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1
Introduction

The purpose of this document is to contribute to the studies requested in Question ITU-R 221/1 concerning the compatibility between power line communications (PLC), also referred to as power line transmissions (PLT) or broadband communications over power lines (BPL), and the amateur services in the band 1.7 to 80 MHz.  For the sake of this document, power line communications (PLC) are the common phrase and abbreviation for these systems in this document.  

Preliminary field, laboratory and mathematical tests conducted in the United States (USA), and tests related to other services by other administrations, indicate the need for further study to determine the extent of compatibility between PLC systems and amateur service operations.

2
Amateur services

2.1
Definitions in the International Radio Regulations

1.56

amateur service:  A radiocommunication service for the purpose of self-training, intercommunication and technical investigations carried out by amateurs, that is, by duly authorized persons interested in radio technique solely with a personal aim and without pecuniary interest

1.57

Amateur-satellite service:  A radiocommunication service using space stations on earth satellites for the same purposes as those of the amateur service.
2.2
Amateur bands and communications

The amateur services operate in the following bands within the 1.7 to 80 MHz spectrum proposed for use by PLC systems for high-speed data transmissions:


MF:
1.8 – 2.0 MHz


HF:

3.5, 5 (UK & USA), 7, 10, 14, 18, 21, 24, and 28 MHz


VHF:
50 – 54 MHz and 70 MHz (UK)
Amateur stations may be used for transmitting international communications on behalf of third parties only in case of emergencies or disaster relief. An administration may determine the applicability of this provision to amateur stations under its jurisdiction, in accordance with RR number 25.3.

2.3
Amateur service modes and characteristics

Amateur stations use many different combinations of bandwidth and classes, or modes, of emission. 

Amateur stations do not generally have the opportunity to position antennas far away from electric wiring. They must install their antennas within the boundaries of their homes or properties, which generally means in close proximity to power mains and telephone wiring.  Other sources of localized unintentional interference can be minimized by the amateur choosing not to use electrical devices such as light dimmers, switch-mode power supplies, and other equipment generating interference when operating.  In some cases, PLC signals could be from other buildings that share the same secondary of the electrical step-down transformer.

Amateurs communicate over short and long distances on the HF bands depending on propagation during the day or night, winter or summer and sun spot activity.  Amateurs frequently operate at or near to the minimum signal-to-noise ratio for effective communications.  Limits of communications are generally determined by the received signal strength in relation to the background noise.  Amateurs manage to communicate effectively with a signal-to-noise ratio as little as +6 dB for voice communications in a nominal 2.8 kHz bandwidth, and as low as –6 dB (related to the same bandwidth) for Morse code or other spectrum-efficient data modes.

2.4
Noise floor in amateur radio bands

In common with other HF services, the ability to achieve satisfactory amateur communications depends on the ratio between the wanted signal and the noise (S/N).  The noise consists of four components, (internally generated) receiver noise, atmospheric, man-made and galactic (cosmic).

2.5
Sensitivity of amateur receivers

To satisfy the requirements of amateur stations and to be able to fully exploit periods with very low atmospheric noise levels, modern amateur radio HF receivers are very sensitive.  In the frequency range of 1.8-18 MHz a noise figure of 11 dB is quite normal. High-quality amateur equipment is usually fitted with an additional RF pre-amplifier, which can be switched on when conditions permit, to improve the noise figure to 8 dB.  Because of the existing noise levels in the lower HF region and the presence of very strong signals in broadcast bands adjacent to amateur bands, the additional RF pre-amplifier is generally used above 18 MHz.  

2.6
Amateur station power levels and antennas

The maximum permitted transmitter power is dependent on national regulations, varying from around 100 to 1 500 watts output power.  However many amateurs choose to operate using low transmit powers in the order of 5 watts.  Amateur stations use a wide variety of antennas and equipment, depending on location and financial means.  Consequently, there is no “standard” amateur radio station. 

2.7
Interference to PLC systems from amateur services operation

Several PLC manufactures are designing modems with filters to “notch” out certain frequencies.  One such U.S. manufacturer has developed a modem that notches out amateur frequencies in the HF band. 

3
Power line communications systems

Power line communications systems apply a recent technology.  PLC system designers have been considering the use of the electricity power lines for the transmission of high rates of data, communications, and streaming video.  Signalling over power line networks has existed for many years at operating frequencies between 3 kHz and 148.5 kHz. Other applications of low data rate transmission over power lines are currently in operation.

In 1998 and later, new developments in technology showed that it was possible to use higher frequencies and wider bandwidths to communicate along power lines from electrical sub-stations to business and residential areas and buildings, using frequencies from 1.7 to 80 MHz at data rates exceeding 1 Mbit/s.

PLCs potentially offer several Mbit/s transmission rate, data, voice, and video over Internet Protocols via electrical power lines that are incorporated in every household and business.  In the case of access PLC, this data rate is shared among a number of simultaneous users.  The benefit of PLC is that it uses the already existing and widely deployed electricity power line networks, permitting new services without the need for additional wiring.

3.1
Simplified PLC configuration
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3.2
Measurement of PLC systems emissions: analytic and empirical considerations

Making measurements of electric and magnetic field strength requires specialized equipment, skills, and environmental conditions.  

Carrier-current devices cannot generally be measured under controlled laboratory conditions because the power-line wiring they use to conduct signals is an integral part of their operation.  They must be measured in-situ.

4
Observations and findings

Computer modelling results of compatibility that are anticipated could start with a simple representation of power line installations and unintentional radiation environments.  

Electrical power line distribution systems vary considerably in their physical characteristics at different points in the system. 

Continued field tests, measurements, laboratory studies, and computer modelling of the compatibility issues should be conducted.
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