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Summary

An investigation of the FM Broadcast spectrum's
utilization shows that more assignments are possible if
soma or all of the following recommendations are

adopted:

1. protection to existing facilities rather than to

maxitmum facilities is granted,

2. the effects of terrain are considered,

3. djrectional antenuas are used,

4. reagonable changes to the signal-to-interference
protection ratios for cochannel and adjacent
channel operation are adopted, and

5, cositing of second- and third-adjacent channel

transmitters with existing transmitters is
permitted.

By way of demonstration of the techniques in a
gaturated market, the number of FM broadcast stations
in Dallas-Ft. Worth could be increased from the present
21 ptations to 38 stations.

Introduction and Background

Under the current PCC rules, the top fifty FM
broadcast radio markets in the Uniced States are
paturated; that is, nearly all of the slote in the
Table of Assignments are assigned. There have been
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many improvements over the past 20 years in the FM
broadcasting and receiving equipment and in our ability
to predict FM broadcast coverage including both desirad
pignals and undesired; these improvements and tech-
nigques could allow many new FM broadcast assignments in
the major markets.

The FM broadcast band extends from B8 MHz to
108 MHz. In this 20 MHz band, there are 100 channels;
each channel is 200 kHz wide., Due to interference
concerns, no market has all 100 channels available for
its own use. Instead, if all of the station separation
rules as specified by the FCC were strictly followed,
the maximum number of stations in any location would be
25.

The FM frequency assignment structure allows four
different classes of FM stations. The four classes are
defined to provide different levels of service to the
public. Each class has been assigned a particular
range of operating characteristics, i.e., minimum to
maximun allowed transmitted power, and a maximum
allowed antenna height. Assuming that all stations
would eventually operate at their maximum allowed power
and antenna height (maximum facilities), the FCC
defined the minimum required distance separation
between the classes of FM staticns. The minimum
distances, given in Table 1, were intended to ensure
that any particular class of station could provide at
least a minimun signal over a specified gervice area
without objectionable interference.

Table 1. PCC Minimum Distance Separation for FM Broadcast Transmitters
Reguired Spacing (miles)
Class A Class B Class C cClass D
Clama of Coch. 200 400 600 Coch. 200 400 600 coch. 200 400 &00 coch. 200 400 600D
S8tation kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz
Class A 65 40 15 15 - 65 40 40 - 105 65 &5 - 30 15 15
Class B - - - == 150 105 40 40 170 135 65 65 - -= 40 40
Class C - - - =- - —— == == 1890 150 65 65 - -= 65 65
Note: Stations or assignments separated in frequency by 10.6 or 10.8 MHz (53 or 54 channels)}
will not be authorized unless they conform to the following separation table.
Class to Class Required Spacing in Miles
A to A 5
B to A 10
B to B 15
C to A 20
C to B 25
C to C o0
Table 2. FM Protected Signal Distances and Field Strengths
Protected Full Facility
Service Parameters Protected
Class Radius Pover Antenna Height Pield Strength
(mi} (kw) (HAAT, fr) (uv/m) (dBy)
A 15 3 300 927 59.3
B 40 50 500 562 55.0
65 100 2000 944 59.5

c
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In Paragraph 62 of the First Report [1], the FCC
stated thact FM assignments would be made so that each
class of FPM station would be provided with a protectad
signal service radius as given in Table 2.

Paragraph 62 also gives the field strength for that
protected distance, assuming a full facility atation.
In Table 2 we have listed the full facility parameters
and their protected field strength for each class.

In Paragraph 15 of the First Report [1], the FCC
defined that objectionable cochannal interference
exists whenever the undesired rf signal level exceeds
one~tanth of the desired rf signal level. Thus, the
depired-to~undesired gignal ratio must be 20 4B or
greater if cochannel interference is to be avoided,
Data gathered from consumer audio and hi=fi magazines
indicate that good quality PM receivers available in
the early 1960"'a had capture ratios of about 89 db or
less. Paragraph 66 of the Pirst Report states that the
assignment plan (and the FM rules) should be based on
"receivers of reascnably good quality.®™ Thus, it
appears that the FCC had built in a safety facror of
about 12 4B when the 20 dB cochannel $/1 ratio is
compared with the performance available in 1962 good
quality receivers. Today's good qualijty receivers have
capture ratios of 2 dB or less. Assuming all else
equal, if the cochannel separations were based only on
the performance of good quality receivers, today's
cochannel separation rules could be relaxed by 6 dB,
while maintajining the 12 dB safety ratio.

In Paragraph 15 of the First Report [1)., objec-
tionable first-adjacent-channel (200 kHz removed}
interference is defined to exist whenever the undesired
signal voltage exceeds one-half of the desired sigmal
voltage: second-adjacent~channel (400 kHz removed}
interference exists if the undesired signal voltage is
more than 10 times the desired signal voltage; and
third-adjacent-channel (600 kHz removed} interference
exists if the undesired signal voltage is more than 100
times the desired signal voltage. Table 3 gives the
protection ratios between cochannel and adjacent
channel stations specified by the FCC.

Table 3. FM Protection Ratios
Channel Frequency Required Desired Signal-

Relationghip Separation to-Undesired Signal Ratic
(kHz) (4ap)
Cochannel 0 20
Pirst~hdjacent 200 6
Second-Adjacent 400 «20
Third-adjacent 600 =40

We can describe some of the reasons why first-
adjacent-channel protection is reguired. Although the
FM channel width is 200 kHz, the FCC allows the broad-
cast FM signal to have spectrum occupancy limits which
exceed 200 kHz. The allowed occupancy is 40 kHz
greater than the channel width. With an audio fre~
quency of 15 kHz (the upper baseband frequency for
monaural FM) and a deviation of 75 kHz {100 percent
deviation in broadcast FM), the principal Bessel
function sidebands are located at 15, 30, 45, 60, 75,
90, 105, and 120 kHz from the carrier. Receiver manu-
facturere, in turn, have designed their IF bandwidths
to be about 265 kHz if less than 1 percent distortion
ies desired, or 225 kHz if less than 3 percent dister-
tion is desired. Because of the allowed spectrum
occupancy and associated receiver designa, it is
obviocus that the first-adjacent channels on either side
of an assigned carrier are unavailable for future use
in that market. Unfortunately, first-adjacent-channel
selectivity is not usually reported by receiver manu-
facturers, so we sra unable to tell how this perfor-
mance factor las changed since 1962,
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Receiver manufacturers do report second-adjacent-
channel selectivity, called alternate-channel
gelectivity. In 1962, good quality receivers had
alternate-channel selectivity values ranging from lesg
than 20 43 to greater than 50 dB. Today's good quality
receivers have alternate-channel gelectivity valueg
which exceed S0 4B, an improvement of as much as
30 dB. The second- and third-adjacent-channel separa-
tions are the rules that we believe could be relaxed
with least additional interference while providing for
the greatest increase in FM broadcasting capacity.

Ways of Increasing the Number of FM Stations

Improve PM Equipment

Improved FM equipment could allow & relaxation of
the protection ratica and lead to mors FM hand
aggignments. Obviously, if receivers can be improved
to discriminate against interference, then they are
more capable of gelecting a desired FM station in a
dense FM environment.

Relax FCC Rules on FM

In order effectively to increase the number of FM
staticons, the FCC rules would have to be changed. Such
changes would:

allow locating second- and third-adjacent-channel
stations near existing FM stations,

1.

2, allow locatipg stations that can cauwse IF response
signals near existing FM stations,

3. allow use of directional antennas,

4. allow terrain features to be used in computing
signal and interference coverage, and

5. consider actual facilities rather than maximum

facilities.

These are independent recommendations; each one
could increase the assignment capacity without
gignificantly decreasing the coverage of existing
stations. Recommendations 1 and 2 would not require
case-by-case engineering calculations. Recommendations
3, 4, and 5 would require a change in philesophy from
that of developing a Table of Assignments to specific-
situation engineering.

Example of Increasing FM Broadcast Capacity

A proposed asaignment {2] in the saturated Dallas-
Ft. Worth market will be on channel 209 with potential
interference to a cochannel station {(KGCC) and an
adjacent channel station {XSHU). Figure 1 shows the
coverage from the proposed facility, a 20-kW ERP,
500-ft (152.4 m) height~above-average-terrain (HAAT)
transmitter with an omnidirectional antenna. Figure 2
shows the coverage by, and the interference to, the
existing stations. The upper sclid contour shows the
coverage from station KGCC to a population of 107,600

people and an area of 4768 km’ or 1841 mi’. The dashed
contour (S/I = 20 dB)} shows the interference region
with a population of 15,500 and an interference area of

864 km? or 110 miZ.

Figure 3 shows the proposed facility's coverage if
a directional antenna pattern is used. An alternative
to ueing a directional antenna would be merely to
reduce the power and antenna height of the proposed
facility until the interference regione in Pigure 2
disappeared. However, this also would rasult in a
significant reduction in the area and populat ion
covered by the proposed facility. The directional
antenna provides a means of reducing the signal in the



directions where potential interference may occur,
while maintaining the full signal strength (of an
equivalent omnidirecticnal antenna) in those directiocns
whers interference is not likely to occur. Figures 4
and 5 show the corresponding coverage by, and the
interference to, the existing stations. Using the
directional antenna and the new criteria for inter—
ference (S/I = +14 dB for cochannel interference and
5/1 = =50 dB for second-adjacent-channel interference),
Fiqure 5 shows there is no unacceptable interference to
che existing stations from the proposed Channel 209
station. .Note that the proposed Channel 209
transmitter is ccsited with the existing facility on
Channel 207y We will want to cosite as many of the
proposed facilities as are possible in order to control
the interference areas.

In a similar manner, other proposed stationsa could
ba added to the Dallas~Ft. Worth market. By using

1. less than maximum—allowed power and antenna
heights,

2, directional antennas,
3. terrain-effects on propagation, and

4. modern FM receiver performance characteristics,

we can increase the number of gtations in Dallas-
Ft. Worth from 21 to 38 stations.

Conclusions

An examination of the background on the FM
broadcast spectrum capacity has uncovered some reasons
why today's major markets are “"saturated™:

1. the FCC rules were developed around good quality
receivers of the late-~fifties technology,

2. the rules assumed that all scations eventually
would have the maximum facilitjes allowed for their
claas,

the rules disallowed the use of terrain-dependent
propagation algorithms, and

4. the rules disallowed the use of directional
antennas for assignment purposes,

Using these guidelines, the FCC adopted a Table of
Agssignments for FM broadcast stations based on minimum
mileage separations between transmitters. As a
consequenca, there are at most 25 cut of a possible 100
channels assigned in any one location, when the FCC
rules are atrictly followed.

In this paper, we have gelected one of the ten
most~saturated FM broadcast markets and have demonstra-
ted what we believe are reasonable methods for
increasing that market's number of FM .stations.
particular, we have shown that the number of FM
stationas operating in the Dallas-Ft. Worth region could
be increased from the present 21 stations to 38
atations. This was accomplished by using existing
facilities rather than maximum facjilities, cositing of
second- and third-adjacent channel transmitters with
existing transmitters, terrain-dependent propagation
algorithms, and directional antenna patterns when
required and/or otherwigse helpful. Additional material
can be found in several NTIA reports (2,3].

In

Recommendationg

We make several recommendations regarding the FM
broadcast band:

1. the PCC should use techniques such aas shown in this
report to examine easily new applications fer
coverage and interference, :

2. the effects of terrain should be included in the
prediction of signal coverage and interference
(although terrain did not have a significant
influence in the relatively flat Dallas~Ft. Worth
area),

3. directional antennas should be allowed,

4. cositing of gsecond= and third-adjacent-channel
transmitters with existing transmicters should be
encouraged,

5. service area protection should be granted to
stations based upon their present {(or seriously
proposed) facilities rather than protection to the
maximum facility allowable for the station's class,
and finally,

che FM broadcast receiver protection standards
should be developed around gurrent, good quality
receivers.

We believe that if these recommendations were
adopted, the number of FM stations could be increased
significantly in almost all markets.
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Figure 2. So0lid contours show the 59 dAB uV/m coverage

from stations KERAFM and KGCC. The dashed
contours and shaded .areas show regions of
interference exceeding the allowed 20 dB
desired-co-cochannel interference {toc KGCC)
and =20 4P desgired-to~second-adjacent-
channel interference (tc KERAFM) from the
station proposed in Figqure 1.
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Figure 4.

The dashed contours and shaded areas show
regions of interference to KERAFM and KGCC
from the proposed station using a direc—
tional antenna. The existing protection
standards of 20 dB for cochannel and =20
for second-adjacent-channel interference
assuned.
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Figure 3. The solid contour shows the 59 dB uV/m Figure 5. The dashed contours and shaded areas show

coverage from the proposed station when a
directional antenna is used. As before, the
effective radiated power is 20 kW and the
antenna height above average terrain is

500 fx (152.4 m).
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regions of interference to KERAFM and KGCC
from the proposed station using a
directional antenna. Proposed protection
standards of 14 dB for cochannel and =50 4B
for gecond-adjacent-channel interference are
aagumed,



