FCC regulations on separation distances, maximum antenna heights
and radiated powers. The degrading effects of interference
sometimes may be reduced by using a directional antenna and the
capabilities of a receiver to discriminate between desired and
undesired signals. A similar situation is expected to hold for ATV
reception.

2. Purpose

The purpose of developing this model is to obtain a tool by
means of which RF receiver interference and noise impairment
thresholds, such as those measured by the Advanced Television Test
Center (ATTC) for the several ATV systems, can be translated into
expected geographic service and interference areas. The model will
be a useful tool for exploring the trade-off between the coverage
area of new ATV stations and the degree of interference protection
afforded to the present NTSC television service. This trade-off is
centered on establishing minimum ATV-NTSC cochannel separation
distances. Existing spectrum assignment models are able to explore
the relationship between the ATV-NTSC cochannel separation distance
and the number of NTSC allotments that could be assigned a
simulcast channel.

The programs which implement the model will be capable of
providing output values in convenient formats for any reasonable
range of input parameters, such as desired-to-undesired ratios,
transmitter power, HAAT, spacing, broadcast band, propagation

characteristics and receiving characteristics.
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Some of the parameter values for an ATV service will not be
known until after completion of the subjective tests in Canada and
until after FCC rule-making. Tentative values must be assigned
carefully to these criteria so that an equitable and fair compari-
son of ATV transmission systems is possible and so that allotment
planning is based upon valid estimates of coverage and interfer-
ence.

Each Proponent and interested party was asked to designate an
individual:

) To serve on SG-11 to specify a model
. To verify that the resultant model will fairly represent
the capabilities and advantages of the proposed ATV
Systems
. To monitor the development and testing of the Model
The initial charge to SG-11 was:

To specify and to develop a computer model that may be

used to calculate the service and interference contours

and their areas for an ATV transmission and receiving

system; and to propose a software system which will

implement the model and which will serve as a tool to
evaluate and compare ATV transmission and receiving

systems by using data assembled by ATTC/ATEL to predict
and plot ATV service and interference contours.
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The charge was extended:

To define comparable service area as the interference-
limited service area of present stations; and to develop
a methodology for calculating the interference-limited
service areas of stations as a tool for evaluating pro-
posed allotment plans.

3. Allotment Plan Principles
Three reasonable objectives for an ATV simulcast service, are:

(1) That all, or nearly all, present NTSC allotments be
paired with an allotted ATV simulcast channel

(2) That an ATV simulcast station have a service area that is
comparable to the service area of the NTSC station to
which it is paired

(3) That reception of existing NTSC stations not be signifi-
cantly impacted by interference from new ATV stations

The most critical parameter of an ATV allotment plan is the
separation distance between a new ATV transmitter and an existing
cochannel NTSC transmitter. If this cochannel separation parameter
is set to the largest distance that will permit nearly 100% of
existing NTSC allotments to be paired with simulcast channels, then
an ATV transmitter power level which would support an ATV coverage
area comparable to the existing NTSC coverage area would create a
certain level of additional interference within the NTSC service
area. Should that level of interference be deemed objectionable,
then either the ATV transmitter power must be reduced with a cor-
responding reduction in ATV coverage area or the cochannel separa-
tion distance must be increased with a corresponding decrease in
the number of ATV allotments.

WP-3 has recommended ATV spectrum allotment and assignment

planning principles to the Planning Subcommittee. They are useful
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for comparing how proposed ATV transmission systems would implement
broadcast service areas within a nationwide spectrum allotment
plan. They also could be applied to any existing station or
allotment to compare coverage areas.

The principles can serve as a guide for recommending limits on
the separation distances, antenna heights and permissible powers of
cochannel ATV stations. Two of the principles, which address the
above objectives, are particularly relevant to the work of SG-11.

(1) That ATV assignments should provide a service area compa-
rable to the calculated interference-limited service area
of the NTSC station with which it 1is paired. The

interference~limited service area is that region to which
reception is limited by calculated interference from TV

stations.

(2) That an ATV station should not cause any greater inter-
ference penetration into the service area of existing
NTSC stations or other ATV stations than is permitted for

NTSC.

The Fourth Interim Report stated that the degree of interfer-
ence to NTSC permitted will be comparable to that caused by NTSC-
to-NTSC cochannel interference at typical cochannel spacings. WP-3
has suggested for the initial purpose of comparing ATV systems that
the measure of NTSC-NTSC cochannel interference should be taken at
the minimum separation and the maximum height and power permitted
by the FCC rules, except that 1200 ft was suggested for VHF. SG-11
now recommends that comparisons be made at three separations cor-
responding to minimum, typical of the congested northeast, and

typical of uncongested areas.
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4. Comparable Coverage

The principle of Comparable Coverage relates to the pairing of
an ATV simulcast channel with an existing NTSC allotment. The
calculation of coverage area is an important factor for evaluating
alternative ATV transmission systems. SG-11 has developed a meth-
odology and a model that will be useful for calculating and compar-
ing service areas that may be limited by interference. The model
could be used to calculate interference-limited service areas for
both ATV and NTSC stations. The model will treat multiple inter-
ferences. For instance, the model could compute the boundary of
the region within the NTSC Grade-B service area to which coverage
is limited due to calculated interference from other NTSC stations.
A realistic example of interfering stations might include one or
two cochannel and one or two adjacent channel stations. One could
then compare that region to the similarly calculated service area
of a paired ATV channel assignment.

5. Comparable Interference

The above principle of comparable coverage depends upon
establishing a criterion for comparing the effects of ATV and NTSC
interference into NTSC. NTSC reception is already subject to much
cochannel and adjacent channel interference. Establishing what
undesired ATV or NTSC signal levels may be present in a receiver
without causing unacceptable degradation of a desired signal is a
complex issue involving many factors -- subjective and political,
as well as technical. The ACATS, using the results of the video

subjective tests, is to recommend a criterion for permitted ATV
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interference into NTSC that is comparable to existing levels of

NTSC interference into NTSC.

One objective for the model is to calculate the maximum
radiated power that should be used by a new ATV cochannel station
so that the new ATV station would not introduce more than a per-
mitted level of interference into the service areas of existing
NTSC stations. The methodology behind the model is useful for
developing and evaluating recommended limits on the minimum sepa-
ration distances, maximum antenna heights and maximum permissible
powers of ATV stations.

6. Parameters
The model incorporates many parameters to characterize the signifi-
cant factors of television transmission and reception. The

parameters fall into several classes:

ATV System Parameters eg: Carrier-to-noise ratio
Desired-to-undesired ra-
tios

Allotment Plan Parameters eg: Minimum spacings

Antenna height
Radiated power

Propagation Factors eg: FCC curves

Signal fade over time
Receiving System Planning eg: Antenna gain
Factors Receiver noise figure

In the implementation of the Advanced Television Service, values

- will be assigned to each parameter. Some parameter values will be

determined in the ATTC by objective measurement or by the ATEL sub-
jective evaluation; some parameter values will come from a spectrum

allotment plan; some parameter values will be based upon engineer-
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ing judgements about state-of-the-art of transmitter, antenna and
receiver manufacturing.
7. System Design Tool
A user of the model will be able to interactively vary the
values of one ér more parameters and to immediately calculate the
effect of that change upon coverage and interference. The model
will permit experimentation with and evaluation of different cri-
teria proposed for comparing levels of interference.
B. Methodology
1. Introduction
Methodologies were developed for:
(1) Calculating signal strength contours and interference
threshold D/U ratio contours.
(2) Calculating the interference-limited service areas of ATV
and NTSC stations.
(3) Developing and evaluating recommended limits on the mini-
mum separation distances, maximum antenna heights and
maximum permissible powers of ATV stations.
The relevant theory, propagation factors, formulas, parameters, and
algorithms used in performing calculations are discussed in a
forthcoming technical‘report.

2. Concepts and Definitions

ATV Noise-~Limited Service Area (NLSA) - An ATV service will

be an interference~limited service. Nevertheless it is useful

as a reference to determine what the coverage of an ATV sta-

tion would be in the case that reception is limited only by
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noise. Given an interference criterion and ATV-NTSC cochannel
separation distance, one can calculate the maximum power that
may be radiated by a cochannel ATV transmitter at a given
antenna height. Given also, the value of the Carrier-to-
Noise-Ratio (CNR) for an acceptable ATV picture quality, the
ATV noise-limited service area may be calculated.
Interference-Limited Service Area (ILSA) - The Interference-
Limited Service Area of an ATV or NTSC station is defined as
that portion of the ATV NLSA or the NTSC Grade-B service area
respectively in which reception is calculated to not be
limited by any interference from TV stations beyond an
acceptable level.

For this purpose, an acceptable, or permitted, 1level of an
undesired signal is a signal strength that is less than or
equal to the signal strength of the desired signal by a
specified D/U ratio measured in dB. That is, the strength of
the desired signal must exceed the strength of the undesired
signal plus the D/U ratio as measured at the receiver termi-
nals. In this sense, the D/U ratio may be viewed as the
threshold for the onset of unacceptable interference from that
signal. D/U ratios compare signal strengths which are
measured or derived according to criteria of location and
time availability for the desired and undesired signals, For
instance, the desired signal may be determined according to a
50/90 rule and the undesired signal strength may be determined

according to a 50/10 rule; that is, the desired signal is
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available at 50% of locations for 90% of the time and the
undesired signal is available at 50% of locations for 10% of
the time: A larger D/U ratio signifies a more stringent
interference criterion. The model is to have individual D/U
ratio parameters for each type of interference. The types of
interference considered include cochannel, adjacent channels
and taboo channels for all combinations of ATV and NTSC sig-
nals as the desired and undesired stations. For instance, a
frequently used value of 6}0 for NTSC-to-NTSC cochannel inter-
ference is 28 dB for normal frequency offset and 22 dB for
precise frequency offset of carriers. These values should not
be confused with the Threshold of Visibility (TOV) or the
Point of Unusability (POU) measured by ATTC. ATEL will
determine subjective quality ratings between these two points
from which the point of acceptable interference will be chosen
by PS/WP-3.

Typical Interferers - For the initial calculations and for
both ATV and NTSC we will assume that the desired station is
located on a line between one ATV and one NTSC cochannel
interferer and is at the reference separation distances from
them. Future calculations could add second cochannels and two
adjacent channels.

Minimum Separation Distances -~ Separation distance is a

model parameter. It is expected that different minimum

spacings between ATV and NTSC stations will be required for




the three allocation zones is not expected to be necessary.
It may be desirable to provide a separate allocation zone with
higher minimum spacings for the Gulf region and southern
California.

Reference NTS8C Cochannel Separation Distances - It is
recommended that comparisons of the coverage of ATV systems be
made at three cochannel separation distances selected as
follows: the minimum separation permitted under the present
FCC rules (Column A), separations typical of the congested
northeast (Column B), and separations typical of uncongested

areas (Column C).

A B C
VHF: NTSC-NTSC: 275 290 305 kn
NTSC-ATV: 160 180 200 km
UHF: NTSC-NTSC: 250 270 290 Kkm
NTSC-ATV: 160 180 200 km
Permitted NTSC Penetration Into NTSC - For the purpose of com-

paring ATV systems, the following parameter values should be
used for the NTSC service. The receiving parameter values are
the NTSC receiving planning factors with the addition of a 6 dB
F/B ratio for the receiving antenna, which is considered typical
in fringe reception areas. The transmitter parameter values are
the maximums permitted under the FCC rules for Zone I with the
exception of an antenna height at UHF of 1200 ft, which was con-
sidered to be more typical than the 2000 ft permitted under the
rules. The criterion for permitted interference is specified
as a percent of the NTSC Grade-B contour area penetrated at or
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below a given D/U ratio of the desired NTSC signal to the
undesired NTSC signal. The D/U level to be used will be
determined by PS/WP-3 from the ATEL subjective ratings. This
will be calculated using the NTSC-NTSC cochannel separation
distances given above and the following antenna heights and

powers:

The NTSC/NTSC cochannel interference boundary D/U ratio is
usually taken as 28 dB.

-

RECOMMENDED NTSC MODEL
TRANSMITTER FACILITIES

f—m
Grade B Contour
Channels ERP HAAT Distance Field Strength
(dBk) (m) (km) (dBu)
2-6 20 305 104.0 47
7-13 25 305 95.7 56
14-69 37 366 89.7 64

Permitted ATV Penetration Into NTSC - The criterion will be
specified to the model as a percent of the NTSC Grade-B contour
area penetrated at or below a given D/U ratio of the desired
NTSC signal to the undesired ATV signal. The 1level of ATV
cochannel interference into NTSC that could be considered sub-
jectively equivalent to any given level of NTSC cochannel inter-
ference into NTSC will be determined from the ATEL subjective

test results.
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WP-3 is to recommend a criterion for a permitted level of ATV
interference penetration into NTSC. One suggestion is to begin
with a criterion for permitted NTSC/NTSC cochannel interference
and then determine an ATV signal power which produces an equiva-
lent level of ATV interference as determined subjectively by
trained observers. Another suggestion, which applies only to
noise-like interference from digital ATV systems, is to permit
ATV cochannel interference to degrade the received CNR for an
acceptable picture quality at a certain distance from the
desired transmitter by a specified amount (e.g., lower the CNR
by no more than 2 dB).

Maximum Permissible ATV Power And Height - Any ATV service is
expected to be an interference-limited service. That is, the
amount of interference that a new ATV station will be permitted
to generate within the Grade-B service area of a cochannel NTSC
station at a given transmitter separation and antenna height
will limit the maximum permissible radiated power. From the
criterion for permitted ATV interference into NTSC, one can
determine, by following the methodology outlined below, the
maximum power that may be radiated by an ATV transmitter with a
given antenna height and a given cochannel transmitter spacing.
Coverage Versus Cochannel Separation - From the permitted
power and the minimum required CNR at the input to the ATV
receiver, the noise limited service area can be calculated. A
performance curve of noise-limited coverage area versus separa-

tion distance can be drawn.
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Comparable ATV and NT8C Interference - For the present, there
is no reéecommendation of a D/U ratio or other measure of ATV
cochannel interference into NTSC that is comparable to a D/U of
28 dB for NTSC-NTSC cochannel interference. PS/WP-3 will select
D/U ratios based upon the subjective ratings determined by ATEL.
Measured ATV Interference Ratios - The plan is to use inter-
ference ratios measured by ATTC and ATEL for each type of
Interference (Cochannel, adjacent, or taboo) from ATV into ATV
or NTSC and from NTSC into ATV. ATTC will determine a Desired-
to-Undesired (D/U) signal ratio for TOV and POU. Data will be
measured for up to three levels of desired signal power which
have been established in terms of a reference noise power which
is the same for all ATV systems. ATEL will determine subjective
gquality ratings between these two points from which the point of
acceptable interference will be chosen by PS/WP-3; one possi-
bility is when the interfering signal is "perceptible but not
annoying".

Reference NTSC/NTSC Interference Ratios - For each type of
adjacent channel or taboo channel interference from NTSC into
NTSC, the reference D/U ratios will be taken from an FCC study
of receiver performance reported by Hector Davis: "A Study of
UHF Television Receiver Interference Immunities"; FCC OET TM/1

8-87 or from ATEL data as decided by PS/WP-3.
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3. Outline of Methodology
The method of determining ATV and NTSC Interference-Limited
Service Areas is outlined below. The methodology employs a series
of models and calculations as follows:

signal Transmission and Reception
Models of NTSC and ATV Transmitter Power and Antenna
Signal Propagation based upon FCC Curves
Receiving System Planning Factors for NTSC and ATV

NTSC Interference-Limited Service Area
Calculation of NTSC service areas without Interference
Model NTSC with NTSC Interference: Cochannel, Adjacent,
Taboo '
Calculation of Multiple Interferences
Calculation of NTSC-ILSA-1

Maximum Cochannel ATV Power and Height
Model of NTSC with ATV Interference
Calculation of NTSC-ILSA-2 with ATV Cochannel
Compare NTSC-ILSA-1 and NTSC-ILSA-2
Determine Maximum Permitted ATV Power
Calculate for a range of HAAT

ATV Interference-Limited Service Area
Model of ATV Service Area Without Interference
Model of ATV with NTSC Interference
Model of ATV with ATV Interference
Calculation of Multiple Interferences
Calculation of ATV-ILSA

cC. Scope of Mcdel
PURPOSE -~ The purpose of the model is to investigate the trans-
mission, receiving, and propagation characteristics of proposed

Advanced Television Systems relative to service area and interfer-
ence from and into other TV broadcasts. The interferences modeled
include all combinations of ATV or NTSC cochannel, adjacent channel
and taboo channel interference to ATV and NTSC desired stations.
It is beyond the scope of the present task to develop tools for an
engineering study of any specific station or geographic location.

SIGNAL PROPAGATION - The received signal strength is a statisti-
cal function of distance, time, frequency, elevation and terrain
variables. The propagation function F(L%,T%) accounts for the
variation of received signals due to location and fading over time
where L and T represent percentages of locations and time. For
instance, at a given distance from a transmitter, F(50,90)
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represents a signal strength which is met or exceeded at the best
50% of locations for 90% of the time.

MODEL COMPONENTS - A model run is composed of a Desired Station
and 0-10 Undesired Stations located in a plane area. Distances are
measured in kilometers, and locations are relative to a polar coor-
dinate system. When calculating contours for a station, every
point in the model area may be considered as the location of a
receiving site for that station. The receiving system assumed to
have a directional antenna, at a nominal height of 10 m, which is
oriented with the direction of maximum gain towards the station
under consideration. Given a function (e.g. Signal Strength, D/U,
CNR) which varies over the model area, contours and their areas may
be calculated and plotted. There are two kinds of model runs:

FUNCTION-1: CONTOUR CALCULATION (Normal mode) - Given the
parameters of a desired station and one or more interfering
stations, then calculate and plot the service and interference
threshold contours, calculate the area of each service contour,
calculate the area and penetration of each interference contour,
and calculate the area within each service area that is outside
of all interference contours.

FUNCTION=2: COCHANNEL ERP CALCULATION - Given a separation
distance and the parameter values of a desired station and an
undesired cochannel station; given also an interference D/U

ratio considered acceptable and a percentage of the reference
contour area of the desired station penetrated by interference
from the undesired cochannel; then for each of a given range of
values for HAAT of the undesired cochannel, calculate the maxi-
mum cochannel ERP which is calculated to generate a permissible
amount of cochannel interference. The parameters and results
will be prepared for Function-1 in order to calculate and plot
the reference and interference contours for each station and to
calculate for each station:

Area enclosed by the reference contour

(Grade-B or Noise Limited Service Contour)
Penetration distance of interference along axis of stations
Interference area and percent of reference area
Interference-Limited area and percent of reference area
Interference Penetration (% of radial distance)

CONTOURS AND CALCULATIONS - The model shall have the capability
to calculate, display and plot multiple contours, individual
points, and other information. For each individual station,

applicable items should be individually selectable. The calcula-
tions shall use ATV or NTSC planning factors appropriate to the
type of signal received.
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For NTSC S8tations Calculate and Plot:
City Grade Contour
Grade A Service Contour
Grade B Service Contour

For ATV Stations Calculate and Plot:
Strong Signal Contour
Moderate Signal Contour
Weak Signal Contour
Noise Limited Service Contour
Interpolate Between the Signal Levels

For Any Station Calculate and/or Plot:
Threshold Contours of Interference from Other Stations
Interference Limited Contour
Circles at km Distances
Circles at Distances to Radiation Horizon at k*Earth Radius
Contour of Field Strength Values: F(L%,T%)
Contours of CNR Values
Angular Radials

For Station Centered Contours, Calculate and Display:
Area of Reference Grade-B or Noise Limited Contour
Interference Limited Contour Area

Percent of Reference Area
Areas of Other Contours

For Interference Threshold Contours, Calculate and Display:
Interference Areas and as Percent of Reference Area
Distance to Contours on Line to Interfering Station

Penetration Distance of Interference Contours
Percent of Reference Contour Distance Penetrated

Calculate and Display Points
Coordinates of Contour Intersections
Intersections of Contours With Lines Between Stations
Specified Points (R,8)

Calculate and Display For Receivers at Points:
Value of Signal Strength
Value of Total ATV Digital Signal Power
Value of CNR
Value of D/U Ratio
Weak Desired Signal Power
Moderate Desired Signal Power
Strong Desired Signal Power
Field Strength to Available Signal Power Conversion Factor
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IX. FUTURE WORK

During the next reporting period, Specialist Group 3, which is
assigned the responsibility of analyzing the impact of ATV on
broadcast support services spectrum and non-broadcast spectrum
uses, will continue to (a) consider the proponent systems in terms
of their particular ATV signal's impact on microwave and other
types of contribution and distribution circuits as the necessary
information becomes available, (b) continue discussions with manu-
facturers of contribution and distribution equipment regarding
issues associated with the transmission of ATV signals on their
systems, (c) continue to pursue alternative spectrum that might be
made available for broadcast auxiliary services on at least an
interim basis, and (d) continue to keep the Working Party, Planning
Subcommittee, and full Advisory Committee informed of its concerns
about the availability of adequate spectrum to support initial ATV
systems. Specialist Group 4, dealing with the possibility of
accommodating ATV in the spectrum above 1 GHz, will remain
temporarily inactive for the reasons noted earlier.

In the next reporting period, the work of (1) Specialist
Groups 6 and 7, which deal on a combined basis with spectrun
analysis and taboo issues, (2) Specialist Group 10, which deals
with planning factors, and (3) Specialist Group 11, which deals
with service and interference modeling, will begin to converge.
The work of Specialist Group 11 is the pacing (critical path)
activity. As reported above, a contract has been let for preparing

the required computer program, and completion is anticipated in the
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Spring of this year. Initial test calculations will be made for
NTSC systems and reports of ATV coverage, and accommodation
statistics will be prepared as the test data become available. 1In
addition to the laboratory test data, these calculations will make
use of the planning factors being developed in Specialist Group 10.
The results of the calculations will be provided through this
Working Party to the Systems Subcommittee Working Party Four as
elements to be factored into that Working Party's determination of
what system it will propose that the Advisory Committee recommend
for implementation. Finally, a suggested Table of Allotments and

Assignments will be prepared based upon these data and the accom-

panying analysis.
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