF. The Lab test were conducted using the Luceat unmanaged 
switches configured with port priority and DSCP/802.1p prioritization queues. 

The first tests have been conducted using only unmanaged switches with two IPTV Cameras 
connected to high priority ports on the switches in a tree topology. The same backbone carried 
different TCP and UDP sessions with Priority tag enabled, the statistics of the frame per second 
received by the decoder and the overall latency of the network streams according to their class of 
prioritization have been recorded using Nudog's Xtramus QoS Application. 

The same test has been conducted using the prototypes of Luceat Industrial Switches adding redundant 
Paths in ring topologies (Using Luceat proprietary Litenet Protocol) and mesh network using RSTP 
(Rapid spanning tree protocol), the QoS test has been scored 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 ring topology, based on Luceat proprietary Litenet 
Protocol and unmanaged Switches, configured for QoS and prioritization of video streams, has been 
demonstrated to several CCTV installers at our premises. 

2.5.2 Bangor 

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

The experimental work currently underway is the development of an experimental system to 
demonstrate data transmission in real time using the AMOOFDM technique. Work towards realising 
the real-time demonstration system has been underway for about 10 months. All required components 
and laboratory equipment have now been sourced, the design environment for the FPGA based DSP is 
in place and the system construction has recently commenced. More specifically, the following work 
has been undertaken: 

·  Extensive work has been performed designing the system architecture and selecting the 
system elements, as the system utilises state-of-the-art technology sourcing suitable 
components was a significant task, also selecting elements that could be easily interfaced 
together minimising custom built parts was necessary. A critical component in the system is 
the FPGA used to provide the DSP functionality, the required DSP performance was therefore 
studied in great detail to allow a suitable device could be selected. 

·  The design methodology for the FPGA logic has been established and the necessary 
development environment is in place. The adopted approach provides a complete design flow 
with a graphical environment to develop and simulate system models which can then be 
converted to VHDL and synthesised into the logic for programming the FPGA. 

·  A major task of the system development is the implementation of the required IFFT and FFT 
functions in the FPGA. Designs have been developed which allow control of the parameters 
effecting performance. The IFFT/FFT designs have been verified by simulation in an 
AMOOFDM system model and initial implementation of the IFFT/FFT designs in the FPGA 
boards has been achieved. 

·  Symbol synchronisation is also a key function required in the AMOOFDM receiver, this has 
been investigated thoroughly, a novel solution identified and a logic design has been 
implemented and tested in the FPGA. 
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Work has now started to integrate the system elements and verify data flow across the various system 
interfaces. When this is achieved the next steps are to develop the full FPGA design in stages using 
internal FPGA loopbacks, back-to-back tests with digital signals, back-to-back tests with analog 
signals and finally with transmission over desired transmission medium for various application 
scenarios. 

2.5.3 IBBT 

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

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

This experiment is a first step towards a more in-depth lab setup due month 18, entitled “experiments 
about the viability of UPnP for service discovery and QoS negotiation”. 

A schematic overview of the setup is shown in Figure 2-63. On one end is the streaming server, which 
sends a video stream over the Internet to the media sink in the home network. As the setup focuses on 
the home side of the network, the streaming server was directly connected to the home gateway in this 
case (without the Internet in between). 

The home network consists of a gateway, a layer-2 device emulator capable of making QoS 
reservations, a client (i.e. media sink) and a camera. The gateway acts as UPnP control point, 
QoSManager service and QoSPolicyHolder service. It is thus responsible for configuring the home 
network when QoS reservations are made. As currently no layer-2 switches exist that support UPnP-
QoS, we have implemented an emulator for a layer-2 switch using the “Click Modular Router” 
framework [4]. This click router contains a QoSDevice service, which allows the gateway to make 
bandwidth reservations on it. Finally, the camera represents a high-priority security device, which 
feeds streams to the client computer. 

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

This setup allows us to evaluate the speed of reserving bandwidth 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 Management 

Homefibre has designed an internal test facility in order to test the installation of POF in the real 
environment and real state architecture by utilising the electrical installation architecture and conduits. 
In addition user scenarios regarding the integration of various IP-based services as e.g. IP-video 
surveillance, VoIP, IPTV, DVB-IP and file transfer from home servers and the related network 
behaviour of Data - and IP-streaming functions and management on Ethernet IEEE 802.3-u have been 
investigated. Also, technology comparisons in terms of performance and power consumption have 
been done. These results will be a part of 2009 eco-technological considerations and will be extended 
in 2009 by implementing more advanced applications (e.g. multiple HDTV streaming). 

The test scenarios implemented in 2008 include: 

·  Internal home VLAN trunking and IPTV tunnelling 

o In test scenario the requirement of partial VLAN trunk for combined IPTV and file 
transfer has been identified. First concepts for a solution to trunk over optical fibre 
(POF) have been implemented in commercial available platforms. 

·  Simultaneous IP-streaming of Telco IPTV and Video LAN HDTV streaming 

o By organising the first simultaneous Video-LAN and IPTV (QoS) streaming 
management and switching issues have been identified. It became visible that more 
advanced bandwidth and configuration management will be needed to support user 
friendly network performance. These issues will be further discussed within ALPHA 
in 2009. 

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

o First test-scenarios with various applications showed a lack of interoperability and 
network configuration tools taking care on specific IP transmission methods. The 
results of this work are for further study in 2009 (e.g. VoIP external and internal 
combined with multiple Video services etc). 

·  Real environment POF installations and integration of IP-applications 

o The impact of real environment POF installation on data through out, BER and system 
architecture concepts has been investigated in this part 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 the first year of the project have been implemented. The 
work has been done to a great extent in the project testbeds as well as in smaller experimental 
facilities/laboratories at the partner locations. The experimental activities have so far been focused to 
single-partners tests, with the plans to integrate/transfer them to other partner as well as multi-partner 
demonstrations at a later stage.   

The Table 3-1 shows the list of the major experimental/laboratory activities from the deliverable D5.1 
[6] which have been planned for the first year of the project. The column “Comment” clarifies on the 
status of each activity. The other activities/solutions (to be integrated/used in the experiments/testbeds 
at a later stage) have been performed by the partners Luceat (various prioritisation approaches, video 
surveillance IP network), Bangor (AMOOFDM modems), IBBT (UPnP-QoS for QoS reservations), 
Acreo (control, data and management plane), and Homefibre (VLAN trunking, IPTV tunnelling and 
some others). 

Month Main achievement Testbed 
/Laboratory Comment 

1 

Transmission evaluation: wavelengths, 
optical sockets, BER, FER, throughput, 
latency, Tx parameters for analog 
transmission (Radio-over-Fibre) 

FT Done 

4 

Supply Acreo test bed with 100 Mb/s 
unmanaged switches based on POF, 
preconfigured for “triple play 
environment” 

Luceat, Acreo Done 

4 

Supply Acreo Testbed with 100 Mb/s 
POF Media Converter and 100 Mb/s POF 
3-port Switch. 

Supply Telefonica Testbed with 100 Mb/s 
POF Media Converter and 100 Mb/s POF 
3-port Switch. 

Homefibre, Acreo, 
TID Done 

5 Internet browsing over wireless network, 
HSPA traffic 

Acreo Done 

5 IPTV over fixed network Acreo Done 

5 IPTV-based services over fixed network Acreo Done 

5 Simultaneous services of today:  triple 
play on a TDMA "PON-like" layer 

FT Done 

6 Point-to-point Gigabit Ethernet (on 
Broadcast and Select infrastructure) 

FT Done 

8 POF network deployment TID Done 

8 
Experiment about the viability of 1Gb/s 
over POF using adaptive equalization and 
Duo Binary coding 

Luceat 
In progress  
(results due 
Month 15) 
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8 

Luceat supplies Telefónica test bed with 
100 Mb/s unmanaged switches based on 
POF, preconfigured for “triple play 
environment” 

TID Done 

9 
File transfer and video streaming on 
CSMA "LAN-like" layer FT Done 

9 
Test Integration VLAN Trunk – IPTV / 
Home Network 

Acreo and/or Telefonica Testbed 

Homefibre, Acreo, 
TID 

Done 
(Homefibre) 

11 
Video on Demand over fixed/wireless 
network Acreo 

Done (fixed), 
Partially done 

(wireless) 

11 
P2P (Peer-to-peer) best effort services 
over fixed network 

Acreo Done  

4-12 
Test femtonode architecture on a model 
platform 

TID Done 

12 IPTV over wireless network Acreo 

Partially done 
(software 

development 
required) 

12 Video-conference and video-streaming 
(low quality) via femtonode 

TID Done 

12 
HSDPA (3.6 Mbps) and HSUPA (1.5 
Mbps) using femtonodes TID 

Done (model 
platform only) 

12 WDM-TDM PON implemented with 
limited number of TRX 

ALF 

Done (single 
tuneable 

wavelength 
upstream) 

12 High quality videoconferencing FT  Month 15 

12 
High Definition (HD) Video (internal to 
the home) FT Month 15 

12 
Wall Outlet Media Converter (Prototype) 
for Acreo and Telefonica Testbed from 
Homefibre 

Homefibre, Acreo, 
TID Month 15 

Table 3-1: Major ALPHA experiments in the chronological order. 


