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MEASUREMENT OF DISTURBANCES DUE TO THE USE OF LOW 
VOLTAGE POWER NETWORKS FOR DATA TRANSMISSION. 

PROCEDURES AND RESULTS 

Abstract. The use of the low voltage power network for data transmission can produce radiated 
disturbances. A measurement procedure which attempts to take into account the large variety of existing 
inhouse configurations has been proposed by the University of Karlsruhe. The paper describes the meas-
urement procedure and presents experimental results on different sites. It also shows that the commonly-
adopted assumption of a plane wave to calculate the electric field from magnetic field measurements can 
lead to significant errors, especially for the determination of the indoor electric field radiation. However, 
these errors are within the uncertainty resulting from the large variety of indoor electrical network con-
figurations.  

I. Introduction 
Distribution power lines have been used 

for decades to transmit specific data pertain-
ing to the network operation or to various 
services offered by electrical utilities to their 
customers.  

In the last 2 – 3 years, feasibility studies 
have been performed in various countries to 
check the possibility of using the low voltage 
distribution network to provide data trans-
mission services to individual customers at 
frequencies up to 30 MHz [1,2]. This appli-
cation is particularly interesting for power 
utilities allowing them to enter in this way 
into the telecommunication market. 

The major benefits of power line com-
munication (PLC) systems are: 
- availability of information technology at 

all plugs in a house; 
- creation of home LANs with no additional 

wires; 
- possibilities of connection to internet of 

remote areas non yet linked to the phone 
network; 

- an increased competition among different 
providers of information and as a conse-
quence lower prices on the market. 
However, PLC transmission systems in 

the frequency band extending from 1 to 30 
MHz will present various and quite complex 
EMC problems (see e.g. [3-7]). The main 
problem would probably be the emission of 

electromagnetic noise which can interfere 
with public and amateur radio. 

II. Definition of a measurement 
method 

In order to take into account the large va-
riety of transmission lines and cables along 
the streets and the different in-house circuits, 
a transfer function named also “coupling fac-
tor” has been defined as  [8] 
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 is the measured electric field 
at a given position pr  and U(f) is a harmonic 
voltage of frequency f injected in the network 
for measuremnt purposes.  

This “coupling factor” must be first de-
termined for each location (outdoor street or 
indoor room) where the field level should be 
known. After the determination of this “cou-
pling factor”, the radiated field from any 
PLC system can be easily evaluated.  

A similar definition for the magnetic 
field coupling factor can be given as 
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Both electric and magnetic coupling fac-
tors can be also expressed in dB as 
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The use of the magnetic coupling factor 
instead of the electric one has a first very im-
portant advantage due to the fact that the 
magnetic field is easier to be measured than 
the electric field. Besides the difficulty in 
measuring the electric field and its sensitivity 
to the environment, there is today no tri-
dimensional electric field sensor on the mar-
ket enough sensitive for the levels with 
which one is faced in this technique. The 
sensitivity level which is needed can be esti-
mated from the curve presented in Fig. 1. 
This figure shows the German PLC limit 
proposal called NB30 combined with a pro-
posal for exceptions at certain frequencies 
[9]. The result is the so-called chimney curve 
which is today in discussion in the standardi-
zation bodies. 

 
Fig. 1 – The chimney limit curve. 

It can be seen that the lower limit for the 
radiated field is about 40 dBµV/m, corre-
sponding to 100 µV/m.  

The experimental determination of the 
coupling factor is illustrated in Fig. 2. 
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Fig. 2 – Experimental determination of mag-

netic coupling factor [8]. 

The complete diagram of the measure-
ment set up is shown in Fig. 3. This set up 
has the following devices [8]: 
- a CW-generator. To inject a signal any 

common waveform generator covering 
frequencies from 9 kHz to 30 MHz can be 
used. The generator should not inject any 
spurious CW-signals via its mains into the 
power line network. 

- An RF-amplifier with the same range 
from 9 kHz to 30 MHz as the generator, in 
order to ensure a good S/N-ratio. 

- A directional coupler if power measure-
ments are performed. The coupler permits 
the measurement of both the injected 
power into the network and of the re-
flected power due to network impedance 
mismatch. 

- A high impedance voltage probe if the 
injected voltage is measured. The voltage 
probe should be designed as a differential 
probe to avoid coupling from differential 
to common mode. 

- A coupling unit which transforms the 
asymmetric voltage at its input into a 
symmetric voltage at the output. The bet-
ter this transformation is achieved, the 
lower will be the common mode current 
injected in the mains. This coupling unit 
will be used for the real signal injection 
and therefore must be present also when 
the measurements are performed. 

- A measurement receiver with its input 
ports connected to the antenna and the 
voltage probe and its output ports to the 
coupling unit. The measurement receiver 
can be a spectrum analyzer if precautions 
are taken to avoid the overloading of the 
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mixer which can result in a non-linear be-
havior. 

- An antenna connected to the spectrum 
analyzer. For magnetic field measure-
ments a loop antenna with a diameter of 
60 cm is recommended. Electric field 
measurements will be discussed later.   
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directional
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P
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Power line
network
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receiver / 
Spectrumanalyzer

in
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Fig. 3 – Set up for the coupling factor 
measurement. 

III. Determination of the electric field 
coupling factor 

A monopole antenna with the required 
sensitivity can be used to measure the verti-
cal component of the electric field. 

A common procedure is to transform 
magnetic field into electric field by multipli-
cation with the wave impedance (plane wave 
assumption). If this approach is correct for 
distant fields, it cannot be applied to predict 
the indoor E-field radiated by PLC systems . 

The computed ratio E/H as a function of 
the distance from a given PLC network is 
shown in Fig. 4 [7]. 

300

400

500

600

700

800

900

1000

0 20 40 60 80 100

E-
fie

ld
/H

-fi
el

d 
(Ω

)

y (m)

Impedance of the free space

 
Fig. 4 - Variation of the ratio E/H as a func-

tion of distance from the PLC network 
(f = 30 MHz). 

It can be seen that for distances less than 
10 m which is a maximum for a room in a 
house, the ratio E/H impedance value is 

much larger than  the value of the free space 
impedance. 

0.001

0.01

0.1

1

0.01 0.1 1 10 100

M
ag

ni
tu

de
 (V

/m
)

Frequency (MHz)

Measured Ez

Total E-field estimated
from the measured H-Field

 
Fig. 5 – Comparison between the vertical 

electric field component measured directly 
with a dipole antenna and the total electric 

field determined by using the measured 
magnetic field and assuming a plane wave. 

The incorrect results which can be ob-
tained by using the free space impedance can 
also be seen from Fig. 5 where the measured 
vertical electric field component is shown to 
be larger, at some frequencies, than the total 
electric field computed from the magnetic 
field using the plane wave assumption [7]. 

IV. Results 
Magnetic field measurements in various 

environments have been performed by the 
Universities of Dortmund and Karlsruhe and 
by the Swiss Federal Institute of Technology 
of Lausanne (SFIT). An example of the 
measured magnetic field components in an 
indoor environment  and of the total field 
computed from these components is pre-
sented in Fig. 6. 
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Fig. 6 – Example of measured magnetic field 
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Putting together a large number of cou-
pling factors measured in various environ-
ments and for various configurations results 
in a family of curves [9] (Fig. 7). Here t80 
represents the CISPR 22 limit, which says 
that at least 80% of the measured fields will 
be lower than this limit. 
 

 
Fig. 7 – Family of curves of the coupling fac-
tor as a function of frequency resulting from 
in-house measurements for different configu-

rations. t80  represents the CISPR 22 80% 
limit. 

The variation between the maximum and 
the minimum of this family is of the order of 
50 dB. If the 80% probability is taken into 
account, then the values are situated in the 
range of 30 dB. Due to the large variety of 
configurations in practical situations in which 
a PLC can be installed, an important varia-
tion of coupling factors cannot be avoided. 
This large range has to be compared to the 
error in the electric field calculation resulting 
from the assumption of the plane wave which 
is of the order of a factor 2 to 3, i.e. 6-10 dB. 
In this case, it is clear that for averaged esti-
mations of the emission, the use of the plane 
wave approximation can be considered as 
reasonable. 

V. Estimation of the radiated field 
level 

An example of the magnitude of radiated 
field can be obtained using the following 
data. Assuming an injected signal with a 
power spectral density of – 40 dBm/Hz, and 
using a typical bandwidth of 9 kHz (corre-
sponding to 10log(9kHz) = 39.54 dBHz), the 
injected power is therefore 

P = - 40 dBm/Hz + 39.54 dBHz = 
= - 0.46 dBm 

Using an average coupling factor (fig. 7) 
of kE = 50 dBµV/m, one obtains 

E = P + k =   - 0.46 dBm + 50 dBµV/m = 
= 49.54 dBµV/m 

Comparing this value with the chimney 
curve limits, it can be seen that the calculated 
value exceeds for the whole frequency spec-
trum chosen for the PLC (1 to 30 MHz) the 
upper limit proposed for the chimneys. If no 
chimneys will be allowed, this radiated fields 
exceed by about 20 dB the limit proposed by 
the NB30 curve. 

VI. Conclusion 
The difficulties for estimating the field 

radiated by the low voltage network when 
used for data transmission (PLC systems) 
have been analyzed. The difficulty results 
from the large variety of configurations oc-
curring in practice. This means that only av-
erage radiated field values can be estimated 
and that there will always be a danger to ex-
ceed the limits. Therefore a pragmatic ap-
proach would be that the regulating authori-
ties should act only if there is a complaint for 
malfunction of some devices or disturbances 
in a particular environment.  
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POWERLINE COMMUNICATION SYSTEMS NORMATIVE 
AND REGULATORY ASPECTS FOR THEIR APPLICATION 

Abstract Using the electricity supply network for information transmission, powerline communi-
cation (PLC)  technology is succee-ding powerline carrier systems operating via the high voltage grid as 
well as ripple control systems, by offering some valuable new technical features as well as the possibility 
to achieve new telecommunication services, those being of particular interest in an increasingly com-
petitive environment. 

While narrow-band PLC systems have been standardized since the late eighties and put into op-
eration in a lot of cases, for broadband PLC systems questions still left open concerning possible dis-
turbing effects on other systems, like radio services as well as on other electrical equipment, and due to 
that a lack of a normative and regulatory frame may build a threshold for the market entry. 

1. Scenario of application 
Four fields of application could be cov-

ered by PLC technology: 
- outdoor, i.e. in the public supply 
network area: automatization, monitor-
ing, remote measurement functions, op-
erational telephony; that by using the 
existing distribution network, without 
additional installation of lines.  
- indoor, i.e. within the customer 
premises: Control and monitoring in-
cluding alert functions, internal com-
munication systems (so-called “domo-
tic”), easy networking of data process-
ing equipment; that by using the exist-
ing customer’s  installation without ad-
ditional installation of lines or applica-
tion of radio equipment. 
- „cross-border“, i.e. by connecting 
the in-door and outdoor PLC areas: Ser-

vices for the customer close to the power 
supply, e.g.  
 monitoring of the state of operation of 

systems, with appropriate re-action 
 remote control of equipment (like elec-

trical heating or water boilers) and of tar-
iffs (recently achieved by ripple control) 
 remote meter reading – today already 

achieved by some utilities related to  cus-
tomers with special tariffs --, measurement 
of load profiles as well as monitoring of 
the loads in customers’ systems respec-
tively in the distribution network, related 
data getting transmitted via PLC to the 
utility’s Control Centre and there proc-
essed in the course of an optimized load 
management. 
- Provision of public telecom services, 
by connecting the outdoor PLC system to a 
telecom backbone: e.g. high speed internet 
access, public telephony, video on demand.  
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2. Application conditions 

2.1. General 
As key criteria for a successful market 

entry of PLT systems, those competing with 
other and future communication media, 
there may be recognized:  

• economic feasibility – i.e. informa-
tion transmission over line distances in the 
range of some hundred meters,  

technically  
– meeting electromagnetic compatibil-

ity (EMC) requirements and therefrom  re-
sulting limitation of levels for signal injec-
tion 

– ensuring a sufficiently high gross data 
rate, by that ensuring provision of the single 
customer with services as considered with 
appropriate speed as well as with a bit error 
rate (BER) being appro-priate for the ser-
vice quality,  

commercially 
– possibility to finance the application 

of such systems by the services provided on 
their base, that considering a given com-
petitiveness with alternative systems. 

• the successful performance of re-
lated field trials and the application of the 
obtained recognitions at optimization of 
technical system development. 

• the availability of a normative and 
regulatory framework, as a base for in-
vest-ment security. There seems to be 
given a certain time window, determined by 
the development of other technologies, fi-
nally future fibre connections for custom-
ers. It is told that this window may be shut 
in 2002. 

2.2. Normative and regulatory condi-
tions 

2.2.1.  EMC as the key issue 
While the signals being transmitted by 

a PLC system represent the intentional sig-
nal within the system, for other equipment 
connected to the related supply network 
these signals appear as components of the 
supply voltage besides the primary 50-Hz-
supply. 

In narrow-band PLC systems, the signal 
essentially propagates via the conducted 

path. In broadband PLC systems, using higher 
frequencies, with increasing frequency the sig-
nal trans-mission results in an increasing radia-
tion of un-intentional field-strength; the result-
ing wave propagates via ground, space and sky 
wave. The cumulative effect of the field-
strengths stemming from different supply net-
works is to be considered. That related to the 
field-strengths caused by all PLT users being 
active in different supply networks at the same 
time.  

Due to the sky-wave – getting reflected at 
the Ionosphere depending on seasonal, day-
time and weather conditions – the effect of the 
cumu-lated field-strength stemming from one 
major area is to be considered in far distant 
areas (distances of more than 1000 km). 

Unseen the regulatory situation in different 
countries, consideration is needed of the fact, 
that the radiation from HBR systems may 
cause disturbances to radio systems like those 
of the air surveillance, radio astronomy, ama-
teur radio, broadcast or military area; that also 
regarding the higher signal injection levels 
needed because of the attenuation dependant 
on parameters like frequency, daytime, load 
situation and location. For Europe an order of 
magnitude of 20.000 radio services is reported.  

Due to   
• the wide-scale EMC issue concerning 
radio services,  
• the given obligation for standardization 
to perform work in a European context,  

setting of national regulation for a regular ap-
plication of HBR-PLC systems by the respon-
sible authorities is determined by meeting the 
requirements of EMC Directive 89/ 336/EEC 
and following amendments respec-tively its 
national  transposition and the results of re-
lated European and international standardiza-
tion. 

2.2.2. Standardizational and regulatory 
responsibilities 

Work on related standards and regulations 
is under way on several levels worldwide.  

Normative aspects are dealt with in 
 the European Committee for Electrtech-

nical Standardization (CENELEC)  
 the European Telecommunications Stan-

dardization Institute (ETSI) 
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 the International Special Committee 
on Radio Interference (CISPR). 

Issues like frequency application (and 
therefore the co-existence between PLC 
technology and radio services) are (mainly) 
dealt with in 
 the European Conference of Postal 

and Telecommunications Administra-
tions (CEPT) and its European Ra-
diocommu-nications Office (ERO) 
and 
 the International Telecommunication 

Union (ITU). 
Furthermore, related work of the Insti-

tute of Electrical and Electronic Engineers, 
USA, (IEEE) is to be mentioned, where a 
document for narrow-band systems (fre-
quency range for USA: 50 kHz – 450 kHz) 
has been worked out  

As has been stated by CEPT in the 
meantime, no frequency allocation for 
HBR-PLC systems can be considered. That 
referring to the restriction of frequency al-
locations only to radio systems in general 
(to what such PLC systems – their radiation 
representing a disturbance relevant subsidi-
ary phenomenon of system operation – 
cannot be considered to belong). 

Additionally, frequency authorities 
draw attention to the needed protection of 
existing radio services as well as of the un-
restricted use of the frequency ressource by 
radio applications as to be expected in fu-
ture. 

2.2.3. Standardization, available do-
cuments 

Standardization concerning narrow-
band PLC systems, which are mainly de-
signed for utilities’ operational purposes 
(like e.g. remote meter reading) on the one 
side or consumer applications within cus-
tomer premises, has been performed since 
the late eighties. Related standards – com-
prising such ones dealing with frequency 
use, maximum signal levels, immunity, fil-
ters and equipment impedance – are avail-
able or at the finalization stage (EN 50065 
series). 

Compared to that, the normative 
development for broadband-PLC systems 
is just short after its start, which has taken 

short after its start, which has taken place in 
1999. 

Concerning HBR-PLC systems, 
CENELEC and ETSI are working in one 
Working Group each (ETSI: EP PLT, 
CENELEC: SC 205A WG10) as well as in a 
Joint WG, the latter one also practising some 
cooperation with CEPT and CISPR but which 
is deemed necessary to be intensified. 

Up until now the following product spe-
cific documents have been worked out: 
 a so-called “Co-existence”-document TS 

101 867:2000-11 from ETSI, dealing 
with the co-existence between in-house 
and outdoor systems, primarily by divid-
ing the overall frequency range (1,6 
MHz - 30 MHz) into two parts, by a so-
called “split-frequency”, and adjoining 
the lower part to outdoor, the higher part 
to indoor systems. 
 a similar CENELEC prEN 59013, being 

identical with the before-mentioned 
ETSI TS, differing only in the value for 
the split frequency – giving a value of 
13,5 MHz instead of 10 MHz in the 
ETSI TS. 

Discussions on this split frequency high-
lighted the thorough commercial oppositions 
between manufacturers of outdoor and inhouse 
equipment, an opposition which up until now 
hindered a positive vote on the prEN. 

In the meantime, for a second generation 
of PLT-equipment, a solution allowing the use 
of the entire frequency range in case of no 
PLT operation in one of the two part bands is 
under consideration. 
 a so-called “PSD”-document TS 101 

896: 2001-02 from ETSI, proposing lim-
its for the power spectrum density, 
 a so-called “Radiation”-document from 

CENELEC proposing comparable limits 
for the level of the injected signal power 
(dB(mW/Hz)) and for the radiated field 
strength in a distance of 10 m in an In-
formative Annex, the latter being related 
to the signal power via a coupling factor, 
for the latter only empiricly obtained 
ranges of values are available for calcu-
lations. 
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Furthermore two documents – in the 
European context to be recognized as „re-
gional“ ones -- may be mentioned: 
 the German “Nutzungsbestimmung” 

NB 30, from the Regulierungsbe-
hörde für Tele-kommunikation und 
Post (RegTP),  after having been dis-
cussed since 1999 having got en-
dorsed by the Deutsche Bundesrat on 
30/03/2001. This paper has not been 
notified to the European Commission. 
According to this paper, frequencies 
in the range from 9 kHz to 3 GHz in 
and along lines should be freely ap-
plicable for telecommunication sys-
tems if some conditions are met: 

- spare of different frequency ranges 
being used by security related radio 
services  

- meeting defined limits for the peak 
values of the radiated field strength in 
a distance of 3 m  

- no given protection against distur-
bances from intentional radio sys-
tems. 

• The British Radiocommunications 
Agency specified limits for the field 
strength radiated from telecommuni-
cations systems  in the frequency 
range 150 kHz - 300 MHz, in a dis-
tance of 1 m (150 kHz to 1,6 MJz) or 
3 m (1,6 MHz to 30 MHz) which are 
some 20 dB below the limits of NB 
30.  

The only existing, harmonized standard 
which is told by authorities to may be used 
for the evaluation of disturbances from PLC 
systems is EN 55022. For the frequency 
range 150 kHz – 30 MHz, this standard, 
based on CISPR 22, gives limits for the 
conducted signal voltage (dB(µV)). If these 
limits, not being immedia-tely convertible 
into limits for the field strength (coupling 
factor, ranges !) and there-fore not being 
easily comparable with the limits of NB 30, 
would be applied to HBR-PLC systems, 
their operational radius would be reduced to 
a fraction of 300 m, this value being con-
sidered as a measure for economical opera-
tion of HBR-PLC systems, without appli-

cation of repeaters. At present CISPR is draf-
ting an amendment to CISPR 22 stating that 
PLC systems would fall into the Scope of  
CISPR 22.  

3. Field trials 
Concerning narrow-band PLC system a 

remarkable number of field trials has been per-
formed. Several systems, e.g. that within the 
ENEL in several Italian cities, are in regular 
service since some time or are getting enlarged 
at present.   

Recently, also field trials concerning 
broadband PLC systems are performed in 
several countries or envisaged to get started.  

The results obtained  during these field tri-
als lead to the following cognitions:  

- satisfactory functionality at high speed 
internet access and telephony, 

- different given needs/possibilities for 
opti-mization; e.g. by optimization of the 
software and modification to the applica-
tion  of part frequency bands an im-
provement could be reached for the data 
rate, from 1,8 Mbit/s to about 3 Mbit/s.  

- limitation of the field strength to a value 
according to NB 30 may lead to a reduc-
tion of the feasible distance for the „last 
mile“ by about a half, limitation accord-
ing to EN 55022, Class B, (residential 
area) may lead to increasing unprofit-
ableness. 

- high customer interest in the offer of re-
lated services, in particular concerning 
the relatively high data rate for internet 
access as well concerning the competi-
tive tariffs, the increase of competition 
being also in the interest of the European 
Commission.  

4. Questions left open, possible solutions 
Contrary to narrow-band PLC, the norma-

tive and regulatory development for HBR-PLC 
systems is just under way and a number of 
questions are left open:  
o a well-balanced solution for the fre-

quency use, ensuring co-existence with 
radio services and other electrical 
equipment.  

o the frequency management between dif-
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ferent PLC systems concerning net-
work relations and distances relevant 
for possible mutual disturbance ef-
fects, that considering  

- different system technologies 
- clarification about who would care 

for an appropriate frequency man-
agement – in case of no obligation for 
licensing  

- questions of the use of supply net-
works in a liberalized environment. 

o to cope with the „raw“ transmission 
channel – by appropriate adaptive 
modu-lation --, which due to the load 
shows varying impedance, the varia-
tion showing some dynamic due to 
the relatively high operational fre-
quencies. 

o co-existence of a PLC system with 
the operation of the supply network. 

o economic operability – besides the 
basically given and in field trials 
proven – technical functionality. 

Regarding  
• what has been recognized during the 

ongoing standardization work, includ-
ing the statement from frequency au-
thorities that no frequency bands 
could be allocated for PLC systems  

• the results from field trials, according 
to which an economic operation of 
HBR-PLC systems with signal levels 
meeting the limits of EN 55022, Class 
B, is to be called into doubt 

• the results from different measure-
ments, like e.g. at the University of 
Dortmund with about 200 CE-marked 
PCs and workstations showing cumu-
lated field strength values above NB 
30 but without any recognized distur-
bance effect, therefore calling into 
doubt the justification for the strin-
gent limits of EN 55022 in general 
and their application to HBR-PLC 
systems 

• a comparison with other fields of 
normative limitation of field 
strengths, e.g. with that for electric 
trains (prEN 50121) 

a possible way of solution could be assumed 
by normative specification of PLC-specific 
limits for the radiated field strength, those 

• appropriately considering the coupling 
factor, based on the given situation con-
cerning network impedance and wave 
propagation  

• getting set higher than equivalent to the 
limits for the injected signal voltage ac-
cording to EN 55022, which recently is 
applied as a substitute, by considering a 
sufficient protection of radio services 
and in consen-sus with CISPR. 

5. Summary 
From the present point of view, the appli-

cation of narrow-band PLC systems – duplex, 
contrary to the mainly monodirectional ripple 
control technology – in any case seems to have 
a market in future 

- for utilities’ operational purposes 
- for easy and cheap achievement of “do-

motic” and networking solutions within 
the customer premises 

- for offering of services close to the elec-
tricity supply; in the latter case also as a 
means of customer care. 

The reason why such systems haven’t 
reached broader application up until now may 
be explained by the situation that since the 
near past electricty utilities as potential appli-
ers may intend to wait for mature HBR-PLC 
systems with which such tasks could be cov-
ered as well. 

HBR-PLC technology appears as a 
means of high interest for realization of tele-
communi-cation services, „classical“ ones like 
internet access, telephony and data transmis-
sion, as an alternative to other access tech-
nologies, as well as of additional services close 
to the electricity supply. 

In less-industrialized countries, with a 
lower degree of provision by basic telecom-
muni-cation services like tele-phony, PLC 
technology could find its market by offering a 
means for easy achievement of such basic 
telecommu-nication; that due to a given cover-
age of about 90 % con-cerning electricity sup-
ply in those countries. 
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The essential prerequisite for a success-
ful market entry of HBR-PLC systems, for 
which mass equipment is announ-ced to 
become available on from mid 2001, is the 
avail-ability of an appropriate normative 
and regulatory frame as soon as possible.  

With view to the given customers’ in-
terest in the use PLC technology and to the 
feasible palette of services – besides the 
commercial interests of manufacturers and 
electricity utilities – from the PLC technol-
ogy’s point of view it will be a task of exis-
tential importance for the standardization 

bodies as well as for the responsible authori-
ties to find solutions to the questions left open 
and to find settings in cooperation with those 
responsible for the protection of radio services, 
which ensure a regular application of PLC sys-
tems by giving investment security. 

To achieve that goal, the primary task will 
be to obtain first stable standards which 

- inevitably will force manufacturers to 
adapt their existing products to a certain 
degree, however, but   

- will give clarity for the basics of this 
technology and its regular application. 
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