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ABSTRACT

Several methods for estimating the potential interference from systems
_in the Fixed Service to Power-Line-Carrier (PLC) circuits were developed. The
Numerical Electromagnetic Code (NEC) computer program, originally developéd by
the Navy, was used to calculate the electric field intensity of the PLC
radiated from a number of representative electric transmission lines.
Measured field intensity data, obtained from five different geographical sites
in the United States, were compared with the calculated results obtained using
the NEC computer model and the agreement was found to be acceptéble. In
addition, the NEC program was used to estimate the coupling factor between the
antennas of Ground Wave Emergency Network (GWEN), a system being developed by
the U.S. Air Force, and a representative electric transmission line used for
PLC applications in the United Stapes. Interference threshold levels for PLC
receivers were established from the test data, ~and corresponding field
intensities near a transmission 1line that can produce those 1levels were
calculated. Rules and regulations pertaining to the systems in the Fixed
Service in the 150-190 kHz frequency range were reviewed and no regulatory
problems were identified relative to the operation of PLC and systems in the

Fixed Service in this frequency range.
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SECTION 1
INTRODUCTION

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the radio spectrum allocated to the U.S. Federal
Government. Part of NTIA's responsibility is to: "establish vpolicies
concerning spectrum assignment, allocation and use, and provide the various
Departments and agencies with guidance to assure that their conduct of
telecommunications activities is consistent with these policies" (Department
of Commerce, 1985). In support of these requirements, NTIA has undertaken a
number of studies. The objectives of these studies are to: assess spectrum
utilization, identify existing and/or potential compatibility problems between
systems of various departments and agencies, provide recommendations for
resolving any compatibility conflicts, and recommend changes to promote
efficient use of the radio spectrum and to improve spectrum management

procedures.

In carrying out its responsibility, NTIA has undertaken the task of
investigating the potential interference to PLC systems from the Government
radio communication facilities operating in the Fixed Service in the 150-190
kHz frequency range. A special working group was formed by the NTIA which
consisted of represéntatives from a number of Government agencies and public
utility organizations. It was the function of this working group to determine
the criteria for compétibility between Government and PLC systems operating in

-

the frequency range 150-190 kHz.

BACKGROUND

Power line carrier (PLC) systems have helped serve the communication
needs of electric power utilities for over 60 years. The first application of
a modulated carrier on a power line was made in 1921. By this time the use of
multiplexed carrier systems for telephony and telegraphy on open-wire lines

was already a highly developed technology.
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Early PLC installations used 50-watt transmitters for distances up to
about 140 km and 250 watts for longer distances. Frequencies employed were in
the range from 50 to 150 kHz. Although modern PLC equipment operates with
lower transmitter power, usually 10 watts or less; there are some transmitters
which generate nearly 100 watts output power. Frequencies outside the 50 to
150 kHz range are now in use, and a large number of PLC systems operate

between 150 and 190 kHz.

In the past, the need for regulatory status of PLC has been considered,
but no action was taken because of administrative cost and the fact that
compatibility between PLC and radio systems using the same frequencies as PLC
transmitters has been acceptable. Recently, however, growing awareness of the
probability of interference has prompted concern that certain frequency

management practices may be necessary to maintain compatibility.

In September 1977, the U.S. Coast Guard (USCG) advised the Chairman of
the Interdepartment Radio Advisory Committee (IRAC) (Document 19814/1.4,24) of
certain problems associated with the "unregulated" nature of carrier systems,
their "proliferation throughout frequency bands that include radionavigation,
and their expansion geographically."” The USCG expressed its concern with
respect to the potential for interference to radionavigation Dy cafrier
systems and recommended that the IRAC, 1in coordinaticn with Federal
Communications Commission (FCC) consider certain actions to define a program
in the national interest to resolve the conflicting trends in Tfrequency
usage. Ad Hoc Committee 162 was established in October 1977 and held its
firstvmeeting on January 19, 1978. 1Its final report was presented to the IRAC

e

in April 1981.

Meanwhile, the Utilities Telecommunications Council (UTC), which is the
telecommunication representative for the Nation's electric and gas utilities,
was concerned over certain disadvantages in the regulatory classification of
PLC and felt that the impoftance of PLC to the electric power utility industry
was not properly understood or appreciated. In September 1980, the UTC filed
a petition with the FCC (General Docket 82-9, RM-3747) seeking improved
regulatory status for PLC. In January 1983, the FCC released its Report and
Order providing amendments relative to PLC systems and their operation in

Parts 2, 15, and 90 of the FCC Rules and Regulations.
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Since January 1982, the Spectrum Planning Subcommittee (SPS) has
considered early stage system reviews of Federal Emergency Management
Administration's Low Frequency Mobile Warning System (LFMWS) and the Air
- Force's Ground Wave Emergency Network (GWEN), noting that the PLC systems
operated by electric power utilities within the private sector, as well as the
Federal Government, might be affected. It recommended that an Electromagnetic
Compatibility (EMC) analyses of the proposed GWEN and PLC systems be

performed.

NTIA recognized that PLC systems operate within the current FCE€ and NTIA
regulations on a non-interference and unprotected basis with respect to
allocated services in the 150-190 kHz frequency range. However, NTIA also
recognized the importance of the PLC systems to the operation of the national
electric power grid. As yet, the extent of the interaction and the criteria
for compatibility between PLC and authorized radio systems, especially LFMWS
and GWEN systems, are not known. NTIA established a Government-Industry
working group to provide a technical base for assessing the potential
interference to PLC circuits from systems in the Fixed Service (e.g., GWEN and
LFMWS) and to determine the criteria for evaluation of this potential

interference.

OBJECTIVES

The objectives of this effort were to:

-

1. Define criteria that may be used to obtain an approximéai@n of
potential interference from systems in the Fixed Service operating in the 150-

190 kHz frequency range to PLC receivers

2. Identify and validate an analytical model and associated procedures

that could be used to apply such criteria in an EMC analysis.
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APPROACH

To accomplish the objectives of this effort, the following approach was

taken.

1. An analytical model was identified as potentially wuseful in
evaluating the electromagnetic coupling between systems in the Fixed Service
in the 150-190 kHz frequency range and PLC systems. The model used in the
analysis is called Numerical Electromagnetic Code (NEC) and takes into account
the effects of the transmission line geometry and the losses due to finite
ground conductivity. NEC is a computer model developed by the U.S. Navy and
is generally used fdr calculating radiation from wire antennas. Sixldifferent
locations in the United States were identified for the purpose of measuring
field intensities near the power lines. The data obtained from five of the
locations was compared with the theoretically calculated field intensities

using the NEC.

2. The prototype version of the GWEN system in Pueblo, Colorado was used
in a measurement to determine the power coupled into the PLC circuits located
in Midway, Boone, and La Junta. The data was used to validate the coupling
factor between the GWEN transmitter and these power 1line receivers. The
measured coupling factors were compared with calculated values obtained by the
NEC model. Field intensities were measured in the vicinity of the

transmissidn lines and compared with signal levels coupled in the PLC circuit.

3. Interference threshold levels for several types of PLC receivers were
determined by a series of tests. The GWEN-type signal was generated through a
simulation process and used as an interferer in the tests. These results were

used to determine acceptable signal-to-interference ratios (S/I) for PLC

systems.

4, Analysis results @ére used to develop three procedures for assessing
potential EMC problems to PLC from systems in the Fixed Service. Two of these
techniques use the NEC model while the last one was derived using measured or

calculated near field intensity data and the free-space propagation formula.
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Potential interference from a proposed GWEN transmitter to a typical PLC

system was analyzed as an illustration for the analysis procedures.
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SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

GENERAL

The conclusions and recommendations are based on the results of an
analysis conducted to determine the compatibility between the power line
carrier (PLC) and Fixed Service systems operating in the 150-190 kHz frequency
range. This analysis includes several field measurements performed at six
diffefent locations in the United States. The measured data was in acceptable
agreement with the results obtained analytically using the NEC algorithm. In
addition, the measurement results were used to determine field intensity
levels that provide satisfactory PLC operation. The analysis may be applied
to land based transmitters and receivers. Airborne radio transmitters were

not considered during this investigation.

Five different functions performed by PLC receivers were considered in
the analysis and an interference threshold for each receiver function Was
identified. These functions are: Transferred-Trip Relaying, CW Protective
Relaying, Voice Transmission, Data Transmission, and Analog Telemetering. It
is generally agreed that the first two functions named are of greater

importance to electric utilities than the last three.

CONCLUSIONS

1. The measured data indicates that field intensities in the region
under transmission lines conducting PLC signals from 1 to 10 watts in the 150-

190 kHz frequency range vary from 80-110 dB. above one'microvolt per meter.

2. Analysis results, based on the measurements performed near the GWEN
site in Pueblo, Colorado indicated that PLC systems on transmission lines can
operate compatibly with in-band Fixed Service radio transmitters if the field

intensities from these transmitters in the vicinity of transmission lines



remain below the levels indicated in Figure 47. These measurements represent

the only available data to date for a prototype GWEN transmitter.

3. The analytical computer model developed during this task may be used
to generate the field intensity contours near transmission lines due to

transmitters in the Fixed Service operating in the 150-190 kHz frequency

range.

4, The analytical computer model was found useful to predict the
coupling factor between any specific segment of transmission 1line and the

antenna of a terrestrial system.

5. The analysis results indicate the coupling factor between a
transmission 1line and the antenna of a system in the Fixed Service 1is
primarily a function of the geometry, the separation distance between the

antenna and the transmission line, and the ground conductivity.

6. Measured data indicate that acceptable S/I and I/N criteria for

compatible operation of PLC receivers are:

a) Transferred trip receivers maintain adequate dependability and

security with signal-to-interference ratios of 10 dB or higher.

b) The sensitivity setting of CW protective relaying (pilot relay)
receivers can be adjusted for satisfactory operation with signal-to-

interference ratios equal to or greater than 13 dB.

¢) A bit-error rate of 10—5, which 1is generally acceptable by the
industry for most inter-computer data transmission, can be achieved with

signal-to-interference ratios equal to or greater than 10 dB.

d) FSK analog telemetry operates satisfactorily with signal-to-

interference ratios equal to or greater than 5 dB.

e) The quality of single sideband telephone service remains acceptable

for interference-to-noise ratio equal to zero dB. (The noise 1level

2=2



referred to here is equal to the level of adverse weather noise given by
the curves in Figure 21.). This is equivalent to a signal-to-noise ratio

of 25 dB or more.
7. The allocation rules and regulations applicable to systems in the

150-190 kHz frequency range were reviewed and no problems were identified

relative to the operation of PLC systems.

RECOMMENDATIONS

The following are the Special Working Group and NTIA staff
recommendations based on the technical findings contained in this report. Any
action to implement these recommendations will be accomplished under separate
correspondence by modifications of established rules, regulations, and

procedures.

1. Computational procedures (a. coupling factor method, b. field
intensity method, c. approximate method) described in this report and S/N and
I/N ratios shown in the conclusions should be used in estimating potential

interference from Fixed Service transmitters to PLC systems.

2. Government agencies using frequencies 150-190 kHz for Fixed Service
transmitters should cooperate to minimize potential interferencé with electric

power utilities using PLC to the extent practicable.






SECTION 3
ALLOCATIONS AND STANDARDS

' GENERAL

The U.S. allocation table for the 150-190 kHz frequency range, along
with all appiicable footnotes, are described in this section. Rules and
regulations pertaining to the operation of PLC and Fixed Service systems
allocated in this frequency range are included in the discussion. of
particular interest are the frequency assignments in the 150-190 kHz frequency
range granted to two recent systems under development by the Government (i.e.,
GWEN and LFMWS). A large majority of PLC receivers operate between 30-200

kHz, however, frequencies outside this range are also used by PLC circuits.

RULES AND REGULATIONS

The portions of the Federal Communications Commission Rules and
Regulations (FCC Rules) containing policies relevant to this study include
Part 2 that presents the National Table of Frequency Allocations, cited as
47CFR2.06, pius the equipment authorization procedures for all electronic
products éubject to the FCC Rules, cited as 47CFR2 subpart J; Part 15, cited
as U47CFR15, which defines the constraints placed on the use and marketing of
radio frequency (RF) devices put into operation without licenses; and Part 90

cited as U7CFR90.63.

L~

The NTIA Ménual of Regulations and Procedures for Federal Radio
Frequency Management (NTIA Manual) contains poiicies established under the
authority of the President. This document includes policies that have been
developed by the NTIA under the delegation of authority provided by Executive
Order 12046. A detailed tabular presentation of the allocated services for
the Government and non-Government users is given in Chapter 4 of the Manual.
These tables are comparable to those in Part 2 of the FCC Rules. Differences
between the allocation tables in the NTIA Manual and the FCC Rules are largely
a matter of format. Table 1 contains excerpts from the NTIA Manual (9 through

495 kHz) listing the primary and secondary services for both Government and
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Non-Government users including those with allocations in the 150-190 kHz
frequency bands. Table 1 also includes the complete text of all footnotes
applicable to this analysis including footnote US294 which was added recently

- to cover the operation of power line carrier systems.

Note that the frequency range 150-190 kHz is allocated to Fixed and
Maritime Mobile Services and 190-200 kHz 1is allocated to Aeronautical
Radionavigation Service on a primary basis. Systems operating in the Fixed
Service are germane to this study. Fixed'Servioe is a radio-communication

service between specified fixed points.

For regulation purposes, PLC equipment 1is classified the same as
restricted radiation devices and is governed by the provisions set forth in
Part 15 of the FCC Rules. The general conditions of operation discussed in
Section 15.3 are applicable to restricted or incidental radiation devices
including PLC systems. Section 15.4(t), added recently, provides a separate
definition of PLC systems. Operation of these systems is governed by the
provisions in Section 15.8.v They are exempt from the operating requirement of

Section 15.7. The followihg are pertinent excerpts from Part 15.

15.3 General Conditions of Operation

Persons operating restricted or incidental radiation devices (including
Power Line Carrier Systems) shall not be deemed to have any vested or
recognizable right to the continued use of any given frequency by virtue
of prior registration or certification of equipment, or on thé'%asis of

prior notification of use pursuant to Section 90.63(g) of this chapter. -
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TABLE 1
EXCERPTS FROM THE U.S. TABLE OF ALLOCATIONS
IN THE FREQUENCY RANGE 9-495 kHz

UNITED STATES
Band Ne C AL R
Mz ey . Alioconsn
1 2 13 4 5
Below 9 444 Ciot Allocated) (Not Allocated)
443
-1e usts RADIONAVIGATION | RADIONAVIGATION
US294
14-19.93 Us2ss  |FIXED Fized
US2%¢ |MARITIME MOBILE
19.93-20.03 US29¢ |STANDARD STANDARD FCC Rules and
FREQUENCY AND FREQUENCY AND  |Regulstsons make no
TIME SIGNAL (20 TIME SIGNAL (20 | provisions for the
kHz) Hz) licenuing of standard
frequency sations.
20.03-59 US238  |FIXED FIXED
US29¢ |MARITIME MOBILE
3961 US294 |STANDARD STANDARD FCC Rules and
FREQUENCY AND FREQUENCY AND . |Regulations make no
TIME SIGNAL (60 TIME SIGNAL (60 provisions for the
kHz) kHz) licenmng of standard
. frequency statons.
61-70 usass FIXED FIXED
US29¢ |MARITIME MOBILE
70-90 Us2ss  |FIXED FIXED
US294 |MARITIME MOBILE Radiolocation
Radiolocaton
90-110 usts RADIONAVIGATION | RADIONAVIOATION
usios
US29¢
433
110-130 US29¢ | FIXED FIXED
454 MARITIME MOBILE MARITIME MOBILE .
Radiolocauca Radiolocanos
130-160 US294  [FIXED FIXED
1434 MARITIME MOBILE MARITIME MOBILE
160-190 [Us29¢ [FIXED FIXED
4S9 IMARITIME MOBILE
190~200 usis IAERONAUTICAL AERONAUTICAL
jUs226 RADIONAVIGATIO! RADIONAVIGATION
jUS294
200-273 jusis IAERONAUTICAL AERONAUTICAL
US29¢ RADIONAVIGATION .RADIONAVIGATION
wu Acronsutical
Mobie Mobile
275-283 US1s IAERONAUTICAL AERONAUTICAL
. {US294 RADIONAVIGATION RADIONAVIGATION
. |Aeronautical Mobile Aeronautcal Mobile
R M R
(Radiobeacoas) (Radiobeacons)
285-323 usSis MARITIME MARITIME
US293 RADIONAVIGATION RADIONAVIGATION
466 (Radiobeacoas) (Radswobescons)
[Aeronsutscal Aeronautical
Radionavigauoa Radwoasvigsiion
(Radwobeacons) (Radiobeacons)
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TABLE 1

(continued)

EXCERPTS FROM THE U.S. TABLE OF ALLOCATIONS
IN THE FREQUENCY RANGE 9-495 kHz (CONTINUED)

3 UNSTED STATIS
Bond Ne | |G Nos-Goveonmens Remarks
&Hs Pre Allscation
) |3 £ 4 £}
325-333 usis AERONAUTICAL AERONAUTICAL
US29¢ RADIONAVIOATION RADIONAVIGATION
(IM) . (Radiobeacons) _
. Maritime Rads ) Marisime Radi igation
(Radiobeacons) {(Radicbeacons)
233403 usts AERONAUTICAL AERONAUTICAL
US294 RADIONAVIGATION RADIONAVIGATION
Radi ) (Radiot )
N o) ik N inad hlebil
403415 usis RADIONAVIGATION | RADIONAVIGATION
US29¢ | Assonswtical Mobile Acronsstical Mobils
468 .
415-428 US29%¢ |MARITIME MOBILE MARITIME MOBILE
470 AERONAUTICAL AERONAUTICAL
RADIONAVIOGATION RADIONAVIGATION
413403 US231 | MARITIME MOBILE MARITIME MOBILE Tha frequency 480
US29%¢ kHz is available 0 low
power Goversment
4% Coass uations fes the
4 calibravion of sg
disection finders oo the
. condition that hermiud
interk » net
10 the mesinume mobils
arvies. .

Footnotes relevant to this study are as follows:

Us294

In the spectrum below U490 kHz electric utilities
(PLC)

for

operate Power Line Carrier systems on

power transmission 1lines communications

important to the reliability and security of
electric service to the public. These PLC
systems operate under the provisions of Part 15

of the Federal Communication Commission's Rules

3-4



and Regulations or Chapter 7 of the National
Telecommunication and Information
Administration's Manual of Regulations and
Procedures for Federal Radio Frequency
Management, on an unprotected and
noninterference basis with respect to authorized
radio users. Notification of intent to place
new or revised radio frequency uses in the bands
below 490 kHz is to be made in accordance with
the Rules and Regulations of the FCC and NTIA,
users are urged to minimize potential
interference to the degree practicable. This
footnote does not provide any allocatioﬁ status

to PLC radio frequency uses.

45y Only classes A1A or F1B, A2C, F1C or F3C
emissions are authorized. for stations of the
fixed service in the bands allocated to this
service between 90 kHz and 160 kHz (148.5 kHz in
Region 1) and for stations of the vmaritime
mobile service in the bands allocated to this
service between 110 kHz and 160 kHz (148.5 kHz .
in Region 1). Exceptionally, class J2B or JTB
emissions are also authorized in the bands
‘between 110 kHz and 160 kHz (148.5 in Region 1)

for stations of the maritime mobile service.

459 In the Region 2 polar areas (north of 60°N and
south of 60°S), which aré subject to auroral
disturbances, the aeronautical fixed service is

the primary service in the band’160—190 kHz.

Operation of these dévices is subject to the conditions that no harmful
interference is caused and that interference must be accepted that may be
caused by other incidental or restricted radiation devices, industrial,

scientific or medical equipment, or from any authorized radio user.
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15.4 General Definitions

(d) Restricted Radiation Device

A device in which the generation of radio frequency
energy is initially incorporated into the design and in
which the radio frequency energy is conducted along
wires or 1is radiated, exclusive of transmitters which
require licensing under other parts of this chapter and
exclusive of devices in which the radio frequency
energy 1is used to produce physical, chemical or
biological effects in materials and which are regulated

under the provisions of Part 18 of this Chapter.

(t) Power Line Carrier System

A carrier current system used by an electric power
utility entity on transmission lines for .protective
relaying, telemetering, etc. for general supervision of
the power system. The system operates by the
transmission of radio frequency signals in the band
from 10 kHz to U490 kHz by conduction over the electric
power transmission l}nes of the system. The system

does not include those electric lines which connect the
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distribution substation to the customer or house

wiring.

15.7 General Requirement for Restricted Radiation

Devices

(e) *

NOTE: Radio receivers, cable television systems,
. computing devices, TV interface devices, low-power
communication devices, and power line carrier systems
as used by electric utilities on power transmission
lines are regulated elsewhere in this chapter and are

not regulated by this section.
15.8 Operation of a Power Line Carrier System

a. A power wutility operating Power Line Carrier
sYstems shall submit the details of all existing
systems plus any proposed new systems or changes to
existing systems to an industry-operated entity as set
forth in Section 90.63(g) of this chapter. No

notification to the FCC is required.

b. The operating parameters of a Power Line . Carrier
System (particularly the frequency) shall bé selected
to achieve the highest practical degree of
compatibility with authorized or licensed users of the
radio spectrum. A Power Line Carrier System ‘shall
operate on an unprotected, noninterference basis in
accordance with Section 15.3 of this Paft. If harmful
interference occurs, thé electric power utility shall
discontinue or adjust its Power Line Carrier operation,

as required, to remedy the interference.
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c. Power Line Carrier systems apparatus shall be
operated with the minimum power possible to accomplish

the desired purpose.

d. The best engineering principles shall be utilized
in the generation of radio frequency currents by Power
Line Carrier systems so as to guard against
interference to authorized radio users, particularly on

the fundamental and harmonic frequencies.

e. Power Line Carrier system apparatus shall conform
td such engineering standards as may from time to time
be promulgated by the Commission. In addition, such
systems should adhere to industry approved standards
designed to enhance the use of Power Line Carrier

systems.

Modifications to part 90 referred to above is as

follows:

90.63(g) Power Radio Service

*
*

*

The frequencies 10-490 kHz are used to opera;e electric
utility Power Line Carrier (PLC) systems on power
transmission lines for communications essential to the
reliability and security of electric service to the
public, in accordance with Part 15 of this chapter.
Any electric utility fulfilling requirements in
paragraph(a)(1) of this section may operéte PLC systems
and shall supply to a Federal Communicat ions
Commission/National Telecommunications and Information

Administration recognized industry-operated entity,
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information on all existing changes to existing, and
proposed systems for inclusion in a data base. Such
information shall include the frequency, | power,
location of transmitter(s), location of receivers and
other technical and operational parameters, which would
characterize the system's potential both to interfere
with authorized radio users, and to receive harmful
interference from these users. In an agreed upon
format, the industry-operated éntity shall inform the
National Telecommunications and Information
Administration and the Commission of these system
characteristics prior to implementation of any proposed
PLC system and shall provide monthly or periodic lists
with supplements of PLC systems. The Federal
Communications Commission and National
Telecommunications and Information Administration will
supply appropriate application and licensing
information to the notification activity regarding
authorized radio stations.operating in the band. PLC
systems in this band operate on a noninterference basis
to radio systems assigned frequencies by the NTIA or
licensed by the FCC and are not protected from

interference due to these radio operations.

On January 27, 1983, the FCC released a "Report and Order" (Gen. Docket
No. 82-9, RM-3747) that ammended Parts 2, 15, and 90 of the FCC Rules. Status

of PLC was reiterated under "Discussion" in .this docket, which reads as

follows:

",...The Commission in 1its NPRM 1in this proceeding recognized the
impdrtance of PLC operation in monitdring and protecting the electrical
transmission systems that supply energy to the nation's homes and
businesses. The Comﬁission also agreed that because of the nationwide
functions 'performed by PLC systems, enhanced recognition of their
importance is desirable and in the public interest. The Commission

further stated that because PLC systems operate under the wunlicensed
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provisions of Part 15, our first concern is that any recognition of PLC
systems not be interpreted as the promotion of PLC at the expense of
other wusers. Based on several comments in the proceeding which
incorrectly ‘speak of coordination rather than notification and of
maintaining existing status of PLC relative to other Part 15 users, the
Commission seeks to dispel any misunderstanding concerning the intent of
this proceeding. Accordingly, the Commission wants to reaffirm its
position that this proceeding does not elevate the status of PLC in any
way and that their operation in the band must be on an unprotected, non-
interference basis to authorized users and at the same time on a co-equal
basis to other unlicensed users operating under Part 15 provisions.
Cooperation between parties to the extent practicable is eipected, but iﬁ
any event, the PLC users must realize that in the event conflicts on
spectrum usage cannot be resolved on a cooperative basis, their operation
on an unprotected, non-interference basis must adjust to meet the

requirements of the authorized radio users."

The term "authorized users," in the paragraph above, refers to any
system that has been granted spectrum support. According to the FCC's
"Discussion" quoted above, the status of PLC remaihs the same and as such, any
discussion at the Spectrum Planning Subcommittee (SPS) regarding the request
for spectrum support for a system in any allocated radio service, the subject
of the mutual interference between this system and PLC operations should not
be considered as a requirement in granting the request. However, cooperation,
to the extent practicable, between the allocated services and PLC §xstems to

minimize mutual interference is recommended by the FCC and NTIA.

Footnote US294 provides recognition of electric power utility PLC
systems in the bands below 490 kHz. (see Table 1). This footnote brings to
the attention of 1licensed users in these bands the presence of PLC systems.
In practice, it 1is not a bargaining ground between PLC and allocated
systems. Restriction of PLC to certain segments of the frequency group was

considered by the FCC, but%was not adopted.



To facilitate cooperation between PLC and radio users, a data base
identifying the 1locations of PLC receivers and transmitters and the
frequencies they use is being established. A "notification activity" was
- created by PLC users to serve as a centervfor information exchange between
authorized users and the PLC. Notification procedures are discussed in the
FCC's docket (Gen. Docket No. 82-9). A memorandum of understanding (MOU) was
prepared and is ﬁnder review by the FCC, NTIA, Utilities Telecommunication
Council (UTC), and North American Electric Reliability Council (NERC). This
MOU may specify the procedures and relationships expected among the data base
users. Participation in the notification activity by the- PLC users is
required by the terms specified in 47CFR 90.63(g). NERC was designated to

serve as the industry-operated entity to oversee the notification process.

NTIA's policy concerning the usage of radio frequencies below 30 MHz is
stated in 8.2.11 of the NTIA Manual. This policy limits the use of these
frequencies,‘ by- the Executive Branch of the Government, departments, and
agencies for domestic Fixed Service, to certain circumstances 1listed in
8.2.11. This policy was adopted to ensure that, in so far as practicable,
sufficient high frequencies will be available for the operation of radio
circuits essential to the national security. In practice, this policy
together with cooperation, may prevent proliferation of Government'radios and,
hence, it may reduce the possibility for potential interference between PLC

and radio users.

TECHNICAL STANDARDS

The 150-190 kHz bands are basically allocated for communication and
navigation burposes in the United States and Possessions. Technical standards
requirements and objectives stated in Chapter 5 of the NTIA Manual are
applicable to the Government systems operating in this 150-190 kHz frequency
range. This chapter contains Radio Frequency Spectrum Standards applicable to
Federal radio stations anq“systems. A radio.frequency spectrum standard is a
principle, rule, or criterian that.bounds the spectrum-related parameters, and
characteristics, of a radio station or system for the purpose of managing the
Radio Frequency Spectrum. Spurious emission levels and frequency tolerances

of different transmitters-are given in 5.2.3 of the NTIA Manual.
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PLC systems are under Part 15 of the FCC Rules and subject to applicable
provisions of Chapter 7 of the NTIA Manual. While none of these regulations
specify a 1limit for the radiated field intensity of a carrier signal, PLC

- operation is on a noninterference basis.

One objective of the FCC and NTIA is to prevent the occurance of harmful
interference from PLC's to authorized radio services. Operating practices,
application techniques, equipment constraints, énd other technical
considerations necessary to accomplish the noninterference objective for PLC
are of lesser concern to the regulating bodies. The development of technical

standards by the industry to cover these areas is, therefore, strongly

supported.

Early application of a carrier signal on power transmission lines was
regarded more an art than a science, primarily because the design of the
transmission line itself was determined by power system needs and could be
influenced very little, if any, by communication needs. Standards directly
applicable to PLC systems were slow to develop. Knowiedge and experiences
were exchanged through meetings and published transactions of technical
societies such as the American Institute of Electrical Engineers (AIEE) that
later merged with the Institute of Radio Engineers (IRE) to form the Institute

of Electrical and Electronics Engineers (IEEE).

A guide for the "Application and Treatment of Channels for Power-Line
Carrier" was developed and published as a transactions paper by the Power
System Communications Committee of the AIEE in 1954 (AIEE, 1954). More
recently, this guide was superceeded by a revised and updated . version

published as an IEEE Standard, 1980.

A committee of the American National Standards Institute (ANSI) deals
entirely with standards for equipment used in PLC applications. Separate
standards cover coupling capacitors (ANSI, 1981), coupling capacitor voltage
transformers (ANSI, 1976), line traps (ANSI, 1981), line tuners (ANSI, 1984),

and presently in preparation, PLC transmitter-receiver equipment (ANSI, 1984).

Various international organizations, notably CIGRE (Conference
International des Grand Reseaux Electriques a Haute Tension, i.e.,
International Conference on Large High Voltage Electric Systems) and IEC

(International Electrotechnical Commission) are responsible for the



publication of technical 1literature describing practices in different
countries and for the development of standards needed by the international
technical community. Both CIGRE and IEC have published guides on PLC. CIGRE
- has put emphasis on application, while the IEC deals more with equipment and

services.

A new IEEE Standard (in preparation, 1985) will deal with providing
assistance to PLC wusers for the purpose of achieving electromagnetic
compatibility (EMC) with authorized radio systems (IEEE Standards Project,
198x).

ASSIGNMENTS

There are 2713 assignments in the Government Master File (GMF) in the 9-
495 kHz frequency.range, of which only 30 are in the 150-190 kHz frequency
range. The data from the GMF shown in Table 2 were extracted in March 1984,
Assignments to GWEN and LFMWS systems which are in the experimental stétioh
class were not included in Table 2. Table 2 shows that the maximum radiated
power for the systems in the 9-495 kHz frequency range is from 50 kW to’ 2
MW. High-power transmitters (megawatts or more) in this frequency range are
uséd for shore-to-ship communication and, hence, their radiation regions are
in the direction of the oceans and extend beyond the coastal waters of the
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