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FEDERAL AVIATION ADMINISTRATION
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE
SPECTRUM MANAGEMENT STAFF

STATEMENT OF MISSION

The mission of the Spectrum Management Staff is to assist the Department of State,
Office of Telecommunications Policy, and the Federal Communications Commission in
assuring the FAA's and the nation’s aviation interests with sufficient protected
electromagnetic telecommunications resources throughout the world to provide for the safe
conduct of aeronautical flight by fostering effective and efficient use of a natural i
resource--the electromagnetic radio-frequency spectrum.

This objective is achieved through the following services:

e Planning and defending the acquisition and retention of sufficient radio-frequency
spectrum to support the aeronautical interests of the nation, at home and abroad, and
spectrum standardization for the world’s aviation community.

;

‘ e Providing research, analysis, engineering, and evaluation in the development of
spectrum related policy, planning, standards, criteria, measurement equipment, and

measurement techniques.

viability and design parameters, to assure certification of adequate spectrum to support
system operational use and projected growth patterns, to defend the aeronautical
services spectrum from encroachment by others, and to provide for the efficient use of
the aeronautical spectrum.

P e Conducting electromagnetic compatibility analyses to determine intra/inter-system

¢ Developing automated frequency-selection computer programs/routines to provide
frequency planning, frequency assignment, and spectrum analysis capabilities in the
spectrum supporting the National Airspace System.

e Providing spectrum management consultation, assistance, and guidance to all aviation
interests, users, and providers of equipment and services, both- national and
international. |
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PREFACE

The Electromagnetic Compatibility Analysis Center (ECAC) is a Department of

: Defense facility, established to provide advice and assistance on electromagnetic
l‘ compatibility matters to the Secretary of Defense, the Joint Chiefs of Staff, the military
departments and other DoD components. The Center, located at North Severn, Annapolis,

Maryland 21402, is under executive control of the Assistant Secretary of Defense for
Communication, Command, Control, and Intelligence and the Chairman, Joint Chiefs of
Staff, or their designees, who jointly provide policy guidance, assign projects, and establish
priorities. ECAC functions under the direction of the Secretary of the Air Force and the
management and technical direction of the Center are provided by military and civil service
personnel. The technical operations function is provided through an Air Force sponsored 3
contract with the |IT Research Institute (IITRI).

This report was prepared for the Systems Research and Development Service of the
Federal Aviation Administration in accordance with Interagency Agreement
DOT-FA70WAI-175, as part of AF Project 649E under Contract F-19628-76-C-0017, by the
staff of the |IT Research Institute at the Department of Defense Electromagnetic |
Compatibility Analysis Center. {

| To the extent possible, all abbreviations and symbols used in this report are taken from
‘ American Standard Y10.19 (1967) “Units Used in Electrical Science and Electrical
Engineering” issued by the USA Standards Institute.

Reviewed by:

-~
"

Ved P. Nom dos

VED NANDA ; J. M. DETERDING

Project Engineer, |ITRI Director of Contractor Operations
1 Approved by:
|
| - SR SR

. @.
4 (ol
HOMAS A. A RSON M. A. SKEATH
Colonel, USAF Special Projects
Director Deputy Director
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EXECUTIVE SUMMARY

The Federal Aviation Administration (FAA) has developed a
Microwave Landing System (MLS) concept which will be proposed to
the International Civil Aviation Organization (ICAO) in the near
future. The FAA is concerned about the mutual interference po-
tential between MLS and adjacent band radar systems operating in
the frequency range 5.25 to 5.8 GHz. Therefore, the FAA asked the
DoD Electromagnetic Compatibility Analysis Center (ECAC) to in-
vestigate these interactions as a function of three proposed MLS
frequency assignment plans. The EMC of MLS with other equipment
on board the aircraft including adjacent band radar is covered in
a separate report.!

The MLS and radar equipments to be considered in the analysis
were identified and their interference criteria and thresholds
established. The interference analysis was based on generating
the frequency-distance curves for each interacting equipment pair
with interference threshold as a parameter. The required distance
constraints to preclude interference between MLS and radar systems
for each of the three MLS frequency assignment options were derived
from this data.

With one exception the separation constraints between TRSB MLS
and radars in the 5.25 to 5.8 GHz band are not overly restrictive.
The exception is the main beam to main beam interaction between
airborne C-band radars and the ground, C-band, MLS Distance Measuring
Equipment (DME) transponder which is likely to occur during the
aircraft's final approach. The result of this interaction is based
upon the expected level of the interfering signal above threshold.
The degradation effect of these signals has not been determined. The
implementation of an L-band DME, which now appears probable, will
remove this potential problem.

The separation-distance requirements for frequency assignment
options 1 and 6 are the same for the majority of the interactions
between MLS and radar equipments. One major exception is the case
of height-finding radars wherein option 1 has somc advantages over
option 6.

lGawthrop, P. E., "MLS Intra-Aircraft Analysis,' ECAC-PR-76-006, ECAC,
Annapolis, MD, 1975.
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SECTION 1

INTRODUCTION

BACKGROUND

The Federal Aviation Administration (FAA) has developed a
Microwave Landing System (MLS) concept that will be proposed to
the International Civil Aviation Organization (ICAO) in the near
future. This system would provide precision-approach-and-landing
guidance at civilian and military terminals for all classes of
aircraft and various environments. The system will operate at
"C'" band in the 5.0-5.25 GHz frequency range. The MLS frequency
range is divided into sub-bands for transmitting angle, ground-
to-air distance and air-to-ground distance information. Initially
the FAA tasked the DoD Electromagnetic Compatibility Analysis Center
(ECAC) to evaluate and compare three MLS frequency plans (desig-
nated option 1, option 6, and translated option 6) in terms of the
interference potential of the MLS with the Aeronautical Satellite
System (AEROSAT) and Radio Astronomy systems. These interactions
have been investigated and are covered in separate reports.?2,
The FAA is presently concerned about the potential for mutual inter-
ference between the MLS and radar systems operating in the adjacent
frequency range, 5.25 to 5.8 GHz. Because of this concern, the FAA
tasked ECAC through Interagency Agreement DOT-FA70WAI-175, Task
Assignment No. 29, to determine the mutual interference potential
between MLS equipments and radar systems in the 5.25 to 5.8 GHz band.
Interactions between systems collocated aboard the same aircraft are
covered in a separate report (Reference 1).

OBJECTIVE

The objective of this analysis was to determine the potential
for mutual interference between the MLS equipment and adjacent band
radar systems for the three MLS frequency plans proposed by FAA,
and to develop the distance constraints that will result in com-
patible operation of the systems for the cases with high interference
potential.

2Wasson, L. A. and Frazier, R. A., AEROSAT Earth Terminal Siting
Constraints required for Compatible Operation with the MLS at NAFEC,
FAA-RD-77-7-LR, ECAC-CR-75-085, ECAC, Annapolis, MD, June 1975.

3Rocca, R. P., Potential Interference to 6 cm CONUS Radio, FAA-RD-77-111
ECAC-PR-75-002, ECAC, Annapolis, MD, 1975.

o e o e e
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APPROACH

The 5.25-5.8 GHz frequency band is allocated to radar systems
that perform weather/metecralopical, height finding, and surveillance
functions. Because the MLS and i1adar bands adjoin, the potential
for mutual interference exists when an MLS transmitter illuminates
a radar receiver or when a radar transmitter illuminates an MLS
receiver. The mutual interference potential was determined from
frequency-distance (F/D) plots obtained via the steps listed below:

1. The environmental equipments were identified from
ECAC files. System parameters and the necessary characteristics
of each of the MLS/Radar equipments were obtained from various 1
sources. :

2. Off-frequency rejection (OFR) curves were generated
[ for the interacting transmitters and receivers.

3. The coupling isolation required between each of the
interfering transmitter and the victim receiver pair was calculated 4
for several values of interference threshold.

4. F/D curves were generated based on the data of steps

(2) and (3).

Data tables were develeoped which show the minimum distance separations
required to preclude interference between each MLS equipment and each
radar system using the F/D curves, interference threshold values and
the three frequency assignment plans.

2
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SECTION 2

CHARACTERISTICS OF INTERFERING SYSTEMS AND ANALYSIS

INTRODUCT ION

The microwave landing system is comprised of three airborne
and three ground based equipments. Sixteen adjacent band radar
systems were identified. This situation suggests that a large
matrix of interactions between the MLS and the radar equipments
needs investigation. However, a case by case investigation is not
necessary because a close examination of the characteristics of
the radar systems and their appropriate classifications leads to
a limited number of interactions of interest. The selection of
representative radar systems for this investigation was based
upon the study of the equipment parameters which are described
below.

Adjacent Band Systems

The adjacent band (5.25 to 5.8 GHz) systems capable of inter-
acting with MLS can be divided into four broad categories. This
classification was derived from the Nominal Characteristics File:

1. Meteorological/Weather Radars; typical models in
this category include the AVQ-10, AVQ-30, AN/TPS-81, AN/FPS-77,
AN/FPS-106.

2. Mobile-Transportable Height-Finding Radars; typical
models in this category include the AN/TPS-37, AN/TPS-40A, and
the AN/MPS-16.

3. Ship and Shore Search Radars; typical models in this
category include the AN/SPS-10F, AN/SPS-5, AN/SPS-21, and the
AN/SPS-4.

4. Classified Government Radio-Location Systems; these
systems are considered in a separate, classified Appendix.

To investigate the interference potential between radars and
the MLS, four representative radars (AN/FPS-77, AN/TPS-40A,
AN/SPS-10F, AVQ-10) are selected. The pertinent characteristics
of these radars are given in TABLE 1. The sources of this data
are the published characteristics data and spectrum signature
reports. The selection of these representative radars has been
based on the following considerations:

1. A radar system which represents the typical parameters
of the adjacent band radars. For example, the AN/FPS-77 radar has
typical emission spectra and receiver selectivity, etc.
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TABLE 1

CHARACTERISTICS OF REPRESENTATIVE ADJACENT BAND RADAR SYSTEMS

Equipments
Characteristics AN/FPS-77 AN/TPS-40A AN/SPS-10F AVQ-10
Meteorological/ Navigational/ |
Weather Height Finding Ship & Shore Weather
Function/Type (Land Based) (Transportable) Search (Airborne)
Frequency (GHz) 5.45 to 5.65 5.25 to 5.31 5.45 to 5.82 5.38 to 5.42
Peak Power
Output (dBm) 85.5 90 84.5 78
Antenna Gain Main
E Beam (dBi) 36 43 30 28
] Beamwidth 3-dB
3 (Degrees) .
Azimuth 1.6 2.3 1.5 4
Elevation
(Degrees) 1.4 0.5 16 4
Pulse Width
(usec) 2 2.5 0.25 2
Pulse PRF (P/sec) 186 to 324 300 to 364 610 to 625 400
Pulse Rise Time
(usec) .08 0.21 0.024 0.07
Pulse Fall Time
(usec) 0.6 0.42 0.09 0.07
Receiver Sensitivity
(dBm) l -109 -109 -95 -100
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2. A radar system whose operating frequency may be
adjusted closest to the MLS frequency channels. For example,
the AN/TPS-40A radar may tune to a frequency of 5.25 GHz.

3. A radar system that has the widest bandwidth of
transmitter emission spectrum and receiver selectivity. For
example, the AN/SPS-10F radar has a 4000 kHz 3 dB emission
spectrum bandwidth and a 5000 kHz receiver selectivity bandwidth.

4. A radar system which is airborne (e.g., AVQ-10).

5. A radar system that requires a high value of
coupling isolation to the victim receiver. For example, a radar
with high transmitter power and high antenna gain was chosen
from each category.

The emission spectra and selectivity curves for these re-
presentative radars are given in Figures 1 to 4 and 5 to 8 re-
spectively. The selectivity and spurious emissions are the
measured data from spectrum signature reports. Although the
emiscion spectra are obtained from the spectrum signature reports,
the slopes and breakpoints of the plotted curves are based on the
Mason-Zimmerman plots.

MICROWAVE LANDING SYSTEM

The MLS, which operates within the 5.0 to 5.25 GHz frequency
band, functions as an aircraft non-visual approach and landing
system. It is an air-derived system in which the position infor-
mation is directly measured in the aircraft. The ground equipment
consists of an angle-guidance transmitter and a distance-measuring-
equipment (DME) transponder. The aircraft equipment consists of
an angle measuring reciever and DME interrogator. Angle information
is provided by a time reference system technique which sweeps a
narrow bandwith signal across the desired coverage volume using
a narrow-beamwidth antenna pattern. The DME utilizes pulse-modu-
lation techniques to select a particular ground station and obtain
the distance information.

In the DME operation the aircraft DME transmitter transmits
a pulse pair, which corresponds to the particular ground DME station
selected. When the aircraft is within the nominal service volume,
i.e., at or below 20,000 ft. altitude and within 20 nautical miles
of the airport, the ground DME transponder will receive this signal,
process it and transmit a pulse code reply back to the aircraft. If
the processing time is allowed for, the only other delay encountered
by the signal is the propagation time; one half of which is con-
verted directly into the slant range by the DME airborne interrogator

There are three frequency assignment plans under consideration
for the operation of the MLS. These plans, designated option 1,
option 6 and translated option 6, are presented in Figure 9. Option
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FAA-RD-77-110 Section 2

6 differs from option 1 in that the angle information Tink is
shifted to the lower end of the allocated spectrum. Translated
option 6 is a version of option 6 with all components shifted

30 MHz toward the higher end of the spectrum. The advantage of
this frequency translation is to provide equal frequency separation
from adjacent-band systems at either end of the MLS band.

The MLS has three transmitters and three receivers which are
capable of interacting with the adjacent-band radar equipments.
The characteristics? of these equipments required for the inter-
ference analysis are listed in TABLES 2 and 3 and the transmitter
emission spectra and receiver selectivities are given in Figure 10.
The receiver selectivities have been calculated from data on the
number of poles in the filters of the receiving equipment. The
antenna gain specifications given are for the main beam.

RADARS TO MLS INTERACTIONS

Interference Aspects and Thresholds

The interference scenario and the number of interactions be-
tween the MLS and the radar systems are shown in Figure 11. The
potential interference cases of primary concern (solid lines in
Figure 11) are those between airborne equipments and those from
airborne to ground equipments. Therefore, for a ground based
radar, the two interactions of interest are those from radar trans-
mitter to airborne MLS angle receiver and airborne MLS DME receiver.
For the case of airborne radar, the three interactions of interest
are from airborne radar transmitter to MLS airborne angle receiver,
MLS airborne DME receiver and MLS ground based DME receiver. The
interactions between ground based transmitters and receivers have
not been considered ibecause of siting and line-of-sight considerations.

One of the important analysis parameters for the MLS receivers
is the interference threshold, which is taken as the average value.
For these receivers the average values of interference to sen-
sitivity ratio (derived from Reference 2) range from -2 dB to 14 dB
as discussed later in this section. It is realized that the MLS
parameters and interference thresholds are subject to changes as a
result of testing or system design changes. Consequently, to accom-
modate these situations and for completeness sake, a wide range of
Interference to Sensitivity ratio (IRSR) average values (-40 dB to

+60 dB, around the nominal value) have been considered in the present
investigation to determine the overall impact of this parameter. The

15
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AIRBORNE RADAR

Section 2
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Figure 11.

Interference scenario of MLS § adjacent band radars.
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interfering transmitter and victim receiver antennas are considered
to be of the same polarization and are represented by a two level
pattern, i.e., main beam (MB) and sidelobe (SL).

Coupling Isolation

The coupling isolation (K) is a measure of minimum isolation
required between the interfering transmitter and the victim receiver
for satisfactory operation of the latter equipment. Mathematically,
for a compatible operation:

K < OFR + OTR + FSL + ESL (1)
where
OFR = Rejection of the off-tuned interfering signal
due to the combined effects of victim receiver

selectivity and interference signal spectrum
fall off (dB).

OTR = On tune rejection, a bandwidth correction factor
for the interference link due to different band-
widths of the interfering transmitter emission

4 spectrum and the victim receiver selectivity curve

(dB). It is zero when transmitter bandwidth is

4 equal to or less than receiver bandwidth.

FSL = Free space propagation loss between the interfering
transmitter and receiver (dB).

ESL = Earth surface dependent loss between the interferer
transmitter and receiver (dB).

The minimum coupling isolation (K) value depends on the parameters of
r.f. links to the victim equipment. Therefore, K is calculated from
the equation containing the link parameters and the applicable inter-
ference threshold criterion.

For the case, in which signal to interference ratio (SIR) is
specified as the interference criterion, the required K is calculated
from the equation:

K = [Pyg * Gpp + Gy * By

- [Ppg * Gpg * Gp * Dyg = Lpgl (2)

] + [SIR]

where

Subscript S denotes the parameters of the desired signal
link

3 20




FAA-RD-77-110 Section 2

Subscript I denotes the parameters of the interference

E iink
s P.,. = Peak output power of transmitter (dBm)

] G, = Main beam gain of the transmitter antenna in the
3 direction of receiver (dBi)

G, = Main beam gain of receiver antenna in the direction
of transmitter (dBi)

DU = Duty cycle associated with transmitter equipment (dB)
3
]
LPs = Path loss (free space and earth surface) of the
signal link (dB)
SIR = Required average value signal to interference ratio
(dB).

For the case in which the interference threshold criterion is
expressed as interference to sensitivity ratio (IRSR), the required

coupling isolation, K, can be determined from the equation

K = [PTI + Gpp + GR + DUI] - [RS + IRSR] (3)
where
r
Rs = Sensitivity of the receiver (dBm)
¢
i IR R = Required average value of interference to sensitivity

ratio (dB).

| It can be seen from Equations (2) and (3) that interference
| thresholds in terms of SIR and IRSR are mutually convertible through

the coupling isolation value. This approach is used to convert the
composite interference threshold (Reference 2) data of MLS receivers
into a uniform representation in terms of IRSR. This conversion is

| helpful for evaluation, comparison and interpretation of the analysis
} data. TABLE 4 presents the interference thresholds of MLS receivers

in the IRSR form. An example illustrating the conversion process of
SIR data into IRSR data for the MLS angle receiver is given below:

From Equations (2) and (3) it can be shown that:

2l
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IRSR
where
A
SIR
RS
LPS

Section 2

A - SIR - L - R

ps ~ Rs (4)

P.. + G

TS +D +G

TS U R

40 dBm + 32 dB - 23 dB + 12 dB = 61 dBm

‘is the average r.f. power in the MLS angle

transmitter and the MLS angle receiver link
for the main beams coupling

15 dB (average value)

-108 dBm

140 dB

The maximum path loss (therefore, minimum
signal) between the ground based MLS trans-
mitter and airborne MLS angle receiver when
the aircraft is within the MLS range of 20

n. miles and 20,000 feet altitude. A computer-
modeling program was used to compute this path
loss.

Substituting the values of these terms in Equation (4) yields an

IRSR of 14 dB.

TABLE 4

INTERFERENCE THRESHOLDS (AVERAGE VALUES) OF MLS RECEIVERS

Interference
Interf:aeac?dggreshold Threshold (dB) from

MLS Receiver S Reference 2
Angle Guidance
(Airborne) 14 SIR = 15
DME (Ground =
Based) 0 thghe= ¥
DME (Airborne) -2 SIR = 3
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TABLE 5 lists the range of coupling isolation values calculated
for radars to MLS interactions. The system parameters for computing
these values, using Equation (3), were taken from TABLES 1 to 3.

OFR and Frequency Distance Curves

The OFR curves depict the attenuation experienced by the inter-
fering signal as a function of off-tuning from the receiver tuned
frequency. Essentially the receiver selectivity is combined with the
transmitter emission spectrum to derive the OFR. ECAC's computer
program OFRCAL contains the capability for OFR and frequency distance
analysis when a transmitter emission spectrum and receiver selectivity
are provided as point sets. Program OFRCAL was, therefore, used to
determine the OFR curves for the radars to MLS interactions. An
example of an OFR curve is shown in Figure 12. Typical values of OFR
for MLS options 1 and 6 range from 50 dB to 66 dB for minimum frequency
separation between the equipments.

In each case a minimum total isclation (given in TABLE 5) must
be maintained between the MLS receivers and the radar system trans-
mitters at some degree of frequency separation. For the situations
where the minimum isolation is greater than OFR loss, the OFRCAL pro-
gram can be used to determine the remaining loss which must be made
up by a distance separation and OTR between the radar transmitters and
the MLS receivers. By combining the OFR curve with the transmitter
power, antenna gain and other system parameters described in Equation
(3) the total minimum isolation minus OFR is converted to distance
separation based on a smooth 4/3 earth profile. This was done for
each Af (separation between radar transmitter frequency and MLS
receiver frequency) specified in the three MLS plans of frequency
assignment. The end result is a curve defining the relationship
between separation frequency Af and separation distance required to
maintain the minimum total isolation for the interference link.

For this analysis the radar transmitters emission spectra, shown
in Figures 1 through 4, were used together with the MLS receivers
selectivity curves from Figure 10. The set of Frequency Distance
(F/D) curves generated for this case are presented in APPENDIX A
(Figures A-1 to A-8). An example of an F/D plot is shown in Figure
13. From electromagnetic compatibility considerations, the frequency/
distance values falling in the area below the prescribed K-value
curve are to be avoided. For smaller values of K, the (F/D) plot
approaches the abcissa, which corresponds to a collocation situation.
Small values of K result from low interfering transmitter power and/
or low sensitivity equipments which can withstand high levels of
interference signals.

23
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TABLE S

Section 2

COUPLING ISOLATION DATA CALCULATED FOR RADARS TO MLS INTERACTIONS

Case Range of K
Number From To Values (dB)
AN/FPS-77 MLS 249 to 149
Ground Radar —_— Aicxe
1 AN/TPS-40A B o 262 to 162
Transmitters — (Airblrne)
AN/SPS-10F 3 237 to 137
AN/FPS-77 MLS 225 to 125
Ground Radar DME
2 AN/TPS-40A S s 238 to 138
Transmitters A G ¢
AN/SPS-10F 214 to 114
3 AVQ-10 Transmitter Angle Receiver| 235 to 135
(Airborne) (Airborne)
4 AVQ-10 Transmitter DME Receiver 211 to 111
(Airborne) (Airborne)
) AVQ-10 Transmitter DME Receiver 219 to 119
(Airborne) (Ground Based)

=
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MLS TO RADARS INTERACTIONS
Interference Aspects and Thresholds

From Figure 11 it may be seen that the interactions of interest
from the MLS to radar systems are the following:

1. MLS to ground radar.
a. Airborne DME transmitter to ground radar receiver.
2. MLS to airborne radar.

a. Ground angle transmitter to airborne radar receiver.
b. Ground DME transmitter to airborne radar receiver.
c. Airborne DME transmitter to airborne radar receiver.

The radar systems under analysis remain the same.

Since radar receivers detect peak signal levels, peak powers of
MLS transmitters are considered. Therefore, the interference criterion
for this case is the peak values of interference to sensitivity ratio.
The modified equation, used to calculate the coupling isolation value
is given as:

K = Wpy ® Ggp * Gyd - By
The various terms in Equation 5 are already identified and their
values are given in TABLES 1 and 2. Again for completeness sake,
the coupling isolation values listed in TABLE 6 were calculated for
a range of IRSR peak values from -40 dB to +60 dB around the nominal
value.

- IRR (5)

OFR and Frequency Distance Curves

The emission spectrum of MLS transmitters and the receiver
selectivity curves of the radar systems are given in Figures 10
and 5 through 8 respectively. The calculated values of coupling
isolation are tabulated in TABLE 6. The data from these curves and
TABLE 6 were used in the OFRCAL program to generate OFR and F/D
curves. The F/D curves are shown in APPENDIX A (Figures A-9 through
A-13). The representative curves for this case are given in Figures
14 and 15. The OFR values for MLS versus radars range from 64 dB
to 71 dB for the MLS options 1 and 6 for minimum frequency separation
between the equipments.

SUMMARY OF ANALYSIS DATA
The analysis data is presented for a large range of both IRSR

and K values in TABLES 7 and 8. These tables were derived from the
data contained in the OFR and F/D curves. The data is given in terms

27
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TABLE 6

COUPLING ISOLATION DATA CALCULATED FOR MLS TO RADARS INTERACTIONS

Case Range of K
Number From To Values (dB)
1 MLS AN/FPS-77 243 to 143
DME Ground Radar
Transmitter Receiver A ERS=aaN ol
(asborme) AN/SPS-10F | 224 to 124
2 DME Transmitter | AVQ-10 Receiver (Airborne) 226 to 126
(Airborne)
3 Angle Trans- AVQ-10 Receiver (Airborne) 240 to 140
mitter (Ground)
4 DME Transmitter | AVQ-10 Receiver (Airborne) 237 to 137
(Ground)

28
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FAA-RD-77-110 Section 2

of the minimum separation distance with IRSR (or K value) as the

parameter for the three plans of frequency assignment.

The use of TABLES 7 and 8 is illustrated by considering the
following example. The distance constraints are to be determined
for compatible operation between the AN/TPS-40A radar and the DME
airborne receiver for the various coupling combinations between the
main beams and the sidelobes for the three frequency assignment plans.
It is given that the airborne DME receiver has an average interference
threshold (IRSR = -2 dB), and a sidelobe level of 0 dB. The radar

has a sidelobe level of 22 dB below the main beam level. The first
step in the solution is to determine the coupling isolation value of
the given equipment for main beam to main beam coupling. Inserting
the values of equipment parameters from TABLES 1 and 3 and the given
data in Equation (3), yields:

K = [80+ 45+ 35 - 31] - [-95 - 2] = 200 48

Entering TABLE 7 with K=200 for the interacting equipment pair in-
dicates that the distance constraint values for compatible operation
for translated option 6, option 6 and option 1 are 170, 151 and 59
nautical miles respectively.

For the case of radar sidelobe to MLS receiver main beam coupling,
the value of K is:

K = [90 + 21 + 3 - 31] - [-93 - 2] = 178 dB

Again entering TABLE 7 for K=178 gives the values of distance con-
straints of 22, 6.8, 2.4 nautical miles for the frequency plans of
translated option 6, option 6 and option 1 respectively. The
situation of main beam to main beam coupling has a low probability
of occurrence and provides the worst case results of distance con-
straints.

The OFR data for the three frequency assignment plans is sum-
marized in TABLES 9 and 10 for the cases of radars to MLS and MLS
to radars interactions. These tables provide a comprehensive summary
of contributions to coupling isolation due to the off-frequency effects
of the interfering transmitters and victim receivers.

RESULTS

The distance constraints data in TABLES 11 to 14 is extracted
from the main TABLES 7 and 8. The results arc described herc under
the two cases of '"Radars to MLS Interactions'" and '"MLS to Radars
Interaction."
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Results of Radars to MLS Interactions

The potential for interference from various radar categories
can be assessed in terms of distance separations listed in TABLES
11 and 12 for the MLS frequency assignment options. The main results
are:

1. For the most likely situation of sidelobe to sidelobe
coupling, the distance constraints between radar and MLS are of nominal
value.

2. The separation distance requirements for frequency
assignment options 1 and 6 are equal for the majority of the inter-
actions between radars and MLS equipments.

3. Option 6 has some advantage over translated option 6.

4. Main beam to main beam coupling can be expected between
the airborne C-band radar and the ground C-band MLS DME receiver
during the final approach phase of the landing aircraft. For this
situation, the minimum distance requirements, specified herein, cannot
be maintained. The C-band MLS DME vulnerability to the radar signal
format has not been determined. If L-band, (962 to 1213 MHz) DME is
not substituted to perform the ranging functions, further studies on
the possible degradation of the C-band DME in this situation will be
required.

S. The Ship and Shore Search radars require the least
separation distance from MLS compared to other categories of radars.

Results of MLS to Radars Interactions

The impact of MLS equipment on adjacent band radars is also
judged in terms of the distance constraints listed in TABLES 13
and 14 for the MLS frequency assignment options. The results are:

1. The potential for interference is independent of the
frequency assignment options, in the majority of cases.

2. The equipments can operate compatibly in the same
environment for the most likely situation of sidelobe to sidelobe
coupling.

3. One exception is an option 6 case wherein the sep-
aration distance requirement between MLS and height-finding radars
is large because the location of first image frequency overlaps the
minimum separation frequency between the interacting equipments.
This effect can be avoided by using option 1 frequency plan.

40
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SECTION 3

CONCLUSIONS

With one exception the separation distance constraints between
TRSB MLS and radars in the 5.25 to 5.8 GHz band are not overly re-
trictive. The exception is the main beam to main beam interaction
between airborne C-band radars and the ground, C-band, MLS Distance
Measuring Equipment (DME) transponder which is likely to occur during
the aircraft's final approach. The result of this interaction is
based upon the expected level of the interfering signal above threshold.
The degradation effect of these signals has not been determined. The
implementation of an L-band DME, which now appears probable, will
remove this potential problem.

The separation-distance requirements for frequency assignment
options 1 and 6 are the same for the majority of the interactions be-
tween MLS and radar equipments. One major exception is the case of
height-finding radars wherein option 1 has some advantages over option
6.
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APPENDIX A

FREQUENCY DISTANCE CURVES

This appendix contains F/D curves, Figures A-1 to A-13,
generated for the following cases:

1. Adjacent band radars to MLS interactions.
2. MLS to adjacent band radars interactions.

| The parameters in these curves is the coupling isolation (K) which
covers a dynamic range of 100 dB to accommodate various likely
situations such as changes in equipment power budgets, antenna
gain levels, etc. In these curves, the frequency separaticn ranges
from 1 MHz to 10,000 MHz.

Bl A L e bl e e e i Dl A

43




*I9AT3Da1 9[3ue
STW 03 I933TWSUBI) YOp-SAL/NV :SSAIND 3duelstp Adousnbaxy 1-y aandtj
< ZHY NI 3V
x 000'‘000'01 000'000' 000'00! 0000l 000l
o) e o — — 3 XY LAE B I R B S B | 0
&
.
o,
<
5
1
>
<
e (0] m M
4 — z
\ \
=
/ >
C
e
] O
28I = x\ o 3
26i= z
c02= =
802:= X @
2le=
S 222= Joz¢
l.. rATAD |
= eve=
a 292:= %
W ¥
. 2 Joov




FAA-RD-77-110

Appendix A
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