The impact of Powerline and VDSL on the Amateur Radio Service

Source: DARC

In 1999, when the German and the British administrations introduced their first limits to regulate network radiation (NB30 and the MPT1570), radio amateurs needed some time to come to terms with understanding how these limits might affect reception on the amateur bands. 

Orientation Phase

In 2000 the Vick study, contracted by German RegTP to the EMC Institute of the University of Dresden, was published and revealed what fieldstrengths were to be expected when PLC was operated using a power spectrum density (PSD) of -40 dBm/Hz, a level proposed early on but still maintained. A questionnaire on PLC issued by German RegTP confirmed that fieldstrengths up to 80 dB(uV/m)  would, in fact,  be generated. 

In August 2000, in order to give an overview of how these limits would fit into the electromagnetic spectrum  DARC produced Figure 1 below from the available data. The upper radiation limits for PLC were taken from a diagram in the Vick study. 
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Figure 1: Electromagnetic Spectrum showing natural noise levels, NB30 and MPT1570 of 1999, and the PLC level range expected

The peaks in PLC radiation are due to the structure of a typical mains network which unavoidably contains resonant sections at specific frequencies, resulting in optimum radiation. It became apparent that power line radiation has the potential of filling most of the level range below the EMC limit for electrical equipment (3 V/m) down to the lower levels used for radio communication. All radio signals would be masked by interference from PLC. It can also be calculated that the operating range of a typical 100 W HF radio amateur transmitter will be reduced to 10 kilometers or less; at larger distances the signal-to-noise ratio will deteriorate and finally its fieldstrength will fall below the interfering fieldstrength generated by power line radiation. 

Even the NB30 limit would mean a dynamic range loss for radio services of about 30 dB. Broadcasters feel endangered too; for the HF range, they claim a minimum necessary fieldstrength of 40 dB(uV/m) and a signal-to-noise ratio of at least 30 dB so that any emission limit above 10 dB(uV/m) would affect even this powerful radio service. 

Therefore it has been the position of radio users from the beginning of discussions on this limit, that the old MPT1570 (now de facto replaced by the Norwegian proposal) would be the absolute maximum that radio services were willing to concede, otherwise:

their receivers could no longer be operated as intended!

Amateur radio receivers are designed to copy radio signals down to the noise level but HF power line emissions will cover their whole sensitivity range! 

A Model for Fieldstrength to Antenna Output Power

In order to eliminate any guess-work as to how high the interfering receiver input signals would be in relation to the various fieldstrength limits proposed for networks, DARC has developed a calculation model.   

German EMF Standard DIN VDE 0848 Part 1 contains a formula suitable to determine what power will be delivered by a half-wave antenna (typical for radio amateurs) immersed in a given fieldstrength:

Pmax = Aw*E2/Zo

Pmax = maximum deliverable power from the antenna

Aw = 0.1305(2 square meters, ( in meters 
E = electric fieldstrength in V/m

Using this formula, a small Basic programme has been written, allowing the incorporation of various correction factors to deal with different bandwidths, distances, peak-to-average ratios etc to determine what signal strengths radio amateurs can expect at their receivers according to any fieldstrength limit proposed. This model was first presented as part of the work of CEPT SE35, it is also in line with practical receiver experience. Its uncertaincies are not regarded as higher than those within the present procedures used to measure radiated fieldstrengths.

JWG Questionnaire

Fig. 2: Target limits in the frequency range 1.6 - 30 MHz

These limits remain the result of work within CEPT, SE35 and the JWG. Each of them has its own reasoning, but in reality they show that European standardisation has been unable to achieve true coexistence between networks of any kind and radio services. These limits, as well as the ITU-R defined noise levels, have been applied to the calculation model. The resulting interfering receiver input signal levels are shown in Table 1, valid for a distance of 10m between antenna and interfering source. 

The BBC and the Guellemann proposals have been omitted, as they have never been supported by CEPT SE or any administration. The receiver input levels are given in either uV or mV, dBm or radio amateur "S" units, whichever will be more familiar to the reader. 

Amateur radio communication becomes severely degraded if an interfering signal approaches the "S9" level (characterising a strong signal). As can be seen from the table, this is already likely to happen under the NB30 regime but becomes excessive in case of VDSL and PLC radiation. 
Table 1: Calculated receiver input levels

MHz
1.8
3.6
7
14
21
28
corrections

ITU-R

business

environment
-70 dBm
-79 dBm
-87 dBm
-95 dBm
-100 dBm
-103 dBm
-5.56 dB for bandwidth 9 kHz to 2.5 kHz 




68 uV
26 uV
10 uV
4 uV
2.3 uV
1.5 uV



S9+3
S8
S6.7
S5.3
S4.5
S4


ITU-R

residential

environment
-75 dBm
-83 dBm
-91 dBm
-99 dBm
-104 dBm
-108 dBm



41 uV
16 uV
6.3 uV
2.4 uV
1.4 uV
0.93 uV



S8.7
S7.3
S6
S4.6
S3.8
S3.2


ITU-R

rural

environment
-80 dBm
-88 dBm
-96 dBm
-105 dBm
-110 dBm
-113 dBm



23 uV
8.6 uV
3.4 uV
1.3 uV
0.75 uV
0.5 uV



S7.8
S6.5
S5
S3.7
S3
S2.3


ITU-R

quiet rural

environment
-94 dBm
-102 dBm
-111 dBm
-119 dBm
-124 dB-
-128 dbm



4.6 uV
1.7 uV
0.66 uV
0.24 uV
0.14 uV
0.09 uV



S5.5
S4
S2.7
S1.3
S>1
S>1


Norwegian 

proposal
-81 dBm
-90 dBm
-98 dBm
-107 dBm
-112 dBm
-116 dBm
-5.56 dB for bandwidth 9 kHz to 2.5 kHz 

plus

-10.46 dB 

for 

3 meters to 

10 meters

plus -3 dB

peak to average


19 uV
7.0 uV
2.7 uV
0.99 uV
0.55 uV
0.37 uV



S7.6
S6.2
S4.8
S3.3
S2.5
S1.9


NB30
-61 dBm
-70 dBm
-78 dBm
-87 dBm
-92 dBm
-96 dBm



190 uV
70 uV
27 uV
9.9 uV
5.5 uV
3.7 uV



S9+12 dB
S9+3 dB
S8.1
S6.7
S5.8
S5.2


EN55022

56 dB(uV/m)
-43 dBm
-49 dBm
-55 dBm
-61 dBm
-64 dBm
-67 dBm



1,55 mV
774 uV
398 uV
199 uV
133 uV
99 uV



S9+30 dB
S9+24 dB
S9 +18 dB
S9+12 dB
S9+8.5 dB
S9+6 dB


PLC

63 dB(uV/m)
-36 dBm
-42 dBm
-48 dBm
-54 dBm
-57 dBm
-60 dBm



3.46 mV
1.73 mV
890 uV
446 uV
297 uV
223 uV



S9+37 dB
S9+31 dB
S9+25 dB
S9+19 dB
S9+15 dB
S9+13 dB


Why no complaints?
According to latest reports there are more than 3 million ADSL users in Germany, and 6000 PLC customers. The ADSL spectrum ends at 1.1 MHz (de facto buried under the radiation of powerful broadcast stations). Even radio amateurs being ADSL users themselves have not reported any interference from ADSL. In Germany, however, STP (sreeened twisted pair) cables are recommended for in-house ADSL installations. In an SE35 document, British Telecom has given a fieldstrength for VSDL of 30 dB(uV/m) measured at 1 m from a drop wire. This would generate a moderately strong signal in an amateur radio antenna at a distance of 10 meters. 

In spite of 6000 PLC customers, DARC has knowledge of just two cases of PLC interference; one of them is no longer relevant because the network operator Oneline has left the PLC business. The other case is a radio amateur who is also a PLC customer, claiming that when using power line he does not operate radio and vice versa, therefore he does not want to complain about any interference. 

On the other hand it must be known that the only PLC system which has survived so far in Germany, the MainNet system, employs spread spectrum. In the idle state this system generates peaks sounding like an irregular noise caused by a bad or unstable contact, and when data are transferred, these peaks combine to become a sort of cloud of white noise, masking any radio signal. Therefore the average HF radio listener may assume the radio signal to have disappeared by fading and will assume bad radio propagation, but not PLC interference.    

Loss of ethics?

This last chapter may be the only one to be regarded as  emotional. Soon after the beginning of the radio era an agreement was found necessary: All radio transmitter manufacturers had to employ filters to suppress unwanted emissions and so maintain a clean spectrum for other radio services; the electrical equipment industry had to apply filters to all equipment having the potential of radiation via the connected cables.

This still works sufficiently well (with the exception of PLC and future VDSL networks), within the standards and ITU Radio Regulations:    

Radio Regulations 
S15.12 §8

"Administrations shall take all practicable and necessary steps to ensure that the operation of electrical apparatus or installations of any kind, including power and telecommunication distribution networks, . . .  
does not cause harmful interference to a radiocommu-nication service and, in particular, to the radionavigation or any safety service operating in accordance with the provisions of these regulations."

Radio Regulations 
S4.11:

"Member states recognise that among frequencies which have long-distance propagation characteristics, those in the bands between 5 MHz and 30 MHz are particularly useful for long-distance communications; they agree to make every possible effort to reserve these bands for such communications . . ."  

As a consequence no radio service needed to be a member of a standardizing committee (except in ITU), this task has been performed effectively by the relevant industry in cooperation with administrations.
Deregulation in telecommunication has changed this situation completely. At least some ITU members are no longer willing to protect the radio spectrum, in spite of renewing their Telecommunication Treaty with ITU. Radio users are still in a minority within the standardisation bodies. Network operators want to employ their networks as they are, regarding cable radiation as an unchangeable characteristic. Nobody has publicly asked the Norwegian representative in the JWG how this country will manage VDSL under its low level limit. The answer, given in a private conversation, is simple: All telephone cables leaving the ground have to be shielded (CISPR chairman Peter Kerry has agreed in a private conversation that this would probably work). This would give the radio sector enormous relief and achieve the coexistence needed between VDSL and radio services.

Of course this would be no solution for power lines. Therefore Powerline Communication will remain incompatible with radio services. PLC operation also depends on the mains filtering provided by industry, for protection of its own signals. But when radio services have given up in the HF range because of excessive interference and lack of support, industry may regard filtering of electrical equipment no longer necessary. This will also be the end for Powerline Communications, because of increased mains interference. With the exception of fibre and coaxial cables, the only cable to survive in such a harsh world without any ethics will be the twisted pair cable. 
- H-field limits converted to E-field using the far field correction of 51.5 dB





   H = I / 2.pi.r   where r = 3m





- For EN55022 the magnetic field is calculated from the telecom port common mode current limit  using:





- For comparison purposes  limits scaled to 3m using 20dB/dec except CLC 205A proposal 33dB/dec 
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(Derived from FCC limits using 33dB/dec)
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