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An Evaluation of the FCC RF Mask for the Protection of DTV Signals
from Adjacent Channel DTV Interference

Executive Summary

The Advanced Television Technology Center (ATIC) is pleased to present the
results of an evaluation of the FCC RF Mask for the protection of digital television
(DTV) signals from adjacent channel DTV interference. The ATIC initiated this
evaluation as part of its mission to test and recommend solutions for the delivery and
reception of a terrestrial transmission system for DTV and high-definition television
(HOTV). The ATIC is a private, non-profit organization supported by members of the
television broadcasting and the consumer electronics industries. .

The FCC, in the Sixth Report and Order, requires an RF Mask limiting out-of
band emissions from DTV stations and is intended to protect the stations on adjacent
channels. However, the FCC Technical Planning Factors for adjacent channel
interference are based on measured performance of the ATSC DTV system where the
interfering DTV signal exhibited no out-of-band emissions.

Adjacent channel interference tests were conducted to determine if the FCC RF
Mask provides sufficient protection to adjacent DTV channels. A controlled amount
of nonlinearity was introduced to a DTV signal which induced out-of-band emission
that closely approximated the shape of the RF Mask. The Bit Error Rate equivalent
Threshold of Visibility was determined for both Upper and Lower adjacent channel
interference.

The evaluation clearly demonstrates that the planning factors underestimate
adjacent channel DTV into DTV interference by as much as 22 dB, because of the effects
of out-of-band emission. Furthermore, the results indicate that the total power of the
sideband splatter from an adjacent DTV signal is the dominant interference
mechanism, rather than the in-band power.
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1. Introduction

The planning factors used by the FCC for advanced television are based on test
results1 of the digital1:IDTV Grand Alliance System performed by the Advanced
Television Test Center in strict accordance with the guidance of the Advisory
Committee on Advanced Television Service2. The results were published in October,
1995. The Grand Alliance system performed better than the target specifications on all
terrestrial transmission interference tests. However, effects of sideband splatter were
not evaluated at that time.

All of the tests performed during the ACA1'5 process were done in a controlled
environment with linear amplification. The DTV out-of-band emission was more
than 50 dB down. A practical high power DTV transmitter, howeYer, will aeate
intermodulation products in channels adjacent to the digital television (DTV)
channel. Therefore, it was decided to repeat the adjacent channel interference tests
using a DTV signal with maximum permissible out-of-band emission as defined by the
RF Mask in the Sixth Report and Order3

Preliminary study by the Advanced Television Technology Center (ATTC)
suggested that the Desired-to-Undesired ratios for Adjacent Channel interference with
sideband splatter would be much greater than expected. The total average sideband
power, regardless of spectral distribution, is the dominant interference mechanism
rather than the in-band power of the undesired adjacent channel. The shape of the RF
Mask was integrated and the average power out-of-band was found to be 39.33 dB
below the total average power in-band. See appendix A for details of the integration.
The sideband power exhibits random noise-like or co-channel interference-like
behavior. The results of Grand Alliance tests for carrier-to-noise threshold and co
channel DTV interference into DTV were both about 15 dB. Therefore, the predicted
Desired-to-Undesired ratio for Adjacent Channel interference with sideband splatter is
24 dB. .

Formal tests were performed on July 7, 1997 to verify the predicted results.

2. Method

A block diagram of the test setup is prOVided in Figure 1. The ON signal is split
into two paths. The desired signal is delayed longer than the range of the dynamic
equalizer in the receiver. The Desired DTV channel is Channel 23. The desired power
levels were Moderate (-53 dBm) and Weak (-68 dBm).

1 Rec;ord of Test Results for 4iri tal HDTV Grand AlUance System from Transmission &5 Objective Tests,
Advanced Television Test Center, (April 19 - July 21, 1995).
2Grapd Alii."" System Test Proc::edures - ran Ii Transmipion iii Objectiye Tests. Section 3.1, FCC
Advisory Committee on Advanced Television (SSWP2-1306).

/ 3Sixtb Report and Order. adopted April 3, 1997, FCC 97-115, <released April 21, 1997).
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Figure 1 - Block diagram of the ATIC test setup to measure the interference from a DTV signal
into an adjacent channel DTV signal.

The Undesired DTV Signal is applied first on the Upper Adjacent Channel 24
with respect to the Desired DTV, and then on the Lower Adjacent Channel 22. The
Undesired DTV signal can be subjected to controlled non-linearity in a solid state
amplifier, or remain undistorted, before being up-converted to an adjacent channel.
The distortion emulates sideband splatter permitted by the proposed FCC mask, - 35 dB
at the DTV channel edges and decreasing away from the DTV channel. The
characteristics of the out-of-band emissions are documented by the spectrum plot of
Figure 2. This plot also shows the FCC Mask.

The Threshold of Visibility (TOV) is determined as follows. A Blt Error Rate
(BER) meter is connected to the output of the demodulator. The undesired power is
increased until the BER does not exceed 3 x lQ1 for three consecutive readings. Three
BER readings were taken 0.25 dB above and below this level to ensure TOV had been
reached. At least 20 seconds elapsed between BER readings.

The DTV signal average power was measured with a spectrum analyzer. All
reported values have been corrected for a resolution bandwidth of 30 kHz.

P =10.1 {6MHZ '10P~H]
AWl 0 30kHz

PAw, = 23dB+P__
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Figure 2 -- SpectrUm plot showing the DTV channel out-of-band emissions which emulate the
maximum sideband splatter pennissible by the proposed FCC RF mask.
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3. Results

Figures 3 and 4 show the relative power levels of the Desired and Undesired
signals, with sideband splatter, at TOV for the Lower and Upper Adjacent Channel
interference. Interference from the DTV signal on the Lower Adjacent channel was
found to have a rov of about -23 dB Desired-to-Undesired Ratio (DIU), and
interference from the DTV signal on the Upper Adjacent channel was found to have a
roVof about-21 dB DIU.

Table 1 summarizes the rest of the results of this test along with some previous
results for comparison.
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Figure 3 - Spectrum plot ofLower Adjacent Channel Interference showing the relative power
levels of the Desired and Undesired signals at TOV, where the undesired DTV signal has sideband'
splatter. Note evidence of sideband splatter near the left edge of the plot
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Lower Adjacent Channel Upper Adjacent Channel
Desired Channel = N Desired Channel = N

Undesired Channel = N-1 Undesired Channel = N+l
DIU (dB) DIU (dB)

CUIl'elltResults

TOV with sidebands -23.09 -21.15
D=-53dBm
TOV with sidebands -22.83 -21.15
D=-68dBm
TOV wI0 sidebands < -41 -37.40
D=-53dBm
TOV wI0 sidebands -41.87 -38.23
D.-68dBm

P1'eYious Results

FCC Planning Value -41.98 -43.17

TOV Grand Alliance < -38.23 -39.32
D=-53dBm
TOV Grand Alliance -41.98 -43.17
D.-68dBm
TOV Bakeoff -42.16 -42.86
D.-68dBm

Table 1 -- Large differences in DIV exist between a DTV signal
free of 1M products and one with IM: products limited as per the
FCC proposed RF Mask.

4. Conclusions

The adjacent channel interference threshold is much worse than the FCC
planning values when legal amounts of sideband splatter are present on the adjacent
DTV signal. The difference can be as high as 22 dB.

Figure 2 shows an asymmetry in the sideband splatter above and below the
Undesired DTV signal. The upper sideband energy is roughly 2 dB below the FCC
Mask. This is consistent with the 2 dB difference in TOV between the Upper and
Lower adjacent channel cases with sideband splatter and suggests that the Lower.
adjacent channel TOV with sidebands should be -21 dB, not -23 dB as reported.

These results support the prediction that the total power of the sideband splatter
from an adjacent DTV signal is the dominant interference mechanism, rather than the
in-band power.
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It is believed that the sideband splatter power from an undesired adjacent DTV
signal will have a much stronger influence on the DTV reception near where the SNR
approaches the threshold, e.g. 15.2 dB.
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Numerical Analysis of the FCC proposed RF Mask

Walt Husak
Technical Director

Advanced Television Technology Center
1330 Braddock Place, Suite 200

Alexandria, Va. 22314
(703) 739·3879

Charlie Rhodes has identified the RF Mask proposed by the FCC to be a noise-like interferor into the
upper and lower adjacent channels. This paper will do a numerical analysis and symbolic integration to
convert the RF Mask into an equivalent noise power figure.

w=O,.Ol.. 6
2

f(x) =·35-~
1.44
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The RF Mask is described in logarithmic power levels. In order to integrate the power at each frequency
point, the Mask must be redefined in absolute power terms. The following function expresses the Mask in
absolute power levels relative to 1 W.

2
·35-...!L

1.44

g(m) := 10 10

Although 1 W Wal chosen to make the numbers easy to verify, the Muk i8
deecribed by the FCC relative to mid-channel of the tran.mitted DTV' mpal. The
reported equivalent noise power will be relative to the middle of the channel reprdle88
of absolute transmitted power.
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RF Mask vs. Frequency
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The absolute power level in the RF Mask is concentrated near the adjacent channel band edge. The mask
power should contain equal power-area above find below the average power line. The numerical integration
will divide the spectrum into 6000 equally sized bands. The power for each band will be calculated separately,
summed together, and scaled to normalize the results.

:=0 .. 6000

f(l~OO)
X..=10 10

I

6000

_1_. '" X. =1.167522°10-4

6000 ~ I

i=O
10'lOg(~. ~ Xi) =-39.327

i-O

The variable X is a vector containing 6000 entries, each a spectral band. The sum total, scaled to the
6000 bands, is 116.75 uW. This power level translates to -39.33 dB relative to the channel center.

The next section evaluates the power as a definite integral. The non-logarithmic RF Mask equation is
used as the integrand, the limit ofintegration is the frequency response, and the scaling factor is drawn from
the intergral's limits.

!·f6
6 0

~ r).3.S~

10 1404 elf =1.1672580 10-4
( r) 1.3.S+-

10 1404 elf --39.328

The symbolic method agrees with the numerical method. The reported equivalent noise power is ·39.33
dB relative to channel center.
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The interference caused by noise into the receiver is shaped by multiplying the ATSC root-raised-cosine
filter with the spectra caused by the RF Mask. This next section will apply this spectrum shaping to the
integrals to further refine the equivalent power measurement.

j := O•.ol ...62 I =5.38.5.39.. 6

h(x) = (! -!'COS(-!"'ll))
2 2 .62
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The complexity of multiplying these functions together with the RF Mask makes piece-wise integration a
natural choice. Both the numeric and symbolic integrations can be broken down into three contiguous
functions. Once these sections are calculated. they can be summed together for the final result.

(
t(X»)
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The following three functions multiply the RF Mask with the receiver root-raised-cosine filter at each channel
edge and the channel center.

I II

I I t \
J( 1 1 (f )") .\3.5+144/ :- - _·cos _.1l ·10 . dfl

2 2 .62 ,

f(x)

M(x) :: h(x)-10 10
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This is the lower channel edge.

II =2.022'10-5

-5
=8.454'10

;"5.38

12 =-!.. I
6 J.62

! t )·3.5+-
10 \ 14.4 df

This is the channel center.

[2 =8.451'10--5

t(x)

O(x) =k(x)'\O 10
1

6000
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L
n =5380

O{_O_\ = 1.414'10-7

10001

; t \
(1 1 (6 f

))

.:3.5+-1
- - _·cos --_.x ·10 \ 14.4/ df
2 2 .62

This is the upper channel edge.

The total power isthe sum of each term (11,12.13). Converting back to dBW will give a relative noise
power value relative to 0 dBW at the channel center. The final number is ·39.8 dB below channel center. It is
interesting to note the power lost in the root-raised-cosine filter is approximately 0.5 dB. hi this exercise, the
predominate energy is located on one side of the Mask. The total power lost in the root-raised·cosine filter will
be nearer to 1 dB.

II + 12 + 13 = 1.049'10-
4

10·10g(11 + 12 + 13) =-39.793
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Analyzing the FCC's DTV Spectral Emission Mask and Potential Degradation to
Adjacent Channels due to Antenna Pattern Differences

Carl Eilers and Gary Sgrignoli
Zenith Electronics Corporation

Abstract

The FCC DTV Spectral Emission mask is
analyzed with an NTSC subjective noise weighting
function to determine the desired NTSC to undesired
adjacent channel DTV signal ratio at the threshold of
visibility of interference.

Factors which alter the NTSCIDTV adjacent
channel signal ratio at various receiving locations
within the NTSC service are examined: (1) The
azimuth patterns of the NTSC and DTV broadcast
antennas (2) The elevation patterns of the NTSC and
DTV broadcast antennas (3) The centers of radiation
of the NTSC and DTV broadcast antennas.

which is based on a measurement bandwidth of 500
kHz:

Attenuation in dB = 46 + [(41211.44)];
where: L1f= frequency difference in MHz from the
edge ofthe channel. "

The emission mask is shown in Figure 1. The
important parameters are: (a) DTV in-band power as
reference, (b) the spillover function in the upper and
lower adjacent bands, and (c), the 500 KHz
measurement bandwidth.

Figure 1

FCC'S DTV EMISSION MASK

,

NTSC Subjective Weighting Function

The FCC emission mask is a rigid mask in
that any spectral component in the adjacent channels
which is not attenuated at least as much as the recited
spillover function results in non-compliance. In order
to determine the visibility or audibility of the spillover
spectral components as interference to NTSC received

I I I
OlV Average Power,

46dB

,~ ~ ......
/ '" Attenuation (dB)- [7

""/ 46+AJ2/1.44 \.

1/ \

These factors together with the NTSCIDTV
authorized power ratio may make DTV spillover
spectrum exceed acceptable picture (and sound)
interference levels even though compliance with the
FCC DTV Spectral Emission Mask is met.

Spectral shaping solutions are examined by
use of the NTSC Subjective Noise Weighting
Function.

Introduction

On April 21, 1997 the Federal
Communications Commission (FCC) released the
Sixth Report and Order on Advanced Television
Systems [1]. In that Report and Order the
Commission adopted an emission mask requirement
"that: (1) at the channel edge, emissions must be
attenuated no less than 46 dB below the average
transmitted power; (2) more than 6 MHz from the
channel edge. emissions must be attenuated no less
than 71 dB below the average transmitted power; and
(3) at any frequency between 0 and 6 MHz from the
channel edge. emissions must be attenuated no less
than the value determined by the following formula.

1
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signals, it is instructive to introduce a subjective
weighting function. Figure 2

NTSC WEIGHTING FUNCTION

As an application example, assume DTV
spillover noise having the exact shape of the FCC
Mask is weighted. The sequence of values taken from
Figure 1 (at the center of each 500 KHz band) (lower
adjacent channel spillover) is shown on the second
line (in whole numbers of dB's) in Table IIa and the
NTSC weighting sequence is shown on the third (in
whole numbers of dB's). The fourth line is the
summation of dB's in each band. Each of the dB's

MHz
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·10

dB ·13
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FCC Mask and NTSC Weighting

The subjective weighting function (in table
form in Table I, and graphically in Figure 2), may be
expressed as a series of weights (attenuation)

.beginning at the lower end of the NTSC 6 MHz
channel as follows: -27 dB, -13 dB, -3 dB, -2 dB, 0
dB, -1 dB, -4 dB, -9 dB, -10 dB, -4 dB, -10 dB, minus
infinity dB for the video image; and minus infinity for
all but the 12th (audio) band which is weighted at 0
dB. 1 TOA was determined to be at an aural carrier to
noise ratio of 35 dB as measured in the 12th band.
Any value less than that would be heard and any
greater value would not be heard. The visual to aural
carrier ratio was 13 dB.

Lower Upper
Band Band
Edge Edge

1 2 3 4 5 6 7 8 9 10 11 12 Frequency
Sub-Bind

-27 -13 -3 -2 0 -1 -4 ·9 ·10 -4 -10 ...., VIdeo
IdBl

-00 -00 -00 -<Xl -00 -00 ...., -00 -00 -00 -00 0 Audio
IdBl

Table I

NTSC Weighting Function
in 500 kHz Increments

The subjective weighting function is derived
from data taken at the former Advanced Television
Test Center (ATTC) on 24 NTSC television receivers
viewed by several expert viewers (and listeners). A
band of noise interference 0.5 MHz wide was stepped
across the 6 MHz channel occupied by an NTSC
picture and sound in increments of 0.5 MHz in 12
bands. The interference level was adjusted to
determine threshold of visibility (TOV) in each of 11
bands beginning with the first band at the low
frequency end of the 6 MHz channel, and threshold of
audibility (TOA) in the 12th band. In essence, the
procedure was determining the attenuation versus
frequency characteristics of a filter function
equivalent to the cascade of the human visual (and
aural) system and the NTSC television receiver. The
filter function, called the subjective weighting
function. which represents the mean of the 24 sets, is
normalized to zero (0) dB at the most sensitive
frequency, with all other frequency locations having
attenuation (-dB's) values.

1 The Advanced Television Systems Committee Group on
Compliance (T3/S11) has modified the original weighting
values in the color subcarrier region to these values shown
in order to be more sensitive to saturated reds and blues and
are used throughout this paper.
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applied to this uniform distribution, the weighted
noise power becomes - 56 dB.

Figure 3
FCC MASK AND NTSC WEIGHTING

shown on the fourth line is converted to power by
dividing by 10 and computing the antilog. All 12
(actually 1t because of the minus infinity for the 12th)
antilog values are summed to represent the total
weighted power. This power is converted back to a
dB value as a single number shown on the fifth line,
which is -46 dB (in whole numbers of dB's).

NTSC WEIGHTED LOWER SPILLOVER DISTORTION
Table lIa (In dB)

Low.", Upp.r
Band Band
Edg. Edg.

1 2 3 4 5 I 7 I I 10 11 12 8r:~~~"l

." -65 -62 -Sl ·56 .$3 .51 ·50 -41 -47 -41 -46 IMaok

·27 .13 ·3 ·2 0 ·1 -4 ·1 ·10 ·4 .10 .... IVld•• Waigh
(dBI

-" .71 -65 -11 ·56 ·54 .5$ ·51 ·51 -51 .55 .... lummltlon

·46 Tolal

The same exercise repeated on the upper
spillover results in a total weighted power (in dB) of
-44 dB. This is shown in Table lIb.
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NTSC WEIGHTED UPPER SPILLOVER DISTORTION
Table lib (in dB)

Low.r Upp.r
Band B.nd
Ed • Ed••

1 2 3 4 5 6 7 I 9 10 11 12 ,.'::l~"n"l

-41 -4. -47 -41 ·50 -51 ·53 .$6 -51 ·62 -65 "I iMaok

·27 .13 -3 -2 0 ·1 .<l ·1 ·10 ." ·10 .... IV..... W.lght
(dB'

·73 ·51 ·50 ·50 ·50 -52 -57 ·15 ·69 ... ·75 ... (sommatlon

-44 IT,,,o'

Note that the upper adjacent channel spillover
weighted power is 2 dB greater than the lower
adjacent channel spillover power, even though the
spillovers are symmetrical.

One additional exercise is required which is to
determine a reference TOV. The ATTC also
determined that the mean TOV for the 24 receivers
when the noise interference is uniformly distributed
across the 6 MHz channel was - 51 dB total noise
power, measured in 6 MHz, relative to the visual
carrier sync tip. When the weighting function is

NTSC Weighting Function

Figure 3 shows in one place the FCC Mask,
the NTSC weighting function, the lower and upper
spillover NTSC weighted distortion and the TOV and
TOA values. In this Figure, as well as the following
Figures, V, C, A, and D represent visual carrier,
chrominance subcarrier, aural carrier, and DTV
average power levels, respectively. Note that at TOV
the lower spillover distortion value (from Table IIa)
requires a visual NTSC carrier level of 10 dB above
the DTV adjacent channel average power (56-46=10)
while the upper spillover distortion NTSC weighted
value (from Table IIb) requires a visual NTSC carrier
level of 12 dB above the DTV adjacent channel
average power (56-44 =12). Also for this set of
circumstances, TOA has a margin of 8 dB
(46+10-13-35=8) from Table IIa for the lower
spillover distortion and a margin of 33 dB
(69+12-13-35=33) from Table lIb
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for the upper spillover distortion. 2

DTV Weighting Function

Figure 4

DTV WEIGHTING FUNCTION

I

Just as the NTSC receiver has its frequency
response which is the basis for the NTSC subjective
weighting function, the DTV receiver also has its
frequency response which is a root-raised-cosine
characteristic at each band edge. (The transmitter and
receiver each share equally the overall cascaded
frequency response characteristic). The root raised
cosine characteristic is shown in Figure 4.
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2 The audio signal to noise ratio corresponding to TOA can
be calculated as follows:
• Aural carrier to noise ratio at TOA is 35 dB in 500 kHz

noise bandwidth as mentioned above.
• Add 12 dB for 30 kHz noise bandwidth. (30 kHz

bandwidth will support a double sideband AM signal
with 15 kHz as highest audio modulating frequency).

• Add 9 dB for FM improvement over AM. [FM
improvement factor = --13 (frequency deviation/highest
audio frequency) = --13 (25 kHz/15 kHz)=2.89,
20 log 2.89 = 9.21 dB 1':l9 dB]

• Add 13 dB for 75 Jlsec de-emphasis
• Audio SIN = 35 +12+9+13 = 69 dB. This is the

monophonic SIN. The stereophonic SIN is within
I dB of this value because of the aggressive dbx
companding. SAP is about 4 dB worse.

A very close approximation is the stepped
characteristic where the first and last of twelve 500
KHz bands within the 6 MHz channel are given a
weight of - 4 dB. All the other bands have a weight of
odB. This is the objective DTV weighting function.
Table III shows this in tabular form which is
convenient when analyzing the spectral spillover to an
adjacent DTV channel.

Table III

DTV Weighting Function
in 500 kHz Increments

lower Upper
Bend Bend
Edge Edge

1 2 3 4 5 I 7 I • 10 11 12 Frequency
Sub·Bend

·4 0 0 0 0 0 0 0 0 0 0 ·4 DTV Weight
(dB)

FCC Mask and DTV Weighting

As an exercise similar to the previous NTSC
case, again assume spillover noise having the exact
shape as the FCC Mask is weighted. In Table IV the
sequence of values taken from Figure 1 (lower
spillover) are shown on the second line and the DTV
weighting sequence is shown on the third line. The
fourth line is the summation of dB's in each band. As
before, converting the third line dB values to power
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and summing them to determine total DTV weighted
power and then converted back to a single dB value
results in a single number on the fifth line which is
-40 dB.

DTV WEIGHTED SPILLOVER DISTORTION
Table IV (in dB)

Lower Upper
Band Band
Edge Edge

1 2 3 4 5 6 7 8 • 10 11 12 ~~
-5. -55 -52 -5. -56 -53 -51 -50 -48 -47 -46 -46 Ma.k

-4 0 0 0 0 0 a a a 0 0 -4 DTVWelght

·73 -55 -52 -5. -56 -53 -51 ·50 -48 -47 -46 -50 Summation

-40 Totel

A similar exercise on the upper spillover
results in the same number, which is -40 dB. The
identical values for both the upper and lower adjacent
channels is due the symmetry of both the spillage and
the objective weighting function. Figure 5 shows in
one place the FCC Mask, DTV weighting function,
and resulting DTV weighted spillover powers.

Figure 5

FCC MASK AND DTV WEIGHTING

DTV to DTV Adjacent Channel Interference

The above mentioned -40 dB out-of-band
power may be compared to the DTV receiver
threshold when receiving an adjacent DTV channel
signal. The DTV receiver threshold has been
determined to be at -15.0 dB relative to the DTV in
band power. [8]. For the case of a threshold
degradation of 0.1 dB, a simple calculation shows that
a noise like interference, such as spillover noise,
which is -32 dB relative to the in-band DTV power
results in a new equivalent noise level of - 14.9 dB.
The new threshold then becomes 15.1 dB.2
Comparing -32 dB to the results in the previous,
section of -40 dB, it is seen that the difference, - 8 dB,
is the required adjacent channel DTV to DTV power
ratio; i.e., the DTV transmitter operating in the
spillover region of another DTV transmitter may have
8 dB less power (when co-located). For the case of
spillover noise from both sides relative to a desired
DTV channel, when 3 transmitters are operating co
located in adjacent channels relative to each other, the
gun of the two undesired DTV transmitter powers
(operative on both sides of the desired) may be 8 dB
greater than the desired DTV transmitter power.
Again, this assumes each of the
individual DTV signals have spillover exactly
matching the FCC Mask.
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When a greater impact on DTV receiver
threshold than 0.1 dB, such as 0.25 dB, is allowed, the
above 8 dB value may be increased to 12 dB.

Additional Factors Affecting Adjacent Channel
Interference

The foregoing analysis assumed that both
desired and undesired broadcast signals were emitted

2 This can be confusing. The DTV receiver threshold was
determined by the ATIC to be at -15.0 dB relative to the
average total DTV power. Another way of expressing this
is that the DTV receiver internal noise power is 15.0 dB
below the received DTV signal power (-15.0 dB). When
outside noise is added to the received DTV signal (such as
adjacent DTV channel spillover noise interference), which
for a 0.1 dB degradation increases the noise level by 0.1 dB
to -14.9 dB, the signal power must be increased by the same
0.1 dB which results in 15.1 dB threshold performance.
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in identical fashion, i.e., the same type of antenna, the
same transmitting location, the same height above
average terrain (HAAn, etc. In general, television
broadcast antennas have varied characteristics
depending upon design objectives. Antenna pattern
differences may exist for both azimuth and elevation.
In the next section, azimuth pattern differences are
evaluated with regard to adjacent channel DTV to
NTSC interference.

Azimuth Pattern Differences

A broadcaster may choose to add a DTV
antenna to an existing NTSC antenna on the same
tower. The NTSC antenna will probably have a high
gain whereas the lower power requirement for DTV
having the same coverage might result in a choice of
lower gain and greater bandwidth for the DTV
antenna. Regardless of the reasons for each design
difference or similarity, there is likely an azimuth
pattern difference. An example for UHF is shown in
Figure 6 (extracted from Reference 6).

Figure 6

UHF AZIMUTH PATTERN DIFFERENCES
O'

2.9dB

to·

DTV Traveling Wave
Antenna 110' NTSC Panel Antenna

The NTSC panel antenna has deeper scallops
than the DTV antenna in 8 azimuth directions. The
difference in field strength along those radials is
approximately 2.9 dB in favor of DTV. (In this, as
well as the other cases in this paper, the equivalent

omnidirectional antenna gains and transmitter powers
are normalized to unity). Generally, there is little
difference in the frequency response (magnitude and
phase) across the 6 MHz channel because of the small
change in frequency compared to the carrier frequency
whether in the depth of the scallop, or not, unless the
scallop is partially caused by reflections off nearby
towers or another antenna such as in a candelabra
configuration. This is a close-in echo case which the
receiver equalizer will correct. The 2.9 dB difference
exists throughout the entire service area, whether
close to the station or far out.

Elevation Pattern Differences

While TV broadcast antennas are recognized
as having azimuth patterns, many of which are
directional arrays, it is less recognized that there is
also an elevation pattern. In the UHF band it is
common to use a high gain antenna to reduce the
requirement on transmitter power for achieving the
high effective radiated powers desired for UHF
coverage to be on a par with VHF coverage. The high
gain is achieved by a stacked array of dipoles
(distributed in the case of a traveling wave version).
The elevation pattern is directly related to the choice
of stacked array. Thus there will be a different
elevation pattern between higher and lower gain
antennas. An example of elevation patterns for UHF
is taken from the FCC OET Bulletin No. 69 [4]. The
data values are plotted in Figure 7 as elevation
patterns in rectangular coordinates. The relative field
strengths of the higher gain NTSC antenna and the
lower gain DTV antenna are normalized at a beam
declination (depression angle) from horizontal of 0.75
degrees.
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Figure 7
UHF ELEVATION PATTERN DIFFERENCES

A distinct relative field strength difference is
evident for declination angles greater than 1.5 degrees
and up to 3.5 degrees with an oscillatory difference at
greater declination angles. The corresponding
distances from the broadcast antennas are dependent
upon antenna height. If the antenna height (HAAT) is
1,000 feet, the corresponding distances are 7.5 miles
at 1.5 degrees declination angle and lower (closer-in)
with increased angle. Note: the usual rationale for
choosing a lower gain DTV antenna is the recognition
that much lower DTV effective radiated powers (ERP)
are required for equivalent DTVINTSC coverage.

If the relative field strengths are matched at
the NTSC Grade B contour, the first 10-20 miles
would have a consistent 1 dB mismatch between DTV
and NTSC, in favor of DTV for this example.
However, the DTV allotments assume the NTSC
antenna height is the present height which would

In examining Figure 7, it is seen that the worst
relative field strength difference is at 5 degrees
declination angle with a value of 3.7 dB in favor of
DTV. At 1,000 feet HAAT, the distance would be 2
miles.

Center of Radiation Difference

When broadcast antennas are mounted on the
same tower, either top or side, they are placed at
slightly different heights. As an example, if the DTV
antenna is 100 feet higher than the paired NTSC
antenna, the relative field strength at the distant
coverage contour (e.g. 50 miles) differs by about 1 dB,
in favor of DTV, assuming identical antennas, and
FCC F(SO,SO) curves. This is shown in Figures 8a and
8b. A somewhat greater difference exists when using
FCC F(SO,90) curves.
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Wideband. Multiple Channel Antennas

Distance 35 mile. "mUes 2 miles HAAT -1000 Feet

ANGLE OF OECUNATION FROM HORIZONTAL· DEGREES

require that the DTV antenna be lower. In this case
the roles are reversed in favor of NTSC.
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In examining this case, it is evident that the
DTV relative interference ratios in the vicinity of the
NTSC visual carrier, chrominance subcarrier, and
aural carrier are not altered compared to the signals
entering the broadcast antenna. Looking more closely
at this case, the magnitude tilt across one channel is
half that across two channels, i.e., 2.75 dB compared
to 5.5 dB. In an NTSC color TV receiver, the action
of the automatic color level circuitry is to restore the
relative level of chrominance compared to low
frequency luminance, which is fixed by action of the
main I.F. and Tuner AGC. There is, at most slightly
more than 1 dB unrestored mid-video frequency (and
DTV spillover interference) component level. No
noticeable interference effect is expected, although the
picture will look slightly softer.
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Magnitude Tilt at 2.5" Depression Angle (4 Miles)

Figure 10
BROADBAND CHANNEL 31, 32 ANTENNA
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Figure 9
ELEVATION PATIERN FOR MULTIPLE UHF

CHANNEL ANTENNA

The assumption is first: DTV is carried on
channel 31 and NTSC is carried on channel 32.
Taking a worst case depression angle resulting in a
magnitude frequency response downward tilt of 5.5
dB3, the consequential effect on DTV transmitter
spillage may be seen on Figure 10.

Instead of each TV channel having its own
broadcast antenna, proposals have been made to
replace the present NTSC antenna with a multiple
channel antenna. It is said that such an antenna would
provide the same center of radiation for each TV
channel radiated from the single antenna. Such an
antenna is here chosen as an adjacent channel
DTVINTSC antenna for analysis. This example is
adapted from Reference [7] where a UHF channel
31/32 antenna is described. The elevation pattern for
each edge ofa 12 MHz band is shown in Figure 9.

Figure 11 shows the reverse case where
channel 31 carries the NTSC signal and channel 32
carries the DTV signal. Even less noticeable
DTVINTSC interference in the DTV spectral spillover
region is expected.

3 Some authors have called this differential gain.
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In both Figure 10 and Figure 11 there is DTV
spectrum tilt which the equalizer in the DTV receiver
will correct.

Figure 11
BROADBAND CHANNEL 31, 32 ANTENNA

(DTV above NTSC) HAAT =1000 Feet
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Degradation of Adjacent Channel
NTSC/DTV Ratio Due To

1. Azimuth Pattern Difference 2.9 dB

2. Elevation Pattern Difference 3.7 dB

3. 100 Foot Antenna Height Difference 1.0 dB

Total Degradation 7.8 dB
(..adB)

Summary Table

Recall from Figure 3 that when the DTV
channel frequency is below the adjacent NTSC
channel frequency, the NTSCIDTV signal ratio is 10
dB at the threshold of visibility (TOV). Factoring in
the above 8 dB results in an 18 dB requirement. (If
the audience in the first 10 miles is not important
because of sparse population, this number becomes 14
dB). If co-location of DTV and NTSC broadcast
antennas is not achieved, then terrain effect
differences to the receiving location must also be
factored into the analysis.

The summary Table V shows the worst case
combination of the adjacent channel cases treated in
this paper. The total degradation is 8 dB.

Table V

Sum of All Cases of Potential Adjacent Channel DTV
Spillage to NTSC
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While most of the significant magnitude
frequency response tilts are downward from the lower
edge of the TV channel to the upper edge, and are
experienced at a distance of less than 10 miles from
the broadcast station, there is a significant tilt in the
opposite direction (+3.3 dB in 12 MHz, +1.65 dB in 6
MHz) at 35 miles distance. This case (which is not
illustrated) is expected to be less detrimental to DTV
spillage into NTSC than the previous case. The action
of the color AGC is to reduce the color level (and the
·interference level in the chrominance region) to match
the level of low frequency luminance, however the
video image will look slightly sharper.

In all the analyses thus far, the spectral
spillover was exactly matched to the FCC Mask
requirement of Figure 1. Reduction of out-of-band
DTV spillage may be accomplished by high power
amplifier linearity correction andlor use of a high
power bandpass filter. While linearity correction is a
potential improvement in DTV out-of-band spillage,
the use of a high-power bandpass filters can provide
reliable, consistent results, even when used alone.

DTV Spillage Reduction With Bandpass Filter

An example of a bandpass filter response
suitable for reducing out-of-band DTV spillage is
shown in Figure 12. It is a bandpass version of a 5th
Order Tchebychev low pass prototype. It has
reasonable attenuation at the NTSC visual carrier in
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Figure 12
HIGH POWER BANDPASS FILTER

5th Order Tchebychev

the upper adjacent channel and at the NTSC
chrominance subcarrier in the lower adjacent channel.
The in-band phase characteristic should be pre
equalized (conveniently done in the digital domain),
however, otherwise the DTV receiver threshold
performance will be adversely affected.
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Figure 13 shows the results when DTV
splatter exactly conforms to the FCC Mask without
filtering, taken from Figure 3. When NTSC
subjective weighting is applied to the lower adjacent
channel spillage a 9 dB improvement is achieved with
the filter. The corresponding improvement in the
upper adjacent channel is 11 dB. The 8 dB
degradation of Table V is overcome with either of
these two numbers.

Recall the results of analyzing the case of out
of-band DTV spillage exactly conforming to the FCC
Mask shown in Figure 3. For a DTV channel
allotment which places it in the immediately upper
adjacent channel to an existing NTSC allocation, the
NTSC visual carrier sync tip power should be 10 dB
above the DTV adjacent channel average power for
threshold of visibility (TOV) of interference. This is
potentially degraded for some NTSC receivers in the
service area by 8 dB as summarized in Table V.
When adding the effect of the DTV transmitter
bandpass filter from Figure 13, TOV is reached with
an NTSC visual carrier 9 dB above the DTV adjacent
channel average power (lO + 8 - 9 =9 dB).

For the lower DTV case, TOV is reached with
an NTSC visual carrier 9 dB above the DTV adjacent
channel average power (12 + 8 - 11 =9 dB).

Thus for both lower and upper NTSC
assignments relative to an allotted DTV channel, a 9
dB NTSCIDTV power ratio will just result in TOV
using a bandpass filter. This may be compared to the
adjacent channel allotments in the FCC Sixth report
and order [1] where this ratio ranges from 10 dB to 16
dB for many cases, with a few worse than 10 dB.
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Discussion

The analysis in this paper has assumed that
adjacent NTSC and DTV stations are co-located. The
FCC defines co-location as within 3 miles (5 km).
The expectation is that both adjacent channel signals
traverse the same path to receiving locations to ensure
the same NTSCIDTV power ratio throughout the
service area. Where adjacent NTSC-DTV stations are
not co-located, there is no alternative but to examine
the NTSC-DTV relative field strengths at a number of
receiving locations, factoring in broadcast antenna
pattern differences between adjacent channels,
together with DTV out-of-band spillage and
NTSCIDTV ERP ratios.

The analysis also assumed that interference
should not exceed TOV. Individual broadcasters may
decide to relax this requirement somewhat but still
meet the requirements of the FCC Mask. This is a
valid choice because the -51 dB TOV interference
level mentioned early in this paper was determined by
flashing the noise on-and-off. Steady noise
interference can be 4 dB to 5 dB greater before the
onset of visilibility.

Conclusions

In some cases, the FCC's Emission Mask may
be marginal, to inadequate, for controlling adjacent
channel interference.

• Degradations due to broadcast antenna elevation
patterns occur in the first ten miles from the
transmitting antenna.

• Azimuth antenna pattern differences exist between
NTSC and DTV throughout the service area.

• Single, wideband antennas emitting several
channels appear to present no significant
problems.

A transmitter high power bandpass filter provides an
adequate margin for co-located NTSC-DTV stations.

• NTSCIDTV power ratios greater than 9 dB will
ensure that TOV will not be exceeded when using

a DTVbandpass filter in a co-located case for
circumstances similar to those of this paper.

Non-eo-located NTSC-DTV assignments will likely
require unique engineering solutions to avoid
interference conditions.
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