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Today’s access architectures are defined by the reach of copper for voice.  The 
long reach made possible by optical technology is a key enabler for a new 
architecture. The XL-PON technology developed in MUSE allows reducing the 
number of interfaces, the amount of equipment in the nodes and even allows 
reducing the number of nodes in the network. 
 
 
 

Key Features 
 
· The optical amplification in-

creases the power budget to 
about 60 dB. 

· This allows up to 70 km reach in 
the metro area, 

· it allows up to 30 km in the 
distribution network and· 

· it allows a split up to 1:512 in the 
distribution network· 

· with data rates of 10 Gbit/s 
downstream and 2.5 Gbit/s 
upstream. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        XL-PON Demonstrator 

Description of the XL-PON prototype  

The figure below shows the configuration of the XL-PON (eXtra Large - 
Passive Optical Network) The network consists of two parts: 

· the metro area covering a distance of up to 70 km which may be shared 
among several central units  
(OLT - optical line termination) by means of wavelength division multiplex 
(WDM), and 

· several optical (passive) distribution networks (ODN), each dedicated to 
one OLT and serving up to 512 customer units (ONT - optical network 
termination) over maxi-mum 30 km of optical fibre. The ODN is operated 
in duplex mode. 

 

XL-PON architecture  

As the metro area or metro network (MN) is operated in WDM, simultaneous 
operation of multiple independent XL-PONs on a single fibre ring is possible. 
Though implementing WDM, the concept allows for “colourless” ONT, which is 
an important feature for acceptance of such a system. All ONTs are able to 
receive all possible down-stream wavelengths, in our case a couple of 
channels in a 100GHz grid around 1555nm. Further all ONTs use the same 
upstream wavelength, in our case 1531.1nm. 

Metro-Access-Point 

The proposed concept introduces an alternative network node called metro 
access point (MAP) serving as an interface between metro network (MN) and 
the optical distribution network (ODN). By means of an optical drop filter a 
particular downstream channel is selected out of the WDM signal from the 
metro network (MN). The selected channel is amplified in two stages with 
Erbium doped fibre amplifiers (EDFA). One acting as pre-amplifier (PEDFA) 
which operates at constant output power. The second is operated bidirectional 
and amplifies both the downstream channel (DSC) and the upstream channel 
(USC) in the same Erbium fibre (BEDFA). In this way it is possible to amplify 
the upstream signal bursts without distortion in an EDFA. The downstream 
output power at BEDFA is controlled to a constant power level of 18dBm, thus 
providing 43dB link budget for the downstream, if an APD-receiver with 
21dBm sensitivity is assumed at the ONT. At the ports to the ODN the MAP 
already includes a 1:8 splitter. This ensures eye-safe power levels in ODN 
and avoids non-linear effects in the fibre..
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Both preamplifier and BEDFA are 
operated each with a single pump. Due to 
the output power control of both EDFAs 
the USC experiences 20dB of optical 
amplification in the BEDFA. After that it is 
separated from the DSC in the duplexer 

· 10GE client/uplink interfaces based 
on commercial XFP-modules 

· Several FPGAs (field programmable 
gate array) at both OLT and ONT for 
TC-layer processing 
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Metro Access Point – Functional 
Blocks 

The USC signal now enters a transponder 
stage which converts the incoming 
wavelength to a free WDM channel before 
it is re-inserted into the MN at the add-filter 
(OADM).The transponder stage consists 
of an APD-photodiode (APD - avalanche 
photo-diode), followed by a 2.5Gbit/s 
burst-mode receiver. 

 

Metro Access Point - MAP 

OLT and ONT 

For the prototype system several OLTs 
and ONTs were built, which, by 
implemented TC-layer functions, provide 
almost full functionality of a living system. 
For simplicity OLT and ONT share a 
similar main-board design. The key-
components are: 

· A commercial 10Gbit/s downstream 
transmitter module (OLT) and APD-
receiver module (ONT) 

·  An own-design of a 2.5Gbit/s burst 
mode transmitter (ONT) with 6dBm 
output power- An own-design of a 
2.5Gbit/s burst-mode receiver (OLT) 

· An on-board controller 

 

 

 

 

 

 

 

 

 

 

Optical Network Termination – ONT 

The TC-layer implemented is, as far as 
possible, based on the GPON TC-layer 
specification, but small modifications were 
implemented, mainly to increase the 
number of possible ONTs to 512.  
For the upstream channel FEC according 
to Reed-Solomon code RS (255, 239) is 
performed. 

Results 

To our knowledge for the first time a full 
functional prototype of a future XL-PON 
system was realized and tested.  
The prototype systems consists of OLT, 
ONT, and an intermediate stage, called 
MAP which contains optical amplifiers and 
a burst-mode transponder for 2.5Gbit/s. 
All subsystems were realized with 
standard commercial components.  
Our tests showed that such a system is 
capable for 100km transmission, WDM in 
the metro-network, 30km reach in the 
ODN and a split-ting factor of 1:512.  
The data transmission runs stable with a 
throughput of 92% in down-stream and 
84% in upstream direction using long 
frames.  
Due to its low power consumption of about 
20W the MAP is suitable to be mounted in 
remotely powered street-cabinets.  
The system was very successfully used 
for video transmission in the labs of BT. 
Over-all the XL-PON prototype fulfils the 
major requirements of a future next-
generation PON. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The BEDFA 

 

 

 

 

 

 

 

 

 

 

 
 
 

MUSE is a European consortium 
of vendors, operators and 
universities, active from January 
2004-March 2008. The aim is 
cooperation on research and 
development of future, low cost, 
multi-service access networks. 

 
MUSE is partly funded from the 
FP6 programme of the European 
Commission.  
 
More information on MUSE and 
on obtaining the deliverables can 
be found on the MUSE web-site: 

 
www.ist-muse.eu 
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