


SUMMARY OF CORPORATION FOR PUBLIC BROADCASTING
AUTHORIZATIONS AND APPROPRIATIONS

Fiscal Years 1969-2001 (In Millions of Dollars)

- CcpPB CPB
Fiscal Year Authorization Appropriation

- 1969 9 5

1970 25 15

1971 35 23

- 1972 35 35

1973 45 35

1974 55 a47.7

- 1975 65 62

1976 110 96

1977 103 103

— 1978 121 119.2

1979 140 120.2

1980 160 152

— 1981 180 162

1982 200 172

1983 220 137

- 1984 145 137.5

1985 163 150.5

1986 162 169.5

_ 1987 200.5 200

1988 214 214

1989 238 228

N 1990 254 2294

1991 245 2421

1992 265 251

B 1993 285 253.35

1994 310 275

1995 375 285.64

1996 425 275

- 1997 260

1998 250

1999 250

- 2000 300

2001 340

Total ttach 5585.09







Fiscal
Year

1963-1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Total

FUNDING HISTORY OF
PUBLIC TELECOMMUNTICATIONS FACILITIES PROGRAM (PTFP)
(in millions of dollars)

Funds

Number

Authorization Appropriation requested of requests

$12.50
16
16
15
15
25
30
30
30
30
40
40
40
20
15
12
24
28
32
36
39
42
42
42
42

$711.50

$32
32
54
1"
13
13
15.7
12
12.9
14
18
18
23.7
217
18
15
1.9
24
229
20.5
213
20
20
21.8
19.9
213
24
29
15.5
15.25
21
21

$576

$61
8
5
19.7
11
17.2
26.2
18.1
18.1
40.1
55.3
84.6
79.9
103.9
89.1
66.2
71.9
124
91.3
88.7
68
58
72.3
63.5
76
77.7
96.9
75
54.9
49.2
65.9
N/A

$1,837

235
51
21
96
76
84

121
79

121

213

254

454

462

558

256

327

324

424

328

337

304

283

297

277

316

305

325

296

251

220

240

N/A

7935

Number of
Radio
Awards

11
10
27
26
30
27
21
30
50
59
51
50
59
48
45
31
68
48
46
50
52
47
55
54
42
49
59
41
37
47
N/A

1270

Radio
Amount

0.4
0.55
1.67
1.52

1.9
1.72
1.16
2.24
1.36
3.88
4.11
4.48
4.18
3.92
4.14

21
4.76
3.19
3.19
2.91
4.94
3.45

3.8

4.3

57

32
5.48

27
2.87

2.5

N/A

$92.32

Source: National Telecommunications and Information Administration, Department of Commerce







The FM Receiver Interference Tests, Laboratory Test Report

is contained in a separate loose-leaf notebook, labeled Attachment C.
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ENGINEERING STATEMENT RE;
MEASURED FM RADIO RECEIVER
AUDIO PERFORMANCE
FCC MM DOCKET 99-25
NATIONAL PUBLIC RADIO
WASHINGTON, D.C.

INTRODUCTION

This Engineering Statement has been prepared on behalf of National Public Radio
(NPR) Washington, D.C. It supplies information relating to the analysis of the measured
audio performance of modern FM Radio receivers, recently conducted by the Consumer
Electronics Manufacturers Association (CEMA). It presents observations of the test data
and the application of that measured data in FCC Mass Media Docket No. 99-25. The
information contained herein is presented in relation to the current FCC Rules, policies and
the proposals in the above referenced Docket. The information and exhibits are based on
measurements made by CEMA, on behalf of NPR and presented in separate parts of the
full NPR and CEMA reports in this Docket, of which this statement is a part.

MEASURED FM RECEIVER PERFORMANCE

A representative sample of FM radio receivers has been tested as explained
elsewhere in the NPR and CEMA reports. In summary, the sample consisted of receivers
which were generally characterized as follows; five automobile, six personal portable and
five home Hi-Fi fixed location receivers. Receiver sales data for recent years, contained
elsewhere in the reports, indicates that more than 80 Million FM receivers which fit into
these broad categories are sold each year. The sample of test receivers, by these broad
categories and by the general receiver design, are thought to represent a significant, if not
nearly complete, sample of the FM receivers sold each year.

The receiver samples were carefully tested to determine their individual ultimate
performance specifications, to reveal any defective samples and to establish a best case
performance baseline. The receivers were then subjected to various tests under simulated
use with varying desired and interfering signals presented to each. The test methodology




and assumptions are explained in detail elsewhere in the full CEMA report. By reviewing
the test plan and results, the author of this statement is confident that contemporary and
credible test methods were employed and that the test provides useful information in the
pending Mass Media Rule Making.

The FCC Notice of Proposed Rule Making in the above referenced Docket
specifically focused on the performance of receivers in the presence of various potential
interfering signals on several nearby frequencies; co-channel, first adjacent, second
adjacent and third adjacent. Various desired to interfering signal strengths were
considered in these tests. Receiver performance was measured at two target conditions.
First, at a desired audio performance level, with the interfering RF level as a variable.
Next, the receiver measurements were repeated at various fixed interfering RF signal
levels with audio performance as a variable.

GRAPHICAL PRESENTATION OF DATA

A graphical analysis and presentation is made in this report to illustrate the general
trend and range of performance of modern FM Radio receivers in the presence of
interfering signals. The following graphical information was extracted directly from the
detailed CEMA test report. All of the graphs have been confined to the tests conducted
with a desired signal power of -50dBm input to the receiver under test. Other tests were
conducted at lower input levels but on many of the receivers performance was so bad that
meaningful performance measurements could not be made. Test results are plotted with
Audio WQP (Weighted Quasi-Peak) SNR (Signal to Noise Ratio) on one axis and the RF
desired to undesired (d/u) ratio in dB on the other axis. A negative dB d/u ratio indicates
that the desired signal is less than the interfering undesired signal, or conversely that
interference exceeds the desired signal.

. CO-CHANNEL MEASUREMENT

The graph attached as Figure 1 illustrates all of the data measured for the on
frequency (co-channel) interfering signal condition. Three data sets were generated, as
explained above, one for the fixed audio performance condition and two for the fixed RF




interfering signal level condition. These three data sets are clearly seen, one clustered
about the 45dB Audio WQP SNR horizontal line and two others clustered about the 20 and
30 dB RF d/u Ratio lines. This relation is pointed out here in this moderately clear graph
because later graphs with more or less data and more scatter make the depiction less
clear.

On each graph several linear trend lines are drawn for some of the receivers. Two
receivers are chosen for trend lines from each of the three receiver sample sets;
automobile, portable and fixed Hi-Fi. The two lines for each set are drawn for the receivers
with the best and worst apparent performance in each test. Hence three sets of upper and
lower performance bound lines are drawn on each graph. In the moderately well behaved
co-channel test graph this is clearly shown.

The slope of the resulting Audio WQP to RF d/u ratio in this graph is very nearly 1:1,
slightly more for the upper left quadrant lines and slightly less for the lower right quadrant
lines. The upper left area of each graph represents better overall performance, good audio
at poor RF d/u values. The lower right quadrant area represents worse performance. For
this test the sample receivers produced the fixed desired 45 dB Audio WQP performance
over a relatively wide 17 dB span of d/u ratios, from approximately 34 to 51 dB d/u ratio.
Conversely, at the fixed FCC required co-channel RF protection ratio of 20 dB d/u, the
audio performance ranged over a similarly wide 14 dB span from approximately 17 to 31
dB WQP SNR. Within each of the three categories of test receivers the variability from
best to worst were as follows;

Automobile, approximately 16 dB RF d/u ratio and 12 dB Audio WQP SNR.
Portable, approximately 13 dB RF d/u ratio and 9 dB Audio WQP SNR.
Fixed Hi-Fi, approximately 2 dB RF d/u ratio and 2 dB Audio WQP SNR..

FIRST ADJACENT CHANNEL MEASUREMENTS

The next performance measurements were made with the interfering RF signal on
the FM channel first adjacent to the desired channel, one above and one below the desired




channel (+/- 200 kHz). Hence the designation of +/- 1% Adjacent Channel. The
measurements were made in two separate groups, on the upper and then the lower
channel. They are reported and also graphed in these two groups. In this test some
characteristics are reveled, quiet different than those for the co-channel tests. Some of the
linear trend lines have the same lower left to upper right slope as seen earlier. However,
some are quite steep, nearly vertical, while some are quite shallow, even horizontal or
slightly negative slope. The near vertical lines indicate receivers which have a very sudden
onset of receiver degradation with increasing interference. The near horizontal lines
indicate receivers which have nearly constant audio performance with various RF
interference. As a result the variation within the three groups; automobile, mobile and fixed
Hi-Fi can not realistically be given a range of variation. With slopes so close to the axis
of the graph, some would have nearly zero and some nearly infinite variation.

A second trend now seen on the adjacent channel test graphs, and tabulated in the
CEMA test report, is the asymmetry between the upper and the lower adjacent channel
tests for some individual receivers. This artifact is most likely due to the asymmetry or
mistuning of the receiver RF and IF components.

The sample of all 16 test receivers, on both the upper and lower adjacent channel
tests, achieved audio performance at the desired 45 dB WQP SNR ratio with RF interfering
signals which varied over a very wide 47 dB range, from good performance at
approximately -10 dB d/u to a poor +37 dB d/u. At the fixed FCC d/u ratio of +6dB, the
audio performance ranged over the wide range of 41 dB, from approximately 23 dB WQP
SNR to approximately 64 dB WQP SNR.

SECOND ADJACENT CHANNEL MEASUREMENTS

The second adjacent tests show a similar range of performance trends, from gently
sloping (improving audio performance with diminished RF interference) to nearly flat (good
audio performance regardiess of interference). The range of performance is widening, but
the general limits of performance for the group of receivers can still be listed. For all
receivers the 45 dB audio WQP SNR performance ranges over the RF interference d/u
ratio range from approximately -57 to approximately +6 dB, a span of 63 dB. At the FCC




specified second adjacent channel d/u ratio of -20 dB, the audio performance ranges over
a 59 dB span, from approximately 1dB WQP SNR (near total noise failure) to
approximately +60 dB.

A trend, identified earlier, is seen in receiver 3 which reaches 0 dB audio SNR at
-20 dB d/u for the upper adjacent channel test but does modestly better for the lower
adjacent test. Receiver 16 performs in the opposite, failing earlier on the lower test than
on the upper. This is a clear example of the asymmetry mentioned earlier.

A new trend is also evident in some of the receiver performance measurements,
some are driven to the point of failure at or near the 0 dB WQP SNR value and stay at 0
dB WQP SNR for all higher interference cases. Receivers 3 and 13 indicate this trend on
one or the other of the graphs.

THIRD ADJACENT CHANNEL MEASUREMENTS

The final series of tests covered the third adjacent channel relationships. The trend
now is more toward nearly horizontal performance curves, a fixed audio performance is
delivered regardless of the interference level for more of the receivers than in earlier
graphs. However, several receivers still have sloping performance trends, some at shallow
slope angles. Ascribing any range of performance to this test as a whole is impossible
since some receivers had good performance regardless of d/u ratio while others had poor
performance or failed, even with relatively good d/u ratio.

Clustering by receiver category is now becoming clear. The automobile receivers
are all clustered near the top audio performance sections of the graphs. The portable
receivers are broadly spread over the lower performance parts of the test range and the
fixed home Hi-Fi receivers are clustered moderately tightly in the mid part of the test result
graphs. Some still maintain a linear improvement trend verses interference.

CONCLUSIONS

Some broad conclusions can be drawn about modern receiver audio performance




under various conditions of interference.

For co-channel conditions the audio quality of all receivers degrades (or improves)
quite quickly and uniformly for a corresponding change in interfering signal level. Indeed
there is almost a 1:1 improvement factor where 1 dB less interference means 1dB better
audio (within limits of course). However, the ultimate audio performance, defined here at
the 45 dB audio WQP SNR ratio still exists over a wide 18 dB range of interference d/u
ratios, from about 34 to 52 dB.

At the FCC mandated co-channel d/u ratio of 20 dB, the WQP SNR audio
performance of present day stereo receivers is quite poor. It covers a 14 dB range, from
17 dB to 31 dB WQP SNR. This is at least 14 dB and as much as 28 dB below the 45 dB
target value. Along the interference axis the d/u value necessary to achieve the 45 dB
audio target value ranges from 34 dB to as high as 52 dB. This is from 14 to 32 dB above
the FCC mandated co-channel RF protection ratio of 20 dB d/u ratio.

Conventional wisdom has it that FM radio receivers have improved over the years.
These tests, however, disclose that, on the whole, they have not. The addition of stereo
modulation to the FM system, an addition broadly adopted after the FCC made their
allocation separation decisions in the early 1960's, imposes approximately a 26 dB noise
penalty. This contemporary “improvement” in FM transmission appears to have completely
off-set the FM monaural noise advantage used in the early FCC allocation planning factor
tests. The technical FM receiver improvements that may have been made over the
intervening years have not made up the difference.

Carrying this analysis to the adjacent channels discloses a similar situation. At the
FCC mandated RF d/u ratios the audio performance is not good, particularly for 1
adjacent channels. Most receivers fall below the target 45 dB audio quality target and
many fall below even a 30 dB WQP SNR.

Second and third adjacent channel performance is slightly better overall but with the
notable exception of the class of portable receivers, including “Walkman” and “Boom-Box”
type receivers, the newest and fastest growing category of receiver. Potentially most




troubling is the trend for some receivers, which may represent a sizable fraction of the
present and future receiver population to function very poorly, or to just stop working at all,
even at modest RF d/u ratios.

The potential for this rule making to eliminate the second and third adjacent channel
protections creates considerable concern for serious interference in the future. Automobile
receivers are confined to roadways and, therefore, are limited in their ultimate approach
to potential interfering stations. In addition their motion through an area would result in
only transient interference, possibly less disrupting than fixed interference. Thus they may,
as a class, be less susceptible to all interference. But, automobile receivers are also, as
a class, those which are already quite tolerant of second and third adjacent channel
interference.

However the personal portable and the fixed Hi-Fi receivers are less tolerant. Also
they are used at fixed locations or are slowly carried in portable operation over small areas
and hence they, as a group, can not escape from the area of interference created if a
second or third adjacent channel station were to locate at or inside an existing service area
and near any population area.

In conclusion, the CEMA test data indicates that with the existing and future
population of FM receivers, the addition of numerous new potential interfering stations may
have a serious detrimental effect on FM broadcast audio and subsidiary communications.
The application of very low power, or micro power stations may limit the new interference
to very small areas. They may potentially be carefully engineered to control the service
where desired and to limit interference to unpopulated areas. Eventually, however, all
potential interference must be considered when adopting a plan to add new transmission
sources within an existing broadcast band.

Respectfully Submitted,
Lohnes & Culver

by
Robert D. Culver, P.E.
Md. Reg. No. 19672
July 29, 1999
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