August 27, 1999

ELECTROMAGNETIC NOISE ENVIRONMENT

BACKGROUND
The FCC Technical Advisory Council (TAC) was formed in early 1999 to provide policy and regulatory advice to the FCC Commissioners on technical issues in the field of telecommunications that face the US in the 21st Century.  One of the main issues that the TAC selected to address was the Electromagnetic (EM) Noise Environment.  The TAC decided to assess and report to the Commission the current state of knowledge on electromagnetic noise levels and the effects of such noise on the reliability of existing and future radio communications systems.  This includes identifying man made causes of electromagnetic noise that have or are likely to have harmful effects on wireless communications, determining what types of electromagnetic noise create significant concerns and suggesting technical approaches for obtaining sufficient information on the subject.  The stated frequency bands of interest are in the 400MHz to 60 GHz.

Members of the TAC reflected the growing opinion that either the EM Noise Environment is overstated, or that we were approaching a wireless radio communication cycle characterized by modern radios first providing greater efficiency, which would accommodate more users, then more users would produce more noise, which would in-turn lower the capacity and efficiency, and support fewer users.

EM noise from both natural and man-made sources is a well-known source of interference which limits the performance of all radio communications systems. The typically mentioned existing sources of EM noise are other radio communication systems, high-power systems such as TV transmitters, automotive electronics/ignition systems/computers, and electric power lines and switching devices.  Future systems such as adaptive, programmable, and cognitive radios, high-speed computers and high frequency cable networks all are thought as sources aggravate the existing EM Noise Environment.

OBJECTIVE

The Charter of the Noise Environment Sub-Committee is as follows:

“Assess and report to the Commission the current state of knowledge on electromagnetic noise levels and the effects of such noise on the reliability of existing and future communications systems.  Identify, if possible, man made causes of electromagnetic noise that have or are likely to have harmful effects on wireless communications.  Identify issues or causes of man made electromagnetic noise that justify FCC attention or action.  Determine what types (if any) of electromagnetic noise create significant concerns and suggest technical approaches for obtaining sufficient information on the subject.”

APPROACH

The general approach to address the Noise Environment Sub-Committee Charter consists of four items:

1. Assess the state of knowledge of electromagnetic noise levels,

2. Measure and model the man-made causes of noise affecting wireless communications,

3. Measure and model the effects of noise on current and future communications systems, and 

4. Identify sources of noise and potential interference interactions that justify FCC attention.

ITEM 1. Assess the state of knowledge of electromagnetic noise levels.

In order to assess the current state of knowledge of EM noise levels in the 400 MHz to 60 GHz frequency range, a search through the existing literature that private companies, public institutions and civil and military government agencies may have, will be accomplished and documented.  This search will include past studies used to support FCC regulations, IEEE publications, studies accomplished for the National Telecommunications and Information Administration (NTIA) and the International Telecommunications Union (ITU).  The ITT Handbook will be included.  Specialized literature such as JSC formal reports and lab memos will be identified and reviewed.  Other available private–company publications will be included and reviewed.

· FCC Regulations

· IEEE Publications

· ITU Regulatory References

· NTIA Studies

· ITT Handbook

· Government, Civil and Military Studies and Publications

· IITRI Reports and Lab Memos

· Other Private-Company Publications

In order to have a good understanding of the sources of noise in the EM environment, specific noise sources will be identified.  The spectral/frequency characteristics, relevant contribution to the noise environment, and significance of the potential level of impact will be noted when that information is available.

For Item 1, a “White Paper” summarizing the relevant findings and related references will be prepared for review and comment by the members of the sub-committee or their appointees.

The duration of Item 1 is expected to be 4-calendar months, and is expected to cost approximately $80K.

ITEM 2.  Measure and model the man-made causes of noise affecting wireless communications

The measurement of specific characteristics of man-made noise and the modeling of those characteristics in order to analyze their effect on wireless communications is the focus of Item 2.  

Item 2a.  Measurements.

The first part of Item 2 will be addressed by measurement of the spectral noise characteristics of the major current or projected causes of man-made noise identified from the Item 1 literature search.  These sources are expected to be a subset of the following:  

· automotive electronics/ignition, 

· cellular telephones,

· high speed computers, 

· high frequency cable networks, 

· industrial equipment (welders, plasma cutting torches, dielectric heaters, switching devices, arc lamps, motion detectors),

· microwave-link transmitters,

· next-generation radios, 

· power lines, and 

· two-way radios.

The EM noise characteristics that are important for this phase of the analysis are:

· whether the noise is continuous or impulsive

· true average power/Hz, if the noise is continuous

· peak amplitude for three or four different bandwidths, if the noise is impulsive, and

· amplitude probability distribution (optional) of impulsive noise.

The range of bandwidths to be used in the impulsive noise characterization needs to include bandwidths matching the receivers that are expected to operate in that band.  Also, while it is expected that some systems can be measured on the bench, the size of others will require on-site field measurements.

Item 2b.  Modeling.

The second part of Item 2 will be addressed by modeling of the spectral noise characteristics of the major sources of noise measured above.  Each noise source will be modeled as a source of continuous or impulsive noise with the characteristics as measured above.  Using available attenuation factors for materials or gain factors for antennas, and RF propagation models, the noise level as a function of distance from the source will be estimated.  If practical, field measurements will be taken in the first part of Item 2 and used to validate the field strength vs. distance predictions.

The principal products of Item 2 will be models of field strength vs frequency and distance for a variety of noise sources, and the measurements to substantiate those models. 
For Item 2, a paper summarizing the results of noise-source measurements and modeling will be prepared for review and comment by the members of the sub-committee or their appointees.

In order to measure and model 7 noise sources, the duration of Item 2 is expected to 4-calendar months, and is expected to cost approximately $250K.

Item 3.  Measure and model the effects of noise on current and future communications systems.

The identification of the effects of noise on current and future communications systems through the measurement of current systems and the modeling of future systems is the focus of Item 3.  RF communication systems operating or expecting to operate throughout the various parts of the 400 MHz to 60 GHz frequency range will be determined.

For current communications systems, radios will be identified and acquired, noise sources will be developed, and receiver measurements of BER, SINAD, or other appropriate performance will be made while the receiver is exposed to the particular noise source in the laboratory or field.

For future communications systems, specific receiver characteristics will be identified and modeled for each type of receiver.  These characteristics would include as a minimum sensitivity and selectivity and whether the system is noise-limited or interference-limited.  Based on the modeled environmental noise and receiver characteristics, a prediction of the effect of the various noise sources on each future communications system would be made. 

For Item 3, a document summarizing the effects of EM noise on four current and two future communications systems through measurement and modeling will be prepared for review and comment by the members of the sub-committee or their appointees. 

In order to measure four and model two communications system receivers, the duration of Item 3 is expected to 5-calendar months, and is expected to cost approximately $250K.

Item 4.  Identify sources of noise and potential interference interactions that justify FCC attention.

Efforts in this item will focus on the following:

· A general summarization of the current and predicted EM noise environment across the 400 MHz to 60 GHz frequency range of interest,

· Sources of noise that appear to be or are predicted to evolve into an interference threat to current or firmly planned future communications systems,

· Communications systems that appear to have a low resistivity to noise that currently exists or is predicted to be persistent in the frequency range of interest,

· Theoretical study of the effect on communications systems if FCC-maximum-permitted EM noise in particular frequency bands of interest actually existed, and 

Draft recommendations of updated / revised specifications and standards for consideration by the Commission. 

For Item 4, a document summarizing the current and predicted EM noise environment, identifying particular combinations of noise sources and systems that are predicted to be problematic, and an overview of the adequacy of current FCC noise level standards, will be prepared for review and comment by the members of the sub-committee or their appointees. 

Item 4 is expected to have a duration of 3-calendar months, and is expected to cost approximately $80K.

