This electronic version (PDF) was scanned by the International Telecommunication Union (ITU) Library &
Archives Service from an original paper document in the ITU Library & Archives collections.

La présente version électronique (PDF) a été numérisée par le Service de la bibliothéque et des archives de
['Union internationale des télécommunications (UIT) a partir d'un document papier original des collections
de ce service.

Esta version electronica (PDF) ha sido escaneada por el Servicio de Biblioteca y Archivos de la Unidn
Internacional de Telecomunicaciones (UIT) a partir de un documento impreso original de las colecciones del
Servicio de Biblioteca y Archivos de la UIT.

o34 Aail) 4y 5 KIY) (PDF) gl n sead rasally i sucall o)yl a8 il giaall 5 8 alad¥] dsall VLU (ITU)
D& (e 4855 A8 ) 5 dlial (ania (3511 38 giall b and KA il giadll

SR TR (PDFRRAS) BRI (ITU) B TR ANRS 58 =R A7 Tz Ak i 4RSS Fl R it

Hacrosmumit snextponnsiii Bapuant (PDF) GBI OATOTOBIICH B OMOIHOTEUHO-aPXUBHOM CITy:KO€E
MeXayHapoJHOTO COI03a AIIEKTPOCBSI3H MyTEM CKaHHUPOBAHUSI HCXOIHOTO IOKYMEHTa B OyMaskHOU dopme 13
OubmoTedHo-apXuBHOH ciry’k061 MCD.

© International Telecommunication Union




21.5-1.6 1990

{ CCIR

XVIith PLENARY ASSEMBLY
DUSSELDORF, 1990

XVII A.T
DUSS€ELDORF

INTERNATIONAL TELECOMMUNICATION UNION

COMPATIBILITY BETWEEN THE BROADCASTING
SERVICE IN THE BAND OF ABOUT 87-108 MHz
AND THE AERONAUTICAL SERVICES

| IN THE BAND 108-137 MHz

RECOMMENDATION 591 (SG 8)
REPORT 929 (SG 8)

REPORT 1198 (SG 10)
DECISION 71 (SG 8 AND 10)

CCIR INTERNATIONAL RADIO CONSULTATIVE COMMITTEE

Geneva, 1990



*

CCIR

1. The International Radio Consuitative Committee (CCIR) is the
permanent organ of the International Telecommunication Union responsible
under the International Telecommunication Convention “’... to study technical
and operating questions relating specifically to radiocommunications without
limit of frequency range, and to issue recommendations on them..” (Inter-
national Telecommunication Conventlon Nairobi 1982, First Part, Chapter |,
Art. 11, No. 83)*

2. The objectives of the CCIR are in particular:

a) to provide the technical bases for use by administrative radio conferences
and radiocommunication services for efficient utilization of the radio-frequency:
spectrum and the geostatlonary-satelllte orbit, bearing in mind the needs of the
various radio services;

b) to recommend performance standards for radio systems and technical
arrangements which assure their effective and compatible interworking in inter-
national telecommunications;

c) to collect, exchange, analyze  and disseminate technical information
resulting from studies by the CCIR, and other information available, for the
development, planning and operation of radio systems, including any necessary
special measures required to facilitate the use of such information in developing
countries. '

See also the Constitution of the ITU, Nice, 1989, Chapter 1, Art. 11, No. 84.
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Rec. 591-1

RECOMMENDATION 391-i *

COMPATIBILITY BETWEEN THE BROADCASTING SERVICE IN THE BAND OF ABOLT
87-108 MHz AND THE AERONAUTICAL SERVICES IN THE BAND 108-136 MHz**

(Question 61.,8)

‘ (1982-1986)
The CCIR,

CONSIDERING

fa) that high-powered FM broadcasting service operations in close geographic proximity to aerodrome
facilities are at times incompatible with airborne ILS. VOR and VHF communications equipment utilizing those
facilities, and that this is a widely recognized problem among many users of aviation facilities in the Northern
Hemisphere of ITU Region 2 and parts of Region 1:

(b) that in accordance with RR No. 44, the aeronautical radionavigation service is A radionavigation service
intended for the benefit and for the safe operation of aircraft™;

(c) that FM broadcasting transmitters employ power levels which are relatively much higher than aeronautical
services transmitters;

(d) that aeronautical radionavigation and communication receivers have varying degrees of signal sensitivity
and susceptibility to interference:

(e) that high power broadcasting transmissions may cause interference to airborne receivers, depending upon
relative distance between the transmitter and receiver:

(f) Recommendation No. 704 of the World Administrative Radio Conference (Geneva, 1979) (WARC-79)
which addresses potential interference problems between the FM broadcasting service and the aeronautical
radionavigation service; :

UNANIMOUSLY RECOMMENDS

1. that administrations be invited to advise the broadcasting and aviation communities of the potential FM
broadcasting and aeronautical systems incompatibility problem;

2. that administrations develop or, where applicable, strengthen coordination procedures between the aviation
and broadcasting communities to minimize future problems:

3. that Report 929 be used as the best available guidance to date on the above matters.

The Director, CCIR, is requested to bring this Recommendation to the attention of the International Civil Aviation
Organization (ICAO) and Study Groups 1 and 10. i

This band will be expanded to 137 MHz by 1 January, 1990.

B 2
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The Director, CCIR, is requested to bring this Report to the attention of Study Group 10 and to the International Civil
Aviation Organization (ICAO).

The abreviation "COM" is used in this Report to denominate communications in
the aeronautical services.
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1. Background and introduction

1.1 Frequency modulation (FM) broadcasting service interference to instrument landing systems (ILS)
localizer, VHF omnidirectional radio range (VOR) and VHF communications equipment (see Note) is a widely
recognized problem among users of aviation facilities. In Region 2, the FM broadcasting service operates in the
88-108 MHz band and has caused interference problems in the adjacent VHF aeronautical services band
108-136 MHz. In Region 1 the FM broadcasting band has been expanded up to 108 MHz, and therefore
administrations in that Region may experience interference problems.

Note. — For a description of the ILS, VOR and VHF communications systems, attention is drawn to Report 927.

1.2 In air/ground communication receivers, this interference problem ranges from nuisance background FM
broadcasting audio to distorted and garbled reception. In airborne ILS localizer and VOR receivers, the
interference problem ranges from nuisance background FM broadcasting audio to errors in course deviation and
flag operation. The interference to these navigation receivers is thought to be the more serious problem, as an
error in course deviation, especially during the critical approach and landing phase, is not as readily evident to
the pilot as the disruption of communications.

1.3 The level of interference to aircraft receivers is usually most severe at airports having major FM
broadcasting facilities nearby, and the interference varies with the type of aircraft and associated navigation and
communication (NAV/C OM) equipment. The problems experienced are the result of factors such as:

— FM broadcasting stations operate with high-power levels of up to 250 kW e.r.p., whereas aeronautical
facilities such as air/ground communication transmitters and ILS localizers operate at low-power levels, in
the order of 0.02 kW to 6 kW e.r.p.

— Spurious emissions from FM broadcasting stations.

— The susceptibility of existing airborne receivers to this form of interference. ICAO has addressed the problem
of high-powered, adjacent-band FM broadcasting interference and has produced new interference immunity
standards for airborne receivers in Annex 10 to the Convention on International Civil Aviation (ICAO
Annex 10) applicable as of 1998.

- Lac?k of a guard-band between the highest assignable frequency for FM broadcasting and the lowest
assignable radionavigation frequency.

There is an increasing probability of harmful interference due to the growing need for additional
aeronallmcal frequency assignments and the growing number of FM broadcasting applications for new frequencies,
power increases and relocation.

1.4 The decision of the World Administrative Radio Conference (Geneva, 1979) to generally extend the
VHF/FM broadcasting band to 108 MHz, puts broadcasting and aeronautical radionavigation services in
adjacent frequency bands. That this might lead to problems of interference, was recognized in the agenda
of the Regional Administrative Conference for FM Sound Broadcasting in the VHF Band (Region 1 and
certain countries concerned in Region 3), (Geneva, 1982) to determine the
technical constraints to be used in planning the new band for the broadcasting service.

1.5  To further study the compatibility situation, Joint Interim Working Party 8-10/1
met in May, 1984, in March 1987 and in August 1988 and prepared reports which
outlined the possibilities and techniques for improving suppression of inter-
modulation products at broadcasting transmitting stations (see also Report 1198),:
dealt with aspects of the necessary protection ratios for the aeronautical
radionavigation receivers, and presented future improvements of the immunity of
airborne radionavigation equipment to interference from FM broadcasting statioms.

It also described procedures and compared assessment techniques that may be used

to better predict interference situations in general or in special circumstances.
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1.6 With technical criteria provided by the JIWP 8-10/1 and submission of contributions from
administrations 10 the Regional Administrative Conference for FM sound broadcasting
in the VHF band (Region 1 and certain countries concerned in Region 3),

Geneva 1984, compatibility criteria and assessment criteria were agreed (see Final Acts of the
Conference, named ''Geneva Agreement, 1984'). Compati-
bility between the FM broadcasting frequency plan -and the existing frequency plan for the aeronautical
radionavigation service was not fully studied. Also, no compatibility tests with the aeronautical mobile (R)
service were performed. Incompatibilities identified with the aeronautical services were not taken into
account in all cases when selecting FM broadcasting frequencies.

2. Types of interference mechanisms
2.1 Type A interference

2.1.1  Introduction

2.1.1.1" In the normal operation of broadcast transmitters, type A interference may arise in two ways. First,

a single transmitter may generate spurious emissions or several broadcast transmitters may intermodulate

to produce components in the aeronautical frequency bands; this is termed type Al. Second, the side bands of a
broadcasting transmitter may include non-negligible components in the aeronautical bands; this
mechanism, which is designated type A2, will in practice arise only from transmitters having frequencies

near to 108 MHz.

2.1.1.2 From the viewpoint of the aviation receiver, the spectral characteristics of the unwanted signal are
of particular significance. To a first approximation, the effects of modulated FM broadcasting signals are
likely to be “noise-like” in the receivers, with a consequential reduction in the wanted operational
performance of aviation receivers.

2.1.1.3 In addition, adverse effects in the ILS/VOR audio (identification) channel can occur.

2.1.1.4 However, if an unmodulated broadcast transmission were to produce stable frequency components
close to the ILS modulation signal frequencies (e.g.within#+ 15 Hz of the modulation frequencies 90 Hz and
150 Hz) then highly significant interference could occur even at very low levels of unwanted signals (see

Report 927).

2.1.2  Type Al interference

Variously described as “in-band™ or “on-channel”, caused by spurious emissions (including
intermodulation products) from the broadcast transmitter station. This is generally a low-level effect and
can be regarded as harmful interference, as defined in the Radio Regulations, in cases where the level is
sufficient to affect the performance of avionics receivers. No rejection can be provided at the airborne
receiver. Attemuation at source, the choice of broadcast assignment, and/or distance separation are the

only practical solutions. “

2.13  Type A2 interference

Interference to ILS channels near to the 108 MHz band edge due to out-of-band emissions from
broadcasting stations operating on carrier frequencies in the upper end of the broadcasting band.

22 Tvpe B interference

2.2.1  Introduction

2.2.1.1 Mechanisms producing this type of interference can occur due to radiations from broadcast
transmitters outside the aeronautical band. Their incidence depends on a number of factors which include:

— the very large power differentials between the two services;

— the wide variability of the geometry between the aircraft, the aviation ground transmitters and the FM .
broadcasting transmitters;

— the susceptibility of the aviation receivers (which varies from receiver to receiver and which also.
depends on the frequency separation between wanted and unwanted signals);
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— the aviationground system installation differences (particularly antenna radiation pattern);

- the airborne system differences (particularly antenna frequency response
and feeders); ’

— the FM broadcasting station antenna radiation pattern.

2.2.1.2 The airborne receiver, designed to work in a low-power environment and needing to detect small
wanted input signals, cannot easily cope in the presence of an unwanted signal close in frequency and at a
very much greater power level (perhaps higher by 80 dB or more).

2.2.1.3 The two main interference mechanisms involved are receiver-generated intermodulation (B1) and
receiver desensitization (B2). It is important to note that these are separate mechanisms with separate
characteristics.

2.2.2  Type Bl interference

Intermodulation generated in an airborne receiver as a result of the receiver being driven into
non-linearity by a high-powered broadcasting signal outside the aeronautical band. In order for this
type of interference to occur, normally at least two—
broadcasting signals need to be present and they must have a frequency relationship which, in non-linear
combination, can produce an intermodulation product within the wanted RF channel in use by the
airborne receiver. One of the broadcasting signals must be powerful enough to drive the receiver into
regions of non-linearity but interference may then be produced even though the other signal(s) may
be significantly less powerful. Under certain conditions, type Bl interference can occur

with a combination of only one broadcasting signal and an aeronautical ground
signal.

Perhaps the most serious practical aspect of this mechanism from the frequency planning viewpoint
is that an acceptable existing situation involving FM broadcasting signals at non-critical levels can be
transformed into a practical problem by, for example, the addition of a new broadcasting statton or an

increase in power at an existing broadcasting station or implementation of new aeronautical
stations.

223  Type B2 interference

Desensitization occurring when the RF section of an airborne receiver
is subjected to overload by one or more broadcasting transmissions. This arises
because the relatively wide-band RF selectivity of such receivers makes it
difficult to provide significant RF attenuation immediately below 108 MHz. Such
desensitization is most likely to occur in the first active stage which could be

an RF amplifier, a mixer, or a combination of both in series, depending on the
receiver design.

Aeronautical services protection requirements

Protection criteria for ILS and VOR

ICAO Annex 10 contains specifications and characteristics relevant to the

protection of both ILS and VOR.

3.1.1 Service Volume

{llustrated in Figure 1.

can be obtained from the Reronautical Information Publication (AIP) of

The ILS localizer service volume is defined in ICAO Annex 10 and 1is
The service volume of VOR varies widely‘and details

the

Administration operating the installation.
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3.1.2 Wanted Signal

Subject to the considerations given below, the field strength to be

protected throughout the service volume is:

- ILS: 40 pv/m (32 dB (uv/a)),
- VOR: 90 uv/m (39 dB (puvVv/m)).

If a service 18 provided Ii{n the localizer back-beam volume, the field

strength to be protected is 40 uvV/m.

However, flight measurement of ILS or VOR field strength may, in some

areas of the coverage volume, reveal values higher than the minimum required by

ICRO. Some administrations consider that these higher values may be taken into

account in resolving particularly difficult frequency assignment cases for both

" FM broadcasting and expansion of aeronautical facilities. In doing so, due
account must be taken of the required integrity of the radionavigation service
and variations with time, monitor limits, measurement errors, etc. For example,
in certain areas of the ILS coverage Volume, ICAO Annex 10 requires a higher
field strength to be provided in order to increase the received signal-to-noise

ratio thereby increasing system ilntegrity. This is8 the case for ILS facilities

within the localizer course sector (*# 10 degrees) from a range of 18.5 km up
to runway touchdown point where signals of 90 - 200 uV/m are required by ICAO,
depending upon the Facility Performance Category (I, II, III) of the ILS

involved. (See ICAO Annex 10, Volume I, paragraph 3.1.3.3).

3.1.3 Test Points

Test points may be chosen to establish the compatibility condition at

significant parts of an ILS or VOR service volume. The position of such points

may vary between aeronautical installations depending on the location of the

broadcasting stations. Examples of test point selection are given in Annex IT.

3.2 Protection Criteria for COM Services

It should be noted that Annex 10 to the ICAO Convention does not specify a minimum field
strength strength for COM — rather it states that 75 pV/m shall be exceeded for a “large
percentage of occasions”. In practice there are many occasions when VHF COM ————— need to take
place below the 75 pV/m level and hence a lower figure is considered appropriate, for quantitative
assessment purposes. It 1is considered that a value of 40 pV/m is appropriate for the general case.

In areas where extended range COMs operate, the value should be further
reduced to 30 uv/m. ICAO Annex 10 also requires COM receivers in ground instal-
lations to operate with signals having a field astrength of 20 uv/m.

The choice of a representative level for OM services for campatibility assessment
is particularly difficult. There are many occasions and ciramstances where safety messages are
required to be passed using a wanted signal below 104V /m. In addition, the assessment of voice
quality is largely subjective and hence difficult to quantify. Note - See 4.1.3 for S+N/N,
section 10 for future work required and Part 7 of Annex I.
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4. AERONAUTICAL RECEIVER MEASUREMENTS AND PROTECTION
REQUIREMENTS
4.1 Standard interference thresholds for bench measurements

It is stressed that the following thresholds are for the purpose of standardizing bench measurements and
whilst they are chosen to be reasonable representations of typical operational situations there will be some
circumstances where they do not provide adequate protection to the aviation service in practice.

4.1.1 ILS

The changes to course guidance current due to the interference effects from FM broadcasting
signals should not be permitted to add appreciably to the course structure perturbations permissible in
Annex 10 to the ICAO Convention due to other causes. With the wanted signal at the required level
(§ 3.1) and the signal adjusted for a difference in depth of modulation (DDM) of 0.093, the change in
course guidance current should not exceed 7.5 pA. In the case of changes to flag operation, there is less
assurance in defining common criteria to cover all designs of flag systems. Therefore until further
refinement can be made, the following tentative limits may be employed:

— in the case of an unwanted signal forcing a flag to appear for more than 1 s (auto-pilot performance
may be affected by a shorter time period);

— in the case of the unwanted signal forcing a flag to disappear when there is no desired signal present,
the value which just puts the flag out of sight for more than 1 s. (The absence of an ILS signal does

not represent a typical operational situation.However, when that situation does occur, the absence
of the flag could be dangerous.)

The above values should be used for both type A and B interference modes.

Note. — The above does not consider centering error. The centering error due to FM broadcasting
interference, when statistically combined with other specified environmental conditions, should not be
permitted to exceed the levels prescribed by the ICAO.

4.1.2 VOR

The wanted signal at the required level (§ 3.1 ) shall be modulated with a standard VOR test
signal as described in the Radio Technical Commission for Aeronautics (RTCA) Document DO-153A,
Minimum performance standards for VOR. The interference threshold should then be:

— a change of the bearing indication by 0.5° corresponding to 7.5 pA deflection current; or
a change in the audio voltage level by 3 dB; or
the appearance of the flag for more than 1 s.

]

4.1.3 COM

The interference threshold criteria for airborne COM receivers are as
follows: :

— Wil!l a 'signal at the required level (see § 3.2 ) the interference criterion should be a reduction in the
audio signal plus noise-to-noise ratio, (S + N)/N, to 6 dB.

With no wanted signal present, the interference shall not cause more than 5 dB (equivalent RF)

increase in AGC voltage or an audio interference plus noise-to-noise ratio, (I + N)/N, of greater
than 6 dB. :

The criteria for ground receivers may differ from those stated for
airborne receivers. Further work is required to determine the criteria
for ground receivers. (See Section 10 of this Report). ’
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4.2 Unwanted (broadcast) signal characteristics

4.2.1 In many instances the worst case ILS/VOR interference problem is generated by utilizing actual
programme material as the modulation of the unwanted signals taking into account Region 1 and
Region 2 FM transmission characteristics, including supplementary channels where applicable.

4,2.2 To facilitate consistency of test methods and results., receiver im-
munity measurements should be performed using an unwanted signal which is modu-
lated with colored noise in accordance with Rec. 559 with a set-up audio

(quasi-peak) before 50us pre-emphasis corresponding to +32 kHz
in order to simulate ster-

applied to the left and

injection level
deviation in accordance with Rec. 641. However,

eophonic transmission the noise modulation source is
right channel with a 6 dB difference in level between channels.

Administrations in their testing procedures may also use other
modulation conditions that represent the actual broadcast practices in their
countries.

Note 1. - Particular attention may need to be made on the bench to

reduce unintentional noise modulation effects.

Note 2. - If using a single signal source to simulate third-order trans-
mitter intermodulation products. increased deviations may be required.
Note 3. - Some previously reported receiver immunity data were obtained

under test conditions employing a different FM modulation procedure than de-
scribed above. In comparing or combining such data, testing one or more common
receivers using each procedure would first be required to determine if a correc-

ticn factor must be applied.

4.3 Protection requirements for VOR/ILS receivers

Considerable study of the immunity characteristics of ILS and VOR
receivers to FM broadcast interference have been made and reported to Geneva
1984 Conference and to the CCIR. Some new results are given in Annex I to this
report, and further studies should continue on the specific aspects detailed in
section 10.

The values which appear below have been used in planning within
Region 1. They may however be subject to modification or qualification in the
future as new information becomes available.

4.3.1. Type Al Interference

4.3.1.1 A protection ratio of 17 dB was used , including a small safety margin in order to take account
of multiple interference entries resulting from different broadcast transmitters.
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4.3.1.2 Where the actual frequency of the spurious emission is known, Table I gives the values of
protection ratio used for frequency differences up to 200 kHz from radionavigation transmitters.
Type Al interference need not be considered for frequency differences greater than 200 kHz.

TABLE 1
Frequency difference
between spurious emission Protection ratio
and wanted signal (dB)
(kHz)
0 17
50 10
100 -4
150 -19
200 -38

4.3.2 Type A2 interference

The protection ratio values used are given in Table II.

TABLE 11
Frequency difference
between wanted signal Protection ratio
and broadcasting signal (dB)
(kHz)
150 —41
200 -50
250 —59
300 —68

A frequency difference less than 150 kHz cannot occur. For frequency differences greater than
300 kHz, this type of interference need not be considered.

Note - FM sound broadcasting stations may in some regions employ compression
techniques and/or provide services on subcarrier frequencies up to 99 kHz. Bench
tests have shown that combinations of these practices, especially when
associated with a deviation larger than *75 kHz, may result in O to 10 dB
increase in susceptibility of an ILS receiver operating at a frequency of

108.1 MHz to A2 type interference from a broadcasting station operating at a
frequency of 107.9 MHz. Special consideration should be afforded to these
conditions where these broadcasting operating practices exist. (See also Parts 3
and 6 of Annex I.)
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4.3.3 Type Bl interference
Third-order intermodulation products of the form:
Simermod = 2 /i — f» (two-signal case) or
Sinermod = fi + fo — f; (three-signal case)
with f; > £, > f;,
generated in the airborne ILS or VOR receivercould cause an unacceptable degradation of receiver

performance, if fiemos coincides with, or is close to, the frequency of the wanted signal and the
inequalities given below are fulfilled taking account of § 5.6.

Intermodulation of the second order is irrelevant and intermodulation of a higher order than three
has not been considered.

N;, N, and N, in the inequalities below have the following meaning:

N;: level (dBm) of the broadcasting signal of frequency f; (MHz) at the input of the aeronautical
radionavigation receiver;

N,: level (dBm) of the broadcasting signal of frequency f; (MHz) at the input of the aeronautical
radionavigation receiver;

N;: level (dBm) of the broadcasting signal of frequency f; (MHz) at the input of the aeronautical
radionavigation receiver.

max {0.4; 108.1 — f} in the inequalities below has the following meaning: either 0.4 or 108.1 — f
whichever is greater.

4.3.3.1 Two-signal case

max {0.4; 108.1 —
0.4

max {0.4; 108.1
0.4

2(N.—201og f‘})+Nz—20|og = J | 1205 0

4.3.3.2Three-signal case
max {0.4; 108.1 — f;} N

Ny — 20 1o
' & 0.4
+ Ny — 20 log max {0.4; 108.1 — f;} +
0.4
+ Ny — 20 log 22 {0'4;0138‘1 — Al 4 126 > 0

4.3.3.3 Frequency offset conditions

Before applying the formulae given in §4.3.3.1 or4.3.3.2 a correction is applied to each signal
level which is a function of the frequency difference between the wanted signal and the intermodulation
product; this correction is given in Table I11.

N3 (corrected) = N;,3 — correction term
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TABLE 11
Frequency difference ) '
between wanted signal Correction term
and intermodulation product (dB)
(kHz)
0 0
+ 50 2
+ 100 8
+ 150 16
+ 200. 26

‘For frequency differences beyond * 200 kHz, type B1 interference need not be considered.

4.3.4 Type B2 interference

Table 1V contains maximum permitted levels of broadcasting signals at the input to the airborne
ILS or VOR receiver.

TABLE 1V
Frequency of broadcasting signal Level
(MHz) (dBm)
107.9 -20
106 -5
102 5
< 100 10

For intermediate values, the maximum permitted level was determined by linear interpolation.

5. COMPATIBILITY ASSESSMENTS

Practical assessments on the compatibility of broadcast and aeronautical

services may be made using the criteria in sections 3 and 4. It has not been
possible to identify a single method for the assessment of compatibility which

is applicable in all of the situations encountered in practice. A number of
administrations have developed particular assessment methods and procedures for
application within their own country (see Annex II). These

assessment methods are in many cases based on some or all of the assumptions '
which are described below. Applicable values are quoted for important

parameters, however it is stressed that these are primarily quoted as guidance

since no overall agreement covering all aspects presently exists.
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5.1 Separation distance from a test point of an aeronautical radionavigation

station
Broadcasting stations which are:

- more than S00 km from a VOR test point

- more than 255 km from an ILS test point

beyond the radio line-of-sight from a VOR or ILS test point

are considered as being unlikely to affect the service of that aeronautical

radionavigation station.

These separation distances are based upon a test point height of

2450 m for an ILS test point
- 12200 m for a VOR test point.

5.2 Separation distances from a broadcasting station

5.2.1 Table V gives separation distances between a broadcasting station with

a given e.r.p. and frequency and a test point of an aeronautical radionavigation

station beyond which it is consi{idered unlikely that the service of the aercnaut-

tcal station could be affected. The more critical requirements are those for Al and Bl: the higher of the
two separation distances is shown in each case.
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TABLE V — Distance (km) between a test point of a radionavigation station and a sound broadcasting station

15

beyond which the aeronautical service is unlikely to be affected

Broadcasting station' frequency (MHz)

T
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5.2.2The A1 distances assume the protection ratio for frequency coincidence, and that the level of the
broadcasting transmitter spurious emissions conform to the level given in § 5,5. The Bl distances
ensure that the signal level is below the cut-off value as given in § 5.7  with free-space propagation,
but are subject to an upper limit of 500 km due to the practical considerations of the line-of-sight limit, in
conformity with § 5.1.

5.2.3 Where two or more assignments are used at a common site, the highest e.r.p. must be taken.
5.2.4 Linear interpolation shall be used for e.r.p. (dBW) and frequency values not appearing in Table V.

5.2.5 Preliminary analyses. based on these distances assume, in the case of Al and Bl types of
interference, that there is frequency coincidence between a spurious emission or intermodulation product
and the frequency of the radionavigation station. When the frequencies of the radionavigation station and
of all broadcasting transmitters that may be involved are known, detailed calculations can be made for all
types of interference using the data for protection of the aeronautical radionavigation service given in
§4.3 and 3.1.However, in the case of Al type interference it will be necessary to check that the
transmitter does not generate significant spurious components apart from third-order intermodulation
products.

5.2.6 Any case-by-case study may take into account other relevant factors such as details of the
propagation path between the broadcasting station and the aeronautical test point, and the radiation
pattern of the broadcasting antenna in both the vertical and horizontal planes.
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5§.3 Compatibility assessment calculations
In determining compatibility in accordance with the criteria specified

in 4.3, the following factors should be considered for each test point within

the service volume. Sufficient test points
ty within the operational service volume as modified by any physical constraints.

should be used to ensure compatibili-

- the field strengths of the desired signal as given in 3.1 and 3.2

- the field strength of every FM broadcasting station in the band 87.5 - 108 MHz
inside the relevant distance from an aeronautical station test point (see
Table V) and within line of sight based on smooth earth. The field strength

should be determined considering:

- effective radiated power and polarization of the transmission

- horizontal and vertical radiation characteristics of the transmitting

antenna using the most accurate information available
- height of the transmitting antenna center of radiation

- the S0 % time propagation curves of Rec. 528. Up to the radio hori-

zon, a free-space calculation may be considered as an acceptably close

approximation.

Note: Practical examples of calculation methods are shown in Annex II.

5.4 Polarization

No account is taken of polarization differences between the broadcasting and the aeronautical
radionavigatios: signals except in special cases (e.g. circular polarization of the broadcasting signal).

The interfering signals are assumed to have the same polarization (vertical or horizontal) as the
navigation system. If, instead, the broadcasting station has a different polarization, there is in theory some
reduction of received interfering signal levels, but it was agreed in this case, not to make any allowance.
another plane of polarization needs to be added at the

‘When power 1in
transmitting antenna, a 1 dB allowance should be added to the higher plane power

when the total power 1is increased by 50% or more. However, no allowance needs

to be taken for true circular polarization.
5.5 Spurious Emission Levels (Analysis of Type Al Interference)

A detailed consideration of the mechanisms of generation of spurious

emissions, particularly those in the form of intermodulation products, is con-

In that Report, attenuation of spurious emission levels

tained in Report 1198 .
stringent than those contained in

are indicated which are gsubstantially more
Appendix 8 of the Radio Regulations. except in the case of very low

transmitter powers.
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The attenuation of spurious emission levelsindicacted {a Report 1198 are

40 dB
85 dB

- between the above limits. the spurious em;ssion at the transmitter output is

~ for transmitter powers ¢ 0.25 W3
~ for transmitter powers > 7.9 kW

assumed to be 25 uw.

To calculate interfering field stréngths from these yafues it its ne-
cessary to know the gain of the transmitting antennas. - Anteﬁhq‘gains relative
to a dipole are likely to vary from 0-10 dB according to transmitter power with
high gains associated with high powers. '

In the Geneva Agreement, 1984, an antenna gain of tQidB was assumed for

all transmitter powers.

Note:

1) In the case of several transmitters contributing to one spurious component
(category (a) in 4.3.1.2) the most powerful transmitter {s takén as the refer-
ence. )

2) Attenuation of spurious emissionlevels of better than 85 d8 are known to have
been achieved inpractice in seeking solutions to specific cases of difficulrey.

5.6 Receiver lnput Voltage

The field strength, E, should be converted to signal power, N at the receiver input
according to the following formula:

E(dB(uV/m)) = N(dBm) + 118 + L, + L(f)

where:
L,: system fixed loss of 3.5 dB;

L(f): system frequency-dependent loss at frequency, f, of 1 dB per MHz from 108-100 MHz and then
0.5 dB per MHz below 100 MHz.

Measurements on installed antenna systems are contained in Part 8 of
Annex I.

Note.- See Section 3.3.1 of Annex I.

5.7 Trigger and cut-o0off values (Analysis of Type Bl Interference)

5.7.1 Trigger value is the minimum value of an FM broadcasting signal which,
when applied to the input of an aeronautical VHF (ILS. VOR or COM) receiver,

is capable of initiating the generation of a third order i{intermodulation product
(IP) of sufficient power to represent potential interference. Thus every third
order IP generated {n the aeronautical receiver must have at least one component
with a power level that i{s not less than the trigger value {f that IP is a poten-
tial source of interference. The trigger value suitable for use when assessing
compatibility between FM broadcasting and the ILS and VOR can be derived from

the following formula (see Part 9 of Annex I).
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where:

$5.7.2

above,
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f = broadcasting frequency. in MHz

N = trigger value, {n dBm

The sum of the signal levels in dBm (2N; + Nj or N; + N; + N3 in paragraph 4.3.3

where N is the power level of the broadcasting sigﬁal at the input to

the aeronautical receiver) just forming a Bl IP is a constant. Thus as N; increases

in power the necessary power for Nz or N3 decreases. When N, reaches the appro-

riate

type.

B2 power level (para 4.3.4) the interference mode changes from Bl to B2

The value of N, and/or N3 associated with that level of N1 is termed the

cut-off value.

An analysis of the possible limiting cases (ParL 9 of Annex I) gives a

minimum cut-off value of 44 dB below the trigger value. However, practical

considerations indicate that a value of 24 dB below the trigger value would be

appropriate giving

where

N = cut-off walue, in dBam

Airborne equipment

6.1 Current international standardization principles

Airborne equipment is subject to a very high degree of national and international standardization.
However this has always been directed towards those aspects which ensure:

— an adequate performance under ICAO-specified conditions of wanted signal-in-space;
— interchangeability of equipment from different manufacturers;

— safety when carried onboard aircraft (e.g. fire risk, etc.); and

— specified minimum performance over a specified range of temperature, pressure, etc.

As far as electromagnetic compatibility is concerned the international standardization has also had
to ensure that adequate adjacent channel rejection characteristics are specified — and in turn this becomes
a key factor in the extensive national and international coordination of frequency assignment activity
within the aviation community. In addition very stringent conditions are laid down to ensure that airborne
equipment does not adversely affect, and is not adversely affected by, other airborne equipment installed
in close proximity on the aircraft.

The scope of the standardization of airborne equipment has, however, necessarily had to take
cognizance of the vital fact that the airborne system is not capable of standardization on those aspects
which are affected by differences between airframe types. The antenna and feeder characteristics are the
main areas of difficulty here, because the airframe exerts considerable influence over the antenna and
feeder characteristics and very wide variations exist. In consequence, ICAO specifies —
“signal-in-space™ characteristics to ensure minimum acceptable performances. Airborne equipment
design has sought to ensure that the “black boxes™ will be adequate to process these wanted signals under
adverse antenna/feeder circumstances. '
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6.2 Current equipment and expected improvements

Tests so far carried out on airborne receivers, including those described in Annex T of this Report, have
shown wide variations in those characteristics and susceptibilities relevant to the rejection of very
high-level unwanted signals. ICAO has addressed the problem of high-powered adjacent band FM
broadcast interference and has produced new interference immunity standards for airborne receivers in
ICAO Annex 10 applicable as of 1998.

Laboratory tests have been performed that characterize the response of a
selected sample of aircraft receivers for which an experimental band pass filter
has been added to the antenna input (see Part 5 of Annex I). The use of external
filters has not been considered feasible as a general solution for technical and
airworthiness reasons, nor acceptable as a factor to modify theoretical criteria
used to establish electromagnetic compatibility. However, unique singular cases
may occur which are suitable for employing an external filter. Within this
context the installation and use of an external fiiter is subject to the

appropriate rules, regulations and procedures exercised by the concerned
aviation authorities.

However, at least one administration will be conducting a series of control
tests to fully evaluate the use of add-on filters.

It is, however, very important to note that there are practical limits to the technical improvements
that can be realized in both the short- and long-terms, and therefore airborne equipment improvements
cannot reasonably be expected to resolve all compatibility problems with the FM broadcasting service.
Accordingly, close coordination between aeronautical and broadcasting authorities will continue to be
required in the long term.

7. Summary of study

The study of potential interference between the FM broadcasting service and the aeronautical radionaviga-
tion services in the band 108-118 MHz, has received considerable attention in a number of administrations as
reported above. These studies take on a special importance in regions where the band up to 108 MHz has recently
become available to FM broadcasting and where, therefore, broadcast implementation is imminent.

It is evident that no simple technical solutions to the compatibility problem are immediately available.
The interference potential from FM broadcasting stations (singly or otherwise) to ILS, VOR and/or

VHF COM will depend on many factors. Apart from airborne equipment performance itself, the most important
factors as shown in Annex I will involve combinations of:

— broadcasting transmitter power (e.r.p.) and antenna characteristics (height, directivity, etc.);
— separation distances; ' '
— frequency separation;b

— frequency relationships;

— geographical and topographical aspects.

In this Report, § 2 explains how all the interference mechanisms can be divided into two main categories,
type A and type B.

Some examples of each type of interference to VHF-ILS/VOR and COM receivers are shown in detail in the
annexes and some conclusions arrived at in terms of theoretical geographical areas where interference is likely to
appear, taking into account the different combinations and values of the above parameters.

Taking this framework into account, it will be possible for the administrations to consider throughout the
process of planning, case by case, all the potential conflicts e.g. along the guidelines presented in this Report.

It will be necessary for the relevant broadcasting and civil aviation authorities to consider, in close
cooperation, possible solutions to eliminate any potential interference problems between the two services.
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8. Conclusions

8.1  The problem is complex and not capable of complete quantificationby adoption of a single set of protection
criteria. The complication is introduced mainly by the wide variability of aircraft equipment characteristics which

need to be accommodated.

8.2  The interference potential from type A and type B mechanisms both need to be addressed in practice. ILS
and VOR in the sub-band 108-118 MHz are more critically affected by interference.

8.3  The volume of ——airspace to be protected in ILS cases is relatively small, but in the VOR and VHF
COM cases it may be very large.

8.4 New interference immunity criteria for airborne equipment have been
established by ICAO. These improvements, which will be incorporated by 1998,
will not solve the problems completely.

8.5 The calculations given in this Report show that the current requirements of the Radio Regulations (in
respect of spurious emission limits for FM sound broadcasting transmitters above one kW) would possibly require
large distance separations in order to avoid type A interference problems. Suppression levels of better than 85 dB
are known to have been achieved in practice in seeking solutions to specific cases of difficulty (see also
§ 5.5).

8.6 This report strongly indicates that the coordination of frequency
assignments, siting and suppression will be needed to supplement any general
criteria in order to reduce the interference potential.

8.7 For at least the type A mechanisms, it is evident that adequate reduction of the levels of unwanted signals
at the aviation receiver will involve congsideration of the broadcasting power, the separation distance and the
frequency separation.

8.8 _ Both the aeronautical and broadcasting services need to cooperate closely in order to minimise restrictions
on their freedom to deploy their respective facilities. For example. avoiding

the use of high power at the broadcasting channels closest to 108 MHz will assist

in achieving compatibility. Selection of frequencies for new aeronautical fa-
cilities should be made after analysis of existing FM facilities or those coor-

dinated beitween Administrations to ensure contiriued compatibility.

9. General recommendations

9.1 Close and continuing assignment coordination between aeronautical and broadcasting authorities appears
to be the only practical way to reduce the probability of ~———— interference to the aeronautical services to
generally acceptable levels.

9.2 Further study {s required in order to develop/refine standard inter-
ference criteria for the assessment of airborne ILS, VOR, and VHF COM systen

compatibility with broadcasting signals.
10.  Future tests and investigations

10.1 Compatibility between the aeronautical radionavigation service and the sound broadcasting stations in the
bands concerned should be studied and in particular:

10.1 lprotecti'on‘ ratio values for future airborne receivers against Al type of interference
from sound broadcasting stations in cases where the frequency of the spurious emissions does not coincide
with the aeronautical frequency;
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10.1.2 protection ratio values for future acronautical receivers against A2 type of interference
from sound broadcasting stations including measurements of FM proadcast spectra;

Receiver manufacturers should be consulted in regard to meeting a
protection ratio goal for type A2 interference of -60 to -70 dB for 150 kHz
frequency difference, -70 to -76 dB for 200 kHz difference, in future receivers.

10.1.3 criteria for prediction of third-order intermodulation (referred to as Bl type of interference)
generated in airborne receivers by three unwanted signals, for receivers meeting the ICAO standard for
two-signal intermodulation for future receivers;

10.1.4 the effect of sinusoidal modulation of the sound broadcasting transmitters during test and line-up
and any precautions or procedures to be adopted at broadcasting stations in order to maintain the agreed
protection of the aeronautical radionavigation service;

10.2 Compatibility between the aeronautical

mobile (R) service (including
digital communications)

i the 118-137 MHz band and the FM sound broadcasting
Eervice.

10.3  compatibility. criteria that can be used to predict potential interference in an assignment decision context
including the determination of the correfation of bench tests with in-service operational performance of
aeronautical receivers;

10.3.1 cumulative effect of multiple FM broadcast signals;

10.3.2 the applicability of cut-off values in the assessment process;
10.3.3 FM broadcast antenna pattern characterization;

10.3.4 statistical analysis of data;

10.3.5 description of, and experience with, assessment techniques in correlation with flight test and operational
experience;

10.3.6 effect of FM broadcast signals on auto-pilot system performance;

10.3.7 effect on assessment criteria of special techniques used in FM broadcasting (e.g. subsidiary communication
carriers, increases in deviation) (see Part 4 of Annex I).

10.4  Effect of broadcasting signals on the performance of aeronautical ground
equipment (ILS/VOR monitors and VHF COM);

10.5 Effect of FM broadcasting on ILS receivers when there is no desired

signal present at the receiver (see §§ 3.6.7 and 4.1.1 and Tables XI and XII of
Annex I);

10.6 Effect of aeronautical signal interaction with broadcasting transmission:

(e.g. an IM product caused by a broadcasting and an aeronautical navigation
signal);

10.7 Characterization of ILS and VOR signal levels in their service areas,
including appropriate margins (e.g. to account for signal variability);

10.8 Aircraft antenna systems with a view to improving FM signal rejection
characteristics;

10.9 Applicability of the aircraft ILS/VOR antenna system characteristic, as
defined in Geneva Agreement, 1984;

10.10 Applicability of type Bl and B2 existing immunity formulas of the Geneva
Agreement, 1984, for ILS/VOR receivers.
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ANNEX I

RECEIVER TEST RESULTS
1 of Annex I

France

1.1 Introduction

1.1.1 The tests were conducted in the summer of 1984 on the following ILS localizer/VOR receivers:
— Becker NR2030

— Collins 51RV 1A

— King KX-175B

— Narco NAV 121

The tests were conducted in a Faraday cage. The desired signal levels were —86 dBm for localizer
and —79 dBm for VOR. The undesired signals were generated by actual broadcast transmitters using
modulation as per Recommendation 559.

1.2 Distinction between types A2 and B2 interference effects

1.2.1 The method consists in measuring the protection ratios when the broadcast signal is first modulated
by noise coloured in accordance with CCIR standards and then unmodulated. The interference from the
CW signal must be of the B2 type since it has no side bands. If the protection ratios are the same, then
any side-band energy received in the passband of the receiver is not the determining factor.

Note. — The measurements were made under the following conditions: if Af is the difference between the
radionavigation frequency (ILS/VOR) and the broadcasting frequency, the measurement for Af = 0
and Af = 50 kHz (reference values) could only be made with a broadcasting frequency of 108.0 MHz in
VOR and 108.1 MHz in ILS.

1.2.2 If the broadcasting frequency is then kept at 107.9 or 108.0 MHz and the frequency of the
radionavigation signal is shifted within its band by Af, the radionavigation receivers will always have the
same desensitization characteristic since the latter depends only on the broadcasting frequency.

Note. — For Af = 0, in the case of the unmodulated signal, the value given is an indicative one.

1.2.3 The first set of measurements (see Table VI ) was made with an output filter of a stereophonic FM
transmitter (3 cavities). Its bandwidth was 530 kHz at —3 dB and 800 kHz at — 10 dB. The filter served to
attenuate the transmitter’s residual noise (already low to start with) outside its wanted band, thus making it
possible to measure very low protection ratio values (below —80 dB). The filter did not in any way affect
the quality of the wanted signal from the broadcasting transmitter. The other measurements were made
without the filter; the results are given in Table VII . It can be seen that for values of Af of about 200
to 300 kHz, the filter makes very little difference to the results when the signal is modulated.

1.3 Applicability of cut-off values to assessment criteria

1.3.1 Demonstration of the non-existence of a cut-off level

1.3.1.1 The tests made on a sample of radionavigation receivers show that the
concept of the cut-off phenomenon does not exist in reality. In fact, the figures here below show what
really happens.
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TABLE VI — Broadcasting transmitier equipped with a band-pass filter
Receiver A Receiver B Receiver C
Af ILS VOR - ILS VOR VOR
M N M N M N M N M N
0 1.5 13.0 10.5 26:0 10.0 11.0 10.0 26.0
50 —14.0 -61.0 —12.5 —49.0 —-12.0 —-60.0 —-17.0 —-63.0 - 1.0 —49.0
100 —48.0 -74.0 -50.0 —74.0 —41.5 —69.0 —47.0 -720 —440 —54.0
150 —76.0 -77.0 -75.0 —70.0 -70.0 -71.0 -76.0 -76.0 —-53.0 —-53.0
200 —-179.5 —80.0 -79.0 —-74.0 -72.0 -72.0 —-78.0 -79.0 -52.5 —-52.5
300 —80.5 —83.0 —76.0 —745 —-74.5 -75.0 —-92.0 ~90.0
400 —85.0 —86.0 —87.0 —88.0 —76.0 -76.0 -91.0 ~93.0
500 -79.0 —86.0 —-74.0 —-75.0 -76.5 —-76.5 —-92.0 ~925
800 —86.0 —86.0 —86.0 —88.0 -71.0 -71.0 —-91.0 -91.0
1000 —86.0 —86.0 —-740 -71.0

M: broadcasting signal modulated by coloured noise.

N: broadcasting signal not modulated.

TABLE VII — Broadcasting transmitter without band-pass filter
Receiver A Receiver B
Af ILS VOR VOR
M N M N M N

0 8.0 10.0 10.0 10.0 3.0 8.0
50 —-11.0 -225 -12.0 —240 —-15.5 ~32.0
100 —46.0 -57.0 —-47.0 -51.5 —49.0 ~68.5
150 -72.5 -73.0 -72.0 -73.0 —70.0 ~70.0
200 —76.0 -76.5 —-176.0 . =175.0 —78.0 -77.0
300 —78.0 ~71.5 -77.0 —755 —81.5 —82.0
400 —80.5 —80.0 —81.5 —82.0 —86.5 —86.5
500 -79.0 —83.0 -74.5 -75.0 -92.0 -93.0
800 —-79.0 —-85.0 —82.0 —84.0 —90.0 ~92.0
1000 —81.0 —85.5 —-79.0 -79.0 —89.0 -90.0

M: broadcasting signal modulated by coloured noise.

N: broadcasting signal not modulated. -
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1.3.1.2 The intermodulation criterion is a linear law in N, N, N; of the form
N + N> + Ny + K = 0. If we take the position N; = constant, the relation between N, and N, can be
plotted (see Figure 2):

N2

AN

N,
Ni+N2+N;3;+Kz0

N, constant

‘ | N\
FIGURE 2

1.3.1.3 The existence of a cut-off threshold on N, is expressed by the fact that for N; < N, cut-off,
there is no longer any intermodulation. The same is true for N, < N, cut-off.

1.3.1.4 If such a cut-off value really existed, the above theoretical curve would in practice be distorted
(see Figure 3):

N
N, cut-off
Ny
Disappearance of Ny+N; +N3 +K:=0
intermodulation
N, : constant
N, cut-off
FIGRE 3

1.3.1.5 The tests made on radionavigation receivers have made it possible to draw Figs. 7 to 12.

'1.3.1.6 The distortion described above is never found in these curves. We may however note that they
have the shape shown in Figure 4:

N, =N desensitization —-——‘
~
A
L]
[N ' N,
e ecm -

N1 +N2+N3+K=0 | &, = N desensitization

Desensitization

N, : constant

FIGURE 4

1.3.1.7 This is explained by the occurrence of a desensitization phenomenon, which, beyond a certain
threshold, conceals the intermodulation phenomenon.
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1.3.2 Conditions at the limits when type B2 interference outweighs type Bl interference
F.3.2200 dssumptions

A disturbance by three broadceasting stations is expressed by:
— the combination of frequencices:

T S AR [ F—

the equation for the levels:

N + NCGY + NOK) v KU Lo fase) = 0

We denote (/) by the expression:

max {108.1 -- 17 0.4}

20 log 0.4

in which max {a; b} represents the greater of two values ¢ and b,
Thus for /= 107.7 MHz, x(f) = 0.
We can also write:

K =126 — x(fi) - x(f) = x(fs)

1.3.2.2 Theoretical attempt to find the transition point between the two types of interference

We shall attempt to find the minimum level Ni( /) corresponding to the transition from type Bl
interference to type B2.

For a signal of frequency f, this value is obtained by a simultancous desensitization caused by
signals f» and f;, or:

Nih) + Na(f) + Na(h) + 126 — x(fi) = x(f) — x(fi) = 0 )

The desensitization Jevel at frequency f is denoted by Ny(f) (see § 4.2.2
of JIWP 8-10/1 report May 1984).

Permutating the signals, we also get:

NiL) + Na(h) + No(f) + 126 — x(f) = x(fr) — x(f)) =0 (2)
Ni(f/) + Na(h) + Na() + 126 — x(fi) = x(fr) = x(f) = 0 3)

It is logical to make the assumption that N;(f) has the form:
NiS) = xo + x(f) 4)

where x is a constant to be determined. Measurements have always yielded frequency dependences of the
form x(f).

If we introduce equation (4) into equations (1), (2) and (3), we get:

xo + x(h) = —126 + x(fi) + x(f2) + x(f) — Na(f2) — Nu(3)

[

xo + x(h) = =126 + x(fi) + x(fo) + x(f) — No/H) = Ny(f)

I

xg + x(f) = =126 + x(fi) + x(f) + x(f) — Na(fi) = Nu(S2)
Resolving this equation, we get:
xp + 126 = 2Ax(fi) = No(f)] = 2Ax(f2) = Na(f)] = Ax(S) = Na(f)]

We can thus write for any frequency, f, involved in an intermodulation product:

Ny(f) = = 1/2(xy + 126) + x(f)

25



26

Rep. 929-2

Ny(f) is thus defined in two ways:

— firstly, by three straight lines (see Fig. 2, § 4.2.2 of the Joint Interim Working Party 8-10/1
Report May 1984).

It should be noted that such a law is obviously the linear approximation of a law without
discontinuity; -

— secondly, by the function x(f), which, allowing for a vertical shift, is represented by the constant:

1/2(xo + 126)

Comparing these two laws graphically (see Fig.5), we find that the three sections of curve
constitute a good approximation of the law x(f) for 1/2(x, + 126) = 20. This gives x, = —86.

20

15

10

\.\\
N\

Level (dBm)
(-]

, \
\

90 95 100 105 110
Frequency (MHz)

FIGURE 5

1.3.3 Conclusion

Although the hypothesis of cut-off thresholds was disproved by the experimental measurements, it
was shown that it was pointless in practice to deal with type B1 interference appearing below a certain
threshold. The effects of such interference are then completely obscured, because the preponderant
disturbance is type B2. On the basis of the above calculations the following formulae should be used,
defining the limiting values:

— Current ILS and VOR receivers:

108.1 —
N(f) = —86 + 20 log %—f dBm for £ < 107.7
N(f) = —86 dBm for > 107.7
—  Future ILS and VOR receivers:
108.1 — f

N(f) > =58 + 20 log —— dBm  for f < 107.7

N(f) = -58 dBm for f > 107.7

These values are plotted on the curves of Fig. 6.
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1.4 French test data on 3-signal

Interpretation of the curves

The laws sought are of the form:

26 98 100 162 104 106 108 110
Frequency (MHz)

FIGURE 6

Curves A: future receivers
B: current receivers

type B1 interference.

N+ M+ N+K=0

where Ny, Ny, N; are the respective levels in dBm of the three broadcasting transmitters at frequencies f;, £, -

To make them easier to use, the curves have been plotted , Flgures 7 to 12, for three values of N;;

each of these curves in (N;, N;) must have a slope of —1:

N+ N+ (N1+K)

The modification in the slope is brought about by the desensitization of the receiver.

On each of the curves, levels (N;, Ny, N;) are found which are lower than the cut-off level proposed in

27

Annex IX of Joint Interim Working Party 8-10/1 report,May 1984and for which type B1 interference was measured.

Some of these points are marked by squares.

The cut-off levels ar,eArepresented by broken lines. They depend on the frequency and. the type of receiver

used: ILS or VOR.

Under each of the curves is given the equation of the intermodulation law in its conventional form, when

the slope is —1.
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On the curves of Fig. 7 | the desensitization of the receiver can be seen:

when N, = —20 dBM for f; = 107.9 MHz, the same disturbance is found with N, = —50, —60 or
—70 dBm; . ) ’
similarly, when N, = —8 dBm for fi.= 107.5 MHz, the same disturbance is found with N, = —40, —50,

—60 or —70 dBm.

N, -54 N: -34
0 M 0
%: | ! l 4
-10 + % . N\ \ N, |
10 X .;oo
@ 8,
| ’A N
T -20 L »a\\“’
I 4 S
| .30 A%! 2
1 - Ny G -33
I E o B
2 %,
i T =40 \ g
]
i === = 5 ~50.5 -50 A )
-60 ~60 L]
-70 ~70
-70 -60 -50 -40 -30 -20 -10 0 Ny ~70 -60 -50 -40 -30 =20 -10 0N,
(dBm) (dBm)
FIGURE 7 - Type BI interference test FIGURE 8 - Type Bl interference test
Equation obtained: N, +N, +N, +87=0 Equation obtained: N, +N, +N, +60 =0
Receiver type: receiver A
Receiver type: i
Signal type: ILS localizer ecever type receiver A
Signal type: ILS localizer

Receiver frequency: 108.5 MHz
Receiver frequency: 108.1 MHz

Wanted signal: —86 dBm (S0 £2)
Wanted signal: —86 dBm (50 2)
f, =107.9 MHz
f, =107.5 MHz , =104.1 MHz
f; =106.9 MHz f, =103.7 MHz

1, =099.7 MHz
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FIGURE 9 — Type BI interference test FIGURE 10— Type B1 interference test
Equation obtained: N, +N, + N, +112 =0 Equation obtained: N, +N, +N, +126 =0
Receiver type: ) receiver C Receiver type: receiver B
Signal type: ILS localizer . Signal type: ILS localizer
Receiver frequency: 108.5 MHz Receiver frequency: 108.1 MHz
Wanted signal: -86 dBm (50 Q) Wanted signal: 86 dBm (50 )
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f, =107.5 MHz f, =107.4 MHz
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FIGURE 11— Type Bl interference test FIGURE12 _ Type Bl interference test
Equation obtained: N, + N, +N, + 108 =0 Equation obtained: N, +N, +N, +90 =0
Receiver type: receiver B Receiver type: receiver C
Signal type: VOR Signal type: VOR
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Part 2 of Annex I

2.

Finland

2.1 Introduction

2.1.1 Studies and laboratory tests on type Bl interference in 1LS-localizer receivers have been performed
in Finland. The construction of about 40 receivers was studied and three of those were actually measured.
The receivers measured were Collins 51RV 2, Collins 51RV 4B and King KX-175B.

The interference criterion chosen was + 7.5 pA change in course guidance current of 90 pA.
Combinations of unwanted signals (fj and f;) were selected to produce an intermodulation product of
third order both in the lower end and the upper end of the ILS band. Wanted signal levels were
—86 dBm, —76 dBm and —66 dBm.

2.1.2 Studies showed that all 40 receivers had front-ends tunable according to the selected ILS frequency.

Signal f,
generator
Unmodulated

Indicator

Filter ! ILS
poa |- —_— e |t current
\ / receiver meter

Signal f,
generator Interfering .
signal Signal
generator
1 ILS-Modulated
Noise
generator

FIGURE 13- Intermodulation measurement test set-up (interference type Bl)

Interfering signal at f, has noise modulation with weighting according to Recommendation 5§59 and 32 kHz r.m.s. deviation.

Filter at wanted signal frequency (f,).
Wanted signal level —86 dBm, —76 dBm or —66 dBm.
Indicator criterion +7.5 pA change from 90 pA.

2.2 Test results

2.2.1 In the frequency range below 107.7 MHz the measurement results seemed to follow the formula:

2N|+Nz+3(A—Blog§—{)>0

where:

Af = fo— /i (MHz)

Ja: ILS channel tuned frequency (MHz),
Jfi and £, :broadcasting frequencies (f; > f),
N : signal level at f; (dBm),

N, : signal level at f; (dBm).

fa = 2f1- £
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TABLEVIII~ Interference threshold, interference type Bl

A. Broadcasting frequencies in the range 107.7-108 MHz

Receiver Condition for interference
No. 1 2N|+N2+ 81 >0
No. 2 2N+ M+ 9620
No. 3 2N+ N +12920

B. Broadcasting frequencies in the range below 107.7 MHz

Receiver Condition for interference
A

No. 1 2N|+Nz+3(27—10|0g0—£)>0
. A

No. 2 2N,+N2+3(32‘—— 5Iog0—4 =0
A

No.3 2N,+N1+3(43—20Iog6{)>0

Note 1. — Frequencies selected (MHz) (Table IX)
and the linear models given in this Table were fitted to the results.

Note 2. — Interfering signal with Recommendation 559 weighting (coloured noise,
32 kHz r.m.s. deviation)
— Wanted ILS signal level —86 dBm .
— Criterion for interference is a + 7.5 pA change in the set course guidance current

90 pA.
TABLE IX
fi 107.9 107.1 103.1 107.9
L1 1017 106.1 98.1 103.9
A 108.1 108.1 108.1 | 1119

2.2.2 Coefficient 4 varied from 27 to 43 and coefficient B from 5 to 20. As the coefficients depend
considerably on the receiver selected more different receiver designs should be measured.

2.2.3 The measurements showed also that with higher levels of the wanted signal (+ 10 dB, +20 dB) the

intermodulation immunity to unwanted signals improves with some of these receivers, almost in relation to
the increase in the wanted signal level.
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2.2.4 For the case with three interfering signals the interference threshold formula should have the
following general form:

N.+N2+N3+3A+6da_aogéﬁ—x(oiggiﬁé >0

where:
Afi = fu — fi(MHz) and

C: -determined by the slope of the filter before the component where intermodulation arises (C = B).
For a single tuned circuit C = 20.

2.2.5 The additional +6 dB term comes from the theoretical difference between type 2N, + N, and
type Ny + N, + N; terms.

3 of .Annex I

Canada and the United States of America

3.1 A measurement programme on interference to avionics receivers from signals from FM broadcast
services was undertaken by the United States Federal Aviation Administration and Transport Canada. The
tests were conducted both at ARINC laboratories in Annapolis, Maryland, United States of America and
at Transport Canada laboratories in Ottawa, Canada. This part of Annex I presents results of these tests

3.2 Subsegquent flight tests conducted in Canada indicated that

there was
good correlation between Type B1

receiver bench test
(i.e. the measured FM signal levels

the flight tests were

data and flight test results
that caused interference

in receivers during
approximately the sape lev=a2ls

that caused interference in

the bench tests, signal level).

at corresponding localizer

3.3 Common reference point for airborne equipment measurements and future specifications

3.3.1 Voltage is referenced to the receiver input calculated on. the basis of the generator output across
50 Q (see Fig.14). It is stressed that this does not affect the final results in terms of permissible field
strengths at the receiver antenna but is solely a highly desirable means of reducing confusion in the future.
Figure 14also shows an example of the resulting RF generator level setting procedures.
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Unwanted signal No. 2
50 Q source

Wanted signal
50 2 source

Combining
network

oO— Aviation equipment

Voltmeter with
50 ©2 RF load

Un\\.'anted signal No. 1
50 2 source

Reference point

FIGURE 14 - Definition of standard reference point for specification
and measurement of airborne receiver immunity

# Substitute voltmeter with 50 Q load for aviation equipment to set RF levels

3.4 Results of a joint Canadian/United States test programme

3.4.1 Description of tests

3.4.2 Type A2 interference

3.4.2.1Tests were conducted to determine the extent of interference caused by sideband energy from FM
broadcast signals on ILS localizer and, to a lesser extent, VOR receiver performance.

3.4.2. 2Earlier results of a limited test effort were submitted to the JIWP 8-10/1, May 1984 . They became the

basis for type Al/A2 interference criteria in the JIWP 8-10/1 report, were subsequently accepted by the
Geneva Agreement 1984

and used as a basis for the A1/A2 protection criteria in Appendix 1 paragraphs 1I1 and 1V of its Final

Acts. T_he results reported herein extend that data base to fifteen receivers (nine general aviation and six
air-carrier types).
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3.4.2.3Each ILS localizer receiver was subjected to four different FM modulations used to simulate FM
broadcast signals; CCIR coloured noise, pink noise, pre-recorded voice, and rock music.. While "a
minimum desired signal level was used for most of the tests, several higher desired signal levels were used
for some tests to determine if the receivers were operating in their linear range. Cross-pointer and flag data
were recorded for both on-centre line and off-centre line simulated aircraft approaches. AGC data was
recorded for mechanism analysis.

3.4.3 Type B2 interference

3.4.3.1ILS localizer receiver overload thresholds caused by FM broadcast signals were examined.

3.4.3.2Pure carrier (CW) signals were employed for the interferer to determine type B2 desensitization
thresholds.

3.4.4  Type Bl interference
3.4.4.1Receiver intermodulation interference tests were conducted on thirteen ILS localizer receivers; both
airline quality and general aviation type.

3.4.4.2The tests first examined the sensitivity of the receivers to different types of modulation used to
simulate FM broadcast signals. Tests were run with and without a desired signal present.

3.4.4.3A comprehensive set of equi-signal level data was taken for both 2- and 3-signal, third-order
receiver intermodulation products on localizer frequencies 108.1, 109.1 and 110.1 MHz. The results were

compared against those calculated from existing and future immunity formulae presented in the Geneva
Agreement, 1984 All three forums, ICAO, JIWP and Geneva Agreement, 1984, adopted the same future
immunity formulae. These formulae are contained in Annex III,

3.4.4.45everal receivers were tested to examine the effect of various desired localizer signal levels on the
interference threshold, and the effect of unequal interfering signal levels.

3.5 Type A2/B2 tests
3.5.1 [Introduction
3.5.2 A total of 20 receivers were tested for type A2/B2 interference effects at ARINC laboratories,

Annapolis, Maryland, United States of America, during August-September, 1984 (see Table X for a list of
receivers tested).

TABLE X

~ Unit under test (UUTs)

King KX-175B
KNS-80
KN-53
KNS-81
KNR-615

Collins VIR 351 TSO
SIRV |
SIRV 1A
SIRV 2B
ILS 70

Cessna ARC RT 385A

Narco NAV 121
NAYV 825

Bendix RNA 26C
RNA 34A
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Test procedures '

3.6.1 Figure 15 is the set-up used for all the tests.

1LS/VOR
signal
generator
. . 2 Unit Cross-pointer
FM signal : -way . g et e

generator . | combiner UUT
////’ ) wun AGC

Reference point
for signals
into receiver
antenna port

FIGURE 15 - Block diagram of test set-up for type A2/B2 tests

3.6.2 For the A2/B2 tests, the amplitude modulated wanted signal ( W) simulated a ground localizer
signal with a carrier frequency of 108.1 MHz. Differences in the depth of modulation (DDM) of 0.0 and
0.093 were used. A DDM of 0 corresponds to a centre-line approach. A DDM of 0.093 corresponds to the
standard deflection of 90 A and is a manufacturer specified receiver calibration point. Linearity of the
ILS receiver performance was investigated by varying the wanted signal level from —76 dBm to
—106 dBm where possible and measuring the W/ U ratio at each level. '

3.6.3 Various unwanted signals, U, were fed into the antenna port of the UUT along with a wanted
signal, W. For each data point, the unwanted signal was introduced at an undetectable level and increased
untii the interference threshold for cross-pointer and flag were exceeded, as monitored by a multimeter,
strip chart recorder and visual observation of flag action.

3.6.4 The actual FM broadcasts used were:
— part of a routine which included speech, laughing, applause and periods of silence; and
— music recorded from an on-air FM broadcast station which included both loud and soft passages.

CCIR coloured noise was generated by passing white noise through a filter whose characteristics
are described in Recommendation 559, Fig. 2, curve B. Pink noise was generated by a suitable source.

3.6.5 Peak deviation was set to 75 kHz (broadcast standard). The FM modulated signal was adjusted
until the peak deviation due to the audio input exceeded the 75 kHz limit no more than 10 times per
minute (broadcast standard).

3.6.6 For A2 and B2 tests, a single simulated FM signal was generated. The interference threshold (see
§3.4.7) was approached from below. If the cross-pointer threshold was reached first, the FM signal was
further increased until the flag threshold was also reached.
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3.6.7 Interference criteria

3.6.7.1Cross-pointer

Change in cross-pointer current greater or equal to + 9 pA which lasts for a period of time greater
or equal to approximately 0.2 s. A fluctuation which lasts less than about 200 ms is not considered
significant because it has a negligible effect on cross-pointer activity.

3.6.7.2Flag (with wanted signal)

Appearance of the flag for a period of time greater or equal to approximately 1 to 2s. The
appearance of the flag indicates an unusable wanted signal.

3.6.7.3Flag (no wanted signal)

‘Disappearance of the flag for a period of time greater or equal to approximately 1 to 2's. The
disappearance of the flag is an indication that a usable wanted signal is present.

Test results

3.7.1 General test observations

3.7.1.1Both air carrier and general aviation type receivers were included in the tests. Test results
transcended type; e.g. no general statements could be made as to which group incfuded the worst and best
performers. A large range of responses was seen from model to model. Results were found to be
surprisingly consistent from unit to unit of the same model. )

3.7.2 A2 VS B2 interference

3.7.2.10ne of the objectives of the tests was to determine if the interference detected was of the A2 type
(sidebands of the unwanted signal received within the passband of the receiver) or B2 (desensitization due
to strong off-tuned signal). To determine this, the protection ratio for CW was compared to that for the
FM modulated signal (all other parameters remaining equal). The interference from the CW must be of the
.B2 variety since it has no sidebands. If the protection ratio with modulation was the same as that without,
it was assumed that both were of the B2 variety. Put another way, if the protection ratios are the same,
then any side-band energy received in the passband of the receiver is not the determining factor. If the
protection ratio with modulation is higher (requiring a smaller U to exceed the same threshold) then it was
assumed to be of the A2 type.

3.7.2.2A2/B2 test results are shown in Fig. 16 in the aggregate. Both the existing and future B2 immunity
criteria curves from Fig. 23 are reproduced in part on Fig.16. The current receivers as a whole exceed the
existing immunity criteria, i.e. the data points fall below the upper curve. The future immunity curve
represents an improvement of 10 dB. More than half of the receivers will require increased immunity to
meet the future criteria for all Af

3.7.2.3The test results show that the exact form of FM modulation used for bench testing did not seem to
make much difference for A2/B2 protection ratios. In general, A2 and B2 effects data for Af > 200 kHz
do not differ by more than 2 dB.

However, for a few of the receiver types tested, the CW-only interferer (type B2) did require a
higher signal level than an FM modulated interferer for isolated cases out to Af = 800 kHz. This was
unexpected.

3.7.2.4For some specific receiver/frequency combinations, the protection ratio for CW was actually higher
than that for FM modulation. This may be due to the fact that the unwanted signal frequency fell on a
spurious response frequency of the unit under test (UUT). The FM signal with its broad spectrum would
deposit only a small amount of its energy on that frequency. The CW signal would deposit all or most of
its energy at that frequency, requiring a smaller CW signal to have the same effect as the modulated signal.

3.7.2.5In most of the tests, the cross-pointer and ﬂég interference thresholds were exceeded before
significant audio interference was heard in the identification channel.

3.7.2.6 IFAGC data, while being inconclusive, seems to indicate that in many cases the UUT was
desensitized by the RF AGC and no signals reached the IF amplifier. Both IF and RF AGC data were
recorded for one receiver, and the results were consistent with this hypothesis.
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3.7.27A1/A2 data was taken at wanted signal levels of —76, —86, —96 and — 106 dBm where possible
to determine if the receivers were operating linearly at —86 dBm. The results indicate that in some cases
the receivers were bordering on overload for a desired signal level of —76 dBm. However, others exhibited
linear relationships, that is, the same W/ U ratio was achieved for the range of W from —76 dBm
to —96 dBm.

3.7.2.8Most of the receivers reached the cross-pointer threshold before reaching the flag threshold. Some
receivers desensitized the cross-pointer as soon as the flag showed, others did not. Some receivers tested,
exhibited large cross-pointer errors before the flag showed, and in some UUTs the flag never showed for
interference levels up to the maximum tested, + 10 dBm. ’

3.7.2.9The effects of interference on cross-pointer were the greatest off centre-line, e.g. with a wanted
signal DDM of 0.093. When on centre-line, 0 DDM, the flag was displayed before the cross-pointer
threshold was exceeded. Often the cross-pointer threshold was never exceeded for interference levels up
to +10 dBm.

— An explanation is that the interference affects both the 90 and 150 Hz filters equally, tending to move
the cross-pointer to the centre and creating the illusion of being closer to the centre-line than is
actually the case (i.e. widening of the approach path). This was observed for the vast majority of tests
with a 0.093 DDM;

— when the receiver is receiving a centre-line ILS signal, this effect is masked. The predominant
on-centre line interference effect is to desensitize the receiver to the wanted signal causing the flag to
be displayed even when a good signal is present. .

3.7.2.10 Large cross-pointer errors were found to occur in some of the tested receivers as a result of the
reception of a strong FM signal. This type of interference could be construed as a valid course since it
occurred with the flag still hidden. In a few receivers this error took the form of a strong “fly left”
indication.

Type B1 tests

Introduction

A total of 13 receivers were tested for type Bl interference effects at Transport Canada laboratories
in Ottawa, Canada, during May 1984.

Test procedure

3.8.2.1The airline-quality and general aviation-type ILS localizer receivers tested for 2-signal and 3-signal,
third-order receiver intermodulation (type B1) interference effects were:

— Bendix RNA 26C
— Bendix RNA 34A
— Cessna RT 385A
‘— Collins S1IRV 1

— Collins 51RV 1A
— Collins ILS 70

— Collins VIR 351
— King KNR-615 (two units)
— King KNS-80

— King KX-175B

— Narco NAV 121
— Narco NAYV 825

3.8.2.2Tests were first conducted to determine the sensitivity of these receivers to different types of
modulation on the broadcasting signals causing intermodulation interference. Modulations used were
CCIR coloured noise (as per Recommendation 559), pink noise and taped music programme material. The
broadcasting frequencies for the 2-signal and 3-signal intermodulation products were selected to corre-
spond to broadcasting signals in the Ottawa area. Actual on-air broadcast signals received via an antenna
system were fed into the localizer receivers to provide a basis for comparison with the other types of
modulation.
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3.8.2.3Using an éppropriate modulation based on the preceding modulation sensitivity tests, testing was
carried out on all the receivers for 2-signal and 3-signal intermodulation effects on localizer frequencies
108.1, 109.1 and 110.1 MHz.

3.8.2.40n a few receivers, additional tests were conducted to investigate the effect of increasing the
desired localizer signal level and the effect of unequal interfering signal levels.

3.8.2.5The block diagram for the 3-signal tests set-up is shown in Fig.17. Maximum deviation for
modulation on the broadcasting (stereo mode) signals was the North American standard of 75 kHz peak.
The maximum equi-signal level generated by the test set-up was —5 dBm. When the on-air broadcasting
signals were used, they were fed directly into the receivers from an antenna located outside the test
laboratory and attenuated as necessary from a maximum equi-signal level of —15 dBm.

Signal
generator, f,
f; modulated
(stereo mode)
Signal | f,| Bandpass 3-way 10 dB Zway |\ fy oc)| Localizer
generator, |— filter, o signal attenuator 1 Slgnfll signal
f, unmodulated| tuned to f, combiner combiner generator
Signal 1 Notch filter, Notch filter, ;
generator, : tuned to tuned to I;Zg:::,z;r
7, unmodulated| firogy fiLoc)

FIGURE 17 — Block diagram of test set-up for 3-signal type Bl tests

f1»f2, fy ¢ broadcasting frequencies, f, > f, > f,

by (LOC): localizer frequency

3.8.2.6 The interference criteria used were the appearance of the flag or a change of 7.5 pA in
cross-pointer current for a localizer signal with a difference in depth of modulation (DDM) of 0.093
(90 Hz > 150 Hz). Conversion of the minimum localizer field strength of 32 uV/m through an isotropic
loss-less antenna/feeder system results in a received signal level of —86 dBm; for test purposes, a desired
signal level of —89 dBm was used as it accounted for the signal splitter loss in a typical aircraft localizer
receiver installation. In tests where there was no desired signal present, the interference criterion was the
flag being pulled down for a period of time exceeding 1 s. The equi-signal levels of the interfering signals
were tabulated whenever an interference criterion was exceeded.

3.8.3  Test results

3.8.3.1Modulation sensitivity iests

3.8.3.1.1The results of the modulation sensitivity are contained in Table XI for the 2-signal case

2(106.9) — 105.3 = 108.5 MHz and in Table XII for the 3-signal case 106.1 + 1053 — 103.3 =
108.1 MHz.
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TABLE XI — Effect of modulation on equi-signal levels for the 2-signal intermodulation product:
2(106.9) — 105.3 = 108.5 MHz
Localizer Modulation Measured equi-signal levels (dBm)
signal
status ﬁ‘((l;/;'l;z) le((;‘;'gz) RX A |RX B |RX C|RX D|{RX E|RX F|RX G|RX H|RX I | RX J |RX K 1‘2’;‘5; ﬁ]’;‘; RX M
On On-air | Onair | —27 | —24 | —20 | 21| —23 | —20 | —27 | -3¢ | 29 [ -33 | =39 | —37 | -3¢ | -39
On CCIR Ccw —-26 | —24 | -20 | —-2i -23 | -19 | =27 | -33 .—28 —34 | -38 -36 -34 —38
On CcwW CCIR =27 | =25 | =21 -22 | —-24 | —19 | —-28 | =34 | —-28 | =34 | -39 -36 -32 -39
On Pink Ccw —-26 | —24 | —20 | -2t ~23 { =19 | =27 | =33 | -28 -33 | -38 -36 -34 -38
On Ccw Pink =27 | =25 | =21 - —24 —-19 ] —28 | =34 | —29 | —34 | -39 -36 -32 -39
On Tape Ccw —-28 | =25 | =21 =23 | =23 | —-19 | -28 | ~-35 | —29 { —-35 ]| —-40 —38 —-34 —40
off On-air On-air -30 1 -34 Nil -26 Nil Nil Nil -30 Nil -37 Nil Nil » -39 Nil
Off CCIR Cw Nil —-28 Nil -24 Nil Nil Nil Nil Nil -22 Nil Nil -39 Nil
off Ccw CCIR Nil -10 Nil Nil Nil Nil Nil - - Nil Nil Nil -36 Nil
Off Pink Ccw Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Off Ccw Pink Nil Nil iNil - Nil Nil Nit - - Nil ‘Nil - Nil -
off Tape CcwW —-27 | =33 Nil -27 Nil Nil Nil Nil Nil -33 Nil Nil -38 Nil
RX: Receiver

3.8.3.1.2In tests where there was a desired localizer signal present, the different type of modulation resulted
in only a 1-2 dB change in equi-signal levels and agreed closely with those obtained when the on-air
broadcast signals were used.

3.8.3.1.31In the tests where there was no wanted signal present, the on-air signals were able to cause
interference in about one-half of the receivers tested in the 2-signal case and about one-third of the
receivers in the 3-signal case. It was noted that when the flag indicator dropped from view (falsely
indicating the presence of a valid localizer signal), the equi-signal level was a few dB to 10 dB less than
that required to cause type Bl interference when a localizer signal was present. The CCIR coloured noise
modulation was not able to cause interference in the 3-signal case; however, in the 2-signal case, coloured
noise modulation of f; (the highest FM broadcast frequency in the intermodulation product) was able to
cause interference in some of the receivers, whereas similar modulation of f; (the other broadcasting
frequency) was unable to cause interference. The pink noise modulation was unable to cause interference
in tests where there was no localizer signal present.

3.8.3.1.4As an additional test in the 2-signal case, receiver L was tuned to 108.55 MHz while the
intermodulation product remained at 108.50 MHz (see TableXI).It was found that this receiver was more
susceptible to interference when there was a frequency difference of 50 kHz between the intermodulation
product and the tuned localizer frequency.

3.8.3.1.5Based on these tests, CCIR coloured noise was used to modulate broadcasting frequency f; in the
receiver intermodulation tests.
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TABLE XII- Effect of modulation on equi-signal levels for the 3-signal intermodulation product:
106.1 + 105.3 — 103.3 = 108.1 MH:

a1

Localizer Modulation Measured equi-signal levels (dBm)
signal
staws | fi (MH2) § /2 (MH2) | A (MH2) | oy o | Rx B{RX C|RX D|RX E|RX F|RX G|RX H| RX 1| RX J [RX K| RX L|RX M
106.1 105.1 103.3 ,
On On-air | On-air | On-air | —20 | —20 | Nit | —20 | =22 | Nit | =23 | =32 | =23 | <30 =34 | =20 | =36
On CCIR | cw cw 20 —21 | —17 | 20| =22 | —16| —24 | —3a | =25 | —30 | ~36 | —30 | —36
On cw CCIR | W 20| ~ L vr| =20 =22 =17 | —2a | 32| —24 | —30 | <36 | =30 | =35
On Pink cw cw 20| -20 | Nit | —20 | —22 —t6| —2a | —32| —24 | -30 | ~36 | =30 | —36
On cw Pink cw | = f = 20 2| <16] —2af —32| 25 -3 | - | 30| -36
On Tape cw cw - s | 2| —a3f —a7 | —2s | —33 | —28 | —32 | ~37 | —32 | —38
off On-air | On-air | On-air | —25 | —28 | Nit | —24 | Nit | Nit | Nit | — | Nit | <30 | Nit | Ni | Nil
off cCcIR | cw cw oo owa ] oNe N | N ] N | Ni | = [ NN | N | N | N
ofr cw CCIR | CW Nit | = | = | it | oNi | NN p o= | oNi | oNi | oNi N ] i
off Pink cw cw Nit | oNi | oNi poNi | Ni p N | Ni | o= NN | Ni [N N
off cw Pink cw o = o= N N N NIt = [N N | - | - | -
off | Tape | cw | cw —t6 | —6 | Nit | Nt [N | Ni b NI |- f N | N N | N | N
RX:: Receiver

3.8.3.2Receiver intermodulation tests

3.8.3.2.1 The results of the 2-signal tests are contained in Table XII and plotted in Figs.18 19 and20 for
localizer frequencies 108.1, 109.1 and 110.1 MHz respectively. Similarly, the results of the 3-signal tests are
contained in Table XIII and plotted in Figs. 21,22 and23. In addition to the equi-signal level test data,
theoretical levels were also calculated using the following different formulae (detailed in Annex I171).

— the existing immunity formulae in the GenevaAgreement, 1984, referred to as Geneva Agreement
1984, existing immunity in Tables XIIIand XIV;

— the future immunity formulae in the Geneva Agreament, 1984, referred to as Geneva Agreement,
1984-future immunity and ICAO future immunity inTablesXIIIand XIV. Note that the

3-signal formula was derived in § 4;
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actual equi-signal level higher than this level
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¥ Geneva Agreement 1984, existing immunity

73

A'M data points for receivers A to M inclusive from
Table XIII

< >: maximum amplitude limit of test set-up;
actual equi-signal level higher than this level

afi=firoc) %

f{L ocy: localizer frequency (MHz)
f;+ broadcast frequency (MHz)
L>1
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Geneva Agreement 1984, future imunity; ‘ Table

ICAO future jmmunity < >: maximum amplitude limit of test set-up;
actual equi-signal level higher than this level

sfi=firoc) — %

f{LOC): localizer frequency (MHz)
f;: broadcast frequency (MHz)
fL>6h >, /
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TABLEXIII — Measured and calculated equi-signal levels for 2-signal.
third-order receiver intermodulation (1ype Bl) interference

Frequencies (MHz) Mecasured equi-signal levels (dBm) Calculated equi-signal (dBm)

S £ firoor R:( RX{RX|RX|RX]| RX |RX|RX[RX|RX|RX| RX |RX G.'A.* ‘I;('::c')”

B C D E F G H 1 J K L M existing furure
107.5 106.9 108.1 |~35{-30}—-25}-25{~31] -20 {-35 —.37 -36{~34{-43; -46 |-40 ~345 -205
106.5 1049 108.1 }1—-271-25|—19{-21|-22| —18 |-25{—-33{-27|-31{-38] =35 |-38 -26.0 -12.0
105.5 102.9 108.1 |—18[—161—15{—15{—19| —14 |—-20}{-30|-22]{-28|-32) —25 |-133 -217 -1.7
1035 98.9 108.1 |-161—~14} -9]—11{—-14}>-5]—-16{—23|—-18[-22]-23| ~13 |-24 -16.8 % =23
1015 949 .|08.l -13|-10} -8¢{ -9{-11 - [-13}-18}~14 5—20 -18 -8 {-19 -13.6. .V' +0.3
98.1 88.1 1081 | —-9| —6] -6} =5| -7 - —9l—12f-11]-15 ‘—12 > _7 —-13f  -~100 :; +4.0:
107.9 106.7 109.1 |-30|—28{-21]{—-22|-26( —~19 |-27|-36{-29{-32|-41| -39 [-39 -36.4 -240
107.5 1059 109.1 |-25[—-24|—-19|-20}-24| —19 |-241-34;-26|-30{-39]| —36 |-38 =327 -20.5
106.5 103.9 109.1 |—16|—17}{—15|—15]—-19| —12 |-20|-30}-21{-26{—-33| -26 |-34 -25.2 -12.0
104.5 9.9 109.1 | —14[—13{~-10}|—=12|—=15| > —-6]|-15}|-24]—16]|—-21|-24} —~12 |-25 -18.5 —49
101.5 93.9 109.1 - -9 —8{ —8|-10] — |-11}-16{—-12|-17|-18}{>~T7 |18 -134 >+0.3
107.9 105.7 110.1 '-2? -20[—-16{—-17|-21| -19 |-21{-34]|-23 ;-28‘ !-35 =31 [~-36 -3438 -24.0
107.5 1049 110.1 |—=17{—-17{—-14]-16]-20] —16 | —19}-32(-21{-27[~-33| -27 [-34 ~31.6 =205
106.5 1029 1101 {—16{—~12{-12{—-13(-17] -7 |-17}-28|—-18|-24|-28| —18 |~29 -245 -120
105.5 100.9 110.7 |—15{-12}{~-10|—12 ‘-15 -7 |—-15]-241-16}-22|-24} —12 |-25 -20.8 -1
1015 929 110.1 -9| -7{ -6| -7| -9} - -9i—16{—10]-17| 13| > =7 |15 -132 +0.3

RX: Receiver

*
%%

Geneva Agreement 1984, existing immunity
Geneva Agreement 1984, future immunity;
ICAO future immunity
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TABLE XIV  _ Measured and calculated equi-signal levels for 3-signal.
third-order receiver intermodulation (type Bl) interference

Frequencies (MHz) Measured equi-signal levels (dBm) Calculated equi-signal (dBm)
S % 5 | fioc, RX | RX |RX |RX {RX | RX | RX | RX|RX |RX |RX | RX }RX G‘,A,'* (x:(.::(.;"
A B|C]|DIJE F G| H 1 J K L M existing future
107.5 | 106.5 | 1059 | 108.1 {—33{—-311-24|~26(—-28| —10 |-31|—-37[-33[-35]-43] ~42 [-42 -319 -225
106.5 | 104.5 | 1029 | 108.1 [—-21|—19|—18|-19|-22] —-10 |-23|-30|-24}-30}—35| —28 |-35 —24.2 -14.0 n
105.5 | 102.8 999 | 1081 {—19[(—-171—-15] - |~19|>—-6}{—-20|-26|-20|—-26]-29| —-19 |-29 -20.2 97
104.5 | 100.5 | 969 [ 1081 |—17|—-15}—-13[—-14|=17|> -6 |~17{-22|—-18]|-23|—-24| —13 |-25 -115 -69
101.5 953 88.7 | 108.1 |—12}-10{—11| -9 (-1} - —12|-15|—-14|-181-14 -6 | —17 -12.6 -1.7
107.9 { 106.3 { 105.1 | 109.1 {=28{-22{~-20|-20|—-25] ~21 |~25}—-34|-27}-31|~38| -33 {-38 -318 -26.0 N
107.5 | 105.5 1 103.9 | 109.1 [—21|—19|—-18|~18|—23| ~16 [-23|—321-24{-29{-35} —-29 |-36 —28.6 -225 -
106.5 | 103.5 | 1009 { 109.1 [~191=17| = | — |=19|>—-6|—-19}{-28]-20[-25|~-29] —-19 |-30 -225 -14.0
105.8 | 101.5 ] 97.9 | 109.1 |=17{—15|—-12{—-13{—-16| — |-17]-24}-18|-23{1-24| ~12 {-26 -19.1 -9.7 B
103.5 | 97.5] 919 | 109.1 |—13{~11|—10{-10[—12} — {-13|-18;—14|=-20{-17| -7 [-19 —147 -46
107.9 | 1053 10‘3A1 1101 {—19]—-15}—15]—-16|—-20| -14 |-20{-31|=21{-27|-31| =23 {-32 -29.1 -26.0
107.5 | 1045 11019 [ 1101 {—18(|-15] — - |-19| -61}1-20]-29|-20{-25|{—28] -20 {-30 -26.5 ~228
106.5 1 10251 989 | 1101 {—16{—14|—-121-13]{=17| > -6 |-16]-25|-17|~23{—-24] —12 |-26 -213 -140
1045 | 985 | 929 | 1101 [-13|—10|=10{—10]-12] - |-12{-19]-14|-20{—-16]|> -7 |-22 -159 -69
99.51 987 | 88.1 ] 1101 {-10| 7| -9| -8 —=9| — |-10{-15]-12|-16{-13] - |-15 -12.7 +0.6

RX: Receiver

*

Geneva Agreement 1984, existing immunity
*k

Geneva Agreement 1984, future immunity;
ICAO future immunity
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In Figs. 18 10 23 inclusive, the parameters plotted on the horizontal axis are meaningful because
the intermodulation mechanism depends on the product of frequency differences.

3.8.3.2.2 Figures 18 to 23 inclusive indicate that, based only on bench tests results, approximately one-third
of the receivers tested were not protected by the Geneva Agreement 1984, existing immunity formulae.

3.8.3.2.3 None of the receivers tested met the Geneva Agreement 1984, and ICAO future immunity
specification for all 2-signal ’
intermodulation combinations at 108.1, 109.1 and 110.1 MHz: one receiver did, however, exceed the
specification at 109.1 and 110.1 MHz. Some receivers exceeded the future immunity specification at 109.1
and 110.1 MHz for small differences between the localizer frequency and highest broadcasting frequency.

3-8-_3-2-4 On-ly one receiver exceeded the possible future immunity specification for all 3-signal intermodula-
tion combinations at 108.1, 109.1 and 110.1 MHz; some receivers exceeded the specification at 109.1 and
110.1 MHz for small differences between the localizer frequency and highest broadcast frequency.

3.8.3.3 Effect of increased localizer signal levels

3.8.3.3.1 Table XV shows the effect of varying the level of the localizer signal on the interfering equi-signal
levels. For a 30 dB increase in localizer signal (i.e. from —90 dBm to —60 dBm), the corresponding
increase in cqui-signal levels was non-linear and ranged from a low of 4 dB for receiver A to a high of
23 dB for receiver M.

TABLE XV —  Effect of varying localizer signal level on interfering equi-signal levels

Measured equi-signal levels (dBm)

Frequencies (MHz)

Receiver A Keceiver | Receiver J Receiver L Receiver M

LOC signal (dBm) LOC signal (dBm) LOC signal (dBm) LOC signal (dBm) LOC signal (dBm)

h S~ Jioc, ]
~90|-80|—-70]| —60 [—90{—-80|-70|—60|—90|—-80|—70|{—60|—90 —80f—70 —60[—90{—-80]-70(-60
107.5 106.9 108.1 |-36|-32|—26|~23 |—38|-33|-27|—18]—-36{—30(—-24(—-17|—-47( —44 | -391-32|-39|-34[-25|—16
106.5 104.9 108.1 |{—27|-25{—-21} —19 |—=27|—-23|—18|—-13|—-32]|-26|-22(-16|~-36( —32|-24|—19|-37|-31[-21|—14
105.5 102.9 108.1 {—18|—16|—13{ —14 | -21|—18]|—14|—10]|=27|—-23|~19|—14[-25] =21 [—17[—14|-31|-27|-18 |11
103.5 98.9 108.1 |-16{—-12} —9| -6 |—16|—13] -9f —61—-22|—-18|—-16]—-12|—12] -9 | =7 = [-22|-20)—12| -7
101.5 94.9 1081 {—-13| -9} -6 — |-13{—10} =7} — [-20|-15 —‘l4 —-10} -8{>-6| — - —17|-15| -8| -
10;1.9 105.7 110.1 |-23|1-19{~15] —10 -36|-30]-21]-14
107.5 104.9 1101 [-211-18]—-13| -9 —-34|-28|-19|-12
106.5 102.9 1101 |—18|—t5|-11} -7 ’ _ —-28(-24|-15|-10
105.57 100.9 1101 |—=15y-12| -9 |> -7 . —24|-21|-12} -8

3.8.3.4 Effect of unequal interfering signal levels

3.8.3.4.1 Three receivers were tested to determine if equations of the form 2N, — N, = K (2-signal type B1)
hold for unwanted signal levels N; and N, which differ from each other. Referring to TablesXVI and XVII,
it is seen that the range of signal levels for which the equation is valid varies from +7 dBm to —80 dBm.
The difference between signal levels for a given intermodulation product was as great as 62 dB for the
2-signal case and 87 dB for the 3-signal case. The limiting condition is the generation of type B2
desensitization when one of the signals is too large.
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TABLE XVI — 2-signal type BI effects with unequal signal levels
(Ilustrating the wide range of signal levels for which the type Bt equation holds)

2-signal
2{fn] ~ S = Suusy
j;,Lg' = 108.7 MHz
Interfering signal level
(dBm) 2(N) + N

(dBm)

N () N (f)
-50 -7 -107
-20 —68 - 108
-10 -71 -91
—40 -9 ] -89
~30 } + 1 —59
0 : —62 —62
-20 +5 -35
0 ] —38 ) -38
10 —60 ! —40
-10 + 2 -18
0 —-17 -17
+10 ! -38 —18

Note. — Five different frequency combinations
for f1, and f; were used yielding five different

summations.

TABLE XVII — 3-signal type Bl effects with unequal signal levels
(Illustrating the wide range of signal levels for which the type B1 equation holds)

3-signal
Jo + S = S = s
j;”_s, = 109.3 MHz
Interfering signal level -
(dBm) N+ M+ N

(dBm)

M) M (A .M (f)
+ 1 —40 | +1 —38
- 40 + 1 +1 —38
-170 +2 +2 —66
- 80 47 +7 - 66
- 60 -1 -1 —-62

Note. — Two different sets of frequencies f,, f»y and f3 are

represented.
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Part 4 of Anmex I,

4.1

4.2

United States

THE EFFECT OF FM STEREO PLUS SUBCARRIER
MODULATING SIGNALS ON PROTECTION CRITERIA

Type A2 Interference
Type B2 Interference

Introduction

In North America the baseband of the modulating signal
can extend to 29 kHz and include sub-carrier signals that
are added to the regular stereo multiplexx signals in
addition, the audio processing equipment normally used at
FM broadcasting stations alters significantly the stereo
multiplexx signal in a manner that renders the CCIR
coloured noise modulat ing cignal no longer
representative.

Test Method

Protection ratio measurements were taken for the ILS

section of receivers when the interfering FM broadcast

signal was:

- unmodulated

- modulated by the CCIR coloured noise signal

- modulated by a synthetic program noise signal

-~ modulated by the CCIR coloured noise and subcarrier
signals.

- modulated by the synthetic program noise and subcarrier
signals.

The CCIR noise modulation was generated and set up in
accordance with the procedures of Recommendation 559
and ‘Report 796.

The synthetic program noise signal (SPN) was developed by
the National Public Radio for subcarrier tests in FM
broadcasting(i). Pink noise is filtered by a 50 Hz high
pass and a 13 kHz low pass filters and 1limited by a

special clipper circuit. The noise clipping simulates
the peak-to-average or density characteristics of typical
audio processors. The resulting sianal has a spectrum

typical of processed FM program signals in North America.

The subcarrier signals were single unmodulated
subcarriers, pairs of unmodulated subcarriers and data
modulated subcarriers. The tests were conducted on 3 ILS
irequencies near the lower limit of the frequency band
using the following receivers:
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CESSNA RT38GA
COLLING S1RV-1A
COLLINS VIR3G
KING KX17SE

NARCO NAVi214

The level of the desired signal was set to -89 dBm at the
input  port of the ILS section of the NAVCOM receiver.
The interference criteria was a change of 7.9 microamp in
cross—pointer current for a localizer signal with a

difference in depth of modulation (DDM) of 0.993. The
three upper channel frequencices of the FM band were uscd
for the undesired FM broadcast signal. The level of the

F4 signal was set at’a minimum and then increased wuntil
interference was produced in the receiver under test.
The CCIR coloured noice modulating signal set up in
accordance with CCIR standards results, in, after pre-
enphasis, a peak FM carrier deviation of 100Z (75 kHz).
When subcarriers were added to the modulating signal, the
total carrier peak deviation was obtained by adding the
csubcarrier deviation to the adjusted deviation from the
stereo signal.

Results and Analysis

4.3.1 Tupe A2 Interference

The test results given in Table XVIII are for a carrier
separation of 200 kHz where the FM frequency is 107.9 MHz

With the SPN plus sub-carriers as the modulating signal,
additional protection of an average of SdB for four of
the receivers tested and of 1¢dB for the remaining
receiver, is required. Data for CCIR coloured noise plus
ayb-carriers indicates that the protection ratios did not
exceed. the existing criteria (i.e., the SPN plus sub-
carrier signals yielded the most stringent protection
criteria)l.

From the tests, for frequency differences between the
wanted signal and the broadcast signal of more than 3090
kM=, the B2 type immunity criteria becomes the dominating
interference mechanism.

4.3.2 Tupe B2 Interference

Existing Type B2 immunity criteria are contained in Table
7.4. of the Geneva Agreement, 1984. The measurements
were taken with carrier separations of 4900 kHz or greater
and with the ILS frequencies 108.1, 108.3 and 1{08.5 MH=
paired with the FM frequencies 107.9, 107.7 and 107.95
MH=. The different modulatina signals described for the
Type A2 tests were also wused. The test results are
given in Table XIX.

$§3
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These results indicate that for carrier separations
af 400 kHx or greater and with the FM broadcast station
opcrat ing  on frequencies of 107.7 MH:  or below, the
addition of the subcarrier signal to the madulating
signal has no effect on the existing e immun ity
criteria. Two types of receivers did not follow this

general trend for separations of 8200 kHx and this may be
an indication of a spurious response in the receivers.
This needs further study.

The results also indicate that for carrier séparations of
409 kHz or greater and with an FM broadcast modulated
carrier at 107.9 MH:, one receciver out of {five overloaded
at an undesired signal level lower than the exicting
criterion while the other four overloaded at higher
levels.

References

(1) National Association of Broadcastiers, West inohouse
Eroadcasting Cable Inc., Nat ranal Public Radio,
(August 30, 1983) Increased FM Deviation, Additional
Subcarriers and FM Broadcastina.
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Maxi{mum Level (dBm)
Carrler Modulating Total at receiver input
Deviation )
Separatlon Signal b
1 2 3 4 5 1 Geneva Agreement 1984
400 kHz None 0 -5 | -10 | -6.5| -7.5] -11 | =20
(108.3-107.9)MHz|{CCIR 100 -25 { -10 { -5 -8 -1t
CCIR + SC 10% 105 -25 | -10 | -5 -9 -11
CCIR + SC 20% 110 -25 | -10 | -6 -9 -11
SPH ] 100 -28 | -15 1 -8 -9 -1
SPN + SC 10% 105 -28 | -15 | -8 -9 =11
SPN + Sc_20% 110 -29 | -14 | -8 -9 -1
400 kHz None [¢] -4 | -15 | -7 -8 -11 | -18.4
(108.1-107.7)MHZ|CCIR ~ 100 -13 | =13 | -9 -8 -13
CCIR + SC 10% 105 -13 | -13 | -9 -8 -13
CCIR + SC 20% 110 13§ -13 | -9 -8 -13
SPN 100 -16 | -t0 | -8 -9 -10
SPN + SC 10% 105 -16 | -10 | -8 -9 -10
SPN + SC 20% 110 -16 | -t0 | -8 -9 -10 |
600 kHz None 0 -12 -7 | -4 -6 -8 | -20
(108.5-107.9)HHz|CCIR 100 -30 -b | - -8 -8
CCIR + SC 10% 105 -30 -6 | -u -8 -8
CCIR + SC 20% 110 -30 -6 | -u -9 -8
SPN ' 100 -31 | -8} -6 | -9 [ -12
SPN + SC -10% 105 -3 -8 | -6 -9 -12 a
SPN + SC 20% 110 -31 -8 | -6 =9 =13 | o
.
1 >
600 Kkhz None 0 -0.5 -7 -3.5{ -6.5} -7.5|-18.4 =
(108.3-107.7)MHz|CCIR 100 0 -6 { -6 |-10 -9 £
CCIR + SC 10% 105 0 -6 | -6 }-10 -9
CCIR + SC 20% 110 0 -6 -6 1-10 -9 it
SPN 100 -3 -8 | -u -8 -1y e
SPN + SC 10% 105 -3 -8 | -u -8 .| -1 2
SPN + SC 20% 110 -3 -8 | -u -8 -1y v
o
- ' : o
600 kHz None 0 -8.5 -6 -2.5] -6.5] -8.5]-16.8 el
(108.1-107.5)MHz[CCIR 0 o] -6 | -6 -8 -13 9z
CCIR + SC 10% 105" 0 -6 { -5 -8 -13 ] ER
CCIR + SC 20% 110 0 -6 { -5 -8 -13 ! e
SPN | 100 -6 -6 | -1 -8 | -16 £9
SPN + SC 10% 105 -6 -6 | -7 -8 -16 w 5
SPN + Sc 20z 110 -6 -6 | -7 -8 -16 o
o
800 kHz None 0 -15.5 -6 -1 -6 -4.5{-18.4 |§ E
(108.5-107.7)MHz|CCIR 1 100 -16 { -5 |-13 |-22 -9 =5
CCIR + SC*10% 105 -16 ] =5 |-13 |-22 -9 )
CCIR + SC 20%| 110 -16 | -5 |-14 [-23 | -12 o
SPN 100 -15 -7 |13 1-22 -21 >
SPN + SC 10% | 105 -15 -7 |-13 |-22 -21 | v
SPN + SC 20% 110 -15 -7 |-13 |-22 -21 2
[l
800 kHz None 0 +2.5] -5 ] -2.5]-26 -4 1-16.8
(108.3-107.5)MHz{CCIR 100 «3 | -4 {17 {-24 -19
{CCIR + SC 10% 105 +3 -4 J-17 |-24 -19
CCIR + SC 20% 110 +3 -4 1-17 |-28 -19
SPN 100 +1 -6 |-17 |-23 -21
SPN + SC 10% 105 +1 -6 |-17 |-23 -21
SPN + SC 20% | 110 “ -6 |-11 {-23 -21
1000 kiiz None 0 +3.5} -3 | -0.5] -5 -3 |[-16.8
(108.5-107.5)MHz [CCIR 100 -u -3 1 -3 -8 -1
CCIR + SC t0% 105 <l -3} -3 -8 -1
CCIR + SC 203 110 +l =31 -3 -8 -7
SPN 100 +3 -3 -2 -6 -4
SPN +« SC 10% 105 +3 -3 -1 -6 -u
SPN ¢ SC 20% | 110 «3 -39 - -6 -4

Desired Sipnal:

-89 dBm
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TEST DATA EXHIBITING THE EFFECT OF AN EXPERIMENTAL FILTER™

Part 5 of Annex I

This filter weighs 2.2 kg, is 2.9 cm in diameter, and is 30 cm long.

Electrically it is chebishev (equal ripple) with maximum ripple of 0.3 dB in the

5.1

Bare Receiver, Equal Undesired Signal Levels (dBa)

2 dB bandwidth when the 50 ohm input and output are matched. The 2 dB bandwidth
is 108.1 MHz to 132.3 MHz with a centre frequency insertion loss of 0.8 dB. The

filter characteristics are shown in Figures 24 and 25 and the measured data are

presented in Tables XX to XXV.

Frequencies (WHz)

Undesired

A

i Desired 1}

107 16 1 -12 1 -6

110.1
110.1

107.9 ¢ 105.7 ¢
107.5 © 104.9 ¢

TABLE XX -Undesired equal signal levels necessary to produce a 7.5 uh deviation froa a standard

ILS localizer deflection of 90 uA.

interaodulation interference.

This table is for the bare receiver and two signal

X

J

H

f

3

0

¢

Bare Receiver, Equal Undesired Signal Levels (dBe)
B :

{ Desired

Frequencies (MHz)

Undesired

-12 1 -18 ¢ -13

TABLE XXI- Undesired equal signal levels necessary to produce a 7.5 uA deviation fros a standard

This table is for the bare receiver and three signal

ILS localizer deflection of 90 uA.

intersodulation interference.

(See § 6.2 of report)

*
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=25 1 -15 8

-38
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=300 -3 -3
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Receiver vith Filter, Equal Undesired Signal Levels (dBe)
A
-2 -28 0200 -1 <27 4 -4 200 -9 % -28 0 <20 4

10-31 0 -32 0 -2500 -240 5300 <310 -28 10 <330 -34 0 -2

X
o

i Desired 1:
109.1
109.1

Frequencies (MHz)

Undesired

107.9 ¢ 106.7 @
107.5 ¢ 105.9

°eRr

I

Arad <

TR
YRR

TR

VoA

I

200 -16 1 -9
H

6

E L F

17 0-280-21 1 -16 0 -29 0 -2t L -IS
b

‘
1

This table is for the receiver vith an aviation
¢

-6 -13 0 -25 0 -16 0 -9
B

]
’

eceiver vith Filter, Equal Undesired Signal Levels (dBs)

=200 -20 1 -20
=15

110.1
R
oA

110.1
Desired

bandpass filter (108 to 132 MHz BP) and two signal intermodulation interference.

107.5 ¢ 104.9 ¢
ILS localizer deflection of 90 uA.
frequencies (MHz)

107.9 ¢ 105.7
Undesired

TABLE XXTT- Equal undesired signal levels necessary to produce a 7.5 uk deviation froa a standard
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This table is for the receiver vith an aviation

bandpass filter (108 to 132 KHz BP) and three signal intermodulation interference.

TABLE XXIII-Equal undesired signal levels necessary to produce a 7.5 uA deviation fros a standard
ILS localizer deflection of 90 uA.
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Frequencies (MHz) {| Receiver Input Conditions
Undesired | Desired || Bare | Filter Diff.
------- R e il Ei itttk
107.5 | 106.9 | 108.1 | -36.5 | -32.1 4.4
106.5 | 104.9 | 108.1 i -31.0 | -18.9 12.1
105.5 | 102.9 | 108.1 {| -23.9 | -5.4 18.5
103.5{ 98.9 1 108.1 i -16.2 | >0.0 >16.2
101.5 | 94.9  108.1 (| -13.0 | >0.0 >13.0
107.9 | 106.7 | 109.1 Il -33.8 | -29.5 4.3
107.5 1 105.9 | 109.1 I -31.4 | -24.2 7.2
106.5 { 103.9 | 109.1 |t -23.9  -10.9 13.0
104.5 | 99.9 | 109.1 (| -16.4 | >0.0 >16.4
101.5 { 93.9-1 109.1 1} ~-11.5 | >0.0 >11.5
107.9 | 105.7 | 110.1 (| -27.0 | ~-20.7 6.3
107.5 | 104.9 | 110.1 |} -24.2 | -15.0 9.2
106.5 { 102.9 | 110.1 | ~-20.1 | -6.8 13.3
105.5 | 100.9 | 110.1 i ~-16.7 | >0.0 >16.17
101.5 | 92.9 { 110.1 (| ~-10.1 | >0.0 >10.1

TABLE XXIV — Average level of the undesired equal signals necessary to produce
a 7.5 uA deviation from a standard ILS locallzer 90 uA deflection.
This table {s for the two signal intermodulation cases and shows
the results for different receiver input conditions. Column four
is for the bare receiver, column five is for a bandpass filter
(108 to 132 MHz BP) in serles with the receiver and column six is
the difference between the filtered receiver and the bare receiver.

Frequencles (MHz) || Receiver Input Conditions
Undesired | Desired || Bare | Filter Diff.
-------------- I et et et
107.5 { 106.5 | 105.9 | 108.1 |{ -36.5 | -27.8 8.7
106.5 | 104.5 | 102.9 | 108.1 || -26.2 | -8.4 17.8
105.5 { 102.5 | 99.9 | 108.1 {| -26.4 { >0.0 >20.4
104.5 | 100.5 ¢ 96.9 t 108.1 (I -18.0 ( >0.0 >18.0
101.5 § 95.3 | 88.7 + 108.1 (I -11.7 | >0.0 11.7
107.9 | 106.3 { 105.1 { 109.1 (¢t =-30.1 |( -19.9 10.2
107.5 ( 105.5 { 103.9 { 109.1 [t -26.5 | -13.9 12.6
106.5 | 103.5 | 100.9 | 109.1 {( -20.9 | »>0.0 >20.9
105.5 | 101.5 { 97.9 { 109.1 (i -17.6 | >0.0 >17.6
103.5 ¢ 97.5 (1 91.9 | 109.1 I -13.5 | >0.0 >13.5
107.9 ( 105.3 | 103.1 | 110.1 §{ =-22.9 | -9.2 13.7
107.5 { 104.5 | 101.9 { 110.1 I =-21.0 | -3.1 17.9
106.5 ( 102.5 | 98.9 { 110.1 {1 -17.2 | >0.0 >17.2
104.5 1 98.51 92.9 1 110.1 | -13.3 | >0.0 >13.3
99.5 | 98.7 | 68.1 1 110.1 i -11.2 | »>0.0 >11.2

TABLE XXV — Average level of the undesired equal signals necessary to produce
a 7.5 uA deviation from a standard ILS localizer 90 uA deflection.
This table is for the three signal intermodulation cases and shows
the results for different recefver input conditions. Column five
is for the bare receiver, column six is for a bandpass filter (108
to 132 MHz BP) in series with the receiver and column seven is the
difference between the filtered receiver and the bare receiver.
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FIGURE 24~ Smoothed frequency response and VSWR curve of a custom designed -

tubular filter

5.2 Experimental data taken to measure frequency response characteristics
of a typical, fixed tuned, tubular bandpass filter as a function of temperature

variation, is presented in Figure 25.
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Figure 25 Unsmoothed frequency responses showing temperature variation
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5.3 Modified ILS/VOR/COM receiver

A solid state JLS/VOR/COMreceiver was modified in design by the company which pro-
duced them, to help eliminate FM broadcast interference. The modification. ini-
tiated several years ago, consisted of adding 2 series-tuned L-C circuit notch
filter inside the VHF communications section of :he receiver chassis, at the

point of the coaxial connection from the antenna.

The filter circuit is comprised of a single inductor (L = 0.1 uH) connected in
series with a single capacitor (C = 22 pF) which is in turn. grounded. The
resonant frequency of this combination {s 107.302 MHz with L and ¢ values speci-
fied (see Figure 26). Usual production tolerance of capacitors (5%) and inductors (10Z) could
result in a worst case resonant frequency somewhere between 100 and 116 MHz.
However., the components are carefully chosen to avoid significantly impacting
receiver sensitivity in the VHF communications band. A circuit quality factor
of Q = 40 (a reasonably well manufactured inductor) as used by the manufacturer.

gives a 3 dB bandwidth of the filter circuit of s8lightly more than 2.6 MHz.
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SERIES L-C NOTCH FILTER FREQUENCY RESPONSE AT THE ANTENNA INPUT TO THE VHF

COMMUNICATIONS SECTION OF THE ILS/VOR/COM RECEIVER (SEE NOTE)
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) -44Q
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Frequency (MHz)

Figure 26

Note: With the filter installed and matched, the insertion (sensitivity) loss
is relative to the -6 dB level (net reactance absorbed). For example, filter

insertion loss at 126 MHz is about 1 dB.

Part 6 of Annex I

6.1

6.2

United States

THE OVERLOAD CHARACTERISTICS OF
AERONAUTICAL ILS NAVIGATION RECEIVERS

Ten aeromautical localizer receivers were tested to determine their
susceptibility to overload (desensitization) caused by strong siznals in the
Fi{ broadcast band. The tests were conducted to show the effects of both
modulated and CW signzls on each receiver's perforzance.

The data collected for this project are presented in Tables XXVI and XXVII. The
values shown for each receiver are the absolute levels in dBz mnecessary to

precduce a 7.5 uA deviatiou from a standard ILS localizer deflection of 90 uA.
The localizer frequency was 108.1 MHz and its level was -89 dBa for all tests.
Receiver A was not testad under conditions indicated by *** because it was
returaed to the manufacturer before the test plan was finalized. A value of
70 indicates that the interference criteria of 7.5 uA could not be met for a
particular receiver when the undesired signal was equal to O dBm, the limit of
the test setup.
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Il Undesired CW Signal Levels (dBm) !
Undesired || .
Frequency || Receivers Tested |
1

(MHZ) A | Bl ¢ 1 DT E | F I 61 H | J | L |
---------- e R el Rl B Bl B e Bl
108.099 |l -94 -99 -100 -100 -99 -98 -99 -99 -98  -98
108.097 |} -97 -7 -97 -99 -99 -98 -98 -100 -96 -97
128.094 11 -96 -97 -97 -99 -1060 ~-98 -98 -101 -97 -97
108.090 |1 -97 -96¢ -98 -100 -100 -98 -98 -101 -97 -97
108.085 || -96¢ -97 -98 -100 -97 -98 -97 -100 -97 -98
i00.G00 i -8 -96 -97 -95 -88 -84 -88 -85 -95 -97
108.070 || -54 -72 -67 -78 -56 -45 -46 -45 -48 -71
108.060 )| -33 -49 -43 -59 -3¢ -31 -28 -28 -25 -49
108.050 ] -35 -31 -28 -43 -34 -30 -23 -28 -28 -38
108.040 ] -19 -22 -2 -31 -31 -24 -18 -25 -20 -31
108.030 || -15 -20 -19 -22 -21 -20 -18 -18 -23 -28
108.020 1 -16 -19 -18 -16 -16 -18 -18 -15 ' -25 -25
108.01 Ir-13 -21 -16 -14 -15 -19 -16 -15 -26 -23
108.000 |} -19 -26 -16 -15 -13 -19 -15 -15 -26 -24
107.9%0 1 -6 -15 -11 -10 -11 -18 -10 -11 -24 -18
107.%060 [} -5 -13 -9 -9 -9 -16 -10 -21 -18 -15
107.850 || *** -14 -11 -1 -7 -15 -10 -8 -22 -13
107.800 || *x*x -13 -11 -5 -7 =12 -9 -7 =22 -1
107.700 || -5 -13 -9 -7 -4 -9 -9 -4 -16 -13
107.600 || *x*x -13 -14 -3 -4 -11 -9 -7 -18 -9
107.%500 1 -5 -13 -12 -9 -3 -4 -8 -7 -18 -8
107.300 || *** -14 -8 -1 >0 -5 -3 -12 -10 -6
107.100 |1 -7 -14 -5 -1 -1 -3 -8 -6 -4 -7
106.100 || -6 -16 -3 >0 >0 -8 -10 -3 -2 -2
104.100 |} >0 -5 >0 >0 >0 >0 >0 >0 >0 >0
102.100 |1 >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
98.100 |} >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

TABLE XXVI - Undesired CW signal level, at the receiver antenna terminal,
necessary to produce a 7.5 uA deviation from a standard ILS
localizer deflection of 90 uA. The localizer frequency was
108.1 MHz.

t** Not Tested

11 Undesired Modulated Signal Levels (dBm) |

Undesired ||-------~-------mmmmmm oo e ]

Frequency || Recelvers Tested |

(MHZ) Il A I B I ¢ | D | E | F I 6 | H | J | L |

---------- T el Bt el el e e Bl il Rttt Retebtted |
108.000 || #*x*x -51 -53 -52 -48 -49 -51 -52 -52 -53
107.950 | *** -20 -21 -19 -18 -20 -21 -21 -22 -23
J137.300 || %xx -15  -11 -9 -8 -16 -11 -22 -17 -14
107.850 || *** -14 -10 -8 -6 -16 -10 -28 =23  -12
107.800 ] *x* -14 -11 -6 -6 -20 -12 -6 =23 -1
107.700 || **x -14 -11 -1 -6 -15 -10 -4 -17 -10
107.600 |] *** -15 -15 -4 -4 -8 -9 -6 -17 -1
107300 f) %xx 14 -9 -4 -4 -6 -9 -17  -20 -6

TABLE XXviT-Undesired modulated signal level, at the receiver antenna terminal,
necessary to prcduce a 7.5 ulA deviation from a standard ILS
localizer deflection of 90 uA. The localizer frequency was
108.1 Mhz.

xrr Nol Tected
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Part 7 of Annex 1

France

COMPATIBILITY BETWEEN THE AERONAUTICAL MOBILE (R) SERVICE
(118 - 137 MHz) AND THE FM BROADCASTING SERVICE

7.1 Introduction

The criteria for compatibility between the aeronautical mobile (R)
service and the FM broadcasting service used up to now have not been
validated by laboratory tests and were more or less derived from

navigation receiver test results.

The first tests conducted by one country show some interesting
results in the response of COM receivers to Al and Bl type interference.

7.2 Immunity characteristics of two COM aircraft receivers to
Al type interference

Using the two interference criteria in 88 3.2 and 4.1.3 of this report.
the different threshold listed in Table XXVIII below were found.

TABLE XXVIII

RECEIVER 1 RECEIVER 2
A EER I N2 ] RIL | N1 i NZ | R1 |
{ | | | | | ] |
{ | | | | | ] ]
{ 0 }-95 i -115. | 10 | - 97 | - 115 | 11 |
| | | | |
: 50 }-91 |  -110 | 5 < - 91 | - 108 | 5 |
| | | '! | |
} 100 }-79 | -100 I - 7 | - 70 | - 93 | - 16 |
| | ] I | |
: .150 {-ss | - 83 | - 30 | -53 | - 18 | - 33 I _
| | | | | |
: 200 }-so : - 117 | - 36 | - 47 | ~ 71 | - 39 |
| | | | I
| 250 | -44 I - 71 | - 42 | - 43 | - 691 - 43 |
| | | | | | | [
} 300 | -40 | - 71 | - 46 | -36 | - 65] - 50 1
| | | | | | |
] 350 | -37 I - 13 | - 49 | | - 64 | |
| | | | | | | |
| 400 | -35 | - 71 | - 51 I - 29 | - 59 | - 57 1
| ] | | | | | |
| 500 ] -29 | - 57 | - 57 | - 25 | - 52 | - 61 |
| | I [ | | ' | |
] 600 | | | I - 29 | - 45 | - 57 |
] | | | | | I |
] 700 | | | | - 21 | - 43 | - 65 |
| | | | i | I |
| 1000 | | - 45 I | -19 | - 37 | - 67 |
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The first criterion relates to tests carried out with the wanted

signal of -86dBm.

The second criterion relates to tests carried out without a

wanted signal.

For the interference in the presence of the wanted signal on
118.25 MHz of -86dBm it has been possible to give the protection

ratio in dB which is defined by:

Protection ratio = Wanted Signal level in. dBm -

interfering signal level in dBm

N1 : level of interfering signal in dBm to meet the first criterion.
N2 : level of interfering signal in dBm to meet the 2nd criterion.

Rl : protection ratio (-86 dBm -~ N1) in dB.

The tests have been conducted with two receivers:

EAS type ER 4 - 671 - and Dittel FSG 70

7.3 Immunity characteristics for Bl type of interference

The tests were conducted with a.unmodulated wanted signal of -86 dBm and

one interfering signal which was frequency modulated by pink noise.

The intermodulation product comnsidered was:

2 x 107.9 - 94,75 = 121.05 MHz

Table XXIX shows the level in dBm corresponding to the first
interference threshold. To ascertain the nature of the interference
law, a calculation was also made of (2 N1 +‘N2)/3 which gives the
average level;.the results shows that the interference law is of

the type 2 N1 + N2 = constant.

N1 and N2 were the levels of the unwanted signals.

TABLE XXIX
RECEIVER 1 RECEIVER 2
| ] | | | ] ]
| N1 | N2 | (2 N1+N2)/31 N1 | N2 I (2N1+N2)/3 {
| | ] | | I ]
I 7 1 -39 | -8 | 5 | -49 | -13 |
Il s | -35 | -8 I 0 | =37 | -1 |
] 0 | -25 ] -8 I -5 | =27 | 12 i
|-5 | -11 ] -9 | -10 | =15 | -12 |
l-101 - 6 | -9 | -12 | -10 | -11 |
| =15 | 3 | =9 | <15 | -5 ] -12 |
| -17 | 8 | ~9 1 =17 | 0 | -11 |
| | | | =19 | 3 | -12 |
| | i i -20 | 4 | -12 i
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7.4 Conclusions

It is possible to propose, as for the radio-navigation receivers case,
a law of the type 2Nl + N2 = constant. This constant will be fairly low, and
therefore high signal levels will be needed to cause interference.

However, the final value of this constant cannot be derived from tests
conducted with only two receivers and in consequence Administrations
should be encouraged to conduct additional tests to achieve a more

precise law for two-signal interference.

It can be assumed that due to the separation between the two bands of
10 MHz, the interference law will not be very frequency dependent.

These characteristics of the COM receiver have also to be checked by
other measurements.
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Part 8 of Annex I
CANADA

AIRCRAFT ANTENNA TEST RESULTS

8.1 Measurements were made in Canada on ILS/VOR antennas as installed on
10 general aviation. corporate and commercial transport aircraft. Data wvere
taken in the horizontal plane at four aircraft orientations (forward, aft., port
and starboard) . The composite of all the aircraft antenna gain curves 1is shown
in Figure 27, The antenna system loss characteristics defined by the Geneva
Agreement, 1984, (i.e. Ls +L(f) from section 5.8) is shown in Figure 27. This curve describes
a curve which basically represents the maximum of the composite gain data.

8.2 Figure 27shows that there i{s a 15-20 dB variation in system gain in
the 88-118 MHz band. The test data also indicates that almost all of the air-
craft/antenna system combinations exhibited less gain in the band 108 to 118 MHz

than that defined by the Geneva Agreement, 1984, curve. As a consequence, an actual received ILS signal
level may be significantly less than the -89.5 dBm calculated using the curve of the Geneva Agreement, 1984,

and assuming the minimum ILS field strength of 40 pV/m (32 dBuV/m).
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Fig. z : Composite Rircraft Antenna Gain Data

@ - curve = Geneva Agreement, 1984.
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Part 9 of Annex I - United Kingdom

TRIGGER AND CUT-OFF VALUES
9.1 INTRODUCTION

Theoretically every FM broadcasting signal present at an aeronautical

test point should be taken into account when assessing the Bl type interference

potential. However, unless the level of these signals exceed certain values they
cannot be a factor in producing Bl i{nterference. Taking account of such signals
would lead to the waste of costly personnel and computer time. To combat this
the concepts of ‘'Trigger' value and ‘Cut-off' value have been used.

9.2 'TRIGGER® VALUE

9.2.1 Definition B

Trigger value is the minimum value of an FM broadcasting signal which.
when..applied to the input of an aeronautical VHF (ILS. VOR or COM) receiver, 1is
capable of initiating the generation of a third order intermodulation of suffi-

cient power to represent potential {nterference.

9.2.2 Derivation

9.2.2.1 For the two signal case Para 4.3.3.1 of Report 929 states that Bl inter- -

ference can occur 1if:

max {0.4: 108.1 - £}

2 (N1 - 20 log ~————emememem———————— ————————— )
0.4
4 5
max ~0.4: 108.1 - 22?
+ N, - 20 log e e 2, - 120 dBnm (1)
0.4
max {0.4: 108.1 - £}
If N, - 20 log =—-=——————-- ———————— e -
0.4
., S
max f0.4: l108.1 - fZ}
= N, - 20 log  ——=—===-- ———————————— T
0.4
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nax {0.4: 108.1 - f}
Then 3 (NT - 20 log =——=———cccmcec e ——— ) > - 120 dBm (3)
0.4
nax {o.4: 108.1 - {}
and NT > - 40 + 20 10g ==——mmecccccca e e ————— dBm (4)
0.4
NT 18 then the trigger value for the frequency f.

Para 4.3.3.2 gives

9.2.2.2 For the three frequency case
max {0.4: 108.1 - fl}
"1 - 20 1log —————————
0.4
3
max IO.4: 108.1 - fZL
J
¢+ Ny - 20 log - ————————————————
0.4
max <0.4; 108.1 - faf
+ Nj - 20 log e T 126 (s)
0.4
This leads to a trigger value of
max {;.4: 108.1 - {}
NT > - 42 + 20 log —————Fm—eae- - ———— (6)
0.4
9.2.2.3 Since. when this check is applied. it is now known whether a 2 or a 3
signal case is likely the inequality in (6) i{s used to define the trigger value
as:
max {0.4: 108.1 - f}
NT = - 42 + 20 log =——mw———ee—e e -= dBm (7)
0.4
This is the value in Annex 2 Para 7.6.5.4 of the Geneva Agreesent.



Rep. 929-2 69

9.3 ‘CUT-OFF' VALUE
9.3.1 Definition

‘Cut-off’ value is the minimum value of FM broadcasting signal which.
when applied to the input of an aeronautical VHF (ILS. VOR or COM) receiver is
capable of producing a third order IP of asufficient power to represent potential
interference when combined with 1 or 2 other broadcasting signals at a level

just equal to the type B2 power limit.

9.3.2 Derivation

9.3.2.1 From consideration of the interference criteria it can be seen that

the 'cut-off’' value is influenced by the actual value of the triggering signal.
The triggering signal has the trigger value as {ts lower limit and the B2 transi-
tion level as 1its upper limict. Para 7.6.6 of Annex 2 of the Geneva Agreement
gives the value of the B2 threshold level which varies from - 20 dBm at 107.9

MHz to 10 dBm at, and below, 100 MHz. Between 107.9 and 100 MHz. to a first
approximation, the B2 limit has the same law as the Bl frequency termnm. Thus

for this purpose the upper Bl limit can be taken as:

9.3.2.2 Two Frequency Case

with the Ny limit given in (8). N, would have to exceed a value given
by (9) for interference.

> -« 80 ¢+ 20 10g =———=—rmmmm————— e -— (9)

Between the two extremes, the N2 interference threshold value would

vary with Nl as follows:

max {0 4: 108.1 - fl}
Ny, > - 120 - 2 (N1 - 20 log === e T )
0.4
max {0.4: 108.1 - fz}
¢+ 20 10g ==mmeSemem e (10)



70 Rep. 929-2

9.3.2.3 Three Frequency Case

The general case becomes:

N, > - 126 - N + 20 lo0g —==—mmt e —

2 1 3
0.4
max {O 4: 108.1 - fi}
+ 20 log ==——=-=—"mrmo—me———————
0.4
max 20.4: 108.1 - fi}
+ 20 log —=————"—m——m——————————— =~ (11)
0.4

When N, and Ny at their B2 limit this would give
max {O 4: 108.1 - fz}
N, > - 86 + 20 log ~————————-==-—————————% (12)
0.4
9.3.2.4 To cover all cases the equation (12) would be applicable. However,

experience in Europe has shown that frequency combinations repeat when the lower
signal levels are taken into account. Also trigger values are often well below
the type B2 limit. A group of European Administrations have produced a common

assessment method which adopts the following cut-off value

N > - 66 + 20 log —=—————m—m—eem————————— - (13)

Comparison of computer test runs with criteria (12) and (13) has shown that no

interference cases were missed by the use of (13).

Part 10 of Annex I - Canada

COMPARISON OF MEASURED AND CALCULATED CUT-OFF VALUES FOR TYPE Bl INTERFERENCE

10.1 During the Type Bl test program which produced data contained in Section
3.8. Annex !, some data were also taken to determine the cut-off levels where
Type B2 effects supercede Type Bl effects. In Table 1, these data are compared

with the cut-off values calculated using the formula of the Geneva Agreement.
1984 (see para 5.7) and with the formulae developed by the United Kingdom ana-
lysis for current immunity of ILS localizer receivers (see equations (8), (9) and (12) of
Part 9, Annex I).

10.2 Although the limited test data in Table 1 show cut-off levels as low
as - 70 and - 8S dBwm. the cut-off formula of the Geneva Agreement. 1984 will
not give a cut-off level below - 54 dBm. The United Kingdom formula gives a

better correlation with the test data.
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| Receiver 1 Receiver 2 Receiver X NiGeneva N(UK) |
5 Agreament 1984
| Intermodulation (dRn) (dBm) (dBm) prisi (dBm)
Product i ] |
n 2 n 1 4 n N2 L= K N1l lNZ N XK N1 IN2 mn NZ'NG
2(107.5) - 106.9 = 108.1 -35 1 -as 1 - leyos™l -30 ! -30 1 - lo70"! -25 ! -25 - lozs”
-10 -83) - =105 =11 '(-30) - -92 ('33)!_—10 I - =78 !-503-44l - =-16!-70! -
T
(-50)t -3 - =102 i(-42) ] -10 - 1-94 -19 I("U) - =78
2(106.5) ~ 104.9 = 108.1 -27 -27 - -81 -25 -25 - -75 -19 -19 - -57.
-10 ~-64) - -84 =19 1(-40) - ~78 -421-367 - -al-g2! -
L ¢-30)! -20 - ~80 1(-3a)! -10 - ~78 -9 I('ﬁﬂ) - -58
I2(107.9) ~ 106.7 = 109.1 =30 =30 - -90
-sal-a3l - l-20}-g9! -
-6 1(-78) - ~88
2(107.5) - 105.9 = 109.1 =25 =25 - =75
-6 1(-67) - -79 -sol-3gl - -16!-65! -
(-33)! -10 - -76
2(106.5) - 103.9 = 109.1 -16 =16 - =48
-42l-3al - 1'-gl-go! -
=6 {(-40) - -52
107.5 - 106.5 - 105.9 = 108.1! ~33 =33 -33 -99 =31 =31 =31 -73. -24 25 -2& 1-72
(-70)! -15 -15 '-100 !(-60)} -17 ~17 1-74 1 (-50) «7 0 -7 1-74
~501-421-39 1-161-741-5
-15 1(-70)! -15 }-100 -17 l(-60)! -17 1-74 =17 1(-40)! -17 1-74

100 ! -18 | -18 '(-60)1~76 ! -17 | -17 1(-40) -74

107.9 - 106.3 - 105.1 = 109.1} -25 1 -25 | -25 } -75
(-60)} -8 -8 1 -76
-S54 ~411-36 1-201-731-3
-18  -18 1(-40)! -76
-9 1(-60)! -9 ! -78
107.5 - 105.5 - 103.9 = 109.1} -21 ! -21 ! -21 } -63
(-s50)] -7 =7 : 64 -50)-38!1-34 1-16]-701 0

TABLE XXXI- Comparison of Measured
‘ Type Bl Incerference.
Noces:

and calculated Cut-0ff Values for

1) Cuc-off levels {n che daca are elrclcd.e.g..

1) Cut-of!f levels indicace wnere Type 32 interference effeccs

scarted or became dominanc.
3) * (ndfcaces équx-l(gncl reference.
@) For 2-signal case: 2Nl « N2 - K « O

for J-signal case: N1 - N2Z N}l - K e« 0

vhere N1, N2 NJ o stgnal levels for FM scacions 1, {2, ()

respeccively, ana (1 >(2 >(J.

$)  N(Geneva Agreement 1984) = -54 - 20 log [max (0.6: 108.1 - f)]

6) N2(uKk) = - 80 + 20 log 2.5 (max (O.4:

for 2-eignal case. and

- 86 - 20 log 2.5 (max (0.4:

for 3-signal case

7) B2 limits: N1(UK) = -20 + 20 log 2.5

N3(UK) = -20

20 log 2.5

0.4
108.1 - £2))

108.1 - £2))

(max (0.4;
{0.4:;

108.1 - f1)) and

(max 108.1 - £3).

71



72

PART 1

1.1

Rep. 929_95

ANNEX II

Compatibility Assessment Methods

Introduction

Several methods have been developed which permit the theoretical assess-
ment of compatibilicy. Such methods are of most use before new broad-

casting or aeronautical facilities are introduced.

Details of the methods currently in use may be found parts 2 to 5. A
comparison of ‘the computation philosophy adopted may be found in Table XXXII.

It should be noted that the enhanced method described in Appendix 1

is the only one which has been field-tested in order to prove that {¢f
known parameter values are used for a specific situation then 1its pre-
dictions correlate with reality. All four methods can be used. with
generalized parameters and worst-case combinations of wanted and un-
wanted signal levels to provide conservative general analysis. More
operational experience is required to assess the generalized approaches

in this regard.



CANADA CANADRA USA LEGBRC POLAND
GENERAL ENHANCED (ILS only) {Unified Assess-
. (NOTE 2) ment Method)
FM ANTENNR OMNI HRP Measured HRP Man:! Jturer's HRP -as given VRP - similar
PATTERN NO VRP theore al or specifications in Gt 84 -plan to theoretical
MAX e.r.p. measured VRP where available. VRP - no correct-|model {n Report
HRP omni-direc- ion below the 1198
tional horizontal
VRP -14 dB beyond|Generallized model
+ 5% (v) with limiting va-
lue
FM PROPAGATION Free-space 1F-177 Free-space to Free-space with “vyee-space with
radio horizon 100 ¥ attenuat- an attenuation
fon beyond the of 20 dB beyond
radio horizon the radio horizon
AIRCRAFT ANTENNA |Geneva Agreement 1984 [Measured for Geneva Agreement 1984 |JIWP 8-10/1 Geneva Agreement 1984
FREQUENCY specific air-
RESPONSE craft )
RIRCRAFT ANTENNRA Omni-directional Measured for Omni-directional omni-directional omni-directional |
RECEPTION PATTERN specific afr- )
craft
AERONAUTICAL Geneva Agreement 1984 Measured or de- 40 puv/m The minimum ICAO Predicted
SIGNAL levels rived from i{deal- values for 1ILS values
ized or measured and VOR through-
ILS pattern out the volume

AVIONIC RECEIVER Geneva Agreement V19Vsl¢ Specific receiver|Unique calculated|Geneva Agreement 1984 |[Al - predicted
SUSCEPTIBILITY criteria characteristic values criteria Bl - modified
at various ILS by the differ-
signal levels ence between
the predicted
and wanted levels
TEST POINTS Interference i Interference area|{1000 x 1000 foot Broadcast station|Similar to Geneva
area or test points horizontal grid related with Agreement 1984 with
along flight path|100 foot vertical|additional fixed additional
fncrements. 100 x|test points for fixed test
100 foot horizon-j|ILS points on air
tal grid near FHM routes and
statfion (NOTE 1) in ILS volume
TABLE XXXIT
Test methods currently in use
NOTES: 1. Initial cull at 8000 x 8000 ft. to reduce computer time with + 12 dB added to FM e.r.p.
2. One or more of the parameters of the enhanced model may be substituted by their equivalent in

the general

model

-doy
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RELEVANT PARAMETERS IN CORRELATION STUDIES

INTERFERENCE
MECHANISM

e
PARAMETERS Al A2 Bl B2

( S ( FM ANTENNA FUNDAMENTAL FREQUENCY, HONIZONTALLY RADIATED SIGNAL PATTERN X X X

R B R, e e I S S B
L FM SPURIOUS BHISS{ON, HORIZONTALLY RADIATED SIGNAL PATTERN X

S T e e | NN SR DR
s FM ANTENNA PUNDAMENTAL FREQUENCY, VERTICALLY RADIATED SIGNAL PATTERN X X X
L PM SPURIOUS EMISSION, VERTICALLY RADIATED SIGNAL PATTERN X

e T - s -~ - - - o —— - o = o e o - - - e v e et LT LTt S R,
L POLARIZATION OF FM SIGNAL X X X

(N e e e e | SO S S N
8 FM SIGNAL PROPAGATION X X X X
] AIRCRAFT ANTENNAR RECEPTION PATTERN X X X X

pm——t—m - - - —— - - = " ——— - — ——— i ——— " —_ - ——— > o 4 ] R A it Lok ey
S AIRCRAFT ANTENNA AND FEEDER SYSTEM FREQUENCY RESPONSE X X X X

S S, e e Y O N
] { AERONAUTICAL SYSTEM, ACTUALLY RADIATED SIGNAL X X X

T S e . S, | S R S
] AVIONIC RECEIVER INTERFERENCE IMMUNITY AND SELECTIVITY CHARACTERIB*ICS X X X X
u MULTIPLE FM SIGNAL CONTRIBUTIONS X X X
u AIRCRAFT ANTENNARA CROSS-POLARIZATION DISCRIMINATION X X X W X

T e e e e SRS PSS SR S S
u OTHER ELECTROMAGNETIC SiGNALS IN THE ENVIRONMENT (E.G, ISM, CATV, X X X X

J NEARBY AERONAUTICAL NAVAIDS SUCH AS TVOR, ETC.)
S S e ] N S S

8 = SIGNIFICANT FACTOR
L = LESSER IMPORTANT FACTOR
U = UNKNOWN FACTOR (NO PRACTICAL EXPERIENCE)

TABLE XXXIII
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E X P L A NATTI O N

PARAMETERS 1, 2, 3 and 4 By measurement of field strength of the radiated

signal or by calculation. the radiation pattern 4{s
established in the direction of measurement. Measu-
rements at different azimuths and elevations may be
combined to fully characterize the radiation pattern.

Beam tilt, if any. should be taken into account.

PARAMETER 6 Site and antenna elevation need to be taken into
account. Propagation Is free space up to radio hori-
zon with diffraction loasses beyond (see . Recommen-
datiocn 528). Variability due to season/weather ef-

fects should be considered.

PARAMETER 7 Both broadcasting and aeronautical bands.
PARAMETER 9 Terrain effects need to be taken into account. Va-

riability due to season/weather effects should be

considered.

PARAMETER 10 The Al mechanism is affected by avionic receiver
characteristics only to the extent that the receiver
selectivity admits the spurious emission. Modulation

characteristics will affect result.

PARAMETER 13 Energy other than from FM broadcasting transmitters
could contaminate signal measurements in any of the

four mechanisms.
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Result of correlation experiments

Introduction

In Canada. correlation between the predictions of the enhanced analysis
model and flight results under test conditions was exaamined for the Type
Bl interference mechanism. For these tests. the JILS transmitter of an
ILS test facility near Ottawa was re-tuned and operated at 108.5 MHz.

to coincide with the receiver intermodulation product: 2{(106.9) - 105.3

= 108.5 MHz.

Analysis model

‘The analysis technique considered the following factors:

- measured FM antenna horizontal radiation patterns:

- measured locallizer transmitter antenna radiation patzern:

- measured aircraft antenna radiation pattern and gain:

- measﬁred receiver interference i{mmunity {n the presence of various
locaiizer signal levels:

- aircraft position and heading:

- aircraft inside mainbeams of FM transmitters.
Flight test results

Figure 28 presents an example of the results of the two versions of the
enhanced technique (f{.e. an interference area and a test point analysis

along a flight path}).

The "predicted area of no interference” was plotted assuming worst case
aircraft antenna orientation, that being maximum gain towards the FM
transmitter sites and minimum gain towards the ILS transmitter site.
This plot therefore presents a limiting case: any interference found
during a flight test should be outside the "predicted area of no inter-

ference”.

The correlation between the flight test results and the detailed predic-
tion technique using test points along flight paths can be seen in
flight path segments RUN R47 and RUN R48. In RUN R47. the lobe struc-
ture of the JILS antenna radiation pattern can be seen creating short
segments of no interference on either side of the front course sector,
in both the predicted and flight test results. These flight tests
confirmed the prediction that there would be no {interference in the
front course sector. In RUN R48, again no {nterference was predicted

or found in the front course sector.

Conclusion

It is known that for each factor used in the analysis model. there
exists a variation between actual parameters and characteristics of the Geneva
Agreement, 1984. Submitted data quotes variations of -10 to +4 dB for
FM antenna patterns, =-10 to +30 dB for ILS actual signal levels as
compared to the -89 dBm minimum level and finally 7 d8 between actual
and predicted FM levels (due to ground reflections). Considering that
predicted results matched flight results very closely. the correlation
obtained can only be explained by the use of measured characteristics

for all factors considered.



Bl EMI CONTOUR: 2#106.9-185.3-1088.5 CARP (60D foet

ID FREQ LATITUDE [LONGITUDE] ERP(KH)

DIST(NM)

CRRP 180 108.5
CKO! OTT| 106.9
CKBY OTT] 105.3

4519 6 976 154 -—
453011 07551 2 1800088
453811 82551 2 040080

13.5
13.5

BEAR(*)IG (dB1)
- -16.0
34.5 ~12.9
34.5 ~-11.08

Mariables considersd in this analysis:

|LOCALIZER antenna type:
tOCRLIZER signal level:

Measured LOC. signal
CARP 1098 feet  188.58

LOC. ANT. FIELD E
__DIST_(N)_[__ (dBuV/a)__|

g2.e
81.8
75.8
’1.8
65.8
61.8
58.8
56.8
52.8
51.8
49.8
46.8
43.8
43.8

NANDONEAMNDON &N —
DD DO D ODDOO®DER DD

MM MY M) em e e e

Fiight alt. - (BB8 FT ASL

COMMENTS:

HORST CASE ATRCRAFT
ANTENNA ORIENTATION for
RX K.

M gain = MAX.

LOC gain = HIN.

RX DELTA f cubed = 8.192

... YES
.. YES

Ml antenna directivity:..YES
FM2 antenna directivity: .YES

Potatls

LOC. AZIMUTH : 83 ¢ .
L0C. TX ANT. : a2CARP7NM
Aircraft RX : K.
Rircraft ANT gain:User Defined

Predicted area of no inter

RUN R47

Flight Path Segment where Interference was
Predicted Using Test Point Analysis.

Flight Path Segment where Interference was
Detected {n Flight Tests.

FIGURE 28
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Expected validity of generalflzed methods

Some of the generalized methods described in Uﬁs_
Annex have been used to predict the theoretical compatibility of well
established operational situations. These methods are conservative

and .{t {8 not uncommon for negative compatibilicty margins. sometices
very large, to be predicted for well established operactional situations
where no complaincts of (ncompatibilicy have apparently been received.
This raises doubts about the degree of validity of the methods and/or

at least some 0f the compatibility criteria which they apply. Coanclu-
sions drawn from using any general method applied to well established
operational situations., some of which have been in use for many years,
should be viewed with some caution. In North America. aeronautical

and broadcasting systems were engineered one by one based on case-by-
case evaluations., for example, taking account of conditions at specific
locations. There is some doubt about the validity of applying a genera-

lized method to a situation such as that {n Region 2.

It is desirable to attempt to quantify the magnitude of the discrepan-

cies which could be {ntroduced by known approximations or assumptions.

The sources of discrepancy and the estimated magnitude are:

- Horizontal radiation pattern of broadcasting station. Differences
of + or - 2 dB can exist between predicted and measured value on any
bearing. Differences of + 5 to - 10 dB have been found to exist in

Canada for side mounted antennas between nominal theoretical e.r.p.

and assumed omni~-directionality and measured values on any bearing.

- Wanted radionavigation signal level. Differences of -10 to +30 dB
can exist between the minimum value of aeronautical signal level

(-89 dBm) and the actual value at a test point.

-~ Aircraft antenna system performance. Differences of 0O to -20 dB can
occur between the antenna system frequency dependency model quoted
in the Geneva Agreement. 1984 Annex 2, Part 7.6.2 and the measured
values. This difference also takes into account any effects due to

antenna directivity.

- Aeronautical receiver iamunity. Differences in the range -10 to +30
dB could occur when account is taken of the deviation of the charac-
teristics for a particular model of receiver compared uitﬁ the charac-
teristics specified in the Geneva Agreement, 1984 and also the ex-
pected variation of receiver performance as the level of the wanted

signal {s varied.

It should be noted that some of these expected discrepancies are inter
dependenct. For example, {f the receiver performance {s level dependent,
this can be affected both by the variation of the level of the wanted

signal and also by the aircraft antenna perforamance.

It should also be noted that one significant source of potential dis-
crepancy which can be considerably reduced {s the replacement of a free-
space propagation prediction model by one using ITS IF 77 (Gierhard

and Johnson., 1983], or the 50% time propagation curve from Rec. 528.
This will have the effect of reducing discrepancies by up to 30 dB for
paths which extend to near or beyond the radio horizon estimated on

the basis of a smooth 4/3 earth approximation. On shorter paths, how-

ever. the effect can be expected to be negligible.



Rep. 929.2 79

A further possible socource of discrepancy has been identlfigd which can
not yet be quantified. This applies only to the case of radiated inter-
modulation products (ARl) where it is considered important to consider
the VRP of the broadcasting antenna at the frequency of the spurious

emission.
Any. or all, of the above factors could contribute to a discrepancy
between calculated margins and operational experience, but no informa-

tion {s yet available about the overall differences which could occur.

Also. the actual operational constraints at a specific facility need

to be taken into account.

Summaries of the methods described in Parts 2 to 5 of this Annex

Canada (see Part 2)

Computerized techniques permit the plotting of potential type Al., A2,

Bl and B2 interference areas directly on aeronautical charts or on
service area diagrams. The compatibility criteria of the Geneva
Agreement, 1984 are used in the gerneral model. Moreover, a detailed
case assignment analysis 1is possible utilizing other parameters or
criteria. This enhancement permits a closer approach to the operational

environment.
United States of America (see Part 3)

In the United States an automated computer based model is employed %o
predict compatibility between FM broadcast transmissions and the ILS
localizer system. Some important features are: The ICAO minimum speci-
fied signal level of 40 uV/m is used throughout the entire ILS service
voluae. Bench tests of 28 receivers, validated by flight tests, were
used to derive interference criteria for the Bl type mechanisam. Crite-
ria for types A2 and B2 mechanism are the same as used in the Geneva
Argeement, 1984, except., the greater restriction is employed where the
two differ for a given Af . The minimum default search range is 30 NM
beyond the bounds of the ILS service volume. Larger ranges can be

selected as appropriate.

The LEGBAC Unified Assessment Method for Aeronautical-Broadcast Compati-
bility (see Part 4). :

The method was developed by a "Limited Exploratory Group for Broadcast
to Aeronautical Compatibility” (LEGBAC) comprising the Administrations
of Germany (Fed. Rep. of), Belgium, France, Ireland, Luxembourg, Nether-
lands (Kingdom ofAthe) and United Kingdom.

The Unified Assessment Method, UAM, provides a computerised analysis

tool for international coordination in relation to the compatibility
problem. The UAM applies the compatibility criteria contained in the
Geneva Agreement, 1984 with a correction factor which takes into account
the antenna characteristics of broadcasting stations. All significant

potential incompatibilities are identified using a reasonable number
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of test points. Given that the nighest level of potential incompacti-
bility will always occur in the vicinity of a broadcasting station.
the method is based upon test points generated in their vicinity. These
broadcast station related test points are additional to fixed ILS test

points.

This approach has resulted {n an efficient computational tool which

provides a list of potential interference margins at the test points.

1.5.4 Poland (see Part 5)
The compatibility assessment method created in Poland in principle
utilizes the compatibility criteria of the Geneva Agreement, 1984.

However, certain refinements have been introduced.

Compatibility for ILS, VOR and VHF COM {s assessed. In the case of
VOR and VHF COM, test points are created along flight paths.

References

Gierhard G.D.. Johnson M.E.. "The IF-77 Electromagnetic Wave Propagation
Model™, DOT Rept. FAA-ES-83-3, Boulder. Colorado, September 1983.
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Part 2 of Annex II

Automated Compatibility Analysis Models Developed by Canada

System Overview

The PM/ILS/VOR/COM Interference Analysis System consists of 2 main cosmpo-

nents: the Interference Analysis Subsystem and the Mapping Subsysten.

The Interference Analysis Subsystem, running on a mainframe computer,

has access to data bases containing:

(a) - all Canadian FM stations:

(b) USA FM stations up to 320 km (172 NM) from the common border:

(c¢) all Canadian ILS. VOR and COM facilities:

(d) USA ILS facilities within 240 km (130 NM) from the border and
USA VOR facilities within 1020 km (550 NM) from the border
(note: distances shown are those in bilateral agreements with
the USA).

It carries out Type Al, AR2. Bl and B2 analyses to produce an inter-

ference report which prints out all cases where an interference contour

. overlaps the service area of an aeronautical facility. This report

provides an approximate size of the potential interference areas. The

Mapping Subsystem is then used to provide an interference plot.

The interference Mapping Subsystem is implemented on a microcomputer.
and is used to plot ILS/VOR/COM service areas, FM transmitter sites, Type
ARl1/A2/B1/B2 inte;ference contours and the results of test point ana-
lyses. This subsystem stores FM/ILS/VOR/COMinformation obtained from the
interference report., as well as measured data on aircraft antenna
characteristics, receiver interference immunity characteristics, FHM
antenna radiation patterns, ILS transmitter antenna radiation patterns

and ILS signal levels.

Assumptions and Criteria

General model: This model considers the following:

a. FM antenna pattern: an tdealized omnidirectional H.R.P.
pattern based on maxisum e.r.p.
b. FM signal propagation: free-space model

Atfrcraft antenna system model: the model of the Geneva Agreement,.

1984
d. ILS signal level: -89 dBm throughout
e. ILS/VOR receiver characteristics: those embodied in the criterfa of

the Geneva Agreement., 1984

Figure 29 shows the output of such an analysis.
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Enhanced model: One or more of the following may be substituted for

their .equivalent in the general model:

a. FM antenna pattern: calculated or measured VRP, =easured
HRP
b. FM signal propagation: the ITS IF-77 (Gierhard and Johnson.

1983] propagation model Reference:
which considers “ee-space losses
within line-of-g.ght and di{ffraction
lossess beyond: radio horizon is
actual instead of calculated

c. Aircraft antenna model: characteristics in terms of radia-
tion pattern and frequency response
for a specific aircraft/antenna
combination

d. ILS signal level: as measured or as derived from an
idealized or measured ILS antenna
pattern

e. ILS/VOR receiver characteristics: specific receiver characteristics
under varying ILS signal levels

Figure 30 shows the ocutput of an analysis considering actual localizer
signals and a specific receiver (with 10 dB less immunity than was used in
Fig.29) other factors remaining within the assumptions of the Geneva

Agreement, 1984. R

Software {s being modified to print interference margin numbers along
flight paths (or at selected test points), rather than just identifying
if interference {8 or is not being predicted. This will assist in
interpreting the presentation. Flight tests on a number of ILS facili-
ties across Canada will be carried out in a continuing evaluation and

refinement of the enhanced analysis technigque.

Usage

The general model is8 used as a preliminary analysis for each assignment
case. The enhanced techniques may be used as the circumstances require.
Finally. both models may be used as a tool to design and implement

compatible FM and aeronautical navigation assignments.

Reference

Gierhard G.D., Johnson M.E., "The IF-77 Electromagnetic Wave Propagation
Model"”, DOT Rept. FAA-ES-83-3, Boulder, Colorado, September 1983
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Part 3 of Annex II

A _Computer Based Mathematical Model to Evaluate Compatibility Between

Proposed FM Broadcast Stations and the Instrument Landing System (ILS)

Localizer of the United States of America

In the United States an automated computer based model is employed to
predict compatibility between FM broadcast transmission and ILS local-

{izer systenm.

In summary, the primary factors of the model are:

Localizer Signal in Space -~ The ICAO mininum specified signal level of

40 uv/m is used throughout the entire ILS service volume.

Aircraft Antenna Systemns - The antenna system response curve of the Ge-

neva Agreement, 1984 is used. Horizontal or vertical directivity

of the aircraft antenna are not considered.

Receiver - Bench tests of 28 receivers. validated by flight tests, were
used to derive unique interference criteria for the Bl type mecha-
nism. Criteria for types A2 and B2 mechanisms are the same as used
in the Geneva Agreement, 1984 except, where the two differ for a

given [Xt. the greater restriction 1is employed.

FM Antenna - Horizontal and vertical radiation patterns based on manu-
facturers 'specifications are used, i{f known. If unknown, an omni-
directional horizontal pattern is used, along with an assumption
for vertical radiation pattern with a + 5° main beam and -14 dB

for all other elevations {(generic antenna).

FM Signal in Space - Line of sight inverse distance propagation (s used,

normally from a search distance up to 55 km (30 NM) from any point
on the ILS service volune. Greater search distances are used {f

necessary.

Test Points -~ A pre-screening horizontal grid of 2400 x 2400 m (8000 x

8000 ft.) spacing throughout the ILS volume is first applied
without any FM antenna pattern correction and with a +12 dB value
added to the computed field strength of each FM station. Oonly (¢
an interference criterion is exceeded in pre-screening an intensive
analysis is made on a 300 x 300 m (1000 x 1000 ft.) horizontal

grid at any user selectable altitude. Default values are;: bottonm
of service volume, top. elevation of FM tower. In the special

case where an FM antenna is within the service volume, a 30 x

30 m (100 x 100 ft.) 2~dimensional grid is created for test points
in the vicinity of the FM location.
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Introduction

In the United States of America, a case-by-case coordination procedure,
which starts at or before the building permit stage, is used on a con-
tinuing basis to ensure that the present, satisfactory level of compat-
ibility between the aeronautical and broadcast services, continues. As
a result, the U.S. has not had to adopt blanket limitations on the
aeronautical service to solve interference problems. Several techniques
have been used in an effort to evaluate the electromagnetic compatibil-
ity (EMC) between the aeronautical radio services in the 108-137 MH:z
band and FM broadcasting stations in the 88-108 MHz band. Many of these
techniques, most notably the "Venn diagram™ approach have by necessity
employed a simplified approach due to the many calculations involved

in a precise analysis of a compatibility problenm. The ready availabili-
ty of computers has provided the impetus to develop a computer-based
mathematical model which, when combined with empirical data derived

from bench and flight measurements would provide a full analysis of

any given compatibility question.

The United States has developed such a computer based mathematical
model, known as the Airspace Analysis Model (AAM) that is the most
powerful tool yet developed Iin the U.S for the evaluation of the com~-
patibility between FM broadcasting and the aeronautical radionavigation
(I1LS) services. It relies on actual data collected by flight checks

of existing radio stations as well as bench tests of radio equipment
used in the field. It uses broadcasting antenna patterns (where pro-
vided) to ensure that the interference "zones"” predicted are as exact

as possible.

Model implementation Eo date is limited to the evaluation of the com-
patibility between FM broadcasting transmitters and the Instrument

Landing System (ILS) localizer avionics. The output of this model
consists of computer generated plots which indicate areas within the
three dimensional localizer service volume where A2, B2 and/or Bl {nter-
ference i8 to be expected under certain conditions. This model differs

significantly from earlier methods of analyzing compatibility in that

a three dimensional analysis is performed which takes into considera-
tion the vertical structure of the localizer service volume as well as
the vertical pattern of the FM broadcasting antennas involved. The
operator has the option of selecting any search distance for FM stations
as measured from the edge of the service volunme. The default (and
minimum allowable) value is 55 km (30 NM) to minimize computation tinme.

Empirical data

The results of a joint Canadian/United States ILS/VOR receiver bench.
test program comprise the first set of data incorporated finto the model.
(Annex 1, Part 3). Additional testing has been completed in the United
States, and the results h?ve been incorporated into this database. A
total of 28 receivers underwent bench testing to determine their sensi-
tivity to Al, A2, Bl & B2 interference from FM broadcasting signals
(See Table XXXIV). In some cases multiple units of the same model were
tested to gain insight into the repeatability of the data. Those
models, which are among the most popular, did exhibit remarkable re-
peatability. A detailed description of this additional testing is the
subject of a separate document to be published by the United States
Federal Aviation Administration.
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3.1.2.2 A total of 15 different antennas. mounted on 14 different airframes,
are included in the data which forms the basis of the model. A listing
of the airframes and antenna models is included in Table XXXV. The fre-
quency response curve of the Geneva Agreement, 1984 4is the curve cur-
rently {ncorporated into the model. Horizontal or vertical directivity

of the aircraft antenna is not considered.

3.1.2.3 Vertical radiation patterns of 11 different types of FM broadcasting
antennas was provided by antenna manufacturers and is included in this

model. Table XXXVI lists the types and Figure 31 is a sample pattern.

3.1.3 "Model Formulation
3.1.3.1 The model calculates predicted areas of A2, Bl & B2 interference within
the ILS localizer service volume. ‘For A2/B2 interference field

strengths of FM broadcasting signals are calculated and compared to the
immunity criteria presented in Figure 32, the adopted curve of the Geneva
Agreement, 1984. At the upper end of the curve, near 108 MHz., A2 pre-

dominates over B2 and i{s the determining factor.

3.1.3.2 Criteria for type Bl interference (3rd order. 2-signal and 3-signal
receiver intermocdulation) is based on the data taken by the United

States and Canada, some of which appears in Annex I. Part 3.
The 2-signal compatibility occurs when:

2
2N, + N, ¢ 26.4 log [Af°; x Af, ] - 133.8

The 3-signal compatibility occurs when:

Ny + Ny, + Ny ¢ 27.1 log (Af, xAf, x Afy] - 141.3

3

where:
"1 = ith FM received power, dBna

Af, = £, - £, (PM). MH:

3.1.3.3 The interference threshold equations in the AAM assume a localizer
signal of -86 dBm (the ICAO minimum field strength converted to dBm)
throughout the entire service volume (Fighﬁ 33L Terrain shielding
(Figure 34). ajrcraft shielding and monitor thresholds can create areas
where théw;ctuul received.signal is less than would be predicted using
standard propagation analysis techniques. (Operationally, receiving
antenna reception patterns can vary considerably for various aircraft
attitudes and orientations, thus further degrading the signal level.)
Should terrain shielding reduce the actual field strength below the
minimum level allowed by flight check (-90.5 dBm) a reduced or modified
service volume may be declared and published. Also, the ILS transmitter
monitor will allow a 3 dB reduction in transmitter power before turning

off the ILS transmitter.

3.1.3.4 The AAM looks for possible interference anywhere in the entire ILS
service volume in order to ensure that it is8 interference free as op-
posed to only the centerline approach region. A pilot off course relies
on the directional guidance provided by the ILS to his course deviation
indicator (CDI) to steer the aircraft in the direction necessary to

regain the course. Radio frequency interference to the localizer could
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give unpredictable readings and may even result in centering the needle
of the CDI, the normal indication that the pilot is on course. Addi-
tionally. providing leas than full protection of the Service Volume
would reduce the flexibility of air traffic control operations and could
jeopardize the viability of a given approach. Since it is extremely
costly and difficult to relocate an airport, the decision was made in
the U.S. to check for interference in the entire service volume and

protect all usable airspace within 1t.

NOTE (1). ICAO Annex 10, Volume 1, Part 1, Section 3.1.3.3.2
specifies 40 uV/m as the minimum signal level within
the localizer coverage volunme. This is equivalent
to -86 dBm at the terminals of a lossless isotropic

antenna.

Bench data indicates that in most receivers, FM broadcasting inter-
ference tends to widen the course. However, in at least one pqpular
model., the needle can be made to veer to one side of the CDI (Annex I,
Part 3, Section 3.7). It is critical that the entire service volume

be protected from such FM broadcasting signal induced interference.

The computer implementation of the model performs FM broadcasting signal
level calculations at hundreds of locations throughout the ILS local-
{zer service volume under investigation. Calculations are performed
over a grid with points every 300 m ( 1000 ft.) horizontally. For all
FM stations within the service volume, a 30 x 30 m (100 x 100 ft.)
horizontal grid of test points is used in the vicinity of the stations.
The model can also plot a vertical slice of interference areas at the
users option. Such a three dimensional matrix of signal levels from
all FM transmitters under investigation is calculated. These levels
are combined and compared with the Bl intermodulation criteria for 3rd
order, 2- and 3-signal intermodulation, A2 and B2 criteria. At each
location where compatibility criteria are violated, a dot is placed on
a computer generated plot. Examples of such graphic plots are depicted
in Figures 34-38. As can be seen, the results are sensitive to both
the vertical dimension of the service volume and vertical antenna pat-
tern of the FM broadcasting station radiating elements. This result

{8 then used to assess the compatibility between the FPM broadcasting

environment and the ILS localizer system.

U.S. Experience with the Model

In an effort to reduce the computing time, the U.S. has made a nuamber

of modifications to the model. The U.S. model now performs the compati-
bility assessment in two phases. During the first phase (pre~screening
phase), the model performs the analysis on test points based on 2400 x
2400 m (8000 x 8000 ft.) horizontal spacing with 30 x 30 m» (100 x

100 ft.) vertical increments. For the second phase, the model uses

300 x 300 m (1000 x 1000 ft.) horizontal spacing with the same 30 x

30 m vertical increments.

In order to avoid the possibility of missing any potential problems
during the pre-screening phase, the analysis {8 made under the following

special conditions:

(1) 12 dB is8 added to the e.r.p. of each FM station
(2) No vertical pattern corrections are made for the FM stations

(3) Airborne receivers are in the FM main beam
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If any potential interference problems are detected during the pre-
screening process, the model automatically starts the analysis over

again with the 300 x 300 m horizontal spacing.

The two-phase analysis technique used in the U.S. model essentially

doubles the speed of the entire analysis.

The FM station search 15 now conducted in an elliptical pattern sur-
rounding the service volume, instead of a circular search from the
localizer. The minimum ellipse is determined such that at no point 1t

is leas than 55 km (30 NM) from the edge of the service volunme.

Other improvements include addition of VOR stations as an interfering
source and a number of cosmetic changes to make the model more user

friendly.

Operation of the AAM i{tself has yielded some surprising results. In
one recent case. an applicant proposed to relocate his antenna. The
"Venn diagram™ method showed that at the proposed site., the predicted
interference would have been no worse than that at his existing site.
This normally would have meant granting the proposal with a conditional

statement added.

Subsequently, the data was run through the AAM. Using the generic
antenna pattern, the predicted interference was worse by a negligible
amount (an additional 15 - 22.5 m (50 - 75 feet) up into the service
vaolume) . As is the procedure when interference is predicted using the
generic antenna model, the more precise antenna model was used. Once
the appropriate antenna type model was included, the AAM showed that
interference would have been present throughout a significant portion
of the service volunme. Figure 39 1llustrates a characterization of
the interference in a vertical plane through the ILS transmitter and

the FPM transmitter site.

Another recent case, the AAM predicted interference in such graphic
detail that examination of the plots by the applicant's engineer along
with his knowledge of the operation of the model, resulted in them with-
drawing their own engineering study until further notice. Pigure 40
illustrates a vertical characterization of this interference along a

radial through the FM transmitter location.

The AAM can also assist in interference investigations. Charac:eiistics

of aircraft type, receiver and antenna system, when included into the

AAM submodels, will represent a specific aircraft. The characteristics
of several flight inspection aircraft are included in the databases

and it is possible to specify a particular aircraft and configuration.
By using a new antenna calibration facility at the Atlantic City., New
Jersey the flight inspection aircraft antenna patterns will be docu-
mented. Having a calibrated aircraft will allow the analysis of an
interference situation prior to actual flight measurement as was il-
lustrated recently in an {nterference case at Greenville, North Caroli-
na. There was a report of FM interference to the localizer at Pitt-
Greenville Airporct. The AAM predicted that the interference was not
FM. A subsequent flight check verified this.
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Validation

Validation of the model is being accomplished by comparing calculated
performance of ILS localizer avionics with measured performance under
actual flight conditions employing a specially equipped aircrafe. This
aircraft - is particularly valuable for this function since both its
avionics receiver and antenna characteristics have been measured and
calibrated as part of this model development effort. The avionics
receiver was measured during the bench test program. The antenna was
calibrated in both its horizontal pattern and frequency response at

the Canadian antenna measurement range. Validation of the model is in

progreass. with encour:3ing results from initial flight testing efforts.

Recently. there was a report of radio frequency interfe-ence to the
localizer (110.5 MHz) at Marquette, Michigan. This interference was
reported on runway centerline and was indicated by a drop in localizer

flag current.

Using the Airspace Analysis Model, it was determined that the cause of
the centerline interference was intermodulation between the Marquette
VOR (109.0 MHz) and WMQT. The VOR is located 3 km (1.6 miles)
from the threshold. 2 degrees right of the centerline extension. While
other navaids are not usually considered in FM {nterference cases, this
particular one offered a unigque situ?tion due to the location of the
VOR The VOR was treated as a radiating source just like an FM

broadcasting station.

This cas- offered a good opportunity to validate the AAM predictions,
since both the localizer and the VOR could be reduced in power or
shut off completely to determine the effects of the interference.
Consequently, the Bpecially instrumented airplane was deployed to con-
duct flight measurements. {Repeated approaches were made to the local-

{zer and the following -esults were noted:

Run VOR TUNED FM cD1 Flag

No. Status Trap Indication Indication

1. Normal Not used Slight Waiver Pully visible
2. Normal Inserted Steady Barely visible
3. Reduced 3 dB Inserted Steady Flag Hidden

4. New freq. Not used Steady Flag Hidden

The existence of type Bl is clear:y indicated by the above data since
an attenuation of either the VOR er FM station signal eliminated
the interference. The location and coverage of the measured i{nterfer-

ence corresponds to AAM predictions.

The operating frequency of the VOR was changec fo eliminate the
{ntermodulation and subsequent flight measurement: indicate that the

localizer interference is no longer present.

89
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Future Enhancements

Presently. the Airspace Ana}yais Model will evaluate the effectas of FM
broadcasting stations to ILS localizers. This {5 being expanded to
include the evaluation of FM broadcasting interference and VOR and COM
service volumes. In the future, the AAM will evaluate the effects of
VHF and UHF television stations to all aeronautical faciliti{es in the
108-137 MHz band.

As these future enhancements are added, the capabilities of a micro-
computer will be greatly taxed. Plans include adaptation of the AAM to
operate on a supermini or possibly a mainframe computer. This will

allow the evaluation of many more stations and the potential problems

they may cause.

Interference Prediction Technigue for Spurious Emissions Interference

type Al)

The spurious interference occurs when the receiver responds to compo-
nents of the FM signal which are i{introduced into the aeronautical fre-
quency bands, and thus, within the receiver (IF) response. The major
factors involved in calculating interference of this form are the re-
ceiver sensitivity, the FM spuriocous emission limits, and the power
(e.i.r.p.) of the FM station. The antenna, filter, and receiver aselec-
tivity of the aeronautical systems under these conditions have no effect
as the FM spurious emission is an on-frequency 1nterfgring signal.

Thus., aspurious interference to VHF aeronautical systems can occur when:

e.i.r.p. - L - Sz »? Rs and,

D

where:

e.i.r.p.: equivalent isotropic radiated power of the FM station
(dBm) (e.{.r.p. = e.r.p. ¢+ 2.15 dB):

LD: free space transmission loss in dB:

SR: spurious emission limit in dB below the FM station
power:

Rg: receiver sensitivity {in dBm.

For FM station No. 2 provided in the Figure 41 COM example:

e.i.r.p. = 164 kW or 82 dBm (for e.r.p. = 100 kW) 4including
vertical antenna patterns as appropriate:

D - 37.8 + 20 log (119.3) + 20 log (3) = 89 dB:

SR = 80 dB (required minimum suppression in U.S. for fre-
quencies more than 600 kHz from carrier):

Rg = -104 dBm (typical ground receiver).

Therefore: 82 dBm - 89 dB - 80 dB = -87 dBm which is approximately 17
dB greater than the typical aeronautical ground receiver sensitivity,
therefore, spurious interference i{s possible under these conditions.
1f FM station No. 2.1n Figure 4] was moved to a location approximately
38 km (21 NM) from the airport, or if the power of the FM station was
reduced by 17 dB, or {f the maximum spurious radiati{ion was limited to
97 dB below the carrier the asaeronautical ground facilities at the air-

port would be protected from FM broadcasting spurious interference.



3.1.8.1

3.1.9

3.1.9.1

3.1.9.2

Rep. 929.9 91

Interference Prediction Technigue for Aeronautical Receiver Oveaload

(type B2)

—_—a e T

Front end overload or desensitization of an aeronautical receiver occurs
when the receiver RF section is driven into non-linear operation by

the high-power FM signal. Intermediate frequency selectivity will not
provide any protection as the overload occurs in the broadband RF sec-
tion which uill'usually respond to most signals in the FM broadcasting
frequency band. The current criteria for type B2 _.terference for
airborne VHF communications receivers ig -10 dBm at the input of the
receiver and -4 dBam for ground VHF communications equipment. Overload
(B2) and {intermodulation (Bl) interference contours for communications

avionics from FM broadcasting stations {s shown in Figure 4],

Venn Diagram Approach for Type Bl Interference to Communications and

VOR Receivers

The following procedures, known as the “Venn Diagram” approach. con-
tinue to be used to evaluate the effec: of FM brqadcayting stations

on airborne VHF communications and VOR navigations systems. This tech-
nique {8 to be phased out in favor of a more powerful computer model
described in section 3.1.3. Until a sufficient empirical receiver
data base is developed to support such an approach, the Venn Diagram
approach will continue to be used. The necessary data base is being
developed via bench testing of VOR and communications receivers in the

United States.

Tests performed in 1978 on airborne communications receivers indicacte
that at least one strong FM signal (prime signal) is required to force
the receiver RF part into non-linear operation. Once the receiver wce
operating in the non-linear mode, the prime signal could mix with other
signals 10 to 20 dB lower in level (secondary signals) to produce haram-
ful intermodulation products. Teasting of receivers indicated that the
minimum prime signal level at the input to the receiver was approxi-
mately -10 dBm for airborne communication receivers and -20 dBm for
airborne navigation receivers. The minimum secondary signal level for
both types of airborne systems was approximately =-30 dB8m. By assuaing
a lossless isotropic receiver antenna. no line loss, and free space
propagation 1011? contour distances corresponding to received power
levels of -10, -20, and -30 dBm can be calculated using the following

formula:

Free space loss closely approximates median transmission loss curves
when transmitter and receiver are within line-of-sight (LOS). LOS for
an aircraft at about 1500 m (5000 ft.) would be a minimum of 87 NM

regardless of FM station antenna height.
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: contour radius (nautical miles):

- 37.8 for d in nautical milea. or 32.4 for 4 in ki

lometres:

e.i.r.p.: equivalent isotropic radiated power of the FM broadcasting

station (dBm)(e.i.r.p. = e.r.p. + 2.15 dB) including vertical

radiation patterns as appropriate:

£ FM centre frequency (MHz):
P: contour power level desired, either -10. -20, or
x° avionics antenna out-of-band rejection.

-30 dBm:

OQut-of-band avionic antenna rejection (LR) is approximated

as follows:

For a navigation antenna:

Ly = 3 dB: plus 1 dB/MHz below 108 MHz.
For a communication antenna:
LR = 10 dB: plus 2 dB/MHz below 100 MH:z.

The out-of-band antenna rejection value (LR) 18 subject to wide varia-

tiona which are a function of airborne antennas and i{nstallation dif-

ferences.

Communications example

Figure - 4] gives a pictorial presentation of the interference prediction

nethod using the Venn diagram technique.

In this example, FM station No. 1 is presently operating on 96.5 MHz

with 100 kW e.r.p. and is8 located approximately 55 km (30 NM) from the

airport. FM station No. 2 is being proposed to operate on

107.9 MHz

with 100 kW e.r.p. at a location approximately S.6 km (3 NM) from the

airporct. An interfering intermodulation signal is predicted on the
airport tower frequency 119.3 MHz (2 x 107.9% - 96.5 = 119.3). The solid

circle indicates the -30 and -10 dB contours for FM stations No. 1 and

No. 2, respectively. The crosshatched area indicates the area where

intermodulation interference in COM receivers is likely. When the

antenna rejection of the airborne communication antenna is
the respective interference contours would recede to éhose
broken circles. In this case interzsodulation interference
cant only when the airborne communication antenna provides

of the FM band. Even if FM station No. 1 was not involved,

considered.

shown by

is signifi-

no rejection

interference

could result from the assignment or FM station No. 2 within the service

volume of the tower frequency due to receiver front end overload (type

B2) or spurious interference (type Al).
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TABLE XXXIV

RECEIVERS TESTED

RT-3841

RT-385A

MX 300

RNA 26C

RNA 34A

VIR-30

VIR-351 (2 units tested)
S1RV 1

S1RV 1A

S1RV 2B

ILs 70

KX 155

KX 170B

KX 1758 (2 units tested)
KN S3 (2 units tested)
KNS 80

KNS 81

KNR 615 (2 units tested)
NAV 121 (3 units tested)
NAV 824 -
NAV 825

MX 12D

TABLE XXXV

AIRFRAME CONFIGURATIONS

Airframe and antenna

Piper Arrow 1V

Cessna 172

Mooney M20C

Mooney 201
Beechcraft
A-36

Piper Twin
Beechcraft
Beechcraft
Model 100

Beechcraft
Model 200

Bonanza

Comanche
Baron

King Air

King Air

Rockwell Saberliner
NA265 Model 80

configurations measured for the antenna data base.

borne and Margolin DMN-42-1
Antenna Specialists AL 12-L

VRP-37

Dorne and Margolin DMN-48-1
Communications Components 35-50-11
Dorne and Margolin DMN-4-17E

Dorne and Margolin DMN-48-1
Unknown manufacturer, cat's whisker
Dorne and Margolin DMN-4-17

ARC ASS80A '
Collins 137x-1

Dorne and Margolin DMN-4-15-3
Dorne and Margolin DMN-4-1S

Dorne and Margolin DMN-4-15-3

Grumman Gulfstream GII Collins 837B-1

McbDonnel Douglas DC-9

Boeing B-727

Dorne and Margolin DMN-20-1-9
Flush mount., vertical stabilizer

Flush mount, vertical stabilizer

93’
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TABLE XXXVI

FM BROADCASTING ANTENNA TYPES

FM broadcasting antenna types used for model vertical patterns.

3-bay no beam-tilt no null-fi11
4~-bay no beam-tilt no null-f111
6-bay noe beam-tilt no null-fil1
6-bay -1.0° beam-tilt - no null-fi1l1
6-bay " -0.5° beam-ti1lt 10% null-f£111
7-bay no beam-tilt no null-f111
8-bay -0.5° beam-tilt 20% null-f£111
10-bay no beam-tilt no null-fil}
12-bay no beam-t{lt no null-£f411
12~-bay -O.6° beam-tilt 12x% f4{rst/5X second null-f11l1]
l14-bay -0.5° beam-tilt 20% null-fi11

o8 -H-
Y
|
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\. . ! ? ;
\

P AN ‘ i N
V. VIV NA N

10 0 -10 -20 -30 -40 -50 -60 -70 —-80 -90
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(=]

o.
N

Degrees relative to horizontal plane

FIGURE 31 - Typical vertical radiation patter of an FM
broadcasting antenna
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Figure 32 - A2/B2 Criteria used in the model
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SERVICE VOLUME
ILS LOCALISER
OPTION B SERVICE VOLUME ( n E)

18 NM
(33.3 km)
9,64 NM
(17,9 km)
4500 ft 4500 ft
[-] o
(1372 m) A7 ) % 7 + (1372 m)
\ 1 /
T\ 1000 # t

M
m) Note:

OPTION C SERVICE VOLUME
ILS LOCALISER
(BACK COURSE)

25 NM (46,3 km)

25 NM (46,3 km)

[}
Y 1000 ft/1
\ (305 m)
4,8 NM 4,8 N ‘
(8,9 km) 9 ki

All elevations shown

are with respect to
the station’s site

elevation (AQL)

9,64 NM

9,64 NM
I.(17.9 km) 1 (17.9 km) I
¥
6250 ft 6250 ft
79/ 20 {1905 m) (1905 m) o V°
1000 ft + _ L= | F
(305 m) f { ]
4,8 NM 4,8 NM
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TOUCHDOANN POINT
LOCALISER
ANTENNA ' LOCALISER ANTENNA
Figure 33-

ILS Service Volumes in the United States

‘f— 1000 ft
¥ (305 m)



Rep. 929-2

9|' {
iy ailililll .miri i: h; iifatlil”
mlululmli‘

uuu'

y 5421
°5,  h0. 15 20, 25, 3o
Distonce (NM}

Teee
—

Figure 34 - Three Slgnal Intermodulation Product 100.9 MHz + 105.7 MH:

- 97.3 MHz 109.3 MHz. The solid line in the vertical

slice shows the terrain contour protruding into the
service volume.
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i

Figure 35 - Flot of —20 dBm (or greater) sigral strerngth
a contour from a proposed FM transmitter anterna
lacated at the edge of the service volume as
calculated from the Venn diagram model.

il
]

Figure 36 - Same scenario as in Figure 35, but using the

: camputer mathematical model. The effect of the
vertical FM antenna pattern manifests itself
the clear circle within the cortour where the
signal strength falls below the threshold due to
vertical lobing.
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Horizontal Plot

20

wczY
B -30 dBm
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~
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g
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Fiqufe 37 - Venn diagram approach to Bl intermod analysis for
h a typical FM antenna locat:on.
' —rr A o
- S
AL LR r!",.:-,"”
S
! it
Same scenario as in Figure 37, but using the

Figure 38

computer mathematical model on the floor of the

service volume and incorporating vertical FM
broadcast antenna pattern data.

Note the

correlation with the shaded area in Figure 37.
The notable exception is the clear circular areas
vhere the interference criteria is not exceeded
,due to the vertical lobing of the FM antenna.
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Figure ;39

Distance (NM)

8921.
5421.
"o. 5. 200 25,

Three signal intermodulation product of 105.7 MHz +

104.5 MHz - 100.9 MHz

109.9 MHz showing distinctive

lobing patterns in a vertical plane along a radial through the

FM station.
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Figure 40 - Three signal intermodulation product of

100.9 MHz + 105.7 MHz - 97.3 MHz = 109.9 MHz
showing distinctive lobing patterns in a

vertical plane along a radial through the
FM antenna
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13.7 km

—30 dBm contour’(7.4 NM)
with 17 dB antenna rejection

— /@on No. 1
- 96.5 MHz

/ 100 kW e.r.p.

—10 dBm contour (5.2 NM)

—10 dBm contour (1.7 NM)
with 10 dB antenna rejection Service volume of the
control tower frequency

radius = (0 NM
km

"Q Airport control tower
d 47 frequency: 119.3 MHz

FM station No. 2
107.9 MHz
100 kW e.rp.

7
A

—30 dBm contour

K

Area where intermodulation interference
in avionics receiver is likely

41
FIGURE S — Example of method used to predict interference
10 communications receivers
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Part 4 of Annex II

The LEGBAC Unified Assessment Method for Aeronautical-Broadcast Com-

patibilicy

General

The central objective of the Unified Assessment Method is to define
test or calculation points within the aeronautical service volume such
that all significant potential incompatibilities are identified. These
points will establish the maximum degree of potential incompatibility

associated with a particular aeronautical service.

A method, different from that contained in the Geneva Agreement. 198¢4.
was necessary because the principles used at that Conference to identify
potential fnterference cases wWere not complete, mainly because of the

lack of sufficient test points.

The Unified Assessment Method i1s based upon protection of the aeronaut-
ical radionavigation service down to a height of 600 metres above local
terrain. In areas where aircraft are approaching or landing at or
departing from an aerodrome, protection is assumed down to ground level.
For VOR where the antenna of the broadcasting station is more than 300
metres above local terrain, a minimum vertical separation between an
ajircraft and the top of the antenna is assumed to be 300 m while the

minimum lateral separation would not be less than 3 kn.

From the aeronautical operational point of view these lower limits were
considered to reflect in general the normal operational use of these

radionavigation facilities.

When setting a minimum altitude for the testpoints the effect of the
vertical radiation pattern of the broadcasting antenna may be used in

compatibility calculations.

Although they are based upon the same principles, two different methods

for assessing compatibility were agreed, one for ILS and one for VOR.

The method to be used for assessing compatibility with ILS i{s based

upon a sufficient number of fixed test points within the ILS service
volume to identify every potential interference case using, within
certain limitations, the vertical radiation pattern and the actual slant
path.

This method indicates the'prctection margins or interference margins

at the test points.

When assessing compatibility with VOR, test points inside the VOR servi-
ce volume will be selected vertically above the broadcasting station.
In this case the reduction of the e.r.p. due to the vertical radiation

pattern is at a fixed value.
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Antenna Corrections

Polarization

In general no account is taken of any polarization discrimination bet-
ween broadcast and aeronautical radionavigation transmissions. In the
special case of mixed polarization with equal horizontal and vertical
components, an allowance. indicated in Section 7.4 of Annex 2 of Geneva
Agreement, 1984, is made by adding 1 dB to the e.r.p. of the polariza-
tion component in the same plane as that used by the radionavigation

system.

Horizontal Radiation Pattern {(HRP)

FPor a broadcast station having a directional antenna in the Geneva Plan,
1984, HRP data are specified at 10 degree azimuth intervals. HRP cor-
rections are generated using linear azimuthal interpolation of values

expressed in dB.

Vertical Radiation Pattern (VRP)

With a view to reducing the number of potential {ncompatibilities advan-
tage can be obtained by taking account of the attenuation due to the
VRP of broadcast antennas. Such VRP corrections would be applied only

for angles above the horizon from the broadcast antenna.

Within the design of broadcasting antennas a number of configurations
is available. These can vary from a simple antenna such as & dipole.
as often used at low power stations, to the more complex multi-tiered

antenna normally used at high power stations.

Table VI can be used as a guide tc the relation between the maximunm

total e.r.p. and the vertical aperture in wavelength.

TABLE XXXVII

MAXIMUM TOTAL e.r.p. VERTICAL APERTURE IN WAVELENGTHS
e.r.p. > = 44 dBW 8
37 dBW ¢ = e.r.p. ¢ 44 dBW 4
30 dBW ¢ = e.r.p. < 37 dswvw 2
30 dBW > = e.r.p. 1

VRP corrections for vertical apertures of two or more wavelengths

In order to calculate the VRP correction, V. the following formula can

be used:

V = -20 log (TT.N.sin®) dB
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where N = vertical aperture in wavelength

€ = elevation angle relative to the maximum

(normally horizontal).
It should be noted that for small elevation angles this expression can
produce positive values for V. In such cases V i3 set to O dB (i.e.:

no VRP correction is applied).

For high elevation angles the VRP correction is limited to a value of
-14 dB,

i.e.: 0 » = VRP correction » = =14 dB.

This formula has been chosen as a suitable compromise for all polar-
izations.

VRP corrections for vertical apertures less than two wavelengths

In order to determine the VRP corrections, the values in Table XXAVIII
should be applied.

The table specifies the correction values for every ten degrees. For

intermediate angles linear {interpolation should be used.

These values in this table have been chosen as a suitable compromise

for all polarizations.

The limiting value of -8 dB takes account of the worst case slant path.

TABLE XXXVIII

Elevation angle VRP Correction
{degrees) dB
o (o}
10 Q
20 - -1
30 -2
40 -4
50 -6
60 -8
70 -8
80 -8
90 -8

VRP correction for spurious emissions in the band 108-118 MHz

Taking account of the approximations inherent in the formula given 1in
2.3.1 and in Table XXXVIII these VRP corrections may be assumed to apply
alsoc to spurious emissions in the band 108-118 MHz.
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Combining VRP and HRP corrections

Experience has shown that {t i3 very rarely necessary to take HRP cor-

rections into account for elevation angles of more than 10 degrees.
At the elevation angle of 90 degrees no HRP correction is applied.

HRP and VRP corrections in dB should be added arithmetically subject

to a maximum total reduction of 20 dB.

Application of Unified Assessment Method

General considerations

In applying the Unified Assessment Method the compatibility criteria
contained in the Geneva Agreement., 1984 (Annex 2, para 7.6) except

regarding the cut-off values (see Appendix 1), shall be used.

Broadcast stations to be included in a particular analysis at a test
point, are subject to the distance liaits given {n Attachment 1. consis-
tent with an overall upper limit of 125 km in the cases of Al, A2 and

B2 éype interference.

Spurious emissions (Al type) except radiated intermodulation products
(IP). should, as a general measure, be kept at such a low level.that
there will be no incompatibility to be considered further in the com-
patibility analysis. Hence Al calculations are to be made only for the

case of radiated IP from co-sited transmissions.

Transmissions are considered to be co-sited when the geographical co-

ordinates are the same.

To allow for the variation of Al suppression with transmitter power,

the following values are to be used:

-e.T.p. > 48 dBW suppression = 85 d4B:
-e.r.p. = 30 dBW suppresasion = 76 d4B:

between the given values, linear {interpolation is to be used.
-e.r.p. ¢ 30 dBWwW suppression = 46 + e.r.p. (in dBW) dB:

To calculate Al margins consistently, the following procedure has been

adopted.
FPor each of the possible contributors:

- calculate the interfering field-strength level at the test point,
taking account of the e.r.p. of the broadcasting transmission in the

relevant direction and subtracting the relevant Al suppression value:

- derive the Al margin from the highest value of interfering field
strength. the level of the wanted signal (32 d8 (puV/m) or 39 dB
(uV/m)) and the protection ratio appropriate for the frequency dif-
ference between the intermodulation product and the aeronautical fre-

quency:



4.3.2

4.3.2.1

4.3.2.2

4.3.2.3

Rep. 929-2 107

- in the case of mixed polarized transmissions the suppression ratio
and the assumed vertical aperture are derived on the basis of the
total e.r.p. However, the e.r.p. to be used for the determination

of protection margins shall be:

- the larger of the VP and HP components in cases where they differ

in value:

- the total e.r.p. reduced by 2 dB in cases where the VP and HP

components are of equal value.
The procedure described above for the determination of antenna vertical
apertures in the case of mixed polarized transmissionas applies also

for calculation of Bl and B2 margins.

Information on actual radiated IP levels as well as antenna gain will

be used if available when calculating Al.

In an analysis the B2 type interference {8 calculated before Bl.

Compatibility calculations for ILS service volumes
Test point location and height

The distance aﬂd bearing, relative to the ILS localizer alte‘and centre

line, for each test point are given in Table VIII.

The convention adopted for bearings is that locations which are clock-
wise of the ILS centre line, as viewed from above, are to be regarded
as having positive bearings.

Calculations for test points A, E, F and G, which are within the 1ILS
critical zone and within 9 km of the touch down point., are to be made
for a height of 300 m above the localizer site.

Calculations for the remaining test points are to be made for a height
of 600 m above the localizer site.

Minimum separation distance

The slant path distance between the BC antenna and a test point is to
be used in field strength calculations. However, the following minimunm
values of lateral separation distance are to be used:

100 m if the BC station is within or below the ILS critical zone,

300 m 1f the BC station is not within or below the ILS critical zone.

VRP Correction

The VRP correction procedure described in Section 4,23 is8 to be applied.
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Calculations for Bl compatibilicty

Within or below any ILS service volume, calculations for Bl compati-
bility shall be made for the test point specified in Section 4.3.2.1
taking account of the special provisions of Sections 4.3.2.2 and 4.3.2.3.

The resultant protection margins shall be printed 1f worse than 0 dB

recognizing that the worst margin may not be representative.
Calculations for Al, A2 and B2 compatibility

Calculations are to be made for the test points speciflied in Section
4.3.2.1 account being taken of the special provisions of Sections 4.3.2.2
and 4,3,2.3. the results are to be printed if the protection margins are

worse than O dB.

If the BC antenna is within or below the ILS critical zone, calculations
are also made for a lateral separation distance of 100 m in the horizon-
tal plane through the BC antenna, using the maximum value of the e.r.p.
If the protection margin is worse than O dB, the results are printed
together with the distance and bearing of the BC station from the lo-

calizer site.

If the BC station is within or below the ILS service volume but outside
the ILS critical zone, calculations are also made for a test point lo-
cation above the BC statio: (for a height of 600 m above the localizer
site). The relevant maximum VRP correction derived from Section 4.2 4is
applied. However, {f the BC antenna is more than 500 m above the io-
caliser site, these calculationa are made for a lateral separation
distance of 300 m in the horizontal plane through the BC antenna using
the maximum value of the e.r.p. I1If the protection margin is worse than

O dB., the results are printed as in the previous paragraph.
Compatibility calculations for VOR service volumes

Test points are selected Iin accordance with the criteria set out {n
4,3.3.1 and 4.3.3.2 below. For each of these test points field strength
calculations are carried out and th values obtained may be used direct-
ly for A1, A2 and B2 analyses. At any test point where the signal level
is above the Bl trigger level, the test point is retained for further

Bl calculations. However, the Bl potential incompatibility is printed
only if it involves one of the transmitters on the site of the trans-

mitter which caused the test point to be generated.
Test point height

Test points should be selected within the designated operational cover-

age (DOC) as promulgated by ICAO.
The lower boundary of the DOC is assumed to be:

- 600 metres above local terrain as determined by the site

height of any relevant broadcasting station:
- 300 metres above the relevant broadcasting antenna:

- the height derived from Figure 43, to which {s added the

height above mean sea level of the VOR site., {f known:

whichever 18 the greatest.
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The minimum altitude of the aircraft antenna is. for compatibility
assessment purposes. at least 600 m above ground level. This implies
that interference to the VOR at heights below 600 m. within line-of-
sight of the VOR, 18 not calculated.

The mini{imum height of the test pcints determines the vertical separation
from the BC antenna. When a VRP reduction of 14 dB is assumed (see para’
4,2.3.1). a vertical separation of 300 toc 600 metres corresponds to a >
lateral separation distance of 1500 .to 3000 metres. This excludes the
need to define a minimum lateral separation distance. It provides also
for adequate test points when the VOR is used as an intermediate or

final approach aid, since the minimum separation distance between an

aircraft and a broadcasting antenna {8 assumed to be not less than 3 km.
Test point location

Tesé points related to broadcasting transmitters that are inside the DOC

Teat points are located above the broadcasting antenna, as indicated in

4.3.3.1.

Test points related to broadcasting transmitters that are outside the
boc

Broadcasting stations in the near vicinity of the DOC within an extended
zone of 3 km should be treated as in 4.3.3.2.1; for stations outside this
zone an appropriate test point will be generated at the nearest point

on the edge of the DOC, and at a height which is the greatest of

- BC antenna height above mean sea level:

- the height derived from Figure 43, to which is added the height

above mean sea level of the VOR site, 1f known:

- 600 m above mean sea level.

Results shall be printed for each test point at which the protection

maryin is worse than 0 dB.
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Test point locations
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Distance versus test-point height
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TABLE XL

Coordination distances

Broadcasting station frequency (MHz)
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Part 5 of Annex II to Report 929

Compatibility assessment method used in Poland

In general terms, the compatibility criteria and procedure specified
in the Geneva Agreement, 1984 are applied. although some of them have

been modified, as indicated below:

1. FM antenna vertical radiation pattern. A model similar to that
proposed in Report 1198. Annex III Section 2, is used with the
value of maximum reduction modified to correspond with the per-

formance of antennas produced in Poland.

2. Interfering signal propagation model. Free space propagation is
assumed with an attenuation value of 20 dB applied beyond the radio

horizon.

3. Receiver model. The model of the Geneva Agreement. 1984 is applied

with an i{mprovement taking into account the level of wanted signal:

- Al: the predicted wanted signal field strength is taken to

calculations inatead of the minimum signal level.

- Bl: the constant in the Bl criterion is reduced by the value
0of the difference between the predicted wanted signal level

and the minimum signal level.
The test point distributions assumed are given in Figures 44 and 45,

In the case of ILS test points, the heights chosen correspond to the
minimum glide slope. Points at a given distance are all assigned the

same hefight value.

In the case of VOR and VHF COM, heights of 2000, 5000, 7600 and
10000 m are used for each test point location.

The test points are located along the airways at 15 km {ntervals.

However, any point near a broadcasting station will be moved:

- to be coincident with the station, if this is under the airway,

or.,

- to the edge of the airway for stations just outside the horizontal limit of the airway
(see Figure 45),
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Fig. 44 - Test point distribution for a) ILS,
and b) VHF COM, e.g. tower communications
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Fig.45 Test points for VOR and VHF COM
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Part 6 of Annex II

Analyses and Practical Experience

Region 1 Analyses

Analyses of the Geneva Plan, 1984, in Region 1 indicates a consid-
erable number of potential theoretical incompatibilities with the
aeronautical radionavigation services resulting from application

of the protection criteria contained in the Geneva Agreement, 1984.

Region 2 Analyses and Practical Experience

With regard to Region 2, studies have been made to apply the
FM/Aeronautical compatibility criteria embodied in the Geneva
Agreement, 1984, tcoc the North American area where thousands of FM
broadcasting stations have been operating for many years throughout
the band 88-108 MHz, at maximum e.r.p. values of 100 kW. ILS lo-
calizer systems at Washington, D.C.:; San Diego:; St. Louis: Miami:
New York City and Denver were analyzed using FM stations selected
using the table in Annex S.1. of the Geneva Agreement, 1984, impli-
cating FM transmitters currently operational, (see Figures 46 to 51). The
theoretical analyses did nottakeinto account terrain effects, flight
operation, restrictions on traffic flow due to saturation of airway

facilities in high density terminal areas or physical obstructions.

In practice, all of the FM stations included in the ILS analyses
for the above mentioned cities operate compatibly with the indi-

cated aeronautical facilities.
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PLOT OF F{ STATIONS (+) CENTFRED AROUND THE
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ANNEX III

SUMMARY OF INTERFERENCE THRESHOLD CRITERIA

1. Localizer/VOR receiver immunity formulae
14 Third-order intermodulation interference (type Bl)
Let: f; = the i FM frequency: f;, 2, s (MHz)
and: N; = the i FM received power level (dBm)
then: a; = max {0.4; 108.1 — £}/0.4
and: ~a(f)) = 20 log (a;)
Note. — No interference when formulae are satisfied.

1.1.11CAOC Annex 10 - future immunity
Reference: ICAO Annex 10, 88 3.1.4 (ILS) and 3.3.8 (VOR)

1.1.1.12 signal

1.1.2 Geneva Agreement 1984 — future immunity
Reference: Geneva Agreement 1984, Annex 5, § 1.2.1.
1.x.2.1 2 signal
2Ny + N, — 3a(fi) + 72 <0
1.1.2.2 3 signal

The Geneva Agreement 1984 specifies a future immunity formula for the 2-signal case only, but
states that a comparable relaxation in the criterion for the 3-signal case could possibly be expected. Based
on this assumption, expansion of the 2-signal case to the 3-signal case yields:

N1+N3+N3—3a(ﬂ)+78<0

1.1.3 Geneva Agreement 1984 — sype BI correction term

Reference: Geneva Agreement 1984, Annex 2, § 7.6.5.3
where: N, (corrected) = N; — correction term
and: i=1,2,3

TABLE XLI

Af
ﬁlLSI - f;inltmlod/
(kHz)

Correction term
(dB)

0
+ 50
+100
+150
+200

AN NSO

B

1.2 Desensitization (B2 type)
See Fig. 52.
1.3 Co-channel interference (type Al)

Reference: Geneva Agreement 1984, Annex 2, § 7.6.3.3 (current and future immunity)
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TABLE XLII

| e e
(kHz) (dB)

0 17
+ 50 10
+ 100 ' - 4
+150 -19
+200 —38

1.4  Side-band interference (type A2)

Reference: Geneva Agreement 1984, Annex 2, § 7.6.4 (current and future immunity)

TABLE XLIIIL

Af Geneva Agreesent 1984
- protection ratio
(kHz) (dB)
100 —~41
200 -50
250 -59
300 —68
500 -
30—~
E ~ 20 -
s& B
» 5 o - - -
3% qol—---
§ é‘ \A \
§ 3 \ \
55 o—--- ~
28 ~—— N
i AN
€Q -10}—---
E5 N
=4
30
=8 ~20—---
"0 7”00 101 102 105 104 105 106 107 108

Frequency of unwanted signal (MHz)

FIGURE 52 - ILS/VOR desensitization immunity criteria (type B2)

A: existing immunity:

- Geneva Agreement 1984, Annex2, § 7.6.6
B: future immuhity: : )

- Geneva Agreement 1984, Annex5,'§ 1.2.2

ICAO Annex 10
Amendment 65, § 3.1.4.2
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REPORT 1198%*

COMPATIBILITY BETWEEN THE BROADCASTING SERVICE IN
THE BAND 87.5 - 108 MHz AND THE AERONAUTICAL
SERVICES IN THE BAND 108 - 137 MHz

(Study Programme 46J/10)
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Introduction . . . . . . .
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Intermodulation in a transmission system
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transmitter conversion loss
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Suppression of intermodulation products in solid-
state amplifiers
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1. Introduction

Region 2 has been operating VHF/FM stations for many years in the
frequency band 88 - 108 MHz. The World Administrative Radio Conference (Geneva,
1979) extended the VHF/FM band to 108 MHz on a world-wide basis. The possibility
that the existence of broadcasting and aeronautical radionavigation services in
adjacent frequency bands might lead to problems of incompatibility was
recognized by the WARC 1979 (Recommendation 704) and also in the agenda of the
Regional Administrative Conference for FM Sound Broadcasting in the VHF band
(Region 1 and certain countries in Region 3). This conference was held in Geneva
in 1982 and 1984 to determine the technical constraints to be used in planning
the new band for the broadcasting service and to produce a Regional Plan taking
these constraints into consideration. Those technical constraints have been used
in calculating compatibility results for existing situations in North America

[CCIR, 1986-90].

This Report considers relevant characteristics of broadcast stations in
relation to the aeronautical compatibility problem.

2. Terminology

The Final Acts of the CARR-1(2) and Report 929 identify
several mechanisms by which interference to aeronautical services from M
broadcasting can arise. These can be divided into two general types. Those
arising from components radiated from broadcasting transmitters at or near the
frequency of the aeronautical service constitute Type A interference, whereas
those arising within the aeronautical receiver constitute Type B.

2.1 Type A interference

In the normal operation of broadcast transmitters Type A interference may
arise in two ways. First, a single transmitter may generate spurious emissions
or several broadcast transmitters may intermodulate to produce terms in the
aeronautical frequency bands; this is termed Type Al1. Second, the sidebands of
a broadcast transmitter may include non-negligible components in the aeronautical
bands; this mechanism, which is designated Type A2, will in practice arise only
from transmitters having frequencies near to 108 MHz.

From the viewpoint of the aviation receiver the spectral characteristics of
the unwanted signal are of rarticular significance. To a first approximation the
effects of modulated FM broadcasting signals are likely to be "noise-like" in
the receivers, with a consequential reduction in the wanted operational
cerformance of aeronautical receivers.

In addition, adverse effects in the ILS/VOR audio (identification) channel
can occur.

However, if unmodulated broadcast transmissiors were to produce stable
frequency components close to the ILS modulation signal frequencies (e.g +15 Hz
of the modulation frequencies 90 Hz and 150 Hz) then highly significant inter-
ference could occur even at very low levels of unwanted signals (see
Rerort 927).
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2.2 Type Al interference

This is variously described as "in-band" or "on-channel", and is caused by
spurious emissions (including intermodulation products) from the broadcast
transmitter station. This is generally a low-level effect and can be regarded
as harmful interference, as defined in the Radio Regulations, in cases where
the level is sufficient to affect the performance of aeronautical receivers. No
rejection can be provided at the airborne receiver. Suppression at source, the
choice of broadcast assignment, and/or distance separation are.the only practical
solutions.

2.3 Type A2 interference

This is interference to ILS channels near to the 108 MHz band edge
owing to out-of-band emissions from broadcasting stations orerating on
carrier frequencies at.the upper end of the broadcasting band.

2.4 Type Bl interference

Intermodulation generated in an- airborne receiver as 2 result of the ceceiver being driven into
non-linearity by a high-powered broadcasting signai outside the aeronautical band. In order for this
type of interference to occur, normally’atieast two broadcasting signals necd.to be present
and 'thc_y must have a frequency relatioaship which, in non-linear combination, can producs an 'fntcn-fxodulation
product within the wanted RF channel in usc by (he airborne receiver. One of the broadcasting signals must
"be powerful enough to drive the receiver into regions of non-linearity but interference may tnen be producsd even
though the other signalls) may bev_signiﬁcamly less powerful. Under cerzair conditicms, type 31
interference can occur with a combination of only one broadcasting signal and an
aeronautical ground signal. '

Perhaps the most senous prictical aspect of this mecnanism from the (requency planning viewpoint
is that an acceptaole existing situation involving FM broadcasting signals at non-critical levels can be
transformed into a practical problem by, lor example, the addition of 2 new broadcasting s:ation,ee an
increase in power at an existing broadcasting station Or implementation of aercmautical statioms.

3. Impro?ing the suppression of intermodulation products and out-of band emissions
at broadcast transmitting stations and determination of protection ratios

3.1 Intermodulation in a transmission system

Whea tvo or more transmission freguencies f, fy, fo .-- are combined
into one antenra system cr where separaie antennas are in close proximity
there is a possibility of intermodulation taking place somewhere in the
transmission system. At VEF the intermodulation fregquencies which are
most likely to cause interference with cther services are of the form
(22, - £y) or (£, + £y - £,) because these frequencies remain in the
VHr band and are therefore radiated efficiently by the antenna system.
They are also more difficult to filtier out than those which appear close
to the harmomnic freguencies. The disposition of these intermodulation
equenciss is shown diagrammatically in Fig. la for the case of three
ansmitters having ecually-spaced frecuencies. Figure 1b shows a more
neral case for unequally-spaced frequencies, in this case for 4 and
2, where multiple intermodulation producis need not occur ati one
egquency, and the number of frequencies with intermoduiation products

greater.

- & 09 ¢t by
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t amplitude
2fa-fb A A 2fc-fb
2fa-fc fa+fb-Fc fb+fc-fa 2fc-fa
fa-26 fa-8 fa o fc fc+d fo+20
frequency —=
(a) - Equally-spaced transmission, A
1ampLitude
-A/2%4 2fc-fb 2fc-fa
2fa-Ib - 8 —f 2fb-fa
2fa-fc fa+fb-fc 2fb-fec fb+fe-fa
L fat+fc—-1b J
fa b fc

frequency —

(b) - Unequally-spaced transmission, A and A/2

FIGURE 1 -~ Qccurence of third-order intermodulation
products at a three-frequency transmitting station

Intermodulation at the transmitting station may take place by either
of two distinct processes. By the first process the transmitter combining
unit* may allow a low level of voltage from one transmitter (frequency £3)
to reach the output stage of another transmitter (frequency f}) where
mixing takes place to produce a frequency (2fy - f;). The production
involves a coanversion loss in going from the input level of fa to the
output level of (2fy - f,). The conversion loss is dependent on the working
conditions of the amplifier, i.e. class B, C or D, the terminating
impedances for the mixing products and other relevant frequencies:
(fy, - £3), (fp + £3), harmonics, etc., and the frequency response of the
output circuit at the frequency f, and that of the intermodulation
products. In addition to the conversion loss, power matching between
the combiners and the mixing function in the transmitter affects the
final levels of the intermodulation products. This factor depends on
the electrical length of the connecting feeders between the combiners
and the transmitters. With valve transmitters, variations of
intermodulation product levels of up to 10 dB have been observed with
changes of feeder length.

¥ Mternative terms for transmitter combining units inglude transmitter combiner
or diplexer, channel combiner, star filter and hybrid filter.
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Data on varlous arrangements for combining transmitters, including
methods of calculation and measurements on some representative
installations, are given in Annex I.

The second process takes place in the transmission system after
frequencies have been combined and may be due to arcing or to the non-
linear resistance of metal-to-metal contacts within the feeder and antenna
system. In general, however, the levels - thus produced are likely to be
lower than those produced due to an imperfect transmitter combining unit.
The possibility of intermodulation having taken place by the second
process can be checked by comparing the levels of products measured 1in
the radiated field with those measured in the main feeders.

When considering levels that are likely to be produced it is necessary
to consider:

- the circuit of the transmitter combining unit and {its transfer
characteristics at all relevant frequencies; and

=~ the 1loss in the cawversio process.

Because of the complicated nature of the terminating impedances at
the various frequencies, especially 1in transistorized power amplifiers
where the mixing occurs in a number of combined amplifiers, conversion
losses cannot be accurately predicted. Conversion losses for valve
transmitters, including matching effects, have been reported as being

between 9 and 26 dB, typically 20 dB.

For transistorized amplifiers, conversion losses of 6 to 25 dB have
been reported but further investigations are needed.

The above values are based on 1.8 MHz spacing between carriers. Unintentional
mistuning of 2 tuned amplifier can increase intermodulation products by up to 10 dB.
Care must also be taken to ensure the final amplifier has been correctly neutralized.

3.2 Possibilities and techniques for improving suppression of inter-
modulation products at broadcast transmitting stations

It is possible to design and build broadcast transmitting stations that will have
intermodulation products suppressed to a level lower than that required by

the Radio Regulations and such levels can be maintained over a long

period of time. It has also been shown that still lower levels may be

obtained at individual stations where the additional cost and effort are
justified. It remains to be seen whether these levels can equally be

maintained in service.
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The ITU Radio Regulations (1982) require that the mean power of an
intermodulation product supplied by a transmitter of mean power above 25 W
to. the antenna transmission line shall be at least 60 dB below the wanted
signal and shall not exceed 1 mW. Thus for a transmitter power of 1 kW the
highest relative level for the i.p. is —-60 dB while for one of 40 kW the
relative level must not exceed -76 dB. From Table I-II of Annex I, it may
be seen that old UK stations exhibit i{.p. levels 5 dB or more below the ITU
requirement and the two new stations achieve even lower levels, at least in
the short term. It seems likely that levels at least 10 dB below the ITU
requirement can be achieved and maintained in service for transmitters of
25 W or more. For transmitters of powers below 25 W it is believed that no
improvement is necessary.

The United States FCC-rules specify the level of a spurious

emission as a function of its frequency separation from the transmitier
frequency. Out of band emission must be attemnuated by at least 43 + 10 loglo

transmitier power) below the level of the ummodulated carrier, or by 80 4B,
whichever is the smaller attenuztion. Measurements of multiple (up to 15)
operations at common sites show that stations in the United States have achieved,
or exceeded, this level of intermodulation product suppression in the aeronautical
band when the separation between transmitter frequencies is 800 kHz or more. In

addition, almost all intermodulation products, from transmissions of 50 kW e.r.o.
or more, met the 85 dB suppression requirement given in Annex II, para. 7.6.3.2

of the Geneva Agreement, 1984.

In order to achieve the required levels of .suppression of
intermodulation products it 1s - necessary to design and engineer the
transmitter {nstallation with meticulous attention to detail. In
particular, the following aspects have been found to be important.

3.2.1 Combining units and frecuency—sevaration dependence of
ransmitter conversion loss

With regard to the generation of intermodulation produccs
within broadcasting transmitters, measurements in the UK have
confirmed that ctransmitter counversian losses for the generation of
two~frequency Iintermodulation products increase as the frequency
separation increases. Hence, LI cthe broadcast transmit:ter frequencies
that may cause third—order intermodulaction products in the
aeronautical bands above 108 Mz are relacively widely spaced (i.e. by
more than about 3.0 MHz) it follows that the required lovw levels of
intermodulation produccts will generzlly be achieved without
significant increase 1in the cost or complexity of the Ctranszitter
combining units.

2dditional measurements in the United States of America
show that the conversion loss:

- can be a2 function of the type of device with the non-
b
< e

linear characteristic ané the type of output circuit;
- can be a function of the relationship of the interfering
signal and the resulting intermodulation products to the

FM transmitter freguency ;

- will be least when t
FM transmitter's pas

- may remain zlmost constant when the level of the
interfering signal is reduced below z certain level,.
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The conversion losses for three—frequency intermodulation
products have been found to be higher than in che two—Irequency case
so that {r is probably unnecessary to make special provision in the
combizing uait desizn for the suppression of intermodulation produc:ts

in the three—frequency case.

The required 1isolacion between transmitters sharing an

ancenna should be calculared taking into account the conversion loss
at the transaircer and any attenuation of the incermodulacion product

{n the combiner as discussed ia Seczion 3.2 above.

3.2.2 Antennas

If transmitters are fed into separate antennas, the mutual

coupling between them should be taken into consideration when deciding
what additional filters will be required.

If a common antenna 1is used, one having a large apercture
and a relatively low  pover-density would be expected to have a
better linearity than a small-aperture, high power—density antenna.

The antenna construction should take into account the local
environment. Materials and finishes should be chosen to minimize the
possibility of rectification effects at junctions.

In calculating the effect of radifated intermodulation
products, the result will be more accurate if allowance is made for
the radiation pattern of the antenna taking
into account the beam tilt where appropriate (see example given in
‘Annex II).

Where possible, data on the radiation pattern for the intermodulation
product frequency should be used in the case of Al interference. In the example
in Annex II the pattern at the intermodulation frequency is approximately the
same as the pattern at frequencies within the broadcast band but this may not

always be the case .

3.2.3 Antenna transmission line

The use of multiple contacts in a transmission line should
be minimized as these may become non-linear with oxidation. Thus a
continuous semi-flexible transmission line ‘would be preferable to a

rigid, sectionalized line.

3.2.4 Transmitter drives

Any significant coupling between transmitter drives, albeit low level
can give rise to intermodulation products which will degrade the overall
periormence. If a number of drives are mounted close together the electro-
magnetic screening should be of high standard. Similarly, if the coaxial
transmission lines beiween the drives and the power amplifiers run
together, e.g. in a duct, the screening between the lines should be
high order; it may De necessary to use double screened cable or feede
a solid outer conductor.

As a guide, transmitter drives should carry no stray pick—up
of unwanted frequencies higher than =75 dB relative level. Screening
must be sufficient to reduce direct pick-up of the radiated signals
from trausmitters on other frequencies, as well as reducing the mutual
coupling mentioned above.

129
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Position of combining unit for ovtimum attenuation of
intermodulation products

W
N
n

Ad justment of the length of feeder between the transmitter
and combining unit is necessary to achieve optimum performance.

3.2.6 Suppression of {ntermodulation products {in
' solid-state amplifiers

For transmitters with solid-state amplifiers it has been
suggested that conversion loss can be increased up to about 25 dB by
combining two amplifier stages by means of 90° phase shifting
networks.

3.3 Discussion regarding Type Al interference

3.3.1 In Region 1, particularly in Europe, FM broadcast stations
with multiple transmitters are usually multiplexed into the same
antenna, although in other areas, e.g. in the USA, this is exception-
al. The use of multiplexed transmitters can cause difficult cases of
spurious emission, viz, third-order intermodulation products falling
in the frequency band allocated to the aeronautical services
(108-137 MHz). Consequently, Footnote 10 to Appendix 8 of the

. International Radio  Regulations specifically applies to FM

broadcasting transmitters operating in the band 87.5-108 MHz. Other
relevant Radio Regulations are RR 304, 343 and 1813. ‘

3.3.2 Spurious ec=ission =zeasurements rteported by a2 number of
administrations snowed wide variations 1in values. All experiences
reported concerned spurious exzissions from transmitrers operaCting wizh
less than 50 kW cranszitzer pover. Measurements ranged from about
=60 dB 2o abour -100 d2, depending upon Cransmitcar filzering used,
age of the syste=s, and parcicular {asctallacion characzeriscics.

Difficuities may arise if transmitter powers of greater than z2bout
50 kW are used, particularly in multiplexed installations.

3.3.3 Recognizing that broadcasters must contribute towards
overcoming incompatibility problems between the broadcasting and
aeronautical services operating in adjacent bands, the spurious
emission limits suggested should be a significant improvement on the
requirements of the Radio Regulations.

3.3.4 Although the appropriate spurious emission limits are
specified relative to transmitter power, it i{s important to be able
to calculate the limits relative to effective radiated power.

3.3.5 It is technically feasible to reduce the .radiated

power of the third—order intermodulation products to -85 dB relative
to the effective radiated power. (The reference in this case 1s the
maximum e.r.p. of the highest powered broadcast transmission e
Since measurements on the broadcast transmitter comprise the sum of
all intermodulation products falling on any one frequency, it is not
necessary to add an allowance for multiple interference from a single
broadcasting site. :
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3.3.6 Head Note 4 to Appendix 8 of the Radio Regulations {s also
specifically applicable to the FM broadcasting service. Tighter
spurious emissfion limits than those specified by Appendix- 8 are
feasible for the following reasons:

- suitable equipment is available;
- most transmitter installations have a better performance;
and

- some administrations’ domestic regulatiomns already stipulate tighter
limits.

3.4 Discussion regarding Type A2 interference

From the 1limited {nformation made available, it 1Is possible to
- indicate the approximate spectral characteristic of an FM broadcast
emission (Report 1065).

In view of the rapid fall-off of an FM transmission spectrum with
frequency difference from the nominal carrier frequency {t is likely that
further reduction of energy outside * 150 kHz would give negligible
benefit.

Various options of possible wutilization of filtering out-of-band
emissions (for example, notch fi{lters and band-pass filters) have been
considered. However, the utilization of certain types of filters may affect
the spectral characteristics, {ntroduce asymmetry of spectrum and degrade
the quality of sound.

In practice, where the frequency separation between broadcast and
aeronautical services is small, it is difficult to distinguish between

interference due to out-of-band emissions and that due to in-broadcast band

emissions received as a result of the selectivity response of the
aeronautical receiver. Tests have indicated that with existing receivers

‘the latter is the more important at separations exceeding 250 kHz. Improved

selectivity may therefore modify A2 protection criteria even
though the broadcast spectrum remains unchanged.

4. ~ Other aspects of compatibility assessment

4.1 Interference to ILS by unmodulated broadcasting signals

Concern has been expressed about the degree of co—channel interference
from the third—order intermodulation product from two (or three) broadcast
transmissions when the transmitters are unmodulated or have simultaneous
pauses 11 modulation. This problem might arise for- Type Al or _ Bl
interference.

The reason for concern is that CCIR Report 927 (Secticm 3.1 of Annex
1) gives a protection ratio of 46 dB for cases whers a CW signal may have a
stable frequency difference of 90 Hz or 150 Hz from the ILS carrier
frequency, thus producing amplitude modulation to which the receiver 1is
most sensitive. This exceeds the planning co—channel- protection .ratio of
17 dB by 29 dB, chus suggesting up to 29 dB greater -sensitivity to
interference than would be expected using the normal criceriaT
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However, the actual situation at broadcast transmitters is that during
normal programme transmission there 1s a residual noise level causing a
minimum of + 20 Hz deviation of each transmitter, giving about * 35 Hz~
deviation on a third—order product. It may therefore be unnecessary to take
further precautions against the radiation of intermodulation products of
very low deviation. Further tests are required to establish the position.
Studies carried out by one administration show that, if it should prove
necessary in certain cases, at least one acceptable solution to the problem
exists, as described below. This means that it will not be necessary to
make special allowance for the problem in planning.

Having studied some alternative solutions, the -one proposed by one
administration is a small frequency offset from the nominal frequency for
either the broadcast tramnsmitters or the ILS transmitter, to ensure that
the {intermodulation product 1is never closer than 160 Hz from the ILS
carrier. Tests with ILS receivers have confirmed that this is sufficient to
remove the problem.

Wizh praccticzl frequency tolerances, e.g. = | k¥= for broadea
+ 2 kEz for ILS (scmewhat sz=aller thzx Cthe zmaxizum Colerances
Radic Regulacions) an exacple of a possible soluCion is as follew
broadcast <transzizzers would operzcz wizth 2 nominal 2 kHz offsec i
such dirsctions that a nominal offset of & kHz is creaed on the
thlrd—order flacerzodulaticn producz. With adverss exc-emes of che suggesIad
tolerances this would reduce the offsar to 2 =minimum of

A similar example can be given for the offset applied instead to the
ILS transmitter. In this case (assuming that the ILS tolerance is improved
to + 1 kHz) an offset of 4.5 kHz {s sufficient. This value of offset 1is
used {n two-frequency ILS localizer installations.

L.2 Interference to ILS and VOR durinz ™M station testiing

A common practice in many countries is for FM broadcast
stations to perform operationzl tasts using varying modulation
frequencies and modulation levels. Generally, the modulation is
sinusoidal. The FM modulation sidebands du:ing testslqre_tvoically
higher in amplitude than during normal stereophonic transmissions.

Available information on tesiing procedures show that, in the
Usa, the test periods are ianirzcuent and ars executsd at times ci
low aviation activity (See Annex IV-1).

Finland, however, has indiczted that transmission
measurements are performed in 2 rsgular manner at smaller
.intervals and during davtime (see Annex IV-2).

The characteristics of these tasts are such that
special consideration of interference mechanisms may be warranted,
taking into account all frequency tolerances. This is particularly
true if the resulting baseband signal in the ILS/VOR receiver
contains freguency components of 30, 90 or 150 Hz plus a
tolerance about these frequencies. An important case could
be for transmitters where & compakibility analysis shows that
there is only a small positive protection margin.
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FM broaacast antenna pattern

Both horizontal and vertical radiation patterns of proposed
and exlsting M broadcast stations can 2e taken into account
in compatibility analysis for both tvpe 2 and type 3B
interference.

Horizontal patterns

IZ an FM station utilizes & directional antenna andé the
directivity parameters are known, the field strengt
corrections can be performed.

The horizontal raciation pattarns cf nominally omni-
directional antennes shoulc receive particular considerz:zion
if they deviate more than I 2dB Zrom the 1i1deal circular
shape.

Accorcing to experience gained in Canaaa this coulcd 2e tne
case when utilizing side-mountea G:i:pole antennas. This type
of broadcast antenna typically consists cf a single vertical
stack of dipole radiating elements mounted on & corner or a

face of the supporting structurs. Air50rLNe measurements
for horizontal polarization showed possinle differences
bectween maximum and minimum antennz gain of the order of
15¢8B in the horizontal plane for this tvpe of antenna.
Similar deviations are to be expected fcor verctical
polarization.

Vertical patterns

The vertical radiation pattern of 2 broadcasting station
may also bDe of considerable significance in compatibility
assessments.

Different methods exist for the theoretical modelling of the
radiation pattern of an antenna and some of these are given
in Annex III. In such modelling it is normal to set some

limit to the maximum value of reduction achieved. However,

a measured pattern for a given antenna may show that a
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reduction approaching 20 dB can be achieved for all side lobes

and measured values should be used, where availzbdle.

When two or three signals with different Ifrequencies are
radiated from the same antenna, the actual measured antenna
pattern on each rLrequency should be taken into account, where
available. Because the side-iobe maxima for difierent
frequencies will not necessar:ly coincide, there can be a
significaat reduction of potentiel lnterierence.
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Compination ¢ porizontal and vertical patterns

The relevant values, in &B, of the horizontazl andé vertical
radiation pattern corrections should be added arithmectically,
subject to a compined maximum reduction of 20 dB.

Experience has shown that with large aperture antennas, it
is rarely necessary to take the horizontal radiation pattern
into account iI the elevation angle (to a pcint for which
calculations are being made) is more than about 10 degrees.

At elevation angles near to 90 deagrees no horizontal
racdiaticn pattern corrections should be made, regardless of
the antenna type.

Conclusions

On the maximum obtainable suppression of spurious emissions in the

band 108 - 137 MHz, from broadcasting stations operating in the

band 87.5 - 108 MHz

In the North American experience, it has not been necessary to require

generally the suppression of spurious emissions of more than 80 dB.

Considering special circumstances within Region 1 and some areas of
Region 3, the following values for spurious emissions were recommended

by JIWP 8-10/1 for assessment and planning purposes in the VHF/FM broadcasting
band in cases where Type Al interference in the aeronautical band can

be expected.

TABLE T

Maximum relative level of spurious emissions

Transmitter Maximum relative level of spurious
power emissions
(kW)
Appendix 8 of the ' | Values recommended
Radio Regulations by JIWP 8-10/1
(dB) (dB)
0.01 -56 -56
0.02 -59 -59
0.1 -60 -66 "
0.2 -60 -69
1.0 -60 =72
4.0 -66 -82
10.0 -70 -85
20.0 -73 -85
40.0 -716 -85




Rep. 1198

The recommendations relate to the total mean power level
of all spurious components at any one frequency in the aeronautical
band, supplied to the antenna system transmission 1line at FM
broadcasting stations. The level 1is measured after taking 1into
consideration all filters, combiners, multiplexers, etc. which may
affect the radiated level of spurious emission.

To mee the recommeadaCions, che power level [}
spurious coumponents from an X broadcaszing station should not exceed
25 uW for cransmitter powers up £o approxt

rn

ely 8 kiWw. The actual radizied

=T
power of a2 spurious emission, however, dspends on the gazin of the antenna
at the fregquency ol the spurious emission which is likely to be less than
tae gzin at the broadcasting frequenc
oS

Also the attenuation (mean power within the necessary
bandwidth to the mean power of the spurious component concerned)
for transmitter powers above approximately 8 kW should be at least
85 dB (see Table I and graph (Fig. 2)).
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Transmitter power (W)

FIGURE 2

REFERENCES
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ANNEX I

DATA ON TRANSMITTER COMBINING UNITS*

1. Tvpes of combining units
Several difierent <types of wunits are 2 use for combining cwo
or more broadcast transmiftars into a cocmon antenna.

Figures I-la, I-1b, I-2a and I-2b show representative arrangements for
combining two transmitters which are in use by the RAI and also within the
countries mentioned below.

1.1 Situation in France

In France, when there is a risk of intermodulation products, TDF uses
modules of the type described in Figure I.2a. Each module is designed so that
the passband filters centred on fl display an attenuation of at least 25 dB at
frequencies f2 and 2fl1 - f2. Moreover, a decoupling between the inputs of 40 dB
at frequency fl and 50 dB at frequency f2 is required. These values can be
attained without a drop in signal quality even for transmission frequency
separations of 800 kHz. In this case, the passband filters have three cavities.

If £1 is greater than £2, the intermodulacion product likely to affect
the aeronautical services is situated at the frequency 2fl - £2. In view of the
above attenuation and decoupling values and for a conversion factor of 10 dB,
the product at frequency 2fl - f2 will be transmitted to the antenna at a level
"less than at least 85 dB (50 + 25 + 10) lower than the wanted signals.

1.2 Situation in the United States

Combining units used in the United States of America zare
generally characterized by their impedance performancs (non-
constant impedance or constant impedance)

Non—-constant impedance devices generzally consist of two banks

of filters, each feeding a coaxial (tee) network where %the
electriczl length between each filter output and the centarline
of the (tee) network is £frequency sensitive. The application of
this type 0f rilter 1is limited as all of the electrical
parameters are a function of the filter charactaristics (such as
standing weave ratio, insertion loss, rejection/isoleticn
characteristics etc.) This tvpe of combiner ic seldom used whers
the frequency spacing betwesn the carrisrs is lsss than 1 M=z

(see also Fig. I-la and 1t

#  3lterpetive terms for trznscitter combiring units in laa

c
or diplexesr, channel comtiper, star filter znd hyorid
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Constant impedance combining units, typically use 3 dB hybrid
combiners and filters with a terminating load on the isolated
port. The filters in this type of circuitry can be either a
notch or bandpass type. The performance characteristics will be
different for the two filter types. These types of combining
units have a wider appllcatlon as they are less frequency
sensitive and can achieve a significant suppression level when
the frequency spacing between the FM carrlers is 800 xHz or
more (see also Fig. I-2a and 2b).

1.3 Situation in the United Kingdom

A variacion of che arrangementc of Fig. I-2b recsacly used fin BBC
stations for combianing three Craasmictrers is shown 1in Flg. I-3. This will
be explained {n gr=acer decail co 1llusctrace cthe principles ilovolved, and to
calculace the levels of the chird-——order radiaced iancarmodulation products
basad cn zeasureaments of c¢ross insection loss on the combining units. The
cesults of these calculacions (Table I-I) can then be compared wich acczual
geasurszencs .of the radlacad -i{ncermodulacfon produccs from che BBC high
pover scacion, Wrocham (see Table I-1i1).

[z zay bé seen from Flg. I-3 cthac che comdbining unit {nscallacion is
in tvo sectilons comprising J dB direccional couplers coaneczed ctaogecher by
equal-lengch Llines carrying resonacors. lhe cross Lnsertion losses from
transmittar Tl ca c¢ransmitter T2 and T3 ac frequency £ ars =zainly
decerzfned by the Q of che £; resonacors and chis Ls rcelaced co their
paysical size. The same Ls tTue of the cross—loss from cransaiccar T2 co
cranszfcTer TJ ac frequeacy £;. However, the cross—losses from cCransmitier
T3 ¢s transamirter T2 and from T2 and T3 to Tl are decarmined solely by cthe
3 dB couplers. This aezns thac, 1f no other faczors wvers Laovolved, che
levels of. rthe incermodulacion producss (23 - £3),7 (26; - £32) and
(26, - £3) could be relacively highn. Hawever, incermodulacicn producIys
generacad {n Tl and T2 are divertad to the load and 3o couple weakly with
the anczana. The nec rasult of cthese factors may be seen in Table I-I,
where che levels of {ncermodulaction produccs are caleulaced f£rom cross-—
loss measurements on Cthe combining unict.

eee|
2

FIGURE I-la

Star filter with passband cavitws
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Star filter with compensated stop-band cavities
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FIGURE I-2a

Hybrid filter with passband cavity

In Fig. I-2a, two variations are considered:

— in case 1, the normal case, the spurious frequency (2f; - f]) has
a much higher level than (2f; - f3);

- in case 2, this {s overcome by the additional cavity at the T2
output.
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FIGURE I-2b

Hybrid filter with stop-band cavities

In Fig. I-2b, three variations are considered:

- in case 1, the normal case, the spurious frequency (2f7 - f}) has
a much higher level than (2f; ~ f3);

- in case
output;

- in case
cavity A". The spurious suppression is very high, especially in case

3.

2, there is an additional stop-band cavity A’ at the T2

3, the additional stop—band cavity is replaced by pass band
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TABLE I-1

Calculation of intermodulation product levels (2.2 MHz svacing)

Frequency Cross—insertion Conversion loss Cross—insertion Relative
loss (assumed) loss to antenna level of i.p.
(dB) (dB) (dB) (dB)
Tl, T3 at f3 Tl-D>ant at 2f)-f3
2f) - f4 =51 =22 ’ -36 -109
Tl, T2 ac £, Tl->ant at 2f)-fj
2£, - £ -63 -14 - =15 -92
T3, T2 at f, ‘ T3->ant at 2f3-f)
2f4 — f2 -88 -14 0 -102
T3, Tl at f, T3->ant at 2f3-f)
2£3 - £ -72 =22 0 -94

Some refinements to the arrangement of Fig. I-3 are possible. First,
additional notch filters may be added to attempt. greater suppression of
particular i.p.s. Whilst in principle it would be possible to attenuate
the 1.p. directly on the antenna feeder, it will usually be preferable to
fit the notch filter to the output of the generating transmitter, where the
total power level is lower. Another refinement {s to adjust the impedance
of the load on the section closest to the antenna as shown in Fig. I-3.
This has the effect of controlling the level of frequency f7 that reaches
transmitter Tl and so affects the level of the 1i.p. at frequency
(26, - £7).

T 3 dB Couplers
YA hY2A
1, ——  FO—O+ -O—0q  ——n
f2 stop f1 stop
Load ;-* —(Pm‘?- O 7 H | » Antenna

-

resonators ’/)/A

AVAVAV)
Load

FIGURE I-3

A three-frequency combining unit
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Approximately
Approximately +100 kHz to .
LO dB notches -3 dB points 20 dB gain
10 dB/step - -
o] Veriable Carrier able Wlde—b?nd
y attepuator ~*—Q7]frequency re—-selector | lovmoise
1% notch filters{ |PF& °¢-¢ pre—amp
Input
from Check level °
antenna of carriers
Counter Spectrum
analyzer
(a) Measurement of radiated levels
Approx. 55 dB Variable attenuator
notches on input
Input garrier s .
from Frequency pectrum
probe 2 Notch o / Analyser
Filters

Check level

of carriers

(b) Measurement of levels in transmitter feeders

FIGURE I-4

Methods of measurement

2. Measurements of intermodulation product levels at representative
broadcast transmitting stations

The majority of UK stations transmit three equally-spaced frequencies
from a common antenna. The spacing 1is usually 2.2 MHz. Measurements of
intermodulation products made at a selection of these stations are shown in summary in
Table I[-II and include examples of high, medium and low-powered stations.
Two of the stations are newly built, the remainder were built between 15 and
30 years ago. In each case the measurements were nade on forward—wave
directional couplers {nstalled 1{in the antenna feeders after these
measurements were supplemented by measurements of the radiated levels made
on the same day. The methods of measurement are shown in Fig. I-4.
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TABLE I-II

Measurements at stations with regularly
(2.2 MHz) spaced channels

Relative level of intermode product (dB)| Where
measured
Station
) f1 -28| £, -4 f3+4A f3 + 24

Wrotham
(new; high power -104 -94 -102 -102 feeders
valved -104 -93 =102 -104 field
transmitters)
Tacolneston )
(old; high power -90 -81 =79 -86 feeders
valved -96 -82 -80 -86 field
transmitters)
Peterborough
(old; low power -94 -83 -82 -90 feeders
solid-state -87 =71 -76 -86 field
transmitters) '
Cambridge
(old; low power -72 -78 =75 ~72 feeders
solid-state
transmitters)
Northampton
(new; low power -70 -82 -86 -78 feeders
solid-state
transmitters)

The above results are similar to those obtained in other countries.

It may be seen from Table I-II that for the valved transmitters, with
the exception of Wrotham, the levels of the (f; - A) and (f3 + A) terms are
in the neighbourhood of -80 dB, while those of the (f; - 24) and (f3 + 24)
are nearer to =90 dB.- This difference 1is ascribed to the frequency
selectivity of the output circuit of the transmitter in which the term is
generated; the wider the frequency spacing the greater is the conversion
loss of the intermodulation process. It {s also an {indication that the
levels of the (f; - A) and (f3 + A) terms are determined by
intermodulation taking place in the transmitters and not to any great extent
elsewhere.
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It is to be noted that the policy of the BBC at the time the stations
‘described as '"old" were built was to suppress intermodulation products to a
much higher degree than that required by the Radio Regulations in order to
protect mobile services then using frequencies below 88 MHz and above
97.6 MHz. The target was in fact a relative level of -100 dB [Hayes,
1957}. This was never achieved, despite strenuous efforts, including a
detailed investigation into some of the mechanisms by which intermodulation
products are, K generated. Nevertheless, the levels achieved were, and for
the most part still are, appreciably lower than those required by the Radio
Regulations.

There are two stations in the list described as 'new'"; both are sen
eral years old and radiate lower levels of intermodulation products than

earlier stations of a similar type. Recent measuraments at Wrotham have demonstrated

thats.mlevelswbenmnramedinsevmemttnmmxdambeeffat
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ANNEX II
EXAMPLES OF MEASURED ANTE&NA PATTERN

Some examples of measured field strengths of a broadcast transmitter
have been provided by Sweden. When a vertical aperture of several
wavelengths is employed, the vertical radiation will reduce the variation of
field strength, at a fixed height of the order of 1000 feet, as a function
of horizontal distance from the transmitter. Figure II-1 gives an example
of a measurement of a broadcast 'signal at 97.5 MHz. The antenna in this
case was an 8-tier array with a downward tilt of the main beam of 1°;
measurements were made at a constant altitude of 1000 feet above the
mast-top. Further measurements of an unwanted product at a frequency near
107 MHz showed a similar type of curve for the variation with distance.
These and other measurements suggest that the pattern for frequencies above
108 MHz would be approximately but not exactly the same as for the
broadcast frequency.
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FIGURE II-1

Example of a measurement of a broadcast
signal at 97.5 MHz

A : transmitter f : 97.5 MHz
B : spurious f : 107.290 MHz

Note - Broadcasting FM antenna: an antenna consisting of 24 elements

mounted in 3 directions and 8 levels.

Transmitter frequencies: 88.9, 95.1, 97.5 MHz.
. Maximum e.r.p. : 60 kW

ANNEX IIT
THEORETICAL MODELLING OF THE VERTICAL RADIATION

PATTERN OF AN FM BROADCASTING ANTENNA

l. Modelling of 3 dB beam width of main lobe

To determine an aircraft’s position with respect to the main beam of an
Fﬁ antenna vertical radiation pattern, consider the geometry shown 1in
Fig. III-1 [Augstman and Lubienietzky, 1982].
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Aircraft position with respect to main beam of
FM antenna vertical radiation pattern

In Figure ITI-1, let:

- Hpac @ aircraft altitude (m ASL)
Hry : height of centre of FM antenna radiating elements (m ASL)

3 : 3 dB beam width of FM main lobe (degrees)

h : correction facror for 4/3 earth’s curvature (m)

D : distance between aircraft and FM antenna over plane earth (km)
dg : half of 3 dB beam width of FM main 'beam at distance D (m)

d : distance measured along the surface of the Earth from a point

directly beneath the aircraft to the base of the FM
antenna (km).

Let the maximum height of the top of the FM main beam at distance d
over 4/3 curved earth = HMB (m)

Therefore, HMB = Hpy + hg + h (1)

Hpy + 1000 (D tan (1/2 @ )] + 0.06D? (2)

Taking antenna beam tilt (B) (depression angle, 1in degrees) into account,
equation (2) becomes:

HMB = Hpy + 1000 [D tan (1/2 8 - 8)] + 0.06D? (3)
An aircraft is in the main beam of the FM antenna radiation pattern if:

Hpc < Hpy + 1000 [D tan (1/2 8 - @)} + 0.06D2 (4)
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Equation (4) assumes that the aircraft {s within radio line—of-sight of the
FM broadcasting antenna. When broadcasting stations at several different
locations are involved, such as in a three—signal intermodulation case,
equation (4) has to be satisfied for each of the stations.

2. Modelling of vertical radiation pattern envelope

Another antenna modelling technique characterizes the envelope of the
vertical radiation pattern with a set of nominal values [CCIR, 1982-86].
Consider the vertical radifation pattern of the high gain-antenna shown in
Fig. ITT-2. .

= 1.0 4
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FIGURE III-2
Example of vertical radiation pattern for high gain antenna
A = 0dB for a< 4° .
and Ay = 14 dB for 4° ¢ a £ 90°
where:

Ap : attenuation of vertical radiation pattern for a fixed
elevation angle a (in degrees) above horizon.

This factor can apprqach 20 dB for some antennas.

Techniques such a cosecant-squared modelling of the vertical radiation.
patteru can also be used.
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2.1 Antenna aperture of 2 waveiencihs or more

n order to model the envelope of the verticzl radiation
attern of antennas with zpertures of 2 or more wavelengths
he VRP correction, V, can be calculated by using the
ollowing formula:

V = -20 log (TII1.N.sing&) dB

where N = vertical aperture in wavelength

& = elevation angle relative to the maximum
(normally horizontzl).

It should be noted that for small elevation angles this
expression can produce positive values for V. In such
cases V is set to 0 dB (ie: no VRP correction is applied).

For high elevation angles the VRP correction is limited
to a value of -14 43,

ie: 0 > VRP correction > -14 &B.

This formula has been chosen as a suitable compromise fozx
all polarizations.

2.2 Antenna sverture of less than two wavelencths

When using low gain antennas (those with -
vertical apertures of less than two wavelengths) the

values in Table II1I-1 characterize the envelope of the

vertical radiation pattern. ’

For intermediate angles linear interpolation shoulé pe used.

TABLE III-1
Elevation angle VRP correction

(degrees) (dB)
U 0

10 0
20 -1
30 -2
40 -4
50 -6
60 -8
70 -8
80 -8
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ANNEX IV

INFORMATION ON TRANSMITTER TEST AND LINE-UP PROCEDURES

1. Transmitter tests in the United States of America

the U.S. for FM broadcast stations tis

to conduct transmitter measurements while radiating on an
average oI once & vear. These tests encompass audio freguency
response, harmonic distortion, FM signal to nolise ratio and
AM nolse level mezsurements. During these tests, discrete
modulating frequencies of 50, 100, 400, 1000, 5000, 7,500,
10,000, and 15,000 hertz are used at 25, 30 and 100%
modulation levels. Although testing is usually conducted
while transmit:ting in the monophonic mode, some stations may
also conduct the same measurements while transmitting in the
- stereophonic mocde, or with subsidiary subcarriers activated.
The amplitudes of ™™ modulation sidebands during stereophonic
transmissions or with subsidiary subcarriers are lower in
amplitude and mors widely distributed due to the greater
dispersion of energy within the baseband modulating signal.

Common practice 1in

These tests usually reguire approximately 3 hours

to conduct and are almost exclusively performed during
the 0001 to 0600 hours local time.

The time required for these tests depends on whether
measuring equipment with automatic level and nulling
features is used.

Only those stations that are operating on FM channels
immediately below 108 MHz could produce possible sidebands
during testing at discrete modulating frequencies that would
fall on specific aeronautical assigned freguencies. The
analysis for a particular interference potential of such
testing would have to be done on a case-by-case basis.
However, the potential for interference due to such testing
is negligible.
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2. Transmicier +tests in Finland
Measurements are conducted twice 2 month for sach
network during the daytime on Mondays:
network I anda II from 1 to 2 p.m. in alternate weeks
network III together with network II
network IV from 9 to 10 a.m.

Mezsurement programme is as follows:

rreguency Duraticn
1000 EHz 4 min
Pause 30 s
40 Hz 45 s
1000 Hz 5 s
15000 ==z 45 s
40 =z 45 s
1000 EHz 45
15000 =z 45 s
This pDrogramme 1s reps
after the cress talk &
1000 =z 80
1000 =z 45 s
1000 H:z 45 s

Measurements ar

lal

n wn

e concucted in the s
1l s

ignal

In future, these measu
and the measurement ti
5 to 10 seconds.

Purpcse

ed after a 90 s pauss and
measured with:

cross talk M - S

cross talk L - R

cross taik R - L

ter n
the deviation usecd is

-~ —~
pillot-tone.

will be zutomazted
be reduced to about
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D. 7141

DECISION 71-1*

CONTINUATION OF STUDIES ON COMPATIBILITY BETWEEN THE
AERONAUTICAL RADIONAVIGATION SERVICE IN THE BAND 108-117.975 MHz,
THE AERONAUTICAL MOBILE (R) SERVICE IN THE BAND 117.975-137 MHz
AND THE FM SOUND BROADCASTING STATIONS IN THE BAND ABOUT 87-108 MHz

(1985-1989)

CCIR Study Groups 8 and 10, at their Final Meetings, Geneva, 1989

CONSIDERING

(a) Question 61/8 and Question 46/10;

o) Recommendations Nos. &4 and 5 of the Regional Administrative Conference for FM Sound
Broadcasting in the VHF Band (Region 1 and certain countries concerned in Region 3),-Geneva, 1984;

(c) the provisions of Resolution 24;

() that the need for compatibility between the broadcasting and aeronautical services is recognized as a
world-wide matter; .

(e) that there is a need to provide guidance to the organizations
responsible for the sound broadcasting service and the aeronautical services on

methods for:

- prediction of potential incompatibility, as part of the frequency
assignment process;

- prevention of incompatibilities in practical situations;
(£) that the studies could best be carried out jointly between Study Groups 8 and 10,

DECIDE

1. that Joint Interim Working Party 8-10/1 should continue its work;

2 that this Joint Interim Working Party should study:

21-  compatibility between the acronautical radionavigation service and the sound-broadcasting stations in the
bands concerned ;

2.2 compatibility between the acronautical mobile (R) service and the sound-broadcasting service in the bands
concerned;

23 compatibility criteria that can be used to predict potential interference in an assignment decision context
including the determination of the correlation of bench tests with in-service operational performance of

aeronautical receivers;

2.4 The Joint Interim Working Party should consider the items listed in
Annex 1. ' ‘

Tise Director, CCIR, is requested to bring this Decision to the attention of the ICAQ.



b. 71-1 151

3. .The JIWP shall prepare a consolidated draft Report to be based on
existing CCIR texts and on the results of ongoing studies. This draft report
shall be available before the next Interim Meetings of Study Group 8 and 10, in
a form which will allow the CCIR to issue it as a separate publication after
approval by both Study Groups 8 and 10.

4. In preparation of its Report, the JIWP shall give highest priorities to
the study of methods for prediction of potential incompatibilities and to the
reduction of apparent discrepancies between predicted results and practical
experience (see Annex I).

5. The JIWP shall prepare a draft Recommendation containing the
essential conclusions of its studies, before the next Final Meetings of Study
Groups 8 and 10 for approval by both of these Study Groups*.

6. that, as far as practicable, the work should be conducted by. correspondence, but that it may meet on the
proposal of its Chairman, following consultation with the Director of the CCIR:

7. that the Chairman and the composition of Joint Interim Working Party 8-10/1 shall be as shown in
Annex II.

ANNEX I

ITEMS SUGGESTED FOR PARTICULAR STUDY

It is suggested that the JIWP in its decisions on priorities regarding
its work on the compatibility between the aeronautical radionavigation service,
the aeronautical mobile (R) service and the FM sound broadcasting stations in
the bands concerned, considers the following items:

- protection ratio values for future airborne receivers against spurious emissions from sound-
broadcasting stations (referred to as Al type of interference) in cases where the frequency of the spurious
emissions does not coincide with the aeronautical frequency;

protection ratio values for present and future acronautical receivers against out-of-band emissions
from sound-broadcasting stations (referred to as A2 type of interference);

- criteria for prediction of third-order intermodulation (referred to as B1 type of interference)
generated in airborne receivers by three unwanted signals, for receivers meeting the ICAO
standard for two-signal intermodulation for future receivers;

the effect of sinusoidal modulation of the sound-broadcasting transmitters during test and line-up
and any precautions or procedures to be adopted at broadcasting stations in order to maintain the agreed
protection of the aeronautical radionavigation service;

and in particular,

- a more exact mathematical representation of the immunity
characteristics of aircraft receivers for Bl and B2 type
of interference; '

- arrangements of test points which lead to the detection of all
relevant interference potentials;

- a value for the cut-off level which would ensure that no relevant
interference potential of the Bl type of interference remains
undetected;

- additional tests for communications receivers.

* This Recommendation shall be published by the CCIR in both Volume VIII,
Volume X and in the separate publication identified in DECIDES 3.
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ANNEX 11

1. At the first meeting of JIWP 8-10/1 the following Administrations, International Organizations and
Recognized Private Operating Agency were members of the Joint Interim Working Party.

Administrations:
Germany (Federal Republic of)
Australia
Austria
Belgium
Canada
United States of America
Finland
France
Italy
Norway
Netherlands
United Kingdom
Sweden
Switzerland
Yugoslavia (Socialist Federal Republic of)

International Organizations and Recognized Private Operating Agencies:
IATA
ICAO
EBU
Norddeutscher Rundfunk
Rhode and Schwarz
1.1 At the Final Meetings of Study Groups 8 and 10, the following administrations expressed the wish to
participate:
Administrations:
Brazil (Federative Republic of)
Hungarian People’s Republic
Iran (Islamic Republic of)
Japan
New Zealand
USSR

2. The Chairman of the Joint Interim Working Party will be:
Mr.Jorma KARJALAINEN
Head of Radio Frequency

Department

Telecommmications
Adminsitration Centre
P.0.Box 53
SF-00211 HELSINKI
FINLAND

Telephone: +358 0 696 6423
Telefax: +358 0 696 6410
Telex: 124545 thk sf
Teletex: 1009166 thk
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