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Snapshot: A review of Germany's Optical Access Line 
(OPAL). Optoelectronic interfaces and distribution ser
vices are discussed as well as future strategies. 

In 1990 Deutsche Bundespost (DBP) Telekom start
ed a field trial in Cologne of fiber-optic transmis
sion systems in the access network. The first system, 
OPAL 1 (OPtical Access Line), supplied by 

RAYNET, served 192 households using a fiber-to-the-
curb (FTTC) solution with telephony (plain old tele
phone service or POTS) and CATV (47 - 446 MHz) sys
tems. The exchange-side optical line termination (OLT) 
and the subscriber-side optical network unit (ONU) 
were interconnected via passive optical networks 
(PONs) (for this and other terms, see glossary, page 
36). Besides the main task, system implementation, the 
participating companies concentrated on solutions for: 
cost-optimal cabling, jointing and installation tech
niques, development of hybrid transceivers, concepts 
for low-cost interconnection of digital switching units 
and OLT for interactive services (IS), and implementa
tion of distribution services (DS) in the third optical 
window using optical fiber amplifiers. 

OPAL program 
As indicated in Figure 1, the initial field trials were fol
lowed by a large-scale fiber-in-the loop (FITL) program 
consisting of OPAL 93, OPAL 94, and OPAL 95 again 
for POTS, integrated service digital network (ISDN), 2 
Mbit/sec-lines, and CATV-service. To avoid delays, 

Deutsche Bundespost Telekom decided to perform 
OPAL 93 for 230,000 living units (LU—can be a single 
house or an apartment) as a turn-key project, which 
means that each participating company can use its own 
specific FITL solution. Due to technical problems, this 
partial program could not be completed before the end 
of 1994. At that date, the customer is offered IS and DS-
services frequently on an fiber-to-the building (FTTB) 
basis. Specifications for OPAL 94 (460,000 lines) were 
worked out during 1992/93. With the experience from 
the former OPAL projects, and based on the emerging 
technical solutions, refined specs for the OPAL 95 pro
ject (500,000 lines) have been worked out. 

In total, 1.19 million subscribers are involved in 
these projects. Essentially two different approaches for 
realization are considered, the passive optical network 
(PON)3 and the active optical network (AON).4 

All IS-services that are transmitted in conventional 
copper networks can also be transmitted over the PON as 
a point-to-multipoint, all-passive, single-mode fiber net
work (Fig. 2, next page). Bottlenecks are the limited dis
tance (20 km in case of 1:32 optical star) and the restric
tions arising from the time division multiple access 
(TDMA) protocol. 

In an AON, expensive electronic equipment and fibers 
are shared among more subscribers than in a PON. 
Additionally, it provides increased flexibility in network 
planning and operation. The total network can be subdi
vided into a high bit-rate feeder system (140 Mbit/sec) 
toward the active distribution terminal (ADT), followed by 
a demand-oriented lower bit-rate (10Mbit/sec) low-cost 
distribution system (Fig. 3, next page). Using low-cost 
lasers (780 nm) or more expensive 1.3 μm-lasers distances 
of 2.5 km or up to 39 km between ADT and ONU are pos
sible, respectively. AONs were first implemented in OPAL 
93; there will also be considerable portions in OPAL 94 and 
OPAL 95. 

Figure 1. Fiber-in-the-loop program in Germany from 1991 to 1995. 10
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Tailoring the equipment for 
range and bandwidth, large net
works with a radius of 60 km 
around the central office (cascaded 
ADTs or PONs with feeder systems) 
are possible, resulting in significant 
cost reduction for rural areas. 

The locations for about 460,000 
LUs in this sub-program were 
selected according to strict econom

ic criteria in small cities (28%), 
urban downtown areas (24%), areas 
with apartment houses (27%), vil
lages (18%), and single-family 
home areas (3%). Table 1 gives an 
overview of the firms participating 
in the project as well as the key 
parameters of OPAL 94 systems 
currently under installation. 

Taking into account the opera

tional and topological detour fac
tors, the first three systems (AT&T, 
Siemens, and Raynet) allow a maxi
mum radius of 16 km, in which 4-6 
PONs can be used on each of the 
up to 384 64-kbit/sec channels. In 
the present network, the distance 
between local exchange and cus
tomer is less than 3,700 m in 90% 
of the cases, so OPAL systems will 
now—thanks to the more than four 
times larger potential range—be 
capable of operating at the next 
higher network level. In the fourth 
column in Table 1, the most impor
tant characteristics of the active sys
tem manufactured by the company 
Kabelmetal Elektro (ke) are given. 
An interesting feature of this system 
is the separation of ONU in inde
pendent modules, which gives the 
network operator an additional 
degree of freedom for the deploy
ment of access equipment. 

In the ONUs, a plug-in card 
technique has proved to be very 
effective in responding flexibly to 
potential demand. The same objec
tive is also achieved by making only 
80% of the PONs operational and 
leaving 20% as standby. A standby 
fiber for each ONU is provided. 
Planning uncertainties exist with 
respect to the ONU power supply. 
The ONU is intended to provide a 
standby supply via a maintenance-
free local battery and a direct con
nection to the public mains (local 
supply) or a Telekom-side remote 
supply. As far as the local power 
supply is concerned, it turns out 
that an agreement with the house 
owner (in the case of FTTB) is 
becoming increasingly difficult 
since the house to be served must, 
for legal reasons, not act as power 
supplier for Telekom. For this rea
son, remote feeding is gaining in 
popularity despite the high costs of 
$230-300 (U.S.) per ONU. 

In OPAL 95, sub-program sys
tems will be installed for 350,000 
LUs in the New Federal States (NFS) 
because of increasing penetration of 
copper-based systems and for 
150,000 LUs in the Old Federal 
States (OFS). The companies 

Figure 2. Concept for the Passive Optical Network (PON) with Digital Switch (DiSw), Channel 
Bank (CHB), Optical Line Termination (OLT), and Optical Network Unit (ONU). (TDM: Time-
Division-Multiplex; TDMA: Time-Division-Multiple-Access; POTS: Plain Old Telephone Service; 
ISDN: Integrated Service Digital Network). 

Figure 3. Concept for the Active Optical 
Network (AON) with high bit-rate feeder line for 
the Active Distribution Termination (ADT). 

Table 1: Main characteristics of OPAL 94 project. (TCM: Time Compression Multiplex; WDM: Wavelength Division 
Multiplex). (*) ONU is composed of the independent modules Optical Network Termination (ONT) some Service 
Units (SUs). ONT can serve a group of SUs by copper-based 2.5-Mbit/sec bus system. 
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involved in OPAL 95 are the 
same working in OPAL 94 and 
the technical realizations will be 
very similar in both projects. 
Interestingly, the costs for the 
turn-key project—OPAL 93— 
have been about 45% higher 
than those for future OPAL 95 
systems. Figure 4 shows the dis
tribution of 131 locations for 
OPAL 93/94 in Germany. It is 
obvious that the former under
developed situation for 
telecommunication in the New 
Federal States (NFS) has 
improved dramatically. After 
installation of OPAL 95 sys
tems, the OFS will also have 
access to a considerable number 
of optical access lines. 

Interfaces 
Up to now the link between 
digital switching units and OLT 
has been designed according to 
company-specific solutions. 
Frequently, 2-Mbit/sec channel 
banks with multiplexing and 
add/drop functions or the V.93 
interface by Siemens are used. This 
diversity of interfaces will be 
replaced in the future by the con
centrating V5.2 interface, while in 
the OPAL 94 and OPAL 95 projects, 
the already defined V5.1 interface5 

will still be in use. However, the lat
ter represents only a transitional 
solution. 

Current optical access networks 
do not have common network 
management. Unfortunately this 
situation will remain unchanged in 
the new systems as well because the 
corresponding working group in 
the European Telecommunications 
Standards Institute (ETSI) respon
sible for standardization of the Q.3 
interface6 has not yet completed its 
work. Here, too, company-specific 
management interfaces (Qx2) for IS 
services serve as an intermediary 
solution that prevents any form of 
system compatibility. In DS-sys
tems, QD2 interface will be used. 

Distribution services (DS) in OPAL 94 
Analog CATV (47 - 860 MHz) dis

tribution service is also offered in 
hybrid fiber/coax architecture to IS 
mainly in urban areas with more 
than 10 LUs/site in the FTTB scheme 
and in small towns with a high share 
of business customers in the FTTC 
structure. Therefore, just 150,000 
LUs of the 460,000 LUs are provided 
with DS in OPAL 94. IS and DS are 
transmitted in two different optical 
networks, but both systems use the 
same infrastructure (different fibers 
in the same cable, housings, and 
power supply). The DS-network 
consists of an optical broadband 
transmitter in the central office, 
optical feeder lines (up to 24 km), 
properly positioned optical ampli
fiers, and optical star networks with 
splitting factors of 1:4 or 1:8 (fiber 
lengths up to 6 km) terminated by 
DS-ONUs. In the case of FTTB, the 
DS-system is connected directly to 
an already existing in-house coaxial 
tree-network, but FTTC structure 
requires additional coaxial cables 
between the curb-housing and 
buildings. Each curb-box can feed 
up to 24 buildings in a radius of 
about 200 m via coaxial tree. 

Experiences 
After a certain initial euphoria, 
the use of fiber-optic cables in 
the access network, or at least 
their large-scale application, is 
slowing down. This is not 
because of technical problems, 
but rather because of the high 
costs required for a network 
conversion that, according to 
various estimates, would 
involve costs of more than $60 
billion for Telekom. None of 
the carriers can make a pre-
investment of this order. 
Financing of the necessary net
work conversion through new 
services cannot be expected 
until the network can provide 
full coverage with these ser
vices. In their planning strate
gies, it is important for the net
work operators to take account 
of the technological state and of 
the pre-investments of their 
industrial partners. Neverthe
less, a planning and implemen

tation delay can be observed for 
most access systems in Germany. 
Furthermore, cost advantages of 
fiber-optic systems over convention
al copper-based subscriber access 
systems are more difficult to achieve 
than originally expected. Due to the 
lack of standardized systems, we 
have an increasing system variety in 
the network that may impair system 
maintenance. 

By the beginning of this year, 
almost all of the OPAL 93 systems 
will have been installed, and for 
some of them the first operational 
experience will then be available. 
Up to the present time, only a few 
months of operation have passed so 
not a great deal of data has been 
gathered. Here some types of events 
recorded: 

overloaded electronic parts in the 
ONU 
unaccounted for failure of cards 
in the ONU 
destruction of ONU network 
parts from voltage peaks due to 
lightning strokes 
failure of system software (mostly 
without effect on current opera-

Figure 4. Geographical distributions of OPAL 93 and 
OPAL 94 systems in Germany. Most systems are located 
in the New Federal States (NFS); a few are in the Old 
Federal States (OFS). 
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tion); only system monitoring 
from the exchange was not 
possible. 

Furthermore, we learned that cabi
net housings in the street must be 
very robust to withstand destruc
tion through traffic accidents and 
vandalism. 

In general, customers communi
cating over OPAL systems are very 
satisfied. On the average, only three 
serious faults occur per week and per 
system, and they will be recognized 
quickly and easily by the related man
agement system. System operation 
requires a small staff (1 to 3 persons). 

Copper access lines 
In 1992-93, DBP Telekom installed 
2,000 subscriber-line multiplexers 
(SLMUX) to increase the capacity 
of the twisted pairs. Such an ISDN-
compatible SLMUX allows trans
mission of 26 telephone channels 
on two twisted pairs (0.4 mm) over 
a distance of 2.4 km. 7 This kind of 
system was, among other things, the 
basis for an ETSI standardized 
high-bit-rate digital subscriber line 
(HDSL) system8 capable of trans
mitting 32, 64-kbit/sec channels 
using two twisted pairs. Such sys
tems will be installed as pilot pro
jects in the first months of this year. 
In conjunction with this, the com
patibility of various digital sub
scriber line systems (SLMUX, 
HDSL, ADSL: Asymmetrical Digital 
Subscriber Line) installed on multi-
pair cables is measured. 

Future strategies for services and 
networks 
A consequent conversion of the 
copper access network to optical 
fiber allows for interactive services 
at transmission rates from 2 
Mbit/sec to 155 Mbit/sec. If the dis
tribution services are also transmit
ted digitally, bit rates of several 10 
Gbit/sec will be obtained. 

The following services come into 
question: 

interactive services symmetrical 
with 2 Mbit/sec 
interactive services asymmetrical 
with 6 Mbit/sec and ISDN 
analog or digital broadband dis
tribution services. 

Such a configuration offered with 
full coverage would clearly distin
guish itself from today's mobile 
communications, could be imple
mented in a relatively short time 
and at low cost on fiber-optic (but 
also on copper-based) systems, and 
would therefore also be quickly 
available on a full scale. 

The OPAL 95 program includes 
an already advanced copper infra
structure in the OFS telephone and 
CATV network. All network conver
sion costs including all necessary 
civil engineering work are charged 

to the optical fiber sector. The tran
sition to the fiber-optic network in 
the OFS will have to take place in 
several steps. This implementation 
strategy requires: 

fast transition to full coverage 
definition of a new "service plat
form" above the ISDN 
no pre-investments for future 
services, i.e., each step has to 
finance itself. 
Although not all figures are 

available, the first estimates give rise 
to unexpectedly positive perspec
tives. The funds needed for financ
ing this concept could be folded 
into the high expenditure required 
for the further digitization of the 
network switching technology. The 
DBP Telekom network currently 
operates with about 8,000 local 
exchanges of which 2,200 are 
already digitized; this digitization 
process has to be completed by 
1997 and 2000 in the NFS and OFS, 
respectively. Therefore, DBP 
Telekom plans to use OPAL, where 
older switching technologies in the 
access network are to be replaced 
and where no digital remote switch
ing units (RSU) have been installed. 
This is also a first step in reducing 
the number of local exchanges to 
the target value of about 500 so-
called area exchanges. 

A replacement of the RSUs by 
transmission systems will create a 
service-neutral platform allowing 
services up to 2 Mbit/sec to be 
included quickly in the network and 
with only small investments. 
Starting from the RSU locations, the 
possibility exists of making the nec
essary extensions of the main cable 
using optical fiber. Expenditure for 
civil engineering work in the main 
cable area is relatively low as these 
cables are largely laid in ducts. High 
costs prohibit implementation of a 
fiber-optic system in the distribu
tion network all at once. The small 
lengths in the distribution network 
allow the use of active transmission 
equipment for broadband signals (2 
Mbit/sec; 6 Mbit/sec). The transi
tion to an even higher service plat
form Continued on page 39 

Glossary 

Active optical network: Access network that consists of 
some point-to-point optical fiber transmission links to distribute 
and collect optical signals for interactive service. 

Add/drop functions: Mechanism to insert or drop digital 
channels into/from a multi-channel signal. 

Asymmetrical digital subscriber line: subscriber line tech
nology based on copper twisted-pair used for service-on-demand 
purposes with 1.5-6 Mbit/sec downstream and 16-64 kbit/sec 
upstream. 

Area exchange: Very large digital switching center that will 
replace, in the future, some local exchanges. 

Channel bank: Interface between specific digital transmission 
lines and optical line termination. 

Distribution service: Distribution of services only in down
stream direction, e.g., CATV. 

Optical network unit: Flexible interface between optical fiber 
network and customers' equipment. 

Integrated service digital network: standardized network 
for transportation of all kinds of 64 kbit/sec services. 

Interactive service: Service that enables a subscriber to 
interact with other subscribers, e.g., telephony, ISDN. 

Local exchange (LEX): Switching center serving all cus
tomers within a limited area. 

Multiplexing: Procedure for concentration of many channels in 
time-, frequency-, or space-domain to transmit them in an eco
nomic way via a common media. 

Optical line termination: Module providing access to the 
PON or AON at local exchange side. 

Optical network termination: Opto-electrical interface to 
PON or AON in optical network unit. 

Passive optical network: Consists of passive components 
like fibers, couplers, connectors, and splices to distribute and 
collect optical signals for interactive services. 

Plug-in card: Used in an optical network unit that carries elec
tronic circuits. 

Remote service unit: Traffic-concentrating unit between cus
tomer drop and digital switch in local exchange. 

Service unit: Sub-modules of optical network unit providing the 
customer access for selected set of services. 

System management interface (Qxx): common designa
tion of a standard for system management interface. Well-known 
examples are QD2 and Q3 interfaces. 

V5.x: Standardized interface between digital local exchange 
and optical line termination (x=1 or 2). 
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Figure 5. Functional architecture. 

vices management will also undergo considerable trans

formation, with the capabilities of intelligent network 

elements used to simplify network and service manage

ment and to improve services management responsive

ness and flexibility. Also, customers will increasingly con

trol more of their service requests and changes directly. 

The new functional architecture will also give rise to logi

cal interface and interworking points between the vari

ous functions, to ensure openness. 

Technology advances, particularly low-cost band

width from fiber optic or wireless technology, coupled 

with the regulatory drivers to enable competition, will 

create a different and more complex telecommunica

tions industry, where the means to success will be deliv

ering quality solutions and services to customers. Figure 

6 shows the major forces that will drive network and 

product evolution. In the old model, where technology 

was the only variable, network and product evolution 

were linear and deterministic, and the relationship 

between customer, service provider, and vendor could 

be transactional. 

In the future model with many more variables, net

work and product evolution will be probabilistic, with 

many viable scenarios plus strong drivers to localization 

and customization. In this environment, the vendors 

and service providers that will succeed will be those 

who can form partnerships with each other and cus

tomers to develop flexible, responsive solutions to cus

tomers' needs. Those who stick to the old transactional 

vendor/telco model will surely fail. 

Geoff Goddard is director, Fiber Systems Planning, Bell Northern Research 
Ltd., Ottawa, Ontario, Canada. 

Figure 6. Te lecommunica t ions change dynamics . 

Lightwave System Development by Ira Jacobs 
(Continued from page 23) 

many other organizations within the U.S. and worldwide have contributed 
substantially to the development and application of lightwave systems. 
7. Warren Danielson coined the term fϊberguide transmission to refer to 
fiber-optic communication systems. Following a reorganization in which 
Solomon Buchsbaum became my boss, he objected to the term fiberguide, 
and proposed the terms lightguide to refer to the fiber, and lightwave to refer 
to the system. Warren Danielson, Sol Buchsbaum, and my subsequent boss, 
David Thomas, were superb leaders, key contributors to the development and 
application of lightwave systems, and dear friends. 
8. Members of the initial Study Group, in addition to Miller and me, were 
J.S. Cook, Tingye Li, J.H. Mullins, and M.I. Schwartz of Bell Labs, and R.E. 
Mosher of AT&T. Of course, many others were also key contributors to the 
study. 
9. I. Jacobs et al., "Atlanta Fiber System Experiment," Bell Sys. Tech. J. 57, 
1717-1895 (1978). 
10. The advent of lightwave transmission was accompanied by a switch to 
metric units in which cable lengths and repeater distances were expressed in 
kilometers rather than feet or miles common in prior metallic cable systems. 
11. I. Jacobs, "Fiber-optic transmission technology and system evolution," Ch. 
1 in Digital Communications, T.C. Bartee, ed., Howard W. Sams & Co., 1-48 
(1986). 
12. I. Jacobs, "Design considerations for long-haul lightwave systems," IEEE J. 
Select. Areas Commun. SAC-4, 1389-1395 (1986). 
13. R. Ballart and Y.-C. Ching, "SONET: Now it's the standard optical net
work," IEEE Commun. Mag. 27:3, 8-15 (1989). 
14. T. Li, "The impact of optical amplifiers on long-distance lightwave 
telecommunications" Proc. IEEE 81, 1568-1579 (1993). 

Ira Jacobs is a professor of electrical engineering, interim head of the 
Bradley Department of Electrical Engineering, and a member of the Fiber 
and Electro-Optics Research Center at Virginia Polytechnic Institute and 
State University in Blacksburg, Va. 

Implementation of the Access Network by M. Rocks 
(Continued from page 36) 

(e.g., 155 Mbit/sec interactive) and, thus, a further exten

sion of fiber to the user, could be financed through rev

enues f rom the broadband services themselves and 

through possible network savings in the distribution area. 
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