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Abstract

Radio systems decline in the system performances when one system is interfered from the other system. System parameters,
which are operating frequency, transmit power, and so on, need to be determined in order that there is no interference between
radio systems. We investigate the interference from the sound broadcasting service in the band 87.5-108 MHz to the ILS
localizer, one of the aeronautical services, in the band of 108-112 MHz. The results are compared with the interference criteria.
And then several system parameters, which are frequency, transmit power, and location, are determined in order to avoid the
interference from the FM sound broadcasting service which occupies the frequency band near the band of the aeronautical
services. The results of this paper can be applied to set up system parameters of the ILS localizer so that system performance

can be maximized. Besides, the result of this paper can be applied for determining spectrum management policy.

Keywords :

I. INTRODUCTION

Although frequency resources are limited, they are
in great demand due to the rapid development of the
wireless services!!

WLAN

such as mobile communication,
(Wireless Local Area Network), digital
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FM sound broadcasting service, ILS localizer, interference.

broadcasting service, satellite communication service,

RFID/USN  (Radio  Frequency  IDentification/
Ubiquitous Sensor Network), UWB (Ultra Wide-
Band), WiBro (Wireless Broadband), and so forth.

Then available frequency bands move to higher. This
fact gives rise to the interference between services
that use high frequencies. When some services,
whose transmitting and receiving power are low, are
interfered with other services, serious problems occur.
interference  reduction and

Therefore  many

cancellation techniques have been investigated™ >~'%.
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ILS scenarios in Section IV. And simulation results are
Locali . ) . .
w:t'lm shown in Section V. Finally, some concluding
FM Broadeasti | vor . . .
service T VOR com remarks are given in Section VI.

88 108 112 18 137 MHz
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Fig. 1. Frequency allocation of FM broadcasting service

and aeronautical services.

Not only reducing the interference between the
radioc communication services but also managing the
spectrum in order to effectively utilize wireless
So many countries and

resources 1s important.

international organizations are interested in the
problems of existing spectrum management and
perform a lot of works including standardization
activities, spectrum engineering technologies, and
management policy overture >, In order to make
ITU

makes
%

use of the frequency resources -efficiently,
(International ~ Telecommunication ~ Union)
regulations for the utilization of frequency resources
~37]

Frequency allocation of the FM (Frequency
Modulation) broadcasting service and the aeronautical
Figl. The FM
sound-broadcasting service in the band of about

875-108 MHz interferes the aeronautical services,

services is  shown in

ILS (instrument landing system) localizer, VHF
omnidirectional radio range (VOR), and VHF
communications (COM) equipment, in the band

108-137 MHZ®3, Among them, the interference to
airborne ILS localizer is the more serious problem
because an error during the critical approach and
landing phase is not clear easily to the pilot.

In this paper, from the FM
broadcasting service to the ILS localizer is analyzed.
Based on the published
criteria, necessary parameters are extracted from the

interference

interference assessment

exemplary scenarios. This paper is organized as
follows. Section I[Idescribes the characteristics of ILS
localizer and FM broadcasting service. And in Section
I, the interference assessment methods applied for
this paper are presented according to the interference

types.
service to ILS localizer is analyzed for the proposed

The interference from sound broadcasting

21

1. ILS Localizer

A Typical DOC (designated operational coverage)
is shown in Fig. 2. The minimum field strength to be
protected throughout the ILS localizer front course
DOC or provided in the ILS localizer back course
coverage is 32 dB(#V/m). In the band 108-112 MHz,
the ILS localizer frequencies lie and this band is
divided into the 40 available channels. The center
frequencies of each channel are as follows: 108.10,
10815, 108.30, 10835 MHz etc. to 111.70, 11175,
111.90, and 111.95 MHz. The ILS localizer signal is
horizontally polarized.

150 Hz predomyinates

Front course line and extended
runway centre line

3060

&'\ [ o

DDM=0

31.5 km (1TNM)

DDM=0.155
ILS tocaitzer 10°

antenna

90 Hz predominates

Runway threshold
Runway

46,3 km (ZSNM)

X“
- !

| 305m(100081)

T

1960m
(6250ft)

! )

8.7 km
(4.INM)

1LS localizer yz
Antenna system g

Runway touchdown point

a8 2. YebEel LS 2#etold MY DOC.
Fig. 2. Typical ILS localizer front course DOC.

2. FM broadcasting service
The free space field strength for broadcasting
signals can be calculated as
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Table 1. Spurious emission suppression values.
Maximum er.p. (dBW) | Suppression (dB)
> 43 &
30 6
< 30 46 + maximum e.r.p (dBW)

E="76.9+ P—20logd+ H+ V 1)

where F is the field strength (dB(#V/m)) of the
broadcasting signals, P is maximum er.p. (effective
radiated power) (dBW) of the broadcasting station, d
the slant path distance (km), H the
h.r.p.(horizontal radiation pattern) correction (dB), and

is is
V is the vr.p.(vertical radiation pattern) correction
(dB).

In Region | and 3 defined in the Radio Regulations,
the operation frequencies occupy channels spaced at
100 kHz intervals in the band 875-108 MHz and
occur as follows: 87.6, 87.7 -~-107.9 MHz. In Region 2,
the band is 88-108 MHz, with channels every 200
kHz (8.1, 83 -+ 1079 MHz). The polarization of an
FM signal is horizontal, vertical or mixed. Spurious
emission suppression values for the case of radiated
intermodulation products from co-sited broadcasting
transmitters in the aeronautical band 108-137 MHz
are shown in Table 1.

II. INTERFERENCE ASSESSMENT CRITERIA

According to the interference scenarios, there are
four interference types, which are two A types (Al,
A2) and two B types (Bl, B2).

Type Al interference is generated by spurious

E:

2. A1 gEefe] ZHMol| chst 2 &H|.
Table 2. Protection ratio for Type A1 interference.

Frequency difference
between wanted signal and Protection ratio (dB)

spurious emission (kHz)

0 14
50 7
100 -4
150 -19
200 -38%

emission of a single transmitter or intermodulation
components of several transmitters in the aeronautical
frequency bands. Any product for which the
frequency falls within 200 kHz of the aeronautical
frequency is examined further to determine if its field
strength is sufficient to cause Type Al interference.
For this interference type, the values of the
protection ratio are given in Table 2. This type need
not to be considered for frequency differences greater
than 200 kHz.

Type A2 interference is created by non-negligible
of broadcasting the
aeronautical bands. Each of the broadcasting stations

components a signal in
is examined to determine if its frequency falls within
300 kHz of the aeronautical frequency and, if so, if
its field strength is sufficient to cause Type A2
interference. The protection ratio values are shown in
Table 3. This type need not to be considered for
frequency differences greater than 300 kHz.

Type Bl interference is intermodulation component
generated in an aeronautical receiver being driven
into non-linearity by broadcasting signals outside the
aeronautical band. Any product whose frequency falls
within 200 kHz of the aeronautical frequency is
examined further to determine if the sum of the
powers at the input to the aeronautical receiver is
sufficient to cause Type Bl interference. From (2)
and (3), potential incompatibilities can be assessed
when there are two and three interference signals,

respectively.

2{N, — 28log {max(1.0; f 4 — f1)}}
N, — 28log {max(1.0;f 4 — fo)}+ K—Ls> 0, (2)

I

¥ 3 A2 Heljof 7iMof| thist B 5H|
Table 3. Protection ratio for Type A2 interference.

Frequency difference
between wanted signal and Protection ratio (dB)

broadcasting signal (kHz)

130 -41
200 -50
250 -59
300 -68

(272)
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Table 4. Correction term.

Frequency difference
between wanted signal and
intermodulation product
(kHz)

0
50
10
150
200

Correction term (dB)

16

N, —28log{max(1.0;f 4 — f1)}+

N, — 28log{max(1.0;f 4, — fg)}"{'

N, — 28log {max (1.0; f4 — f3)} + K+6—Ls> 0
(3)

where &,, N,, and N; are the broadcasting signal

levels (dBm) at the input to the aeronautical receiver
the broadcasting frequencies f;, f,, and fs,

respectively. After applying a correction to each
signal level from Table 4, (2) and (3) is applied. The
broadcasting signal level correction is expressed as

4

for

Nlcorrected)= N— correctionterm

f. is the aeronautical frequency (MHz), f;, f,, and
f3 are the broadcasting frequencies (MHz, f,>f,>
f3), K is set at 140, and L, is the correction factor
(dB) expressed in (5).

LC=NA_Nref7 ®)

where N, is the wanted signal level (dBm) at the
input to the aeronautical receiver and N, is the
reference level (dBm) of the wanted signal at the
input to the aeronautical receiver, which is set at -89
dBm.

Type B2 interference occurs when the RF section
of an aeronautical receiver is subjected to overload
by one or more broadcasting transmissions. Each of
the broadcasting stations is examined to determine if
its power at the input to the aeronautical receiver is
sufficient to cause Type B2 interference. In order to

@m3)

at the input to the airborne ILS localizer for avoiding
potential interference, (6) is used.

max(0.4;f 5 — f)

0.4 ’ ©

N,

max

=—20+ 20log

where N, is the maximum level (dBm) of the

max
broadcasting signal at the input to the aeronautical
receiver, f is the broadcasting frequency (MHz), and
f4 is the aeronautical frequency (MHz).

IV. INTERFERENCE ANALYSIS

The interference assessment procedure in®
applied.

At first a simulation scenario should be made.

is

According to this scenario, system parameters, which
are the erp and the centre frequency, are
determined.

The next thing is to designate the test points
related to the interfering transmitters in Fig. 5.

And based on the established parameters, the free
space field strengths of the interfering systems and
the victim systems should be calculated.

The free a FM
broadcasting signal is determined according to (1).
For an ILS localizer signal, the field strength is
calculated using two-ray geometry over a smooth
spherical earth™) which is shown in Fig. 3. In this
model, 7z is an ILS localizer transmitting antenna,
T is a test point, d is a slant path distance (km),
and X is a curved earth height difference (m) given
by

D 2
x= (ZT)

space field strength for

%

The difference in path length, A (m), between the
direct path and that involving a reflection is given as
follows.

2h,[2h, — h, — (D/4.1)?]
1000D

A= ®

where [J is a horizontal distance (km) from the ILS
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Fig. 3. Two-ray geometry.
localizer site to the test point, h; is an ILS

transmitting antenna height (m) above the reflecting
place, h, is a test point height (m) am.sl (above
mean sea level), and hp is a height of the reflection
place (m) amsl, which is equal to the ILS localizer
site height.

Because of the summation of the two signal
components at the test point, the correction factor, C,

C= 1010g(2 — 2cos( 27;\A )),

is given by

©

where ) is the wavelength (m) of the ILS signal. And
the field strength, £ (dB(u V/m)), of the ILS localizer
signal can be calculated as follow.

E="76.9+ P—20logd+ C+ H, (10

where P is the erp. (dBW) of the ILS localizer
installation, d is the slat path distance (km), C is the
correction (dB) given in (9), and H is the hrp.
correction for the ILS localizer transmitting antenna in
the direction of the test point. An allowance of 8 dB
should be made in order to provide a safety margin.
Then the final field strength Ey; ¢ (dB(uV/m)) is

Eps=E—8, (1D

where £ is given in (10).

And the next step is to convert the field strength
of the broadcasting signal and of the aeronautical
signal to power at the input to an aeronautical

(274)
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receiver. For a broadcasting signal in the band
87.5-108.8 MHz,

N=E-118—L,— L(f)~-L,, (12)

where N is the broadcasting signal level (dBm) at the
nput to the aeronautical receiver, £ is the field
strength (dB(/m)) of the broadcasting signal, Lg is
the signal splitter loss of 35 dB, L(f) is the antenna
system frequency-dependent loss at broadcasting
frequency f (MHz) of 1.2 dB per MHz below 108 MHz,
and L, is the antenna system fixed loss of 9 dB. For
an aeronautical signal and a Type Al interference
signal in the band 108-118 MHz,

N,=FE,—118—L,~ L, (13)

where N, is the signal level (dBm) at the input to the
aeronautical receiver and E, is the field strength
(dB(p V/m)) of the aeronautical or Type Al signal.
Based on the information obtained from the previous
steps and the interference assessment criteria in
Section I, the interference level can be assessed for
each type of interference.

V. SIMULATION RESULTS

In the simulation, Fig. 4 represents an interference
link and a victim link.

In fig. 4, wt is a wanted transmitter, vr is a victim
receiver, it is an interfering transmitter, and wr is a
wanted receiver. A victim link is composed of a
wanted transmitter and a victim receiver. An

~

(1) ~ yiotim ok
ILS localizer -

transmitter @

ILS lecalizer
receiver
@ Interference
i

——
FM transmitter -~ - a 1
Interfering link @
FM receiver

% 4 2 Y3 HYY A
Fig. 4. interference link and victim link.
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Fig. 6. Interference scenario 1.
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Fig. 7. Protection ratio versus e.r.p. of ILS localizer.

transmitter and a wanted receiver. An interfering
transmitter is a transmitter of the FM broadcasting
service and a victim receiver is a receiver of the ILS
localizer. A victim receiver wants to receive the
signals of the ILS localizer transmitter. But the
received signals are not only the signal of the wanted
transmitter, ILS localizer transmitter, but also that of
the interfering transmitter, FM sound broadcasting
service transmitter. Therefore, the victim receiver,
ILS localizer receiver, receives the unwanted signals
so that the performance of the receiver is debased.
Then the victim system may operate incorrectly.

Fig 5 represents the fixed test point location within
ILS DOC. 1t is assumed that a test point is F in Fig
4 and interference is Type Al interference. The
broadcasting frequency is set at 107.9 MHz and the
erp. of the FM transmitter is assumed to be 30
dBW. The centre frequency of the ILS localizer is
assumed to be 10835 MHz. Fig. 6 represents this

interference scenario.

(275)

After calculating the field strength and receiver
input power of each system, the interfererice can be
assessed by wusing Table 2. Fig. 7 shows the
protection ratio versus the erp. of the ILS localizer
performance.

It is clear from Fig. 7 that when the erp. of the
ILS localizer is over 30 dBW, the protection ratio is
over the criterion -19 dB. Hence in this interference
scenario, the minimum erp. of ILS localizer is 30
dBW in order to avoid the effect of interference.

When the broadcasting frequency is set at 1079
MHz, the centre frequency of the ILS localizer is
108.35 MHz, and the erp. of the ILS localizer is 32
dBW, the protection ratio versus the er.p. of the FM
broadcasting service performance is shown in Fig 8.
Interference scenario is the same shown in Fig. 6.

From this simulation result, it can be known that
the ILS localizer is not affected by the FM
broadcasting signal when the erp. of FM signal is
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Fig. 8. Protection ratio versus e.r.p. of FM broadcasting
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FM broadcasting service
[~ I l ILS localizer
88 107.7 107.8 107.9 108.15 112 MHz
88

-
0.25 MiIz 112 MHz

[

|
88 035 MHz 112 MHz
1 y ¥ J
88 /[‘ 0.45 MHz 112 MHz
a3 9 M Anfzl2 2
Fig. 9. Interference scenario 2.

less than 32 dBW.

Fig. 10 shows the protection ratio versus the
centre frequency of the FM broadcasting service
when the erp. of the ILS localizer and of the FM
service are 32 dBW and 20 dBW, respectively, and
the centre frequency of the ILS localizer is 108.15
MHz. The centre frequency of the FM service varies
from 1077 MHz to 1079 MHz spaced at 100 kHz

(276)
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Fig. 10. Protection ratio versus center frequency of FM

broadcasting service.

FM broadcasting service 1
ILS localizer
FM broadcasting service 2

LN ya
88 105 107;9 110.9 112 MHz
88 3 MHz > 112 MHz
59 MHz
8 1. M AlLiE2 3
Fig. 11. Interference scenario 3.

interval. An interference scenario is shown in Fig. 9.
Only when the centre frequency of the FM service is
1077 MHz, the protection criterion is satisfied. Then
the FM service does not affect to the ILS localizer
only in this case.

Fig. 12 represents the potential incompatibility
versus the erp. of the FM broadcasting service 1
performance, In the simulation, the followings are
assumed. Interference is Type Bl interference. The
center frequency of the ILS localizer is set at 110.9
MHz, that of the FM broadcasting service 1 is 107.9
MHz, and that of the FM broadcasting service 2 is
105 MHz. The er.p. of the ILS localizer is set at 32
dBW and that of the FM broadcasting service 2 is 50
dBW. An interference scenario is shown in Fig. 11.

From this result, we can see that when the erp.
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of the FM broadcasting service 1 is less than 56
dBW, the potential incompatibility value is less than
the incompatibility criterion. Then the ILS localizer
can avoid the interference from the FM services in
scenario shown Fig. 11.

Fig. 13 represents the potential incompatibility
versus the erp. of the FM broadcasting service 2
performance. In the simulation, the followings are
assumed. Interference is Type Bl interference. The
center frequency of the ILS localizer is set at 1109
MHz, that of the FM broadcasting service 1 1s107.9
MHz, and that of the FM broadcasting service 2 is
105 MHz. The erp. of the ILS localizer is set at 32

FM & MH|AQ) ILS localizerAto] Q] 2H 5Atof

27

Bet @ 48% 9

FM broadcasting  FM broadcasting

service 2 service 1
\\\;
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88 105 1051 1052 1079 1108 112 MHz

4 4 4 I

- ” 112 MHz
2.9 MHz |
" 5.6 MHz

. iy

il h
/[ 3

8 MH 112 MHz

NI

a3 14, ZHd AlLigl2 4
Fig. 14. interference scenario 4.

88

e

dBW and that of the FM broadcasting service 1 1s 50
dBW. An interference scenario is shown in Fig. 11.
It can be known that when the erp. of the FM
broadcasting service 2 is less than 62 dBW, the
less than the
incompatibility criterion. Then the ILS localizer can

potential incompatibility value is
avoid the interference from the FM services.

Fig. 15 shows the potential incompatibility versus
the centre frequency of the FM broadcasting service
2 performance. It is assumed that the erp. of the
ILS localizer i1s 32 dBW, that of the FM service 1 is
50 dBW, and that of the FM service 2 is 62.5 dBW.
The centre frequencies of the ILS localizer and of the
FM service 1 are set at 110.8 MHz and 107.9 MHz,
respectively. The centre frequency of the FM service
2 varies from 105 MHz to 1052 MHz spaced at 100
kHz interval. An interference scenario is shown in
Fig. 14. Only when the centre frequency of the FM
service 2 is 105 MHz, the potential incompatibility
value is satisfied with the criterion. Then the FM



20083 3¥ HMAZEs =2X M 45 HTCH M3 &

0'6 i T T 1 j" Trrtr ].' L 1—r T l_!’l Tr ‘ITI T
g ool I ]
£ W 3 NS SR e e S W B
2 - mcompat.;ble R
g 3 : : 3
g 0.2 :. ....... , ........ e leenn 'iil'c'dl'ﬁf)ziﬁblé”:
. 3 patible ]! : : : 4
: o L @; Incompatibility crijterion
= i ‘ : : : ]
e | . .
£ ! ;
0.2 beeeeees SRR Feeenes feeeieens SRTUTE TN N
IR I S I S U
105 105 105 1051 1052 105.2 105.2
e.r.p. of FM broadcasting service 2 (dBW)
38 15 FM &S Md|A 22| B4 Faeo] mE vk
R
Fig. 15. Potential incompatibility versus center frequency
of FM broadcasting service 2.
200 N T T ! T 1T { L [ T T T_'l'l Al I_!’*l'l T !—l'*l'_‘l ! l'3
2 2 .
= 150 E. S R PO SN evrees Teerees T
=] : P
= r : ]
£ 100 i
§ E -
g C -
% 50 (AR EET LR R T e [ERPIRR [ETRTR tearaen -
= - Incompatibility criterion
3 0 L : : : : o
2 -
&~ C : p
[ ST VUPE VO ST S ST SO
0 2 4 6 8 10 12 14

Distance from ILS locallizer site to test point (km)

a8 16, ILS 2Z2o|X YXZEE EHAE X|EX 2|
Helo| wE H|E 7t
Fig. 16. Potential incompatibility versus distance from an

ILS localizer site to a test point.

FM broadcasting service 1
ILS localizer

FM broadcasting service 2

105 107.9

88 110.75 112 MHz
‘I I | I I
88 ™ 285 MHz || 112 MHz
5.75 MHz.
g 17 Y AluEl2 5
Fig. 17. Interference scenario 5.

service does not affect to the ILS localizer only in

this case.

(278)
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Fig. 16 shows the potential incompatibility when
the distance from an ILS localizer site to a test point
varies. Type Bl interference is assumed. The center
frequency of the ILS localizer is set at 110.95 MHz,
that of the FM broadcasting service 1 is 107.9 MHz,
and that of the FM broadcasting service 2 is 105
Milz. The erp. of the ILS localizer is set at 32
dBW, that of the FM broadcasting service 1 is 60
dBW, and that of the FM broadcasting service 2 is
50 dBW. An interference scenario is shown in Fig.
17.

From Fig. 16, we can see that the further the
distance is from an ILS localizer site to a test point,
the more the potential incompatibility decreases. And
when the distance from an ILS localizer site to a test
point is over 3 km, the incompatibility criterion is
satisfied.

VI. CONCLUSIONS

A frequency band of the FM sound broadcasting
service in the band 87.5-108 MHz is allocated near a
band of the aeronautical services, which is composed
of ILS localizer, VOR, and COM, in the band of
108-137 MHz. Hence the unwanted emission of the
FM broadcasting service works as interference to the
aeronautical services and has a bad influence on
them. When the unwanted emission occurs in the
aeronautical band, the ILS localizer is much affected
by interference especially.

In this paper, the interference from the sound
broadcasting service in the band 87-108 to the ILS
localizer, one of the aeronautical services, in the band
of 108-112 MHz analyzed. The effects of
interference are analyzed according to the er.p of ILS

1S

localizer, the center frequency of FM broadcasting
service, and the distance from an ILS localizer site to
And the wvalues that satisfy the
incompatibility criterion for each case are deduced

a test point.

from the simulation results.

When the erp. of the FM broadcasting service is
set at 30 dBW, that of the ILS localizer should be
over 30 dBW to operating without the interference
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problems. When the erp. of the ILS localizer is 32
dBW, that of the FM broadcasting service is less
than 32 dBW. When the erp. and the centre
frequency of the ILS localizer are 32 dBW and 108.15
MHz, respectively, the centre frequency of the FM
broadcasting service should be less than 107.7 MHz.
In the case that the er.p. and the centre frequency of
the ILS localizer are 32 dBW and 1109 MHz,
respectively, the center frequencies of the
broadcasting services are 1079 MHz and 1056 MHz,
and the erp. of the FM broadcasting service 2 is 50
dBW, the erp. of the FM broadcasting service 1
should be less than 56 dBW in order to be
compatible with the ILS localizer service. If the same
conditions are assumed except that the erp. of the
FM broadcasting service 1 is 50 dBW, the erp. of
the FM broadcasting service 1 should be less than 62
dBW. In the case that the erp. and the centre
frequency of the ILS localizer are 32 dBW and 110.8
MHz, respectively, the erps of the broadcasting
services are 50 dBW and 625 dBW, and the centre
frequency of the FM broadcasting service 1 is 107.9
MHz, the centre frequency of the FM broadcasting
service 2 should be less than 105 MHz to protect the
ILS localizer from interference of the FM
broadcasting services. And in the case that the er.p.
and the centre frequency of the ILS localizer are 32
dBW and 11095 MHz, respectively, those of the
broadcasting service 1 are 60 dBW and 107.9 Mz,
respectively, and those of the FM broadcasting
service 2 is 50 dBW and 105 MHz, respectively, the
distance form the ILS localizer site to the test point
should be over 3 Km to satisfy the incompatibility
criterion.

By using the methods of analyzing the interference,
which are applied in this paper, it is greatly expected
that the performance of the aeronautical service can
be optimized. Besides, the result of this paper can be
applied for determining spectrum management policy
as well as establishing the foundation of the

frequency resource management Systems.
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