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PREFACE
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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 policy control of the Assistant Secretary of Defense for
Communication, Command, Control, and Intelligence and the Chairman, Joint Chiefs of
Staft, or their designees, who jointly provide policy guidance, assign projects, and establish
priorities. ECAC functicns under the executive direction of the Secretary of the Air Force
and the management and technical diraction of the Center are provided by military and civil
service personnel. The technical operations function is provided through an Air Force
sponsored contract with the |IT Research Institute (11 TRI),

This report was prepared for the Systems Research and D.velopment Service of the
Federal Aviation Administrstion in accordance with Interagency Agreement
DOT-FA70WAI-175, as part of AF Project 649€ under Contract F-19628-78-C-0006, by the
staff of the |IT Research Institute at the Department of Defense Electromagnetic
Cornpatibility Analysis Center,
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Engineering”’ issued by th: USA Standards Inst.7:te.
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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
conguct of seronautical flight by fostering effective and efficient use of 2 natural
resourca--the electromagnstic radio-frequency spectrum.

This objective is achieved through the following services:

¢ 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
spactrum standardization for the world’s aviation community.

¢ Providing research, analysis, engineering, and evaluation in the development of
spectrum related policy, planing, standards, criteria, messurement equipment, and
measurement techniques.

¢ Conducting elcctromagnetic compatibility analyses to determine intra/inter-system
viability and design parameters, to assure certification of adequate spectrum to suppert
systam 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.

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

¢ 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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EXECUTIVE SUMMARY

The Time Reference Scanning Beam (TRSB) Micruwave Landing System (MLS)
with Precision Distance Msasuring Equipment (POME) dev:loped by the United
States Federal Aviation Administration (FAA) has been sgulected by the
International Civil Aviation Organization (ICAO) as the standardized,
international, non-visual, precision approach and landing system. This system
utilizes two frequency bands; C~Band (5.00 - 5.25 GHz) for the 200 aangle-
guidance channels and L-Band (960-1215 MHz) for the 200 range-guidance

channels.

For an operational deployment of the MLS with POME, it will be necessary
to assign f{requencies to each C-Band and L-Band function at the participating
airports in accordance with a prescribed channel plan. The FAA haa asked the
Blectromagnetic Compatibility Analysis Center (ECAC) to develop a channel
assignment model for the MLS. One of the necessary inputs for deveioping a
channel assignment model is the knowledge of the intra/intersystem
interference thresholds of the MLS/C-Band and L-Band equipment as well as the
TACAN and DMP-equipment that operate in the same portion of the L-Band.

Several field and bench tests at the National Aviation Facilities
Experimental Center (NAFEC) are planned for experimentally determining the
interference thresholds. Meanwhile, the Federal Aviation Administration has
requested that the Electromagnetic Compatibility Analysis Center analytically
:gtimate the interference thresholds of the MLS and TACAN/DME equipments so
that an initial exercising of the MLS Channel Assignment model can be
performed. This report documents the analytical estimation of those
thregholds.

In the MLS/C-Band avionics equipment, the guality of the aircraft
guidance signal in the presence of interference is expressed in terms of the
Control Motion Noise (CMN) error for the angle-processing channel and the
parcentage of valid decodes in the preamble/data channel. Asgociated error

budgets were uged in analytical procedures to determine the interference

3L
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thresholds for various MLS configurations for the cases of cochannel and
adjacent~-channel interference at function level and system level. The
constraining threshold values were selected from the system level results as
inputs for exercising the channel assignment model. The desired-to-undesired
interference threshold values were used in conjunction with MLS power budgets,
antenna patterns and propagation loss predictions to determine the separation
distance required between the C-Band equipments to preclude cochannel and
adjacent-channel interference. The analysis results indicated that to
preclude adjacent channel interference, the undesired MLS signal should be
agsigned at least the second adjacent channel. The separatior distance
requirement to preclude cochannel interference ranged from 82 nmi to 193 nmi
for the MLS receiver at altitudes of 2.1 kilofeet to 20 kilofeet,
respectively.

Intra-and inter-system interactions were investigated for the l~Band
equipment (PDME, TACAN, DME). The interference cases were categorized as four
distinct types according to the frequency and the pulse-pair spacing
conditions of the interference source. Determination of the interference
thresholds was based on one or more factors such as equipment circuit
characteristics, previou: test data from NAFEC, equipment performance
standards and ICAC Annex 10 constraints. The separation distance requirements
betwean the interacting equipment were determined on the basis of these
thresholds. The inter‘erence threshold (2esired-to-undesired signal power
ratio) for the on-channel interference cases runged from 8 4B to 3 dB
reflecting the characteristics of AGC and decoder circuits in these
equipment. For the off-channel interference cases, the interference
thresholds varied from -25 dB to =75 dB deperding on the rejection
characteristics of the RF/IF and Perris-discriminator circuits. The
constraining interference threshold values for each equipment type were

identified for use in the channel assignment model.
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SECTION 1
INTRODUCTION

PFACKGROUND

The Time Reference Scanning Beam (TRSB) Microwave Landing System (MLS) is
comprised of aeronautical radionavigation equipment operating in C-Band (5031
to 5N91 MHz, 206 channels). The (~Rand squipment provides angle giidance
(i.e., azimuth and elevation anqles) to user aircraft along with basic and
auxiliary 4data such as runway identification and runway site conditiang. The
anale functions are Adetermined by the Scanning Beam (SR) technique wherein the
time interval hatween the "To" and "Fro" pulses is proportional to the angular
nnsition of the aircraft with respect to the runway. The data functions are
transmitiad te all aircraft within the coverage sector using different . .al-
phase-shift-keying (DPSK) modulation. The angle and data functions are time-
multinlexed as independent entities such that a single receiver channel in the
aireraft receiver may process these functions in any sequence. The TRSB
Microwave Landing System, proposed and developed by the MA, has heen selected
hv the International Civil Aviation Organization (ICAO) as the "standardized

international, non-visual, prevision appr. :ch and landing systems.*

To meet range-accuracy reguirements that are compatible with the MLS
angle-quidance concept, a new L-Rand (960~-1215 MHz) Precision Cistance
Mearurina Equipment (PDME) system has evolved. The PDME system is similar to
existing conventional NDME gystems. Yt utilizes an airborne interrogator and a
around trangpondey, which in“arrogates and returns pulse pairs to determine in
the aircraft, the slant range from the :ime delay between the interrogation
ani the receipt of replv. Increased accuracy is achieved in the PDME gystem
hy ntilizina a faster rise time on the leading edye of the first pulse of the
pulse pair. This allows a better definition of the time of interrogation and

the time of receipt of the reply.

It has heen proposed vhat the additional channels for PDME use can he
hegt realized by multiplexing additional pulse-pair spacings onto the L-Rand
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frequencies already set aside for TACAN and conventional DME use.
Implementation of this L-Band PNME concept depends heavily on the rejection by
the PDMF. gystem of signals with undesired pulse-pair spacings from TACAN arnd

conventional DME, and vice versa.

When the MLS is deployed operationally, it will be necessary to assign
frequencies to each C-Band and L-Band function at participating airports, in
accordance with a prescribed channel plan. The PFederal Aviation
Administration (FAA) has requested that the Electromagnetic Compatibility
Analyais Canter (ECAC) develop a channel assignment model for the MLS. One of
t“e necessary inputs for developing the channel assignment model is a
knowledge of the interferance thresholds of the MLS C-Band and L-Rand
equipment as well as the L-Rand TACAN and DME equipment. The interference
thresholds are normally expressed hy the FAA as the ratio of the Adeaired-to-
undesired (D/11) signal power levels for varicus cases of interference. The
equipment interactions of concern are intra-gystem (MLS/C-Band to MLS/C-Band;
PDME to PDME; TACAN/DME to TACAN/DME) and inter-system (between PDME and
TACAN/DME) o

Several field and bench test: at the National Aviation Facilities
Txperimental Center (NAFEC) are being planned for experimentally determining
the M/U thresholds for the equipment interactions mentioned above. The output
of this effort will he available at a later date. Meanwhile, the FAA has
requested that RCAC review the availahle information on the MLS equipment,
TACAN and '"ME equimment and to estimate the D/U threshold ratios that can bhe
used for a preliminary exercising of the MLS channel assignment model.
Mirthermore, the results of such a task will provide valuable insight for
comparison and summarization of the measured data gathered in the test

nrograms,

The concept, design and operational details of the C-Band equipment and
the L-Rand equipment are quite different. For example, in the C-Rand
aquinment the angle information is derived in the airborne receiver based on

11lumination from the ground equipment. The L-Band equipment operates on a
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closed~-loop basis wherein the airborne interrogator, using a prescribed signal
format, solicits navigational information from the ground transponder.
Therefore, the details of the interference threshold analysis for the C-Band
and the 1~Band equipment are different and these are described in two parts.

OBJECTIVE
m

The objective of this task was to anaiytically estimate the
intra/intersystem D/U interference threshold ratios required for acceptable

performance of the MLS angle-guidance and range-guidance equipment as well as
gor representative L-Band TACAN and DME equipment.

APPRCACH

Part I. MLS/C-Band Equipment Interactions

The purpose of a landing system is to assist a pilot and his aircraft in
the effort necessary to have a successful touchdown and roll out. This type
of performance is assured by keeping the aircraft guidance signal within the
prescribed error hudget.

1r.e quality of the aircraft guidance signal provided by the MLS/C-Band
avionics can be measured in terms of the amount of Control Motion Noise (CMN)
present in the gquidance aiqnal.' The CMN error i{s a relatively high-frequency
perturbation, within the autopilot bandwidth, which affects the aircraft's
attitude and induces control surface and column motions which have a negative
impact on pilot-acceptance criteria. The total CMN error is dependent on
inherent system errors in addition tq that introduced by the amount of
interference present in the receiver Therefore, the CMN error budget is an

assential part of the system design apecifications.

'Kelly, ReJs, Guidance Accuracy Oonsiderations for the Microwave landing
System, Navigational Journal of the Institute of Navigation, Vol., 24,
November 3, 1977,
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In addition to establishing upper bounds on the CMN errors of processed
data, lower limits have been set on the amount of decoded preamble/data that
is required for minimum system operation. Therefore, tha successful
decodeability of DPSK preamble/data is also part of the system design
specifications. The lower limit of decodeability is considered to be 72v.2

Yor the Scanning Beam System, separate analytic relationships for
cochannsl and adjacent-channel interference were used in this analysis to
translate the maximum allowable CMN errors at the output of the signal
procegsor into minimum D/U thresholds required at the 4input of the angle-
quidance receiver. In the preamble/data channel, a design-required D/U value

nacessary for the phase-locked loop ensuring 72% decodeability was used.

In the angle receiver, the adjacent-channel interference was addressed as
four separate signal interference combinations; undesired scan-beam
interfering with a desired scan~-beam; undesired scan-beam interfering with a
desired preamble/data; undesired preamble/data interfering with a desired
scan=beam; and undesired preamble/data interfering with a desired
preamble/data. The D/U values were determined at the function level which
characterize the receiver thresholds at the receiver input terminals. These
rasults along with the differences in effective isotropic radiated power
between the MLS Configuration/Functions were used to determine the D/U values
at the system level. The system level D/U ratios were based on the DPSK
channel as a common reference power level. The most constraining D/U value
was selected from among the system level results. The constraining D/U value
in conjunction with analysis of the worst~-case geometry of MLS equipment
location was used to detarmine the channel separation criteria in the adjacent

bands.

The cochannel interference was modeled as a multipath type interference

and D/U values were determined at the system level. The constraining D/U

/

value along with the predictions of the Institute of Telecommunication

3Bendix Letter No. MLS-ICAO-077, dated December 12, 1978.

4
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Services® (IT8) propagation loss model were used to determine the distance

separation petween the systems required to preclude interference.

Part II. .Lplg?d Equipment Interactions

Intev-and intra-equipment interactions were investigated for the PDME,
TACAN and DME equipment. Determining the interference thresholds was based on

|
;
3

= e,y

; one or more factors such as equipment circuit characteristics, test data,

squipment parformance standards, etc. The I~Band interference cases wers

categorized as four distinct types according to tuning and aperture conditions

nf the interference source. These interference categories are:

Category 1: Cotroqucncy/cOnpotture.b The interference threshold
agtimation was based on the victim receiver automatic gain control (AGC)
characteristics, identification function thresholds, interfering couplet
service volume geqmetry and effective radiated power (ERP).

Category 2: Cofrequency/Out-of-Aparture Interference. Tho interference
; thresholds were based on dacoder characteristics. PFurthermore, tha field test

data was used whenever availaole,

Category 3: Adjacent Frequency/Coaperture. The interference thresholds

ware determined from the characteristics of the front-end stages (IF and

Ferris-Discriminator Stage).

Catergory 4: Adjacent Frequency/Out of Aperture. The interference
thresholds were estimated on the basig of front-end stage characteristics,

along with the decoder characteristics.

3 ; AThe FAA specially requested to use the ITS propagation loss model in this
3 ; analysis.
- ; bCoaperaturo refers to the presence of an undesired sigmsal with a pulse-
f ! pair spacing falling with the victim receiver's decoder aperture (time-
: domain window).
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. Intra-PDME interactions were analyzed based on the equipment circuit
characteristics. 1In the case of PDME to TACAN/DME interactions, previously
collected data from NAFEC was examined and appropriately modified for
establishing the interterence thresholds. TFor intra-DME and inteér-TACAN/DME

interactions, analysis was performed for developing adjacent-channel

S ——

protection criteria based on emission spectra derived from ICAO Annex 10
spectral constraints.? Bquipment protection rules and degradation of the

(s

identification function were considered in determining the co-channel

2

E

interterence threshnlds,

The results of the aforementioned analysis were summarized in terms of
equipment type and D/U thresholds. The separation distance requirements
batween the interacting equipment were determined. The most constraining D/U
ratios for each equipment type were identified for a preliminary exercise of

e

the channel assignment model.

2Leronautica1 Telecommunications, Annex 10, Volume 1, International
Civil Aviation Organization, July 1972.
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SECTION 2
ANALYSIS

PART I: MLS/C~RAND EQUIPMENT INTERACTIONS

The MLS/C-Rand signals can he categorized based on modulation type, as
either Scanning Ream (SB) pulsed CW signals or Preamble/Data (PD) DPSX
siqnals. In the airborne MLS receiver, the SB modulation is handled by the
anqle-processing channel providing information to the pilot/autopilot about
various angle functions. As noted in FIGURE 1, the key circuits in the angle-
orocessing channel include a beam envelope detector, a dwell gate proceasor
and a Adata smoothing filter. Radio frequency (RF) interference and other
sytems ahgrrations daqrade the timing measurements in the SR channel and this
effect appears as an error signal, called Control Motion Noise (CMN), in the
atrcraft angle-guidance data. CMN causes undesired perturbations in aircraft

attituyde resulting in control surface and column motions.

The preamhle/data siqnal uses a differential-phase-shift keying (DPSK)
modulation and is handled by the processing channel which includes a phase-
lockad loop and bit processing circuits. Interference in the PD channel may
nrevent the phase-locked loop from acquiring lock, or if acquired, may cause
it to unlock. Acauisition and decodability of the desired-signal are affected
by this phase-locked lonp activity., The degradation of the preamhle/data
gsignal can take the form of missed decodes primarily due to undesired SB or PD
sigqnais. A more detailed system description for the MLS angle-guidance
equipment i{s nresented in APPENDIX A.

The MLS anale receiver specifications incluyde an error budget for CMN.
This errar can be due to RF interference or due to system aberrations. The
CMN error due to RF interference can be related to the desired-signal (D) and
undesired signal (U) power levels for both the adjacent-channel and cochannel

interference cases.

S s e st it A e SN
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During the couyrse of this analysias effort, three versions of MLS
confiqurationg and associated OMN error budgets remained under
rcongidaration. All these cases were analyzed for determining the values of
interterence threshold. The analysis details of two of the cases are given in
APPENDIX B. The most representative case discussed in this Section pertains
to full capability (¥C) and minimum capability (MC) MLS configurations with
prescribed CMi error budgets due to RF interference and system aberrations.
TABLE 1 lists the parameters for this case.

TARLE 1

MLS CONFIGURATIONS, ANTENNA REAMWIDTHS (y)
AND CONTROL MOTION NOISE (CMN) ERROR BUDGET

wt:onugm'at:lon
Function Full Capability Minimum Capability
¥ te 3¢
Azmimath b
O 0,122 & 9,2 0.10 &g,20
4
Elevation 1e 1e
oM 0.1* & 0,2 G.10& 0,20

aovm budget due to RF interference
bon budget due to system aberrations

The analvsis procedure for determining interference thresholds due to
adjacent-channel interference represents a more general case of analysis. The
nrocedura for analyzing cochannel interference forms a subset of the general
case. Therefore, the first part of the analysis effort determines

interference thresholds due to adjacent-channel interference.
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Adjacent-Channel Interference

-

The adjacent-channel interference is addressed as four types of signal
interterence based on various combinations of SB and PD modulations. The
interactions considerad are interference from (a) undesired SB vs desired SB
(Ugg=vs-Dgg), (b) undesired PD vs desired SB (Up,-vs-Dg,), (c) undesired SB vs
desized PD (Ugy-ve=Dpp), (4) undesired PD vs desired PO (Up,-vs-Dpy).

Equation 1 below (arranged in a logarithmic form) can be used to determine the
ratio of desired to undegired signals (D/U) at the receiver processor due to
interference in the SB channc1.3 Equation 2, an augmentation of Equation 1,

provides the D/U ratio at the receiver input terminals at function level.

That is,
v} |
p . A6 tpn
BWI
{b/u) FM- [D/U]p - 10 109 —‘—"; - AR (2)
where
to/ulp ° peak desired-to-average undesired signal power

ratio at the processor in the SB channel, in 4B
{D/JU)FAL = peak desired-to~average undesirsd signal power ratio at
the receiver input terminals for the SB channel, in 4B,
at function level
A0 = OWN ervor budget, in degrees, due to RF interference
v = antenna 3 dB beamwidth of the desired guidance function,
in degrees ’
Dp = data rate, 13.5 Hz for azimuth function and 40.5 Hz for
elevation function
BWg = smoothing filter 3-dB bandwidth, 2.5 Hz
BW,, = video 3 dB bandwidth, 26 kHz

3MLS Signal Format and System Level Functional Requirements,, FAA-ER-700-
08C, May 10, 1979, p. 146

10
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BWI = IF bandwidth, 150 kHz

Ap = adjacent-channel rejaction, in dB. The rejection is due

to RF/IF stages only.

The D/U equation for detexrmining acceptable levels of interference in the
preamble/data channel is given as:

where

(D/Ulppy = peak desired-to-average undesired signal power ratio
at the receiver input terminals for the PD channel, in dB,
at function leval

{D/U]PLL = pea. desired-to-average undesired signal power at the
phase-locked loop for successful acquisition of the
desired signal, 7 dB and ensuring at least 72%
decodeability.

The adjacent-channel rejection factor depends mainly on the smission
spectrum from the undesired signal source, the victim receiver's selectivity
and the type of interaction (i.e., SB or PD). The curves of adjacent-channel
rejection are shown in FIGURES 2 and 32 for both modulatior types and are
based on field test data from the Bendix @®. The theoretical SB emission
spectrun from a phased-array antenna is shown in FIGURE 4. The phased-array
antenna was considered in this analysis rather than the lens-type, because
noige from such an antenna spills into several adjacent channels. The noise
is dque to the phase-switching action in the beam-steering mechanism. TABLE 2

lists the rejection factors for each type of interaction.

drecent measurements on the current MLS angle receiver at NAFEC indicate that
rejection factors for the undesired preamble/data signal are -28 dB, -32.5 dB
and -38 3B for the first, second and third adjacent channels respectively.
The present analysis does not address this data. However, this data does not
mmpact the main results of the analysis (See Figure 41).

11
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RELATIVE TO
w— ON-CHANNEL
POWER LEVEL
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CHANNEL NUMBERS IN 300 &Mz INCREMENTS

Notes:

(a) This curve is based on Field test data from Bendix Co.; Internal
Memorandum No. MLS-ICAO-077, December, 1978.

(b) The adjacent channel power is 'average' power relative to 'peak'
on channel power on a long duration basis.

{c) Phased array antenna was used in the ground equipment; Prototype
MLS Pendix receiver, (IF bandwidth of 150 kHz), was used for the
adjacent-channel interference measurements.

FIGURE 2. SCANNING BEAM SIGNAL LEVEL IN ADJACENT CHANNELS
OF ANGLE GUIDANCE RECEIVER.

12
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. RELATIVE TO
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CHANNEL NUMBERS IN 300kHz INCREMENTS

Notes:

(a) This curve is based on Field test data from Bendix Co.; Internal
Memorandum No. MLS-ICAO-077, December, 1978.

{b) The adjacent channel power is 'average' power relative to ‘peak'
on channel power.

(c) Measurements are referred at the I circuit output using a proto-
type MLS Bendix receiver.

e areman me e

FIGURE 3. PREAMBLE/DATA EFFECTIVE SIGNAL LEVEL 1IN ADJACENT
CHANNELS OF ANGLE GUIDANCE RECEIVER.
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The CMN error budget data in TABLE 1 represents the maximum allowed error
due tn RF interference and due to system aberrationsg, respectively. The error
bhudgat due to RF interference was used with Equations 1 and 2 for calculating
the function level D/U ratios at various stages (e.g. FIGURE 1, terminals 1,2
and 1) in the receiver. The D/U values at the receiver input terminals are
gummar ized in TABLE 3. It may he noted that the function level D/U values
(TARLE 3) characterize the receiver thresholds based on prescrihed error
hudgets and these ratins do not take into account the ground equipment
parameters at an overall system basis comorising multiple

configurations/functions.

The D/U values at the system level consider, in addition, the Aifferences
in Effactive Tsotropic Radiated Power (AFIRP) between the receiver guidance
functinna (i.e., SB, Pn) for the interactions betwen the MLS configurations.
The AEIRP values used in analysis are shown in TARLE 4.

The D/U ratios at the system level are determined from the squation:

50/0181 = [D/Ulpi + X (4)
where
TD/U]si = gystem level D/U ratio at the receiver input tecrminals,
in 48
[n/U]Pi = function level D/U ratios (i.e. [D/U]FAi & [D/U)Fpi) at

the receiver input terminals, in 4B

X = adjustment factor, i~ 4B.

The adjustment *actor (X) depends on the type of interaction between MLS
configuratinn/function, AEIRP values and the raference base chosen for the D/U
ratios. In this analysis, the PP channel was chosen as the reference hase.
The constraining interference threshold selected on the common reference bhase
ansures interference protection for all interacting combinations of MLS

zonfigurations/functions. The graphical analysis was performed to determine

le
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the adjustment factor (X) for all cases of MLS confiqurations/functions and
the results are summarized in TABLE 5. The function level D/U values (TARIF
1), the adjuatment factors X (TARLE 5) along with Bquation 4 were used in
determining the system level D/U ratios and the results are listed in TARLE

6. An example follows illustrating the procedure for determining system level

n/U ratios.

TABLE 4

AEIRP VALUES FOR MLS CONFIGURATIONS/FUNCTIONS

Functions ARIRP (4B)
Confiqurations SR v8 PD PD vs SR
Full capability 17 -17
Minimun
Capability 7 -7

The results of TARLE 6 were used to (determine the constraining
interference thresholds (D/!l ratins) Al v gystem level. TABLE 7 li~ts these
ra%ins, At the system level, tha Preamble/NData Channel is therefore more
susceptible to interference. Ovarall, the oanstraining interference occurs
from a Full Capahility Scan R:aa arqaipment (as an interferer) to the

Preamhle/Data channel in victim reueiver, Ta corresponding most constraining

D/U ratio is =21.0 AR,

The CMN error hudgets gpecified separately in TABLE 1 are due t ., RF

tit"erforence and system aberrations. Since these errors are considerel i iur
independent variables, the total error can be obtained by the rost-sua~squara

method as shown in Equation 5:

? 2V
AOT = [{AD)! + (AOS) 172 (%)
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Section 2

= total CMN value in the SB channel processor, in degrees

= CMN due to RF interference, in degrees

= CMN due to system aberrations, in degrees.

The maximwm value of Aqr is 0.224* based on Equation S and TABLE 1 data.

CONSTRAINING INTERFERENCE THRESHOLDS AT SYSTEM LEVEL

TABLE 7

FOR THE PIRST ADJACENT CHANNEL

Interzcting MLS
Equipment

Interacting
Functions

Constraining
D/U(aB)

Undesired Full
Capability vs

Desired Full
Capability

Use v® Dpp

=21.0

Undesired Mill
Capability vs
Desired Minimum
Capability

Uss V& Dpp

-21.0

Undesired Mini-
mum Capability
vs Desired Mull
Capability

Upp V8 Dpp

-24.0

Undesired Mini-
mum Capabiity
vs Desired Mini-
mum Capability

Upp V8 Dy

‘2‘.0

The AQ term can be related to the (D/U)p ratio (see Equation 1) as shown

below:

A0

,2

BWS

0.5

Ant(1/10(D/U)p] DR

21
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Therefore, AOT can be related to [D/U]FA1 (at receiver input terminals)
using Equations 5, 6 and 2; that is,

1
2 y2 aws-‘/z
AO = (AD_") + . (7)
T ] Ant [1/10 {(D/ph+ 10 log Ew_! + A'{l D,
B¥y

Curves of AOT vs (D/Ulrhi are shown in FIGURES 5 to 8 for the cases of full
capability (¥ = 19) and minimum capability (Y = 3¢*) MLS configurations.

The plots of FIGURES 5 to 8 can prove useful for interpreting the impact
of RF interference and system aherration on the total CMN error. A few

salient features of these plots are enumerated as follows.

These fiqures can he usad to provide an understanding of the variation of
total CMN error with changes in the ratio of desired to undesired signal
power. It can he seen that heyond a certain D/U value {(e.q. B/U = =2 4B in
FIGURE 5) the contr.pution to total CMN arror due to RF interference is
minimal. Howaever, foc low values of D/U (e.q. D/U = -10 4B in PIGURE 5§ for
curve b), the contribution to OMN errcr from RF interference becomes
sianificant. These curves also car he used to determine interference
thresholds (e.g. D/U = =19,6 dB at the intersection of curves b and ¢ in
FIGURE 5) at the function level referenced to the raceiver input terminals.
The bound on D/U values at the receiver terminals is hased on a gingle scan
acquisition criterion (i.e., N/U = 14 AP at the signal processing stage;) and
is also shown in the FIGURES 5 to 8. It may be noted that for the case of a
“™ull Capability MLS Configuration, the hounds on D/U values based on the
single scan acquisition criterion are more pessimistic (e.gs from 4 to 9 48,
in FIGURES 7 and 8) as compared to the D/U values calculated from the
prescribed CMN error budget from TARLE 1.

Cochannel Tntarference

The most severe case of cochannel interference would occur when both the

desired and undesired signal functions are nearly time-coincident as shown in

22
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FIGURE 9. This type of interference situation is similar to multipath-type
interferance and will result in angle measurement errors. This approach was
use? i{n Adatarmining interference thresholds for the cochannel case. The

eTaation relating the interference threshold with angle measurement error (A4Q)

is approximately expressed as:?

¥
[l)/u]cr & 20 log [Ké-] - 6 4B (8)

wvhere

{o/v) cF " interference threshold at the recsiver input terminals
tor cochannel interference, in 4B, at function level.

The W error (40) data due to RF interfararce is given in TARLE 1. The
antenna beamwidths (¥) are 3* and 1°, respectively for the Minimum Capability
and Full fapability MLS configurations. This data along with BEquation 8 was
used in datermining tha interference thresholds at the function level and the

results are listad TABLE 8.

TABLE 8

COCHANNEL INTERFERENCE THRESHOLDS AT FUNCTION LEVEL

Desired MLS onfiguration [D/U]cr(dn)
Full Capability 14.0
Minimum Capability 23.5

The interference thresholds at system level [D/U] cs ©an be determined by

the equation:

(/0] = (D/U] , + ¥ (2)

3Refer to APPENDIX G.
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where
Y = adiustment factor, in dB.

The adjustment factor (Y) depends on the interacting MLS Configurations, ARIRP
values and the reference hase chosen for the D/U ratios. The graphical
analysis for determining Y was performed for all cases of MLS configurations

and the results are listed in TABLE 9,

TABLE 9

ADJUSTMENT FACTOR (Y) FOR TRANSFORMING CO-CHANNEL
FUNCTION LEVEL D/U RATIOS TO SYSTEM LEVEL D/U RATIOS

Deagired Undesired
MLS Confiquration MLS Mmnfiguration Y (4m)
Full capability Full capability 0
Full capabhility Minimum capability 10
Minimum capabhility Full capability =10
Minimum capability Minimum capability 0

The data of TARLES B and 9 was used in Equation 9 for determining the D/U
valuas at svatem level and the results are listed in TABLE 10. ‘The results
Indicate that at the system level the constraining cases of interferaence occur
when the minimum capability configuration is the interferer. The most
constraining D/U ratio is 24 4B and it occurs for the interaction between the
undesired minimum capability and desired full capability MLS configurations.

Sraphical Format of Ana.ysis: The variation of total CMN error (AG,[.) with D/U

values was examined fo. the cochannel interference case by plotting the

equation:

2
2 . 4 2

: = —_ 0
AQT /4 [D/U]ci voA s (103
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Eaquation 10 was derived from Equations 8 and 5. The plots of Equation 10 for
the Minimum Capability and Full Capat:ility MLS configurations are shown in
PIGURES 10 and 11, respectively. These curves can he used for interpreting
the impact of RF interference and system aherrations on the total OMN error

trends.

TABLE 10

COCHANNEL INTERFERENCE THRESHOLDS AT SYSTEM LEVEL

Interacting MLS Interference
Configurations Threshholds
D/uU (4B)

{1) Undesired Full Capability
vs 14
Desired Full Capability
(2) Undesired Full Capability
vs 13.5
Desirad Minimum Capability
(3) Undesirsd Minimum Capahility
vs 24
Desired Full Capability
(4) Urndesired Minimum Capability
ve 2305
Desired Minimum Capability

T™is section addressed the interference threshold analysis between MLS
co~*iaqurations/functiong for the cochannel and adjacent handg. Section 3 of
this repnrt summarizes the overall results of this analysis along with the
internratations. Thase interpretations lead to channel separation criteria
or *+he aljacent-hand interference and required separation distance for the
co~hannel interference. The constraints on these results are also mentioned

therein,

PART 2: U-BAND EQUIPMENT INTERACTIONS

From the channel assignment viewpGint, the parameters associated with

intra-svstem and the inter-gystem interference in the L-Band equipmeat include

30
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the signal format, the frequency separation of the desired and undesired
sionals, pulse~pair spacing, signal amplitude and signal pulse pair repetition
f-ayyency (PPRF). Bagsed on these variables, potential interference can be
represanted in four categories. TABLE 11 shows these categories of
interference and the related victim receiver circuit:respongse most likely to
reduce the effect of that interference. The characteristics of these key
receiver circuits formed the basis of the D/U estimation for most of the
interactions that were investigated. The identification of key circuits led
to A simplified block diagram (FIGURE 12) that is representative of the L-Rand
avionics receivers of concern. The overall description of I~Band equipment

( TACAN/DME/PDVE)? {3 given in APPENDIX C.

TARLE 11

INTERFERENCE CATEGORIES FOR D/U ESTIMATION

Circuit/Response for
Interferance /U Egtimation
Cateanry NDescription Primary Secondary
1 Cofrequency/ AGC &on=-Tune
Coaperture Rejection /OTR)
2 Cofreaquency/ Decoder OTR
! Gut~-of-Aperture
. 3 Adjacent Frequency’/ | Ferris APrequency=-
} Coaperture Discriminator Dependent.
‘ Rejection (FDR)
4 Adjacent Frequency/ Ferris Decoder/FDR
Out-of-Aperture Digcriminator
L -

4cae APPENDIX E.

In an additional analysis in this sectjon, the standard gystem
( TACAN/DME/PDMFE) parameters such as effective radiated power, service volume

qeometry and power density (TABLE 12) were examined. These parameters in

3 this report, e term DME is used to denote existing conventional ™E
{esa., ILS -DME .5 opposed to PDME or TACAN,

33
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conjunction with propagation loss predictions from the ITS propagation model,4
were used to relate the determined D/U ratios with the minimum separation
digtance requirements between the interacting systems. This separation
distance between the transponders was interpreted in terms of desired-system
service volume radius and the distance to the interferer location from the
aedge of that service volume. This analysis employs a 95% time availability
factor concerning the D/U ratio at the avionics receiver. A brief discussion

of transponder interference thresholds is given in APPENDIX F.

The various intra-system and inter-system interactions investigated for

L-Band equipment are listed below:

1. PDME-to-PDME

2. PDME-to-DME

3. PDME-=to~-TACAN

4. TACAN/DME-to-PDME

S« TACAN-~to-=TACAN

6. DME-to~DME

7. TACAN~-to-DME and vice versa.

INTRA-SYSTEM PDME INTERACTION

The PDME avior.ics 3quipment operates in the 'precision mode' or in the
'enrota mode.' The 'precision mode' is expected to come into operation when
the aircraft is within 5 miles of the landing facility. It is characterized
by a .ower value of the receiver front-end sensitivity (-74 dBm),5 ugsing wide
bandwidth (3.5 MHz) iF stage and Ferris Discirminator circuits and a threshold
level »>f -20 dB in tie delay and comparison circuits. The lower threshold
level and wider uvand~sidth enables one to determine range information with

better precision. By comparison, the 'enroute mode' extends from the edge of

4Gxerhart, G.D. & Johnson, M.E., Propagation and Interference Analysis
Computer Program (0.1 to 20 GHz) Application Guide, FAA-RD-77-60, ITS,
Boulder, Colorado, Harch 1978,

5weber, C., Data Sheets, Bendix Avicnics Division, Fort Lauderdale, Floraida,
June 1479,

36




VR Y S

FAA-RD-80~89 Section 2

the gervice volume to the 5 mile limit. For this mode, the receiver front-end
sengitivity is -83 dBm (Reference 5), a rnarrow bandwidth of 350 kHz and the
threahold level is ~6 dB. The Ferris Discriminator circuit is not used. The
tolerance on range determination is larger for this mode. 'These modes use the
game key circuits identified in the receiver block diagram of FIGURE 12,
Therafore, the D/U estimates will be comparable for the two modes.

The Bendix Co. provided the measured characteristics of the key circuits
that were used in determining interference thresholds for the PDME avionics.
In the circuit measurements, the changes in AGC voltage due to interference
ware measured, In addition, the leakage of interference decodes into the
ranging circuit was monitored by a pulse-counting technique and was expressed
as a confidence factor.® A high confidence factor indicates a negligible
leakage into the ranging circuit. The occurrence of signal break-lock was
also monitored and it occurred when tha confidence factor fell off. The
dynamic range of the PDME was measured to be at least 75 dB based on linear

portion of the AGC voltage measurements.

These measurements were, in general, based on allowing the desired signal
{set at 12 us pulse pair spacing) to acquire lock of the raceiver. The
undesired signal (12 us or 18 us depending on the category of inte Jerence)
was injected into the receiver and its effect was monitored. The intent of

these measurements was to get an estimate of the key circuits characteristics.

Category 1 Interference: If the interference is able to pass through the
front-end stages (i.e., RF and IF stages), the Ferris Digcriminator and the
jecoder circuits, it may capture/modify the AGC voltage in addition to
affecting the range-locking circuit. Category 1 interference (cofrequency and
coaperture) penetrates these circuits and the consequent changes in AGC
voltage and confidence factor supplied by Bendix are plotted in FIGURES 13 and
14 for the precision and enroute modes, respectively. The probe pair

repetition freguency (PPRF) of 1000 representa an intermediate value. With

3coafidence Factor = 1-[

Nanber of leaked pulse pairs
Total number of pulse pairs

12 _
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hicher PPRF (eg. 5000), a mnaller level of interference sigaal will capture

AG” and4 cause hreak lock.

The data of FIGURES 13 and 14 need proper interpretation ragarding nD/U

value necessary to preclude Category 1 interference in the freguency

agsignment process. Racause a receiver cannot distinguish between which
signal is the desired or the undesired, the Bendix data shows that the

ISPy -

g avionics receiver would always capture the stronger of twn signals (similar in
‘1 8

waveform) provided the stronger signal iz cqual to or graater than 6 dB with
respect to the weaker signal. This, and only this, is the condition for

PRI

datermining the frequency asaignment D/U for Category 1 :nterfarence. Such a

o

D/U, orovided everywhere within the Standard Service Volume, would assure

TR

desi:ed signal acquisition within the spacified search time regardless whether

T

an aircraft is flying towards or awav from a desired facility. 1It, therefore,
’ follows that for interference signala, the threshold (D/U) for acquiring rangs
18 lock (acquisition) is 6 4R, Using PDME system parameters (TARLE 12) and

propagation loss predictions from the ITS model, the separation dAistance

between desired and undesired POME transponder for a D/U of 6 dB is 75 nmi, as
shown in TABLE 13, The thraeshold for break range lock is about 3 4B lower
than for acauire-lock vased on meagurament data for DMFE avionics taken at
NAFEC in 19765, Thia impl {es that the D/ threshold for range break-lock ig 3
AR, and the minimum separation distance for this threshold is 60 nmi,

¥ The PDME facility identification (Ident), similar to DME, is provided by
Morse code signals transmitted at 37,.5-second intervals, and congists of
Jroups of pulse-npairs transmitted at a repetition rate of 1350 PPS over the
duration of the dots and Aashes (Reference 3). The requirements are that
enmuipment shall provide an intelligible and unarbiguous output signal
identifying the selected aqround station for all receiver input signal levels

HET TR YE £ BOTRY T A e e

WA DRI

6Su(:t:or\, mopak, Imhof, The Susceptibil ity of Representative TACAN and

DME Equipment to a Proposed MLS L-Band IME Sicmal Format, ECAC~PR~77-031,
ECAC, Annapolis, MD, July 1977,

L ARG
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Adown to the receiver sensitivity 1eve17. No analytical or experimental
study/data has heen reported concerning the signal-to-interference ratio (SIR)
criteria contrnlling the notential interaction between two competing,
cochannel ldent functions. The 'intelligible and unambigquous' requirement is
hasically a subjective type of decision. However, it can be assumed that
proper identification of a degired Ident signal may require that its power
should at least be greater than twice the power (3 dB) of the undesired Ident
signal. It therefore follows that a pessimistic D/U value for the Ident
function is 4 48, which includes an additional margin of 1 4B,

TABLE 13

INTRA~SYSTEM PDME INTERFERENCE (CATEGORY 1):
SEPARATION DISTANCE RESULTS

Total Separation Distance (nmi) of .nter‘rrar
Distance (nmi) From the Rdge of Desired
D/U (4R): Between Transponders Service Volume
3 (BRreak lock 60 40
threshold)
6 (Acquire lock 7% S8
threshold)
+4 (Ident 62 42
Function
thrashold)

Comparing the interference thresholds values determined above, tl.& most
constraining D/U ratio for Cateqory 1 interference will be gelected at 6 d4s.
TABLE 13 lists the interference threshold values and the geparation distance

requirements for this case.

——

7wxnimum Performance Standards for Airborne Distance Measuring Equipment (DME

perating within RF Range of 960-1215 MHz, RTCA Doc. No. Do-151-A,
November 1978,
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Category 2 Interference: PFor Category 2 Iinterference (cofrequency/out=-
of-aparture), the decoder rejection characteristics form the primary hasis of
the interference threshcld. Thesa rejection characteristics (data supplied by
Rendix T.) are implied in the curves of FIGURES 15 and 16 which show the
impact of Category 2 interference on the AGC and leakage into the ranging
cicvcuits of the POME receiver while operating in the precision and enroute
modes, These curves do not cover the entire dynamic range of the decoder
circuit hecause of limitations in the test setup. However, haged on the
limited available characteristics, the pessimistic D/ for Category 2

intarfarance is =50 4B for the precision and enroute modes.,

Category 3 Interference: In this case, the characteristics of dual-
mode Ferris Disgcriminator (FD) and front-end stages determine the interference
threshold values. For sxample, the curves in FIGURE 17 show rejection
characteristics of front-end stages arnd the dual-mode ¥D. It can be sean that
the wide hand front-end stages (i.e., RF and IF stages) alone are not
sufficient for suppressing Cateqory 3 interference and the dual mode FD
rejection characteristics are essantial to ensure protection of the desired
PDME giqnal! in precision mode in the presence of adjacent-channel
interfarence. This point is {llustrated hy the curves 1 and 3 in FIGURE 7.
Tha curve 2 ghows the raejection characteristics due to the narrowband circuita
and thase provide protection from adjazent channel interference in the

‘anroute' mode.

The rejection curves ! and 2 of the front-end stages were obtained by
sonvolving a theoretical emission spectrum (FIGURE 18) of the PNPME gignal and
the salectivity curves (FIGURE 19) for the wideband and narrowband modes of
PPME receiver operation. The combined precision mode rejection
character istics (curve 3 FIGURE 17) of the dual mode Ferris Discriminator and
front-end stages werea based on circuit data supplied by Bendix. The D/U
ratios for category 3 interference (FIGURE 17) for the precision mode are -60,
-7 4B for the first and second adjacent channels, respectively. Similarly
or tha enroute mode, the D/U ratios are =37 dB and =49 dB, respectively. The
A5C and Con®idence Factor data in FIGURE 20 also confirm the precision mode

0/U ratin mentioned ahove.
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e

I
: ? 0 I. FRONT-END STAGES (PRECISION IF QUTPUT)
!
P L
; F
i -
E . W 3. FERRIS DISCRIMINATOR
: @ =30 X" OUTRUT (PRECISION MODE
i & 4_
4 -
g ‘ § -4 2. FRONT-END STAGES
- ENROUTE IF OUTPUT )
[+ 4
'1 W -gof-
| < EXTRAPOLATED
w
@ - 1 ‘
~ %5 | 2 g sttt———3
; Af IN MHz —o
] H
E, Notes:
53 (1) Af denotes the change in interference
%: frequency with reference to desired
2 signal frequency

(2) Enroute mode does not utilize the dual-
mode Ferris Discriminator in a way similar
to the precision mode but employs circuitry
which enables it to fashion a bandwidth re-
sponse much narrower than that of the pre-
cision mode.

FIGURE 17. PDME (PRECISION AND ENROUTE MODES):

FERRIS DISCRIMINATOR AND FRONT-END
- STAGE REJECTION CHARACTERISTICS FOR
| CATEGOPY 3 INTERFERENCE.
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FAA-RD-80-89 Section 2

Category 4 Interference: Low levels of interference signal impinge on
the decoder circuit because of the large rejection factor of the front-end
stages and the dual-mode Ferris Discriminator. The interference threshold for
Category 4 interference for precision mode should be less (more negative! than
Category 3 threshold because the low level signals are out of the decoder
aperture. Based on the dynamic range of the receiver, the D/U ratio for this
case is at least -75 dAB. This value also corresponds with the rejection level
shown in the FIGURE 17 (curve 3) @ 2 MHz. Similarly the D/U ratio for the

enroute mode adjacent channels is -49 dB.

TABLE 14 lists the interference thresholds for intra-system PDME
interactions for all of the interference categories discussed above. The
interference thresholds derived above are valid to a firat order of
approximation bacause the results are based on characteristics of the key
circuits in the avionics receiver and not on testing of the entire system. A
few conservative approximations in the D/U values were made for the cases
(e.g. category 4 interference) for which no characteristics data was

available. Overall, the D/U ratios in TABLE 14 are pessimistic values.

PDME INTERFERENCE TO CONVENTIONAL DME

Conventional DME avionics receivers are part of the radionavigational
equipment on existing commercial aircraft. The pertinent characteristics of
repregsentative DME avionics receivers are shown in TABLE 15, With the
exception of the King 7000, none of those equipments use a Ferris
Discriminator in the pre-decoder stages. This implies that the front-end
stages (i.e., RF and IF 3tages) alone in conventional DME's need to provide
adquate rejection to the adjacent-channel interference from an interfering
PDME signal format. This point was verified analytically by convolving a
theoretical PDM< emission spectrum (FIGURE 18) with a general selectivity
curve (APPENDIX D) of the DME. The curve in FIGURE 21 shows the expected

rrotection offered by DME front-end stages from PDME interference.
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TARLE 14

INTRA-SYSTEM PDME INTERFERENCE: INTERFERENCE THRESHOLDS

Interference Cateqory bu (4B) Comments
1 3 (Break lock) Pesaimistic D/U is
6 (Acquire lock) dB bhased on acquire
4 (Ident) lock criteria
2 =50 Pessimistic Value
k] -60, =78 Pessimistic values
(Precision) tor the first and
=37, =49 second adjacent
{Enroute) channels
4 -75, =1 Pessimistic values
{Precision) for the first and
=49, =49 second adjacent
{Enroute) channels.

The D/U estimates for conventional "™ME receivers were derived from the
acquire-lock test data ohtained fram NAFEC and documented by ECAC (Reference
A). The raw Adata was modified/arranged/interpreted as necessary to compansate
for the limitations in the test setup. Thesa limitations included deviations
in the test spectrum shape, the use of Aifferent refersnce levels of desired
signal from equipment tn -~quipment, and not taking the Ideat function into

congideration.

The data for the first and second adjacent-channel center frequencies was
modified hy 9 4R and 6 4B, respectively, ags shown in TABIE 16. This
adjustment was needed hecause there was difference in the glopes of the
gsinulaced test-gignal amission-gpectrum (FIGURE 22) and the theuretical PDME
signal spectrum (FIIRE 18), For comparison purposes, the interference
thregholds cf DME equipment need to he expressed in terms of a common
raeference level of the desired signal. This reference was selected as the
mininum desired siynal (MDS/system) provided by the ground beacon at the end
of the operatinnal service volume and is ~79 dPm. Another type of desired
gignal level is the minimum discernable signal (MDS/equipment), which is a
measure of a particular equipment sensitivity. The raw data was, therefore,
appropr fately arranged, plotted, and ex“rapolated where necessary so that
intevference thresholds at these power levels could be determined.
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TARLE 16

DIPFERENTIAL® LEVELS RETWEEN NAFEC TEST SIGNAL AND THEORETICAL (COS/COSZ)
SIGNAL SPECTRUM AT FIRST AND SECOND ADJACENT-CHANMEL
CENTER FREQUENCIES

cos/cns? NAFEC
Normalized Normalized
Theoretical Test Siqnal .
Spectrum Level (Worst Difference
Af (Muz) Level (4R) Case) (4R) (aRn)
1 .
{1st Adiacent -43 ~34 Q
Channel)
! 2
L '2nd Ad4acent -84 =50 6
Channel)

& The normalized levels are not relative to 0,5 MHz handwidth for both
the theoretical and test signal spectrum.

The curveg of FIGURES 23 to 29 form the haais of N/U estimates for the
DME raceiver for Category 1 and Category 2 interfersnce. Similarly, the raw
data was processed to ohtain interference thresholds for Cateqories 3 and 4
(FIGURES 22 to 34). These figures are hased on NAFEC data using tha ARD 300
channel plan®. The Cateqory 2 interference data at 18 us pulss pair apacing
is pessimistic because the PDME transponder in the Y &XZ modes (See APPENDIX

) transmits at 30 us.

2,vn 300 channel plan as defined in Reference 5.
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el
o] 1000 2000 3000 4000
at N kg =+

FIGURE 21.

PDME VERSUS CONVENTIONAIL DME; FDR PLOT.
(BASED ON THEORETICAL EMISSION SPECTRUM,
FIGURE 18, AND GENERAL SELECTIVITY CURVE,
APPENDIX D).
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FIGURE 22. SIMULATED PDME TEST SIGNAL SPECTRUM AT NAMEC.:
VERTICAL SCALF: 10 dB/div.
HORIZONTAL SCALER: 1 MHz/div.

Tae resultant N/ estimates for PDME interference to TME receivers are
summarized in TARLE 16, These D/U values are based on proper interpretation
0f the MAFE(C Adta. For éxiﬁple} in the case of Category 1 interference, the
N/T ratio was considered to he a positive number because in an intended
service volume, the avionics receiver locks on to the stronger desired
svachrono:is signal as previously discussed. The analysis data shows
vongiderable variation in N/U ratios from equipment to equipment for the same
category of interference. This variation in D/U rations is due to Aifferences
{in clreult verformance of these (e.q. front-end sensitivity, IF satuvation
level,sts.). equipment. The constraining D/U values representative of

{atarfarence ko NME's were determined from this datn.
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Category 1 Interference: The constraining D/U ratio from TARLE 17 for
the range acquire-lock function is 8 4B, The pessimistic interference
threghold® for the tdent function is 4 dR. Therefore, the worst-case D/U
value for Category 1 interference is % dR, Taese N/U values can bhe linked
with interacting transponder equipment separation distance using equipment
ERP's, 1ITS propagation model, etc. The analysis results are listed in TARLE

1A,
TARLE 18
PDME INTERFERFNCE TO DME (CATEGORY 1): SEPARATION DISTANCE RESULTS
Interferer
Distance
From the Edge
of Sexrvice
pMe Total Separation Volume of the
Service Voluma n/u Distance (nmi) Desired Equip-
Type (aR) Between Transponders ment (nmi)
High? 4 A Ident 150 20
R 3 range lock 170 ' 40
Low 4 4 Ident (b) ' (h)
8 @ range lack 48 f
Tarminal 4 @ Ident (b) (b)
8 9 range lock 31 . : 6

25ee TARLE 11 footnote.

bae low & terminal altitudes, no cochannel interference is possible hecause of
antenna patterns, etc.

Catecory 2 Interference: The large variation in rejection levels from
TABLE 17 for Cateqory 2 interference ls mainly due to Aifferences in

performance characteristics of the decoder circuits in different equipment.

Acee Intra~System PDME Interaction; Category 1 interference.
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The worst performing decoder rejection is 5 dB. The overall interference
threshold selected to protect against Category 2 interference depends on the
chosen criteria: The oriteria for selecting a threshold way include: (a)
protecting all or some equipment based on NAFEC data; or (b) protecting
equipment based on performance standards described in References 2 and 3.

. From safety of life considerations, all avionics equipment should ba
protected. It implies tha® worst-case D/U ratio (3 dB) will be selected as an
interference threshold and it will be a pessimistic criterion. It may be
noted that selecting the D/U ratio based on worst performing decoder equipment
may strain the channel assignment model to some extent.

Category 3 and Category 4 Interference: The analysis results for

i Categories 3 and 4 (TABLE 17) were obtained from FIGURES 30 to 35. This data

! was adjusted to account for the differences in spectra roll-off between tha
test signal and expected PDME signal format. Again, the variations in D/U
values from equipment to equipment can be mainly attributed to different
circuit designs used by the equipment manufacturers. The worst-case 0D/U
values for Category 3 are =25 and -30 dB for first and second adjacent
channels, respectively. The worst-case D/U value for Categary 4 are ~42 and
-46 for first and gsecond adjacent channels, respectively. This result
primarily reflects the rejection characteristics of the front-end stages
{i.e., RF and IF stages) of the DME receivers. As shown in TABLE 17, the
interference thresholds for certain equipment are the same or nearly the same
for Category )} and 4 interference. Posaibly in these equipments, the out-of-
aperture interference impinging on the decoder circuit is comparable to the

. noise level, and therefore, no additional decoder rejection is contributed.

. The overall results of the analysis of PDME interference to conventional

! DME's are summarized :.. TABLE 19.
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PDME INTERFERENCE TO TACAN

The TACAN system provides the aircraft with azimuth, vrange, anc
{dantification information. Relevant characteristics of available TACAN
avionics are listed in TABLE 202, fThe adjacent-channel rejection
charactoristics of a representative TACAN front-end stages (no Perris-
Discriminator used in TACAN avionice receivers) for a potentially interfering
POME signal couapared favorably with results already shown in FIGURE 2l. Test
data from NAFEC was aporopriately modified in this case in order to account
for the differences in spectral fall-off betwsen the test signal and the PDME
siqnal and also to include interference thresholds values at MDS/aystem and

MDS/equipment.
TABRLE 19
PDME INTER(ZRENCE TO DMF,
INTERFERENCE TH UL VALUES
Interference
Category D/U (4R) Comments
1 8 Degradation for acquire
range lock
2 3 Based on worst performing
decoder characteristics
32 -34, =36 First and second
adjacent channeti.
4* 5%, 52 First and recond
adjacent channel.

Amhe D/U vatios for Citegory 3 and Category 4 interference from TABLE 17 have
been adjusted by 9 dB and 6 4B for the first and second adjacent channels
re-pectively. These adjustments are based on differences in spectral levels in
the adjacent bands hetween the test signal spectrum (FIGUREK 22) and
theoretical spectrum (FIGURE 18),

e list covers a combined inventory of old and new equipment. ‘The
AN/ARC-52 represents the older equipment.
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NAFEC data and nlots of D/U (FIGURES 35 to 38 based on NAFEC data) were
used to form a hasis for estimating thresholds (TABLES 21 and 22) for POME~-to~
TACAN interactions. These tables cover hoth azimuth and range functions and
list :the D/U valuea for various TACAN avionics veceivers for each cateqory of
interference. The D/U ratio data for Category 1 interference was interpreted
in terms of stronger (desired) signal acquire lock within the service volume
as discussed previously. The analysis data indicates that except for Category
1 interfarence, the TACAN azimuth function is more susceptible to interference

than the range function.

Category 1 Interference: The analyeis (TARLES 21 and 22) shows that the
pessimistic D/U values is 9 AW, However, D/U value of 8 AR was used in the
results. Tt has heen already stated that the interfarence threshold for the
Tdent function is 4 49, Using the equipment ERP, established service volumes
and loss predictions of the ITS progpaqation model, an analysis of D/U ratjos
was made in terms of sgseparation distance bhetween the interacting couplet,
TARLFE 23 summarizes the separation distance results of this analysis and shows
that the most constraining interference threshold value for Cataegory 1

{nterfer..nce is R A4B.

Cataqory 2 Interference: As in the caase of DME, TACAN equipment exhibits
a variation in decoder performance according to Cateqgory 2 data in TABLES 2%
and 22, The interferance thresholds were based on the criterion of worst
performina deacoder equipment data. The D/U ratio for the Category 2
interference ia 6 dAB and is listed in TABLE 24.

Category 3 and Categorv 4 Interference: In Cateqgory 3, TABLES 21 and 22,
the pessimistic D/U values are =33 4B and -41 4B for the first and second
adjanent channel, resgpectively. The adjusted D/U ratios are -42 4B, -47 4R
for the first and second adjacent channels, respectively, accounting for
Aifferentials in the emisslon gpectra levels. These D/1) ratios for the
adjacent channels are comparahle to the expected values shown in the curve of
FIGURE 21, In the case of Category 4 interference, the constraining D/U

values are -42 4B and ~47 dB because the interference suppressed by the front-
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TABLE 21

PDME INTERFERENCE TO TACANS:

Section 2

D/U RESULTS FOR AZIMUTH FUNCTION

Category 3 Catagory 4
Intot’ngnce !ntat’gtxnee
First fiecond First sacond
Cateanty ¢ Cateqory 2 Miacent Miacent Miacent Aiacent
Interfarence | Interference Channel Channel Channel Channel
Fauipment o/ n/u o/u n/u D/t n/u
Nomanclature (An) tam tanr) (am) (am) (as)
AN/AMNR-%2 ) -7 ~43 -5 -4% =53
AN/APN-RY . «1.9b - -ah -33b -4t
Sua « Nat availahie,
rat case
TABLE 22

PDME INTERFERENCE TO TACANS:

L/U RESULTS FOR RANGE FUNCTION

Category 3
Xn:or or!ﬁca !n&%’mu:
Pirse Kecond iest Second
Categorv Cateqory 2 AMiaceut Miacent AMiacent Miacent
Interference Interference Channe! Channel Channel Channel
Pruicment n/Mm n/t w/\ n/v n/v o/
Nomenclature (An) (4An) (4R) (4B) (dp) (4n)
AN/AWN- 6D 4,5 =50, -41 -54 -54 ~5%
AN/ ARN-A4 +08 YT ~56 -89 -69 5}
Morst case value
TABLE 23

PDME INTERFERENCE TO TACAN (CATEGORY 1):

SEPARATION DISTANCE RESULTS

e ]
3 1 Total Separation Interferer Hhistance From the ELdoe
- TACAN Service n/y nistance (nmi) of Service Volume of Desired Sigmal
;‘ . . Volume t4am) fetveen Transponders (nmi)
2 i
7 Hiah 1: +4 A 1dent 149 19
. R @ acauire 153 23
ranoe lock
{
S ow +4 % Tdent - -
L . 8 # acquire - -
; range lock
! Aterminal +4 9 1dent - -
+8 B zcoauire - -
1 range lork

%geparation Aiatance does not apply hecause of hich cifferentisl in FRP values for the
‘ow and terminal service volumes.
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end gtages is of little significance in most of the subsequent decoder
clrcuits. The adjusted D/ ratins are noted in TABLE 24,

The overall results of the interference analysis of PDME interference to

TACAN recejivers are summarized in TABLE 24.

TABLE 24

PDME INTERFERENCE TO TACAN;
PESSIMISTIC INTERFERENCE THRESHOLDS

Interference
Cateqory D/U (4B) Comments

1 8 Degradation bhased on
acquire lock

2 6 Criterion of worst
per forming decoder
equipment

3 -42, =47 First and second
adjacent channels.

4 -42, ~47 First and second
adjacent channels.

TACAN/DMF, INTERFRENCE TO PDME

The intra-system PDME interactions, discussed earlier, showed thit the
interference thrasholds depend primarily on tle characteristics of the key
circuits in the victim receiver. The same situation applies in the case of
TACAN/DME interference to the PDME receiver. However, the impact of TACAN/DME
interference on the PDME receiver may be less severe for adjacent-channel
interference because the potentially interfering TACAN/DME pulses have a
slower rise time (narrower spectrum as compared to potentially interfering
PDME pulses). As a result, the separation distance requiremant for the

interfering couplet will hae Aifferent in the present case.

Category 1 and Category Z Irterference: The interference thresholds for

the PDME receiver fur Category 1 interference have already heen established in

76



FAA-RD-80-89 Section 2

the previous intra-system PDME section. These ratios hold for —he present
case also. The interpretation of these ratios in terms of separation distance
hetwean interacting equipment was made using ERP's, the ITS propagation model,
etc. ‘The results of the analysis are listed in TABLE 25 in terms of the
gseparation distance requirement. The pessimistic D/U ratio is 6 4B for
Cateqory 1 interference. In the case of Category 2 interference, the
pessimistic interference threshold will he a-50 dB, based on the victim PDME

receiver decoder characteristics discusged praviously.

TABLE 25

TACAN/DME INTERFERENCE TO PDME (CATEGORY 1):
SEPARATION DISTANCE RESULTS

D/U Between Service Volume
Case (dR) Transponders of Desired Signal

TACAN to 3 (break lock) 202 122
POME 6 (acauire lock) 204 184
+4 (Ident) 203 183

DME (1 kW) 3 (break lock) 188 168
to PDME 6 (acquire lock) 190 170
+4 (Ident) 187 167

Category 3 and Category 4 Interference: The adjacent-channel rejection
in the IF stages was determined by convolving representative emission spectra
of TACAN/DME with the precision mode and enroute mode selectivity curves of
PDME receivers, The results are given in FIGURES 39 and 40. The enroute mode

OFR was approximately derived,

As shown in these figures, the maximum rejection from front-end atages {is
helow 10 dB at 1 MHz and 18 4B at 2 MHz, which is small compared to the dual
mode Terris Discriminator rejection level. Therefore, the interference
threshold level for precision mode Cateqgory 3 interference i{s primarily set by
the dual mode Ferris-Discriminator characteristics. The pessimistic D/U ratio

for Category 3 (precision mode) interference was considered as -60 4B and -75
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48 (comhined front-end and dual mode PFerris-Discriminator characteristics) for
the first and second adjacent channels, respectively. The D/U ratios for the
enroute mode Category 3 are -47 48 and -5) dB for the first two adjacent

channels.

The interference thresholds (pessimistic valuesg) for the Category 4
interference are based on the second adjacent-band data of Category 3
interference. Therefore, D/U ratios for Cateqory 4 will he -75 4R for the
pracision mode and -51 4B for the enroute moda for the adjacent channels. The
results of the analysis are listed in TABRLE 26.

TARLE 26

TACAN/DME INTERFERBNCE T PDME: PESSIMISTIC INTERFERENCE TRESHOLOS

Interference
Cateqory o/v (4s) Somments
1 6 Acquire lock criterion
2 -50 Pessgimistic value
i 3 ~-60,=75(Precision Pogssinistic values for the
moda) firat and sacond adjacent
«47,-51(Enroute charaels
mode)
4 -75,=-75(Precisicn Pessimistic values for the
anode) tirst and secnnd adjacent
=51,=-81 Enroute channels
mode)

IN™RA=AND INTER-SYSTEM TACAN/DME INTERACTIONS

There are four different types of interactions to be ~onsidsrcd between
the TACAN and DME equioment. The irterference thresholds “or thease
interactions for each categcry of iiterference were deterv 1ed using equipment

nrotectio: rulas, Ident function duaradrtion levels, mir cuum performance
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standards of equipment, and circuit characteristics. The details of the
analysis are descrihed helow:

Intra-System TACAN Interactions

According to the 1.8, National Aviation SnndardsR on VORTAC systems, a
signal from a undesired cochannel component will he at least 8 4B below the
siqnal from the Aesired component. In other words, mainicaining a D/U ratio of
+8 4B for Category 1 interference is mandatory in the frequency assignment
process. This ratio is also supported by the cunsideration that for
praserving the azimuth information (which has modulation swinge of about +4
dB), the quiescent levels of the interacting equipment should be separated by
8 4Au, Separation distance analysis was made for maintaining a D/U ratio of 8
48 hetween the interacting TACAN equipment. The results are summarized in
TAALE 27 for the tliree types of service volume. The standards also state that
the signal from an undesired first adjacent-channel component will not exceed
the Adesired siqnal by more than +42 dB. PFurthermore, signals other than
caochannel or first adjacent channels shall not exceed +50 4B of the desired
sigqnal at any point above the radio horizon and within the opsrational service
volume oY the desired component,. Thus, it is required that for Category 3
interference, D/U ratios of =42 and -50 4R have to he maintained for the first

ani gecond adjacent channels, respectively.

The decoder circuits in TACAN avionics receivers have a variation in
performance. However, based on ths channel/frequency allocation in th. 960-
127% Mz band, the Category 2 and Category 4 cages do not apply in the presgent
case of interaction. Assuming that the decoder circuit offers no additional
rejectinn to low level interfering aignals, the pessimisgtic D/U ratio for
Cateacry 4 interference is -50 dB. The summary of D/U ratios for intra-system
TACAN interference is listed in TABLE 28,

BAdvir ' Circular on U.S, National Aviation Standards for the VORTAC Systen,

FAA, -+ of Trangpcrtation, June 10, 1976,
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TARLE 27
INTRA-SYSTEM TACAN INTERACTIONS (CATEGORY 1):
SEPARATION DISTANCR® RESULTS
Total Separation
Service Distance (nni) Interferer from the
Volumre b/u Batween Edge of SBervice Volume
Mode (48) Transponders of Dasired Signal (nmi)
High +8 3 245
Low +8 173 135
Terminal +8 120 9%

Apower allowance for monitor is not included hera.

TABLE 28

INTRA-SYSTEM TACAN INTERACTIONS:
INTERFERENCE THRESHOLDS

[ Interterence Pessimistic
Category D/U(4B) Comments

1 +8 Based on VORTAC protection rules.

2 - Not applicable.

3 -42,-50 First and second adjacent channels,
respectively, baged on protection
rales.

4 - Not applicable.

Intra-DMF Interactions

The TACAN transponder equipment in compa. ison to TME transponder
equipment operate at a higher ERP and use spectrum filters in the beacon
transmitter to comply with ICARO Annex 10 and adjacent-channsl spectral

constraints.

In adiition, the azimuth function in TACAN equipment is wmore

vulnerahle to interferance than is either the range or Ident function. Since
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thess featuras apply to TACAN equipment only, the interference threshold
valuas derived in the preceding section do not apply to the DME's, The de:ails
of the analysis procedure for intra-system DME (1 XW and 100 watt equipment)
{nterference thresholds are given in APPENDIX D. The key points are repeated

hera,

The cochannel (Categocy 1) interference threshoid is basad on the
notential degradation of the range function, for which a D/U ratio of 8 dB {s
cequired. This ratio will be valid to both the 1-kW and 100-watt TME units.
The desired separation distances for the type of DME gervice volumes were
analyzed and the rasults are listad in TABLE 29. In this case also, the
Category 2 and Categoxy 4 interference does not exist for hoth types of DME
units hecause of channel/frequency allocation procedures in the 960-1215 MHz
hand.

TARLE 29

INTRASYSTEM DME INTERACTIONS (CATEGORY 1):
SEPARATION DISTANCE RESULTS

Total Separation Interferer Distance
Distance (nrmi) rom the ®dqe of the
Service Volume D/U Betwsen Sexvice Volume of Desired
Mode {4R) Tsansponders S8ignal (nmi)
High 8 376 346
Low 8 \ k&) 137
Terminal 8 127 102

The ad'acent~channel inte;totenca thresholds were determined by
convolving a theoratical emigsion spectrum with a general gelectivity curve of
PME receivers (see APPENDIN D'. Q(osine-squared waveforms wire examined to
check compliance with ICAO Annex 10 spectral constraints. The off-frequency
rejection (OPR) valuesg for such a waveform, (e.g., a 3.5-micrusecond pulse
width and a 2,06-microvecnnd rise and fall time) were ~;7.4 dB and ~5%.5 4K
for the first ani second adjacent channels, respectively (TABLE D=1),
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In tarms of Calegory 3 interference, the D/U rutios for the 1-kWw DME unit
are =39.4 and =47,% 4B, respectively for the first and second adjacent
channel, Tor the 100-watt DME unit, the D/U values will he =29.4 4R and ~37.5
dR for the first two adjacent channels. The rasults of intra<HME interference
thresholds are listed in TABLE 30,

TARLE 30

INTRASYSTEM DME INTERACTIONS:
INTERFERENCE THRESHOLDS

Interference Pessimiastic
Category b/U (4B) Comments
1 8 [1-kW & Based on degradation in the range
100=-W DME) acquire-lock function.

2 Not applicabla.

k] «39,4,-47.5 First and sacond adjacent channels;
[ 1=kW DME) based on ganeral analysis in
‘29."3705 APPENDIX D.
[100-W DME)

4 Not applicable.

TACAN Interference to DME

The approach in Aeteraining the interference threshold was the same as in
the preceding sections. For on-channal interference (Category 1), the range
function is most susceptible to degradation. Therefore, the constraining D/U
ratio for Category t interference is 8 dB. The separation Adistances necessary
to maintain that N/U ratio are listed in TABLE 31 for all types of service
volumes. The adjacent-channe! interference analysis was based on the
convolution of a TACAN emission spectrum and a DME receiver selectivity curve
using the FDR CAL program (APPENDIX E). The interference thresholds for
Category 3 interference are ~46 dB and =54 dB. The results of this analysis
are summarized in TABLE 32,
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TABLE 31

TACAN INTERFERENCE TO DME (CATEGORY 1):
SEPARATION DISTANCE RESULTS

Total Separation Interferer Distance
Distance {(nmi) From the Edge of the
Service Volume p/u Retween Service Volume of Desired
Mode (4B) Transponders Signal (nmi)
HRigh 8 376 246
Low 8 193 153
Terminal 8 138 113
TABLE 32

TACAN INTERFERENCE TO DME;
INTERFERENCE THRESHOLDS

Interfaerence Pessimistic
Cateqory D/U (4B) Comments
1 8 Based on degradation ia the range
acquire~lock function. ’
2 - Not applicable. {
3 -46, =54 First and second adjacent channelss,
based on general characieristics |
of the interacti gy equipment. !
4 - Not applicable. J

ME Interference to TACAN Egquipment

In this case, it is the range acquire-lock functicn which deteranine: the
interference threshold for the cochannel interference. Therefore, the
constraining D/U ratio for Category 1 interferen-~: was 8 dB. Separaticn
digtances were determined for the above D/U ratio bhutween the interacting
equipment and these are listed in TABLE 33 for all :ypes of service volumes.
The interference thresholds for Category 3 interference were based on emission

and selectivity characteristics of the interacting equipment. The pessimistic
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D/U ratios for this case were -39 AR and -43 (1-kw DMR) and -29 4B, =38 dR
(100-watt. NME) for the first and second adjacent channels. The results of the
analysis are given in TARLE 34.

TARLE 33

DMR INTERFERENCE TO TACAN (CATEGORY 1):
SEPARATION DISTANCE RESULTS®

Total Separation Interferer Distance
Distance (nmi) From the Edge of the
Service Volume D/u Retween Service Volume of Desired
Mode (4aw) Transponders Signal (nmi)
High 8 373 243
Low 8 158 118
Terminal 8 1058 80

3nistance separatinns are based on transmitter powers given in TARLE 12,

TABLE 34

DME INTERFERENCE TO TACAN

Interfarence Pesaimistic
Cateqgory p/u (4B) Comments
1 8 {1-kW & Based on acquire range lock.
100-W DME]
2 - Not epplicable.
3 -39, -48 Flrst and second adjacent
{1<-kw DME] channels; bhased on general
«29,-38 characteristics of the
{100-W DME) interacting equipment.
4 - Not applicable.

This section addressed the interference threshold analysis for the L-Rand
ODME, DME and TACAN equipment for the four categories of interference.

Section 3 of this report summarizes the overall results of this analysis along



Section 2
These results provide an important
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input for an initial exercising of the channel assignment.

with explanations and interpretations.
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SECTION 3
RESULTS/SUMMARI ZATIONS/COMMENTS

MLS/C~Rand Egquipment Interactions

This portion of analysis determined the interference thresholds for all
combinations of interactions between the MLS configurations/functions for the
cases of cochannel and adjacent-channel interference. The focal point in this
analysis was the transformation of MLS error hudgets for Aifferent MLS
confiqurations/functiona into the interference thresholds (D/U ratios) at the
systenm level, The main results of the analysis and the interpretations are

given below.

Adjacent-Band Analysis Results:

The first step in the analysis was to determine the N/U ratios at the
function level (TARLE 3). These D/U values characterize the receiver
nerformance when gsubjected to interference from the undesired MLS quidance
finctions. The function level D/U ratios were transformed to system level D/U
rating (TARLE A) using the adjustment factors (TARLE S). The adjustment
factorg were determined graphically with DPSKX channel as the reference hase,
The constraining N/U ratio selected on this reference base ensuves protaection
from interference for all combinations of iuteractions between the MLS

confiqurations/functios.

“m a system basis, the Preamble/Data channel was found to be more
susceptihble to interference among all the cases (TARLE 7). The constraining
interaction is an SB signal from an undesired Full Capability MLS
Configuration versus a PD channel of the victim equipment. The most
congtralning /U ratio is -2t d8 (TABLE 7) for the First adjacent channel.
The rejection factor data of TARLE 2 was used for Aetermining D/U ratios in
the other adjacent-band channels. The constraining D/U vaues are -23 dB, ~-26
4% and ~2R 4R for the second, third and fourth adjacent channels,
raspectively. This data is olotted in FIGURE 41.
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FIGURE 41. CHANNEL NUMBERS VERSUS [D/Ulil"OR MLS/C-BAND EQUIPMENT.
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For adjacent~channel interfarence, the ITS predictions - (Reference 4)
were ugsad to datermine the worse-case D/U location (within and outside the
ssrvice voluma) hased on separation distance, airvcraft altitude, antenna
patterns, etc. It was determined that the worst-case geometry occurs when
airport facilities ars geparated by 21 miles and with the victim aircraft at
an altitude of 2100 feet. ‘'This situation is illustrated in FIGURE 42, ‘The
D/Y ratio for this geometry is 22 4B (PIGURR 43).

The D/U results of the preceding analysis on adjacent-channel
intarference and worst-case geometry of MLS equipment location are suwmarized
in PIGURE 41. These results indicate that to accommodate the situation of
worst~case MLS equipment location (FIGURE 42) and to preclude interference
from the constraining Intra=MLS Configuration interactions (e.g., €from an
undesired Full Capacity equipment vs the desired Minimum Capability
equipment), the undesired MLS signal should be assigned at least the second
adijacent channel. The freguency separation based on this criteria should,

therefore, nreclude adjacent-channel interference for all possible
interactions hetween MLS Conflguration/function and locations of the MLS

aquipment.,

TR ke

: The results of the aq ~cent-channel interference analysis hold for the
values of rejection factors (TARLE 2), ARIRP (TARLE 4) and CMN ervor bhudget
{TARBLE 1) given in this section, Any changes in these values will modify the

R

2

constraining D/U ratios. However, any new D/U values could be readily

deternined by the praocedures described in this report,

It ghould be noted that these adjacente-channel results do not make
allowance for the monitor power tolerances between the desired and undesired
facilities. Dependent upon what this value is for the fin.l MLS gystem

configurations, the numher of adjacent channels removed in the frequency

assignment critevia can be greater than that indicated herein.
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Cochannel Analysis Resultas:

The tnchannel analysis was based on distortion caused in the scan beam
signal Aue to multipath effect (i.a., interference being a nearly coincident
signal and replica of the Adesired signal). The interference thresholds (TARLE
10) ware determined at the aystem level. The moat constraining D/U value at
the syatem level is 24 dB and it occurs for the case of undesired signal from
a Minimum Capability MLS equipment interacting with the deaired Full
Capahility ecquipment. ‘The saparation distance vequirements, to preclude
interferenca for the most constraining case, are based on the path loss
predictinng of the ITS propagation model and the results are listed below:

MLS Receiver Separation Distance (nmi) estimated
Altitude Between Desired & Undesired MLS
(Xilo feet) Gromd Bguipment
2.1 A2
10 142
29 193

The cochannel interference analysis performed in Section 2 is hased on
the most constraining interference situation. Therefore, the aialytic
procedure rrovides pessimistic values of D/ ratios and the associated

separation distances.

L-Band ¥quipment (POME, TACAN, NME) Iateractions

The overall interference threshold results of the L-Rand equipmont
analysis are summarized in TABLE 35, The D/U results are the same for many
cages of interactions. This is because the pessimistic D/U ratios are listed
and most of these are derived on the basig of characteristics of the key
receiver circuits and also using minimum allowable performance standards
pertaining to this equipment., The separation distuunce requirements are
different for each of these interactions bacause different parameters such as
transmitter power, service volume and antenna gain/pattern were used in the

IT3 propagation model (Refarence 4) for each case. The results of the
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TABLE 35
CONSTRAINING INTERFERENCE THRESHOLDS FOR 'I'iE
L-BAND AVIONICS EQUIPMENT
Victim Equipment
D/U Thresholds
Interfering TACAN DMe POME™
Equipment Cateqories® (4m) (am) (am)
1 ! 8 8
2 - - -39
TACAN 3¢ -42, =30 -46, =54 -88, =75
-47, =51
4 - - =7%, =78
~51, =51
| 8 8 )
2 - - ~-30
DME 3 -39, =48 -39, =48 -80, =758
(1 kW) -47, ~81
4 - - -7%, =78
' =51, =51
] 8 a a8
DME 2 - - -50
{100 watt 3 -29, -38 =29, =38 =37, =41
unit) 4 - - =75, =78
41, 41
1 ! ] 8
2 6 3 - 1)
PDME 3 -2%, =34 -25, =3¢ -60, ~75
-37, =49
4 -34, -4 -34, ~-34 =75, =7%
-49, =49
3category 1 - Cofrequency/coaperture interference.
Cateqorv 2 - Cofrequency/out-of-aperture interference.
Cateqory 3 - Adjacent~-channel/coapercature interferencs.
Categqory 4 = Adjacent-~channel/out-of-aperature interference.

hln Cateqories 3 and 4 for PDME, the two levels of D/U vratio refer to the
precision and enroute modes.

®In categories 3 and 4, the two levels of D/U ratio pertain to the first
and second adjacent channels.

Not applicable cages are denoted blank.
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separation distance analysis are presented in the tables of Section 2. The
commants summarizing the basis of the analysis results are described below.

PDME Avionics Equipmant

The D/U1 ratio of 6 dB derived for Category 1 interference indicates the
dynamic range of the AGC circuit of the prototype PDNE equipment. However, in
the channel assignment process, a /U of 48 dR should be considered so that
this ratio conforms with the standard accepted value for oLner types of I~Band
equipment. The Category 2 interference D/U ratio (-50 dB) is based on the
decodar characteristics of the PDME equipment. It is a pessimistic value and
invariant of the type of interferer.

The two sets of D/U ratios for Qategory 3 interference pertain to the
precisicn mode and eanroute modes of operation. The precision mode D/U values
(=60 4B, -75 dB) primarily reflect the rejection characteristics of the dual
wmode Ferris Discriminator circuit. The enroute mode D/U ratios (-17,-41) was
derived from the OFR plot based on the narrow=band IF selectivity curve in the
enroute mode. The implementation of the enroute mode (narrow-band)
selectivity in the PDME circuits is still under development by the Bendix
Co. The interference thresholds for the Category 4 interference are the
pessimistic values because no circuit data was available.

DME Avionics Bquipment

The D/U ratio (8 dB) for Category 1 interference comes from the equipment
protection rules which are eventually linked with the typical characteristics
of the IF amplifier /AGC circuit. The case of Category 2 and Category 4
interference does not apply for the intra-system DME as well as inter~-system
TACAN/DME interactions because of current channel/frequency allocation factors
in the 960-1215 MHz frequency band.

The adjacent-band interference (Category 3) D/U ratios were derived by
convolving a theoretical ealssion spectrum (cosine squared wave form in time
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domain) with a general selectivity curve for the avionics receiver. The
derived D/U ratios for the 1-kW and 100-watt OME equipment comply with the
TCAO Anttex 10 constrainty.(APPENDIX D) The minimum allowahle performance
standards dictate that the undesired signal powar should not exceed - 7 4BV in
a 0.5 MRz bandwidth with 0.8 NHz offset from its center frequency. It
therefore, follows that the 100-watt DME has an adavantage of 10 48 in thes D/U
ratio oves the 1=k DME. The additional cushion of 10 4B can be useful either
in modifying the existing UME waveforms (permitting sharper rise & fall times
and hetter accuracy) or in reducing the stress on the channel assignment
process. 1t should be noted that the frequency cisignment procedures are
predicated on meeting the ICAO Annex 10 constraints. The present assignments
assume that no wmargin of 10 4B in the D/U ratio exists. This implies that
should the hasic DME waveform be changed in the future for whatever reasons,
the deletion of the 10 4B margin will negate any future freguency re-
assignments.

The D/U ratios for the PDME interference {(Category 1 and Category 2) were
hagsed on processed NAFEC data. The Category 2 threshold value (-3 4B)
accomodates the characteristics of the worst performi:ng avionics equipment in
terms of rejection offered by the decoder circuit hecause of safety of life
considerations, The D/U ratios for Category 3 interference were based on the
minimum allowable performance standards (i.e. - 7 dB interference level in a
0.5 MHz bhandwidth at 0,8 MHz frequency offset) rather than the NAPEC data.

The Category 4 D/U ratios are again the passimistic values.

TACAN Avionics Equipment

The derivation of D/U ratios for the TACAN equipment is comparable to
that of the DME equipment. 'The D/U ratios for the intra-system TACAN
interactions were extracted from the VORTAC standards (Reference 8), The
Catagory ! D/U ratio of 8 dB comes from the prescribed protection rules. The
Cateqory 2 and Category 4 interference do not apply for the cases of intra~
system TACAN and inter-system TACAN/DME interactions hecause of present
channel/frequency allocation fatctors. The Category 3 interference thresholds
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wera hased on the minimum allowahle performance standards mentioned earlier

for both the 1-kW and 100=-watt interfering DME equipment.

In tha case of interference f:rom PDME, the D/ ratios for Category 1 and
tategory 2 interference were derived from the modified NAPEC data., The
Category 2 D/U ratio (6 dB) was chosen to accomddate the worst performing
equipnent (in terms of rejection offered by the decoder circuit) from satety
of life considarations. The D/U ratios for the adjacent-band interference are
chosen on the basis of allowable parformance standa-is for Category ?
interfarence and pessimistic values for the Category 4 interference.

The interference analysis of L-Band squipment encompasses several types
o® interactions and the D/U ratios ware derived using several sources of
information. The proposed D/U ratios are ccaservative and provide a useful
input for an initial exercising of the chanrel asssignment model.
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APPENDIX A
MICROWAVE LANDING SYSTEM

GENZRAL

The Micsowave landing Svatema {MLS) is comprised of range-gquidance and
. anagle~wuidance equipment. The angle~guidance agquipment uses the Time
Refarence Scanning Beam (TRSP) technique which provides precision azimuth,
alevation, and flare guidance to aircraft approaching, landing at, and
denartina from an airport. The angle-quidance is provided in a servics volume
as shown in FIGURE A-1. The system operates in the 5-5.25 GHz band with 200
~rannels, ea_ h 300 kHz wide, designated for the angle-quidance operation.
TARLE .~1 lists the available angle receiver specifications. The range-
quidance equipment, called PDME, is presently planned for the L~Band
frequencies (960-1215 MHz). The functional characteristics and concepts of
the MIL8 are Adescribed below:

AZIMUTH ELEVATION
e 600 Bubudihhdl

RUNWAY
\

20 nmi ] ]
RUNWAY 9 nmi 20 i

FIGURE A-1. MLS SERVICE VOLUME.

21CA0 Submission by FAA, contains detailed description of Microwave Landing
System.
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TARLE A-1

MLS ANGLE RECEIVER?® SPECIFICATIONS

. ¢ amesmmm - —— gt cmemt s -

Characteristic Description

Innut Freauency Range 5031.00 to 5090.70 MHe
Number of Channels 200
Channel Spacina 300 kHe
Frequency Stahility + 50 kHz max.
(Long Term Stability 1 vr.) (1P, 105)
Channel Randwidth (-3 4B) + 75 ktiz min.
Adjacent=Channel Redection (min) =60 AR min.
Spurious and Image Rejection (min)

Relow 47%0 75 4B

4750 to SONO (Image) 70 a»

S0N0 to 5130 (All channels

except Adjacent) 7% am

5130 to 53%0 70 dw

Ahove 5350 75 4R
Tvre of Channel Selection 2 out of §
Type of Localizer and Glide Slope
Salection serial hinary
Max. Signal Input (Mixer Rurnout)

cW + 20 ABm

Pulse + 40 dBm

nendix Avionics Division Maintenance Manual.

Anale Guidance

T™e TRSR signal format is based on the TO-FRO scanning beam technique, in
which narrow fan heams scan through the service volume in alternate
directions. The heams are scanned at high speed and consist of a single,
unmcdulated, continuous ratio freaguency transmission. The scanning speed is
uniform, starting from one extermity of the coverage sector and moving to the
other and then beack again to the starting point, thus producing a TO~FRO scan
as shown in FIGURE A-2 for azimuth., ‘e azimuth beam scans first
counterclockwise and then clockwise, as viewed from above. The elevation heam
scans first down and then up. In every scanning cycle, two pulses are
received by the aircraft. The time interval between the TO and FRO pulses is

pronortional to the anqular position of the aircraft with respect to the
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"FRO" SCAN
BEAM

" TO" m
BEAM
. AZIMUTH
ANTENNA

RUNWAY CENTERLINE o8

\ 40° \ 40°
RECEIVED
SIGNALS I\ TIME IN ps
N dB8 R,
MEASUREMENT
THRESHOLD
(-3 a8) J
-
;gg; 1 rz usrcaho':
J
BEGINS o~ ENDS
TIME DIFFERENCE (ATg) MEASUREMENT
. IS DIRECTLY RELATED TO AZIMUTH ANGLE 8

FIGURE A-2. TIME DIFFERENCE MEASUREMENT.
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runway. An important feature of the time-reference-encoded scanning beam
system is the high data rate, 13.5 Hz for azimuth and 40.5 Hz for elevation.
These data rates make it possihle to design asimple airborne proceasors that

ean minimize any multipath effects an quidance signals.

All angle and data functions are time-muliplexed on the assigned radio
frequency so that a single receiver-processor channel may process all data.

Since each function is an independent entity in the time-muliplexed sequence,
i
This is accomplished by L

the receiver may decode functions in any sequence.

providing each function with a preamble that, upon reception, sets the

recaiver for the function which follows. The function identification preai.ble

é
% i{s radiated on a sector antenna covering the function guidance quidance
The scanning fan beam and the sectoy tranamission are illustrated in

4 volume.
1 FIGURE A-3.

f

£

: !

ki

Ay

%y ¢

} i

1t (a) SCANNING BEAM (b) IDENTIFICATION AND

| ANGLE DATA OTHER DATA SIGNALS

§ : FIGURE A-3)., REPRESENTATION OF THE ANGLE AND PREAMBLE

% RADIATION CHARACTERISTICS. .
8

All angular information is essentially linear throughout the volume of
Precision azimuth angle guidance is provided to at least +40°, or a

coverage,
Por any ingtallation, and particularly where

-

narrower sector if desired.
proportional coverage is reduced for reasons of economy, left-right guidance
Precision elevation angle

B T * SRR

information may be provided over a wider sector,
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aquidance, referenced to a standard reference point, is provided from 1° te 20¢
in elevation, over the same sector that provides azimuth angle quidance.
Precision migsed-approach aeimuth angle guidance, referenced to runway

centerline, is provided to at leagt +20¢.

The proposed standard signal format contains a time glot for the addition
of 3A0° azimuth and missed-approach elevation quidance to meet potential
future requiremnts, and the design concept is sufficiently flexihle to permit
the implementation of alternate means for providing a 360¢ azimuth capability
for particular national reguirements. Such an alternative could be
implemented at C-Rand with either electronic or mechanically scanned antennas
and could he made compatible with standard receivers hy a simple processor

auomentation.

RANGE DETERMINATION

Range information is ohbtained in suitable equipped aircraft in the
conventional manner by measuring the round trip time betwaen the transmission
of interroaation pulses from the aircraft and reception of corresponding reply
pulses from a qround transponder. The ground transponder is typically located
near the sten end of the runway collocated with the approach azimuth aystem.
An L-Rand Distance Measuring Equipment (DME) that is compatible with existing
DMF acuinment and nrovides improved accuracy and channelization capahilities
is the choice for implementation. Since the same ecuipment is used for
aoproach and landing as well as enroute navigation, the airborne user can
utilize the operational capabilitiea of MLS at significant cost savings.

Lawer levels of service may he ohtained without PME by the use of marker

heacons to indicate proaress on an approach.

The U.S. has also developed a C-Rand DME. While it is the U.S. view that
every effort should he made to utilize L-Band DME for the MLS ranqging
function, C-Band TME remaing as an element of the MLS signal format in the
evant that L-~Band DME cannot be implemented, Should it bhe decided later that
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there is no need for C-Rand DME, appropriate deletions from the signal format

can he made.

FLARE GUIDANCE

The TRSB siqnal format includes a flare element (E1-2). Flare elevation
eaquipment was tested in the U,S. MLS development program to demonstrate the
feasihility of providing such a signal. A Xu-Band aystem was developed in the
tinited States and a C-Band systum in Australia. It is considered that C-RanAd

is the appropriate choice, as it offers major economies.

DATA

TRSR has an extensive data capahility. Data is transnitted to all
aireraft within the coverage sector (FIGURE A-1) using Differential Phase
Shift Keyina (DPSK) modulation. Essential Adata is inciuded in function
nreamhles. It is decoded by all user aircraft. Basic and auxiliary data are
time=multiplexed with the angle functions and contain information for more
comnlex services such as miased-approach and curved paths. This information
includes the status of the ground ecquipment and siting qeometry. Considerable
araowth potential is available in the Aata format.
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APPERDIX B
ANALYSIS OF ADDITIONAL CASES OF MLS CONFIGURATIONS/ERROR BUDGETS

In the duration of this effort, a few additional cases of MLS
configurations and error-budgets remained under consideration on a tentative
basis. This appendix presents the interference threshold analysis carried out
for the additional cases of MLS configurations ervor-budgets labeled as 'Case
1’ and ‘Case 2°',

TABLES B-1 and B-2 describe these cases in terms of nomenclature of MLS
configurations associated guidance functions, antenna beam widths and CMN
ervor hudgets. It may be noted that Case 1 has a larger number of MLS
confiyurations and functions compared to the Case 2. PFurthermore, Case 1 has
CMN error budget prescribed far RF interference only whersas Case 2 has error
budget allocated for RFP interference as well as system aberrations.

Case | Interference Analysis

The adjacent-band analysis of Case ! MLS configurations was based on
TARLE 8-1 data and Equations 1, 2 and 3 of Section 2. The interference
threshold results at function level are listed in TABLE 8-). These results
indicate that at function level, the desired scan beam (azimuth function)
channel of the N.S Small Community configquration ig more vulnerable to
interference aspucially from the undesirable preamble/data signals, The D/U
values at system level may be obtained by combining the results of TABLE B-3
with the adjustment factor X (TABLE 5) and using Equation 4. The assumption
made in this approach will be that ERP data of MLS full capability
configuration and minimm capability configuration are synonymous with that of
MLS Expanded/Basic and Small Community configurations, respectively.

The cochannel interferenve analysis was based on Bquation 8 and TABLE B~1
data. The D/U results at function level are liated in TABLE B~4. In this
case, the Small Community and Basic ML8S configurations are more susceptible to

RF interference at function level.
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TABLE B~-1

CASE 1: NLS CONFIGURATIONS, FUNCTIONS, ANTENNA
BEAMWIDTHS (V) AND mm;ngwmn NOISE (CMN)

ERROR BU
Gonfiquration )
wasic Rasic .
{vide (Narrow Swall
Funetion Expanded LApcrtuu) Aperture) Community
b 1e 1e 2¢ k LJ .
Azimgen  *
om 04 «04e +0Re 0,10
[ 10 1o 1.5 2¢
Rlevation
N NS0 «08e «0%e 0.1
) 0.5¢ N/A N/A N/A
Flare
N 0.2¢ N/A N/K N/A
Prack v 3 N/A N/A w/A
Agimuth

Note: NA = Not Applicahle.
20t budost Aue to NP interference

huck azimuth refers to auidance for “missed approach®

TABLE B-2

CASE 2: MLS CONFIGURATIONS, ANTENNA BEAMWIDTHS
(¥) AND CMN ERROR BUDGET

Confiquration
Punction "™ll Capability Minimue Capability
L]
BW 1e 3e
Azimuth case 2 0.0508 g 0.2¢P 0.0508 5 0,200
(e ]
L] 1e 1 .
Elevation Case 2 0,05 § 0.2° 0,05% § 0.2¢
o

Ao budget due to RF interference.
by budget due to system aberrations.

¥XNational Plan for Development of Nicrowave ~anding System, FAA~ED-07-2A,
June 8,

B-2
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TABLE B-3

Appendix B

CASE 1: FIRST ADJACENT-CHANNEL INTERFERENCE THRESHOLDS

AT FUNCTION LEVEL

v e

D/1 8 Processor D/ & IP Stage D/U & Receiver Input
Tyne nf Interaction Tarninal 19 (am) | Terminal 29 (am) [Terminal 39 (am)
1. Expaniet and hasic
(wide) Cnanfieuration
Azimuth Punction
U”OVI‘b" 17.6 10.0 -3%.0
"»-v.oou ‘706 ‘ooo "2‘. 2
. Rlevation Function
U”-v.-l\” 14.0 [ 1% ) =3R,. 6
U’o--\n-bn 14.0 6.4 =24.8
Plare Punction (Fxpanded Confiquration Only)
Ugn~va-Dgy 14.0 %.3 «39.7
U»-v.-bs‘ 14.0 5.3 -25.9
n--hlolo;n Punction
"”-Vl'bm N/ 7.0 «38.0
"»-"'Dm "/A 7.0 -24.2
2.  “asic (Narrow Aparture)
ronfiqurasion
Azimuth Punction
"s‘-v.-bm 1.6 10,0 =3%.0
ppeve=Ngy 17.6 10.0 =31.2
Rlevation Yunction] .
"S‘OV"D“ 14.4 6.8 -3R.2
"m-vs-n” “o‘ 6.0 -24.4
Preanble/Data Punction
{Same 08 in Section 1)
3, Saall Tosmunitv
ronfiquratinn
Azimuth Punction
"s'-vg-n” 19,2 1.6 ~33.4
"’n"l!’asp 19.2 11.6 «19.6
. . Plevation Punction .
lgn=vs=Ngy 14.0 6.4 -38.6
"“-vs-h” 4.9 “Q‘ -24.8
Presmble/Data Punction

(Same as in Section 1)

&) ratio of 14 AR iz an essential prerequisite for the processor to handle any information
{Bendix Co.; Internal Memorandum N.. MLS-ICAO-077,

in a sinale scan in the Sh channcl.

Necanher 197R),

"A ratio of 7 4B is essential for satisfactory orocessinag of information in the PD channel.
{(Rendix ©o.: zame rveference noted ahove).

°N/A = not apnlicahle.

Asee FICURE 1,

for terminal identification.

et
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TABLE B~4

CASE 1: COCHANNEL INTERFERENCE THRESHOLDS

Constraining

onfiguration Punction D/U (48)
Expanded and Masilc Azimuth 21,9
(Wide Aparturs) Elevation 20.0

Flare 21,9
masic Azimuth 21.9
(Narrow Aperture) Slevation 23.5%
S8mall Community Azimuth 23.5

Elevation 20,0

The cochannel interference analysis was based on ¥quation 8 and TABLE B~1
data. The D/U results at function lavel are listed in TABLE B~4. In this
case, the Small Community and Basic ML8S configurations are wore susceptible to
RP interferance at function level.

These results may also he transformed to system level D/U ratios
emploving the previously discussed precedure.

Cass 2 Interference Analysic

The Case 2 MLS confiqurations and associated parameters are given in
TARLE R-2. The Adata of TABLE B-2 along with Equations 1, 2 and 3 of Section 2
were used for detarminina the interference thresholds at function level and
the remults are listed in TABLEF B«5. These results can he transformed to
system level D/U ratio employing the previocusly discussed procedure.

The cochannel interference analysis was based on Equation 8 and TABLE B-2
data. The calculations show that the function level D/U ratios for the
desired Full Capability and Minimum Capability MLS configurations are 20 4B
and 29,5 4B, respectively. The function lavel D/U values can be readily
transformed into the system level D/U values.
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“TARLE 8-§
CASE 2: PFIPST-ADRJACENT-CHANNEIL INTRRPERENCE THRESHOLNS
AT PUNCTION LEVE\,
DAY (am)

Type of Desired Minimum Capability Full Capability
Interaction Tunction Configuration Confiquration
Ugp=Ve=Dgy Azimath -27.4 36,9
Upp~78=Dgp Azimuth =13.4 -22.9
Ugn-to=-Dgy Elevation -32.2 -41.7
Yhpevs-Dgp Elevation -18.2 =27.7
Nen=V8=Dpn Preamhle/ -38.0 -38.0

Data
”QH‘V"Q?D P“.‘bl‘/ =-24.0 -24,0
. NData

B-5/B-6

e b A
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APPENDIX C
TACAN, CONVENTIONAL DME AND PDME SYSTEMS : '

TACAN/DME_DESCRIPTION

The TACAN, conventional OME and POME equiprent operate in the l~Band
frequencies. The DME, using the 960-1215 MHz band, is the internationally
accepted means used by a pilot or navigator to determine the slant range
hetween the aircraft ard a known ground location. In the United States, the
DME qround station is usually integrated with the VHF Omnidirectional Radio
Range (VOR). TACAN, a U.S8. military and WATO navigation system, incorporates
the international ™E with a bearing determination system and operates in the
960-1215 MRz band.? A DME ground station can also be associated with an
Instrument Landing System (ILS) installation as the subsystem that provides
the pilot with digtance to the runway. TACAN/DME operation requires an
interroqator in the aircraft and a transponder on the ground. Slant range to
the ground station is ohtained by interrogating the transponder with a pulse
palr with the nroper spacing. The transponder receives and decodes each
interroqation and transmite a veply of a pulse pair of the proper spacing.
‘The interrogator raceives the reply and determines the distance, hased on the
time hetween trangmission of the interrogation and the reception of the reply
including the delay in the transponder. DUDistance in nautical wiles is
Aisplayed to the pilot after several returns are correlated.

The interrogator determines the range to the ground station based on
replies to its interrogations. The interrogation rate, is at most, 30/second
axcept when initially trying to obtain distance information from the
transponder. In this search condition, the rate may reach a maximm of
150/second. Since, as Aiscussed subsequently, the transponder transmits at a
constant duty cycle, the interrogator has the capability to identify the
synchronous replies to its interrogations from the many ground station

OMIL-5TN~2918, Standard Tactical Air Navigation (TACAN) Signal,
13 Decemher 1967,
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transaissions. 7o avoid mistaking replies to other aircraft interrogations or
saquitter pulse pairs for the desired synchronous returns, the interrvogation
rate of each interrogator ia jittered by using a noisy source (e.qg., 400 He
line voltage) to control the rata. The bearing to the ground station from the
atlecrafe ‘i.c determine’ by the interrogator, based on reference signals
transmitted hy the TACAN or VORTAC transponder.

TACAN transponders operate with a constant duty cycle, transmitting 2700
replies/second with an additional 900 pulse-pairs/second for reference
hursts. The constant duty cycle maintains the integrity of the bearing
signals for 360° and also allows the interrogator AGC to adjust the receiver
acain for that transponder. When no interrogators are interrogating the
transponder, squitter replies are transmitted to maintain the duty cycle. As
more interrogators require distance information, valid replies replace the
squitter. If the total interrogation rate is such that the reply rate would
exceed 2700/second, then the transponder reduces its sensitivity until the
rate is maintained at 270/second. The pulse used.in these systems is usually
Gaussian/cosine squared. The spectrum of the pulse tunu!.tg.d from the
transponder is controlled by the Intearnational Civil Aviation Organization
(ICAO) specification (Reference 4).

‘The 960-1215 MHz hand is “ragserved on a worldwide hasis for the use and
development of airborne electronic aids to air navigation and any directly

»10 Presently, only two systems have

associated ground-based facilities.
allocations in the band: secondary surveillance radar on 1030 and 1090 MHg,
and TACAN/DME with 252 channels between 962 and 1213 MHz. Of the 252
TACAN/DME channels, half are X-mode operation and half for Y-mode aperation as
seen in PIGURE C~1. The terms "X-mode" and "Y-mode" indicate the
characteristics of the pulas pairs, the channel frequency, and the transponder

delay. (Sea TARLE C-1). TACAN/DME equirment X-mode has pulse-pair spacing of

mﬂlnual of Requlations and Procedures for Radio PFrequency Minagement,
Office of Telecommunications Policy, Executive Office of ‘he President,
September 1976,
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12 us for air-to-ground (A/G, interroqate) as well as ground-to-air (G/A,

reply) links. The G/A frequencies are placed in 1-MHz increments hetween 962-
1124 MYz and 1151-1213 MHz. The corresponding A/G frequencies are located in
the center bhand, 1025-1150 MHz. The frequency separation between G/A and A/G

links fnr a narticular channel is 63 MHz,

TABLE C-1

MODES DEFINITION

Interrogator Transponder
Pulse Pair Pulse Pair Delay In
Spacing Spacing Trangponder
Mode (us) (us) (us)
X 12 12 50
Y 36 30 56
Z 18 30 38

PDME DESCRIPIION

FE

PDME is based on the evolution of the DME principle. It is a multi-mode
range measurement system (precision mode and enroute mode or normal mode)
compatible with conventional TMF and obtains increased accuracy by a pulse
shape modification. At the circuit level, the precision mode differs from the
enroute mode in terms of front-end stage sensitivity, bandwidth and
thresholdinag levels at the ranging stage. It operates at L-Band frequencies
bhetween A0 M4z and 1215 MHz a4 on the same RF channels as TACAN and DME.
TARLE C-2 lists the available PDME interrogator and transponder
specifications, The channel plan eventually selected for the PDME will evolve
From the PDME standardization activity presently underway with the

International ¢ivil Aviatien organization.

In 1972, the FAA sporsored a program to determine the feasibility of
POMF, As part of this program, analytical results were obtained which

jemonstratel that PDME requirements could be met within the current navigation

C-4
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% i TABLE C-2
B ¥
E% PDME SPECIFLCATIONS®
; Interrogutor liquipment e
& : fharacteriatic Description
a Operating Meauency MAN-1215 MHz
: Numher of Channels 200
@ . ! Frequency Control 2/5
‘ | Channel Tune Time 10 ms
l Transmitter Peak Power 120 Watts (nominal)
. Receiver Sensitivity =74 AP Precision mode;
-84 dBRm enroute mode
IF Freauency 63 MHz
IF randwidth 3.5 MHz Precision mode;
350 kHz enroute mode
Threshold -20 AR & -6 4R
Acauisition Time L.ess than 1 8
Nynamic Tracking 0-600 kts
Mamory (1 sec MLS)
Search Time/Cycle Less than one second
Search PPRF 64 Hz
Track-Lock, PPRF 16 Hz(Enroute);
40 Hz (Precision)
Selectivity curves See FIGURE 22

Trangponder Fquipment

r'!‘ransmin:er Peak Power (Watts) 100
Sengitivity (ARm) ~80
Noise Fiqure (dR) 10
. Receiver Randwidth (kHz) 3500
| Adjacent Channel Rejection (dPR) 80 (Roth rodes)
1st IF Frequency (MHz) (Log) 63
?nd IF Preauency (MHz) 10.7
Spurious Rejection (4R) 75
Necoder Randwidth (kHz) 3150
Time Delay Steps (s3) 0,02
i Wave Shape (1st Pulse) cos/cos
’ ' {2nd Pulse) cos /cosz
Sourious Radiation (4R) -60
| Nelav Stabhility (Long Term) 30,01 us
. ! Freauency, Receive (MHz) 1025~1150
Frequency, Trangmit (MHz) 9%%2-1213
L?nission Snectra {(theoretical) See FIGURE 21
3

2andix avinnics Nivision, Maintenance Manual, 1.R.1157R,

W
**ariarla, Adelav and compare.
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band. 112,13 e substance of these findings were: pulse~code multiplexing
(TABLE C-1) for creating non-interfering channels; sharp rise time pulses
combined with wide bandwidth processing and low thresholds for multipath
immunity; and the use of the dual-mode Ferris Discriminator for simultaneous
narrow-band channel selectivity and wideband sclectivity and wideband signal

processing.

The idea to achieve compatibility with the ICAO Annex 10 adjacent-channel
specificaticn, while simultaneously providing sharp rise time pulses, was
conceived by crow.'4 His idea was based upon a composite pulse; that ls, a
Gaussian-like pulse was to be superimposed upon a low-level, sharp-rise-time
pulse. The low-level, sharp-rise-time pulse component confines the gpectral
energy while providing multipath immunity at near range where the signal level
ts higher. palmerils implemented the study results of Hirsch and Crow and
demonstrated that their ideas were valid. ™e "delay and compare" pulse time-
of-arrival thresholding technique, currently propused for PDME, was first used
in the U.S. MLS program by Bendix/Bell in their C-Band Phase II DME
feasibility hardware. The airborne interrogator for PDME application was
degigned and developed by Bendix. This equipment was analyzed in terms of

interference thresholds in this effort.

——

Hirsch, C., lL-Band DME for the Microwave landing System, FAA Contract
W1-71-3086-1, Final Report, February 1972,

1"

‘Zﬂirsch, C., Experimentation for Use of L~Band DME with the Microwave
Landing System, FAA Contract W1-74-1245-1, Final Report, April 1974.

34irsch, C., L-Band MLS/DME Compatible with ICAO Annex 10, prepared for
Automation Industries, Inc. Vitro laboratories Division, Final Report,
October 26, 2975.

14Crow, R., Precision i~Band DME Meeting, ICAO Format Requirements,

Contract VL-SC~-1170, February 20, 1976.

VSyitro Report, July 1975. Palmeri, C.A., Evaluation of L~Band DME for MLS,
Hazeltine Report 11083,

C-6
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APPENDIX D

DME AVIONICS RECEIVERS:
RASIS OF ADJACENT-CHANNEL INTERFERENCE THRESHOLDS

"e pulse used in radio navigational systems (e.q., TACAN, DME) has the
characteristics shown in FIGURE D-1. The shape is intended to be cosine
srquared or Gaussian typa, The gpectrum of the pulse is controlled by
Internatinnal Civil Aviation Organization (ICAO) specification enumerated

halow:

"The spectrum of the pulse~-modulated signal shall bhe such that during the
nulse the effactive radiated power contained in a 7.5 Miiz bhand centered on
*raruencies 0,8 MHz above and 0.8 MHz below the nominal channel fregquency in
each case shall not exceed 200 milliwatts, and the effactive radiated power
sontained in a 0,5 MHz band centered on frequencies 2,0 MHz above and 2.0 MHz
helow the nominal channel fraquency shall not exceed 2.0 milliwatts. Any lobe
nf the spectrum shall he of less amplitude than the adjacent lohe nearer the

nominal channel frequency.”

A theoretical emission spectrum of the cosine square pulse, f(t), with

the period t, was drrived on the following lines:

2
f(t) = cos -t—L = Yo+, cos 2n i—-- (n-1)
o o
Now 21
t =
o w
]mot -jmot (D=2)
@ + e
cos w t = 3

FProm D-1 and D-2:

juw t -ju ¢

£(t) = 172+ 1/ae ©° +1/4ae ° (D-3)
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The Fourier Transform of Fquation D-3 is:

1 T 1 n 1 nw
(Al = — ——te o m———— —— n e e ——— ——— -
#{ ) " gain " 2 (0 )sin " 2(0re sin - (h=4)
o [
Simmiifsin: Fruation -4
s ¥ —
- sin wo 8in ﬂfto
T(f) = e - = Ar 3 (D=5)
°o LW (1 _(Ej) 'nfto [1 - (ft) J
w w °
o
where R, is the constant of value to.

———re st = - —— e 4 mmete - v mce ——— A

09A -

T 35205 us —— e .. - BA

*This is nominai value
not to exceed 3 us;

?::;;‘ . m“r ’ rise or fall time with
the minimum value

fm e ————+{ T governed by the spect:al
requirements

FIGURE D-1, PULSE CHARACTERISTIC (TIME DOMAIN)
OF AERONAUTICAL RADIONAVIGATION
TRANSMITTER.

“or analvsis purposes, two time waveforms with half amplitude points at

3.5 microseconds and at 3 microseconds per FIGURE D-1 specifications were

b-2
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considered. The rise and fall times (between 10 to 90% points) for these
waveforms were 2.06 microseconds and 1.77 microseconds, resgpectively., The
spactra for these time waveforms were calculated from Equation D-5 and thesge
ara gshown in FIGURES D-2 and D~3. The calculations were also made to

determine the amount of power in the adjacent channels to verify compliance

with ICAO Annex 10 constraints.

The equations usged for the power were:

1.05 2
0.55 F (£)df (D=6)

jJe 2
0 F(f)ar

= V.
PA? /> ERP

JS2.25

2
P - 1/23” 1,75 F (£)df (D=7)
A2 te 2
0 F(f)at
#here
Prys Ppp = power in the first and second adjacent channels,

respectively (milliwatts)
ERP = effective radiated power from ground equipment
F(f) = spectral function as derived in Equation D-5
£, = la- mency representing trailing line of the

emission spectrum.

The integration limits are obtained from the spectral specification. The
sample calculations for P,, and P, were made for the TACAN ground equijwnent
with an ERP of 74.4 dBm. The results showed that for a 3.5-microsecond pulse,
the power (P,,, PAZ) in the adjacent channels was about 131 mW and .02 mW,

thereby meeting the ICAO requirements.

ERRITT P
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The general selectivity of the LME avionics receiver was considered to be
the gsame as that of TACAN receivers because these receivers fall in the

category of radionavigational avionics equipmeni. The following steps werae

involved in deriving the qeneral selectivity curve.

1. ‘The composite emission spectra of TACAN were obtained by
combining a theoretical spectrum with the spectrum Filter characteristics
provided by FAA.16 A sample composite gspectrum is shown in FIGURE D-4.

2, An OFR plot (FIGURE D~5) was fcrmulated based on TACAN protection

rules (Reference 10), For instance, the adjacent channel protection ruies D/U

= =42, =50 AB with respect to on-channel power levels forms the basis of QFR
plot,

3, General selectivity curves were obtained by graphically combining

the composite emission gpectra and the OFR plot. A samplie selectivity curve

is shown in FIGURE D~6,.

Te adjacent-channel interference thresholds for the ™E avionics
razejvar were determined by using FORCAL? program. The inputs to this program
~ere tne Aata points from the theoretical cosine-~square emission spectrum (for
3-microusecond and 3.5-microsecond pulses) and from the general selectivity
curves. The results of this analysis are listed in TARLE D-1, The
nessimistic OFF values for the 3.5-microsecond rise time pulse are -47.4 4B
and -55.5 dB for the first and second adjacent channels, respectively. The
on~-channel (Category 1) interference threshold is 8 dB as derived in the

previous section (™ARLE ...). It implies that the interference threshold

values for the firs% and second adjacent channel are -39.4 4B and -47.5 @B for

tiie 1-kXW PME unit. Similar results were noted for 3-microsecond rise time

pulse as shown in TABLE D-1,

IECharactetistics of TACAN Ground Transmitters Spectrum Filters, FAA,
Rranch . .iA=329, June 19, 1979,

AAPPENDIX .,
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Thaere are NME equipment (e.g, Terminal and [LS equipment) that operate
with a low transmittar power of 100 watts. The preceding analysis showed that
the 1-kW DME equipment did not vinlate the ICAO annex 10 spectral conatraints
(i.@. =7 ABW in the 0.5 MHz bandwidth at the 0.8 MHz frequency off-set),
Furthermore the D/U ratios were determined to be -39 4R and -47 dB for the
first and gecond adjacent channels respectively. These results suggest that
with 100-watt DME equipment, it should he possible to have fasgter rise/fall
time prohe pairs and still comply with the Annex 10 constraintg. The
interference thresholds for the 100-watt DME equlpment are'-29 and -38 dB for
the first two adjacent channels. It implies that the 100-watt DME has an edge
of 10 4B on power hasis, regarding protection from interference, over the 1-kw
DME unit, nrovided the same pulse shape is used., This featute will negate any

future frequency reassignments, should the baaic DME waveform be changed for

anv reason. R

*?

bL-10
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APPENDIX R

FREQUENCY-DEPENDENT REJECTION (FDR)

It is often useful to estimate the impact of an undesired
radiating source on a potential victim receiver in terms of the
power level, referred to the receiver input port, of an "equiva-
lent" on-tune CW source (i.e., the input power level of an on-
tune CW source that would result in the same average power, mea-

sured at the second detector inpyt, as would the potential inter-

fering transmission). In many situations, this "equivalent" input
power can be compared to the receiver sensitivity or to the level
of the desired carrier (also referred to the input port), to esti-

mate the probability of interference due to that source.

The calculation of the equivalent on-tune power level is
facilitated by the gvaluation of a term, frequency-dependent re-
jection (FDR,, that accounts for the fact that not all of the

energy incident on the receiver input port is accepted by the

potential victim receiver. FDR may be further subdivided into

two terms, off-frequency rejection (OFR) and on-tune rejection
(OTR). The first accounts for the loss of energy due to any de-
tuning of the potential culprit transmitter from the potential
victia receiver. The second accounts for the fact that the emis-
sion spectrum of the transmitter may be substantially broader than
the receiver bandwidth 30 that, even if receiver and transmitter
are cotuned, only a fraction of the incident energy will be ac-
cepted. Tae detinitions for FDR, QTR, and OFR are as follows.

FDR depends on the detuning, and is the rejection provided by
3 receiver to a transmitted signal as a result of both the limited

bandwidth of the receiver with respect to the emission spectrum

and the specified detuninyg.

LI R
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g OTR is the rejection provided by a receiver selectivity char-

i; acteristic to a cotuned transmitter as a result of an emission

i spectrum exceeding the receiver bandviidth.

4

?; OFR is the rejection, over and above the OTR, provided by

fé specified detuning of the receiver with respect to the transmitter.
: _ Precise mathematical definitions suitable for FDR, OTR, and

y: OFR are as follows.

¢

| Frequency-dependent rejection, in dB:

o

1 . i

f S(£)df

| For(af) %8F 10 10g ) | (gD
I f S(E)R(E + A£)dE

3 L

ks

b where

§ i S(f) dgf transmitter power density spectrum, in watts/Hz
2 ‘

? ! R(E) dgf receiver selectivity with the receiver tuned
- to the transmitter frequency, i.e., the on-

4

% tune CW¥ input power required to produce a

4 standard response, divided by the input power
; at frequency f required to produce a standard
§ . response

; Af dgf difference between transmitter and receiver
3 tuned frequencies, in Hz.

280

=

24
£
e
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On-tune rejection, in dB:

i/;S(f)df

E-2)
f S(HR(E)dE
J

£
OTR dg 10 log 10

Off-frequency rejection, in dB:

- .
dof [ s
OFR(af) “8F 10 log,, | = (g-3)
f S(ER(E + Af)dE
L* i
Frequency-dependent rejection, in dB:
FOR(aE) 98F oFR(af) + OTR
. (g-4)

E-3/E~4
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" APPENDIX F
TRANSPONDERS: A GENERAL DISCUSSION OF INTERFERENCE THRESHOLDPS

The national standatds17 on the VORTAC systems do not specify the
performance of transponders in the presence of inter-system interference as
Anne for the interrogators. The gervice provided by the transponders depends
on the reply efficiency (70N) which is defined as the desired synchronous
reply rate Aivided by the desired interrogation rate. The susceptibility of
transponders to interference can be, therefore, measured in terms of reduction
in the reply efficlency and the effect on the gensitivity and the dead time
generated {n the circuits. The aircraft traffic load enhances the

interference PRF which affects the parameters mentioned above.

The typical building hlocks of transponder equipment include front-end
stages (RF/IF/echo-suppression), Ferris Discriminator, decoder, and biasing
circuits. Therefore the analytical determination of an interference threshold
for transponders will depend on knowing the characteristics of the circuits
identified ahove. TIn the Auratioa of this task, nc circuit Aata was available
qn the POME and TACAN/DME trangponders. Therefore, interference thresholds
for these equinments still need to he investigated.

Tenting of two fiald models of transponders (i.e., AN/GRN-AC, RTB-2)
subjected to a simulated PDME interference signal was carried out at NAFEC and
reported by ECAC (Reference 6). The results of thig testing are not

inclusive. However, the main points of this effort are summarized below:

1. Category 1 interference (cofrequency, coaperture) generates more
deal time in the raceiver compared to Category 2 (cofrequency, out~of-
aperature) interference. The latter primarily effects the echo-suppression
circuit. Oonsegquently, Cateqory 1 *nterfetence has a more severe impact on

transponder reply efficlency as compared to any other single characteristic.

17FAA-AC~M.-31, 1,5, National Aviation Standard for .e VORTAC System,

1N June 1979,
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2. A proper channel spacing is the most effective method for

I
: maintaining the reply efficiency performance of the transponders for Cateaory
This is particularly true because typical

3 and Cateqarv 4 interference.
front-end stages (IF/Ferris Discriminator) in the transponders are of wide
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I
APPENDIX G
COCHANNEL INTERFERENCE BASIS IN MLS ANGLE EQUIPMENT

The angle information in the TRSB/MLS equipment {s determined hy
maaguring time hetween the wmarker pointsg on the "TO" and "FRO" scanning
beans. ‘These marker points (3 43 down with reference to beam peak) are made
hv the dwell gate circuits. This situation is illustrated in FIGURF G-1. The

anale measurement“(e) is gqiven by:

O = (Scan Rate) X (Time between "TO" and "FRO" heam)

- ——3’— T (G-1)

R

where

Y = antenna heamwidth hetween 3 dB points
T, * time registered hy the clock hetween the "TO" and "FRO"
heams

T = time to scan the haam betwegn the beamwidth points.

A pessimistic case of cochannel 1ntprterence is the in-beam interference
to the scanning heam signal. The interference will modify the scanning beam

18 centroid. For this

shape resulting in timing-error dye to shift in the heam
analysis, an interference of amplitude I is considered a perturhation to the
scanning heam signal of amplitude S. ‘The angle error (AD) due to this

naerturbation is expressed as:

o = —Loanp (6-2)

‘RKellv, R.J., "Time Reference Microwave Landing System Multipath
Control Techniques,” Journal of Institute of Navigation, Vol. 23,
1976,
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The term A T is the error in time measurement due to shift in the team
centroid hecause of interference. It can be related to the beam parameters §,
= hy tha approximate equation:

AT = —— [ (G~3)

From Fquation G-2 and G-3,

- Y
or
. -~ . -
(S/I)power 20 log %0 6 4B (G-4)
Ratio

The anale-grior term AO in Bquation P-4 is associated with CMN error budget
snacifications of the MLS/C-Band equipment. This equation can, therefore, he
used for cochannel interference anlaysis to a first-order approximsarion for

the C-Rant equipment.

G-3/G-4
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