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Introduction

Recommendation ITU-R SM.1009-1 provides the recommended means for assessing compatibility between the FM sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz.  It contains a catalogue of procedures and methodologies for such compatibility calculations and was developed after a multi-year process involving experts from the International Civil Aviation Organization (ICAO) and ITU-R Study Groups 5 and 6 and is used by administrations to implement their compatibility assessments.  It should be noted that Recommendation ITU-R SM.1009-1 is the recommended means for cross-border coordination. .Additionally, Recommendation ITU-R M.1841-0 provides the means for assessing compatibility between FM sound-broadcasting systems in the frequency band of about 87-108 MHz and the aeronautical ground-based augmentation system in the frequency band 108-117.975 MHz. 

There have been technological developments in sound broadcasting which are not necessarily appropriately addressed by either Recommendation ITU-R SM.1009-1 or ITU-R M.1841.  

This Report provides information on national approaches and experiences in compatibility assessments between the sound-broadcasting service in the band 87-108 MHz and the aeronautical services in the band 108-137 MHz in some administrations to address these issues. These have been contributed by administrations using those approaches in order to take into account changes in technologies [and network densities], which have taken place since the approval of Recommendation ITU-R SM.1009-1 in 1995. These administrations wish to share their approaches and experiences since this could be useful for administrations which face similar situations. However, these approaches have not been studied or reviewed in either ITU-R or ICAO.  Hence these bodies cannot make any statement about the alignment of such approaches with Recommendations ITU-R SM.1009-1 and ITU-R M.1841-0.

It is intended to include further approaches and experiences as they are made available by administrations for information. Administrations are invited to provide further approaches and experiences.

Annex 1:
Information on the approach applied in Germany for the coordination between digital and analogue sound broadcasting in the band 87-108 MHz and the aeronautical services in the band 108‑137 MHz
Annex 1

Information on the approach applied in Germany for the coordination between the digital and analogue sound-broadcasting service in the band 87-108 MHz and the aeronautical services in the band 108-137 MHz
1
Background

Today (2016) the FM broadcast network in Germany comprises about 2700 transmitters i.e. 7,2 transmitters/1000 square km in average. Furthermore about 180 aeronautical radionavigation systems are in operation.

Figures 1 and 2 show the situation of the broadcasting networks and the deployment of aeronautical radionavigation systems in Germany.
	Figure 1

Radionavigation Systems
	Figure 2

Schematic Broadcast Interference Situation
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It can be seen, that, due to the density of deployments, it is very difficult to achieve compatibility for new stations of these two services. Complemental to the toolkit contained in Recommendation ITU-R SM.1009 a further detailed analysis can assist in the compatibility assessment.

2
Approach

Therefore Germany has developed a methodology, also based on the final acts of the Regional Administrative Conference for the Planning of VHF Sound Broadcasting (Region 1 and Part of Region 3) Geneva, 1984, which uses a more detailed calculation method and more flexibility in modelling the relevant parameters (Attachment 1).

This includes 

· characteristics of FM-Signals using digital sound processing;

· new digital sound broadcasting modulation schemes (e.g. DARC, DRM+, HD-Radio);

· flexible filtering assumptions for the suppression of unwanted emissions of broadcasting transmitters;

· usage of evolved propagation models including morphology and topography;

· alignment with existing ICAO standards (e.g. ILS localizer/VOR coverage);

· calculation of interference areas in all 3 dimensions not limited to specific geometrical shapes (amorphe);

· inclusion of the GBAS (ground based augmentation system, see also Recommendation ITU-R M.1841);

· methodology for the assessment of co-located broadcasting transmitters.

3
Experience

By applying this methodology it was possible to coordinate successfully about 35 aeronautical radionavigation systems with about 1400 broadcasting transmitters.

Experience with this method show that almost all broadcasting transmitters already comply with filter characteristics, taken into account for the calculations. Only in very rare exceptional cases, it was necessary to install filters in order to achieve compatibility.
Attachment 1 to Annex 1
Compatibility between the sound-broadcasting service in the band 87-108 MHz and the aeronautical services in the band 108-137 MHz in complexe 
and dense networks

Abbreviations

DARC
Data radio channel

DRM+
Digital radio mondiale+

ERP
Effective radiated power

FM
Frequency modulated (radio broadcasting)

FPSV
Frequency protected service volume 

GBAS
Ground based augmentation system

GPS
Global positioning system

HF
High frequency

ILS
Instrument landing system

IMC
Instrument meteorological conditions

LOC
Localizer 

MPX
Multiplex

OFDM
Orthogonal frequency-division multiplexing

PRBS
Pseudo random bit stream

RDS
Radio data system  

RMS
Root mean square 

VDA
Vertical directed attenuation

VDE
Vertical directed elevation

VHF
Very high frequency

VOR
VHF omnidirectional range

WGS84
World Geodetic System 1984
Coordination model

1
Introduction

1.1 Definition of the different types of interference

Interference is divided into four different types in accordance with Rec. ITU-R SM.1009-1.

Type A interference is caused by emissions on frequencies in the aeronautical band:

· Type A1 interference: intermodulation or noise-like spurious signals emitted by a broadcasting transmitter (spurious emissions).
· Type A2 interference: out-of-band emissions from broadcasting transmitters having frequencies near the carrier frequency [image: image5.png](fsc + 300 kHz).



 

Type B interference is caused by emissions on frequencies outside the aeronautical band:

· Type B1 interference: intermodulation generated in the aeronautical receiver.
· Type B2 interference: desensitization in the RF section of the aeronautical receiver.
All interference is quantitatively measured. In all instances, a value of [image: image7.png]0dB



 or less is interpreted as "interference-free" and all interference with a positive value is considered "interference". When the compatibility calculations for the coordination of FM broadcasting services and aeronautical services indicate that one of the above four types of interference has a value exceeding [image: image9.png]0dB



, incompatibility between the two radio services is to be assumed. These types of interference can be dealt with by imposing requirements on broadcasting service operators and by whiting out disturbed volumes vis-à-vis users of aeronautical navigation service frequencies.

The coordination model presented here is a stochastic model. Unless specified otherwise, the input variables are stochastic variables.

1.2
Inclusion of the azimuthal radiation patterns and elevation patterns in interference calculations

The following applies to the calculation of the azimuthal radiation pattern for potential spurious Type A1 interference:  

In the case of logarithmetical-periodic antennas and simple dipol antennas, noise emissions are considered wanted emissions.

Aperture antennas (broadside arrays) are considered omnidirectional antennas with respect to unwanted spurious emissions. When precise information regarding antenna radiation behaviour in the band above 108 MHz is available, reference can be made to it. The standardized elevation pattern described in Appendix B section 2 applies. 

When identifying A1 interference, azimuthal dependence in the emission of intermodulation products is not assumed.

When calculating interference in connection with the coordination of FM broadcasting service and aeronautical services, the azimuthal radiation pattern and elevation pattern are used for Type B1, B2 and A2 interference.

2
Interference 

2.1
Type A1 interference 

Interference is designated Type A1 interference when it is caused by emissions from broadcasting transmitters in the aeronautical channel. In the case of Type A1 interference, these emissions are described on the basis of two interference phenomena: 

· power-level-dependent, noise-like spurious emissions of individual transmitters and

· intermodulation of several broadcasting transmitters at one site.

The interference phenomenon is completely independent of the receiver properties and can only be influenced on the transmitter side.
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whereby the following definitions apply for the parameters used:
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: 
see section 2.1.1
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: 
see section 2.1.1
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 : 
field strength of the aeronautical radionavigation transmitter in [image: image19.png]dB(uV/m)



 at the respective test point. When the field strength is not known, the minimum useful field strength should be used
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protection ratio which is specified in section 4.2.1 of Recommendation ITU-R SM.1009-1. 

2.1.1
Field strength calculation based on noise emissions 

The following equation describes the field strength which a single broadcasting transmitter at a particular test point generates on the aeronautical navigation frequency:



[image: image23.png]Exosser = Epcr — anose(Pocir) — aruter(fvav = facr)
Field stremgeh of the spuriou emission of the broadasting
o o e Lo dcae





(2)
In this case, the field strength is influenced by the following parameters: 
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field strength of the r-th broadcasting transmitter at the test point, in [image: image27.png]dB(uV/m)



. The field strength is determined in accordance with Appendix A section 1 taking account of the propagation model to be used
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power-dependent suppression of spurious emissions in [image: image31.png]dBc



 in a bandwidth of [image: image33.png]30 kHz



 exclusively for noise contributions (all emissions of a transmitter on which intermodulation products of a group of co-located transmitters are not generated) (see section 2.1.1.1)
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filter-dependent suppression, in [image: image37.png]dBc



 (see section 2.1.1.2)
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frequency of the [image: image41.png]


-th broadcasting transmitter.
2.1.1.1
[image: image43.png]ANoise



 - Suppression of spurious emissions relative to maximum e.r.p.

The Federal Network Agency requires spurious emission suppression shown here for all other types of modulation, such as OFDM, in broadcast band II ([image: image45.png]87.5 MHz



 bis [image: image47.png]108 MHz



), with the exception of FM-modulated signals. 

The sum of the field strengths of all transmitters received at the test point yields the total value:
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(3)
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is the number of the broadcasting transmitters observed at the test point.  It is limited to the 20 transmitters that cause the greatest interference at the test point.

The suppression of spurious emissions shown in the following table is normalized to a [image: image53.png]30 kHz



 reception bandwidth of the aeronautical receiver.  Should the reception bandwidth be changed, a conversion must be calculated using the following formula.
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Figure 1
Table of suppression of spurious emissions relative to maximum e.r.p. [image: image61.png]Anoise



 for broadcasting transmitters 
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Note: Intermediate values from this table are interpolated linearly in dB.

A spurious emission suppression according to Figure 1
Table of suppression of spurious emissions relative to maximum e.r.p. [image: image64.png]ANoise



 for broadcasting transmitters
 must be assumed with all broadcasting transmitters (including existing, licenced broadcasting transmitters). 

2.1.1.2
[image: image66.png]aFilter



 - Frequency-dependent suppression of spurious emissions using filters 

Every broadcasting transmitter is assigned to a category based on the filter characteristics in Figure 2. The spurious emissions radiated by the broadcasting transmitter are reduced by the values listed there. 
Figure 2
Table of the frequency-dependent suppression of spurious emissions [image: image68.png]Afilter



 for broadcasting transmitters 
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Source: Official Gazette of the Bundesnetzagentur

Communication No. 147/2014


Note: Intermediate values from this table are interpolated linearly in dB.

2.1.2
Calculation of intermodulation emissions

All transmitter combinations possible at the transmitter site that could produce intermodulation products and whose maximum point in the power density spectrum lies within the range 
[image: image71.png]fuav £ Afmax



, are considered source signals. These source signals are assessed in accordance with their specific spectral level sequence relative to the navigation frequency  [image: image73.png]fuav



 using  [image: image75.png]arm:2/3



(|[image: image77.png]


|) and are regarded as the site's aggregate emissions in the navigation channel 
[image: image79.png]fnav + 15kHz



. In the event that the centre frequencies of the IM products are identical, only one emission is examined on the respective centre frequency. 

The power [image: image81.png]


of the most powerful broadcasting transmitter of the emitters involved in the intermodulation follows from the power-dependent suppression of the intermodulation products as laid down by the Bundesnetzagentur. The interference field strength at the test point of the intermodulating transmitter at site [image: image83.png]


 can therefore be shown as follows: 
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(5)
where 
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The sum of the field strengths of the possible intermodulation emissions at the test point of all sites [image: image89.png]


 which are to be observed yields the total value [image: image91.png]Eim:s



.
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(7)
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is the number of intermodulating sites to be observed at the test point. It is limited to the 20 intermodulations that cause the greatest interference at the test point.

Stochastic addition can be used here. 

In this case, field strength is influenced by the following parameters: 
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: 
field strength in [image: image99.png]dB(uV/m)



 at the test point of the broadcasting transmitters most involved in the intermodulation. The field strength is determined without including antenna patterns, taking into account the propagation model to be used in accordance with APPENDIX A section 1
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spurious emission suppression relative to maximum e.r.p. of the intermodulation products in dBc (see section 2.1.2.1)
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frequency-dependent offset correction for third-order intermodulation products (see section 2.1.2.2) based on the spectral level sequence and proximity to the navigation frequency [image: image105.png]f av
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deviation of the centre frequency of the [image: image109.png]


-th intermodulation product from the centre frequency of the navigation signal [image: image111.png]f av
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number of a site's intermodulation emissions. 

A prerequisite for this summation of powers is the disappearance of the cross-correlation functions [image: image115.png]P j: st (0)
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and/or [image: image119.png]j,l€(0,..,8).(i,)) = (kD




2.1.2.1
[image: image121.png]


 - Suppression of spurious emissions relative to maximum e.r.p., for intermodulation products

The Federal Network Agency requires spurious emission suppression shown here for all other types of modulation, such as OFDM, in broadcast band II ([image: image123.png]87.5 MHz



 to [image: image125.png]108 MHz



), with the exception of FM-modulated signals.

The spurious emission suppression shown in the following table is normalized to a [image: image127.png]30 kHz



 reception bandwidth of the aeronautical radionavigation receiver.  
Figure 3
Table of spurious emission suppression relative to maximum e.r.p. [image: image129.png]


 
for broadcasting transmitters 
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Note: Intermediate values from this table are interpolated linearly in dB.

The assumption of the spurious emission suppression according to Figure 3 must be applied to all broadcasting transmitters (including existing licenced broadcasting transmitters).

2.1.2.2
[image: image132.png]


 - Intermodulation-dependent offset correction

The frequency of the intermodulation product is calculated using the following formula:
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(8)
Offset correction for these frequencies is provided for and is described by the parameter [image: image136.png]Qng



. 

Figure 4 below describes on the basis of measurements taken by the Bundesnetzagentur the spectrum of the third-order intermodulation products of FM stereo transmitters relative to the wanted emissions (where applicable, including DARC signal) as a function of the frequency difference: 
Figure 4
Table of intermodulation-dependent spurious emission suppression [image: image138.png]A 2/3



  for broadcasting transmitters
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Note: Intermediate values from this table are interpolated linearly in dB. 

2.1.3
Scope of the Type A1 interference analysis for broadcasting transmitters 

Category A transmitters that are located more than 20 km from the FPSV are not included in the analysis of Type A1 interference. Category B, C and D transmitters for which 
[image: image141.png]fvav — fsc = 4 MHz



 applies are considered interference-free in the A1 analysis. These transmitters are tested only with regard to their involvement in intermodulation products and assessed as provided for in section 1.

2.2
Type A2 interference 

Frequency-dependent or power-dependent interference in the immediate spectral vicinity of the broadcasting transmitter's nominal frequency is considered Type A2 interference.

In practice, this type of interference can only be caused by broadcasting transmitters that are very close to the frequency 108 MHz. Furthermore, Type A2 interference involves only the VOR, ILS and GBAS channels in the lower end of the aeronautical navigation band. The aggregate Type A2 interference potential is calculated using the following formula:
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(9)
where
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(10)
and
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: 
field strength of the transmitter [image: image153.png]


, in [image: image155.png]dB(uV/m)
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frequency-dependent offset correction, in [image: image159.png]dB
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separation between the centre frequency of transmitter [image: image163.png]


 and the aeronautical navigation frequency 
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field strength of the aeronautical navigation transmitter in [image: image167.png]dB(uV/m)



 at the respective test point. When the field strength is not known, the minimum wanted field strength is to be used
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: 
necessary protection ratio that is equated with the protection ratio [image: image171.png]PR,



from A1 
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: 
number of broadcasting transmitters that can be received at the test point.
The out-of-band emission suppression [image: image175.png]Ay2.5



 exhibits the frequency dependency shown in the following table. 

The spurious emission suppression shown in the following table is normalized to a 30 kHz reception bandwidth of the aeronautical navigation receiver.
Figure 5
Table of frequency-dependent spurious emission suppression  [image: image177.png]


 for broadcasting transmitters
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A frequency spacing of less than [image: image180.png]125 kHz



 is not possible due to the frequency plan. The introduction of GBAS enables a frequency spacing of [image: image182.png]125 kHz



 due to the possibility of occupying the channel [image: image184.png]108.025 MHz



. It is known that a point of discontinuity in the requirements for signal attenuation can arise at an interval of [image: image186.png]300 kHz



 to the broadcasting frequency at the transition between A2 and A1. However, A1 and A2 apply independently of one another in their respective areas of application and must therefore be examined separately. 

2.2.1
Scope of the Type A2 interference analysis for broadcasting transmitters 

Transmitters that are located further away from the examined FPSV than the radio horizon [image: image188.png]&
S'RLOS



 but no more than [image: image190.png]125 km



 (in conformity with GE84) are considered interference-free in terms of Type A2 interference. 

Analogously to Recommendation ITU-R SM.1009, Type A2 interference must not be examined for frequency spacings [image: image192.png]fuav — fac



 of more than [image: image194.png]300 kHz



.

2.3
Type B1 interference

Interference is classified as Type B1 when it is caused by intermodulation between several broadcasting signals in the receiver input of the aeronautical navigation receiver. The interference occurs in the input amplifier stage of the aeronautical receiver. The broadcasting frequencies that could lead to an intermodulation product on or near the aeronautical frequency can be predicted. The potential for Type B1 interference depends on the receiver's large-signal immunity (see also Recommendation ITU-R SM.1009, section 4.3.3.1).

2.3.1
Calculation of Type B1 interference 

Type B1 interference (IM3 interference) is determined by the power levels of IM3 bandpass signals of relevant combinations of implicated broadcasting transmitters, with these signals occurring in the vicinity of the centre frequency [image: image196.png]fuav



. It is assumed that their cross-correlation functions in the bandpass range [image: image198.png]fyav T 15kHz



 are negligible: 
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(13)
where

· intermodulation level in a two-signal case:
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(14)
· intermodulation level in a  three-signal case:
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(15)
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broadcasting signal level in [image: image208.png][dB(mW)]



 at the test point at the input to the aeronautical receiver in accordance with equation (56)
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total number of broadcasting transmitters involved
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two tuples of the criterion [image: image214.png](2 fi—£) = fuav + Afins
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 (two-signal case)
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three tuples of the criterion [image: image220.png](fe + fi — i) = fvav + Afins
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 (three-signal case)
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frequency of the broadcasting transmitter in [image: image227.png]MHz
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value that describes the large-signal immunity of the receiver (third-order nonlinearity) [image: image231.png]—78 dB(mW)
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frequency-dependent interference reduction 
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field strength of the aeronautical navigation system at the test point 
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minimum wanted field strength of the respective aeronautical navigation system.
2.3.1.1
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 – Frequency-dependent intermodulation suppression 

The frequency spacing [image: image242.png]Afim



 between the intermodulation frequency and the aeronautical navigation frequency [image: image244.png]fuav



 is calculated using equation (4). 

The frequency-dependent intermodulation suppression [image: image246.png]ap1



 exhibits the frequency dependency shown in the following table (see also Recommendation ITU-R SM.1009, section 4.3.3.2, Table 5).
Figure 6
Table of frequency-dependent intermodulation suppression [image: image248.png]agq




[image: image249.png]Frequency-dependent
intermodulation suppression agp,

as1[dB]
FM (incl.
Af [kHz] supplementary
signals such as DR+
DARC)

[ [ [
50 6 0
100 15 15
150 30 21
200 45 33
250 48 51
300 48 54

Source: Bundesnetzagentur measurements




Please note:

· Type B1 interference is precluded when the frequency offset is greater than 300 kHz. 

· Intermediate values from this table are interpolated linearly in dB.

2.3.2
Scope of the Type B1 interference analysis for broadcasting transmitters 

The number of broadcasting transmitters is limited by a cut-off and a trigger criterion (see Recommendation ITU-R SM.1009, section 4.3.3).

2.3.2.1
Cut-off criterion

The signal strength of every broadcasting transmitter contributing to the Type B1 interference must exceed the cut-off level (see Recommendation ITU-R SM.1009):
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where:
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broadcasting frequency in [image: image255.png]MHz



.
In physical reality there is nothing in a receiver that corresponds to a cut-off level. The choice of the cut-off value in practical calculations determines the number of the broadcasting transmitters that the calculation takes into account. It is thus an interfering signal level under which broadcast signals are not considered to be interference. 

The frequency-dependent term corresponds to the selectivity curve of the preselector bandpass filter. Based on tests, the constant was selected appropriately low enough. 

In order to meet the cut-off criterion all signal levels of the broadcasting transmitters involved in the intermodulation must exceed the cut-off level. All signals that exceed the cut-off level are then added up.

2.3.2.2
Trigger criterion

The trigger criterion set forth in Recommendation ITU-R SM.1009 specifies that at least one of the broadcasting transmitters involved in the intermodulation must reach the trigger value in order for the intermodulation to be taken into account. Like the cut-off value, the trigger level is an artificial value. The trigger criterion can be calculated as follows: 
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where:
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(18)
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: minimum reference level of the wanted signal at the input to the aeronautical receiver:

· [image: image263.png]86 dB(mW)



 for ILS

· [image: image265.png]~79 dB(mW)



 for VOR
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 for GBAS

· [image: image269.png]Nyav



 : wanted signal level at the input to the aeronautical receiver at the test point 



[image: image271.png]Nyay = Exay — 118 — 9 — 3,5 [dB(mW)]
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· [image: image273.png]Enav



 : field strength of the wanted signal in dB(µV/m)  


 [image: image275.png]K, = 78dB



 
(for ILS, VOR, GBAS)


 [image: image277.png]K; = 84dB



 
(for ILS, VOR, GBAS)


[image: image279.png]S = 3dB



 
protection margin (see Recommendations ITU-R SM.1009, section 4.3.3.4 and ITU-R M.1841, section 4.2.3.4)

The trigger criterion is derived from the Type B1 criteria for two or three frequency-relevant signals. It is assumed here that the input levels of the two or three broadcasting signals are identical. The limit of the B1 criterion [image: image281.png]Bl =0dB



 determines the maximum input level of the signals (trigger value). Therefore at least one input signal out of all the relevant frequency combinations (two-signal or three-signal case) must be [image: image283.png]


 to this trigger value in order to satisfy the B1 criterion. 

2.4
Type B2 interference 

The sensitivity reduction of the aeronautical receiver that occurs as a result of the overmodulation of the input stage is designated B2. As in the case of Type B1 interference, the effect of Type B2 interference is depends on the receiver's high-level signal immunity.

The maximum acceptable interference power [image: image285.png]Nmax.BCi



, that a broadcasting transmitter can generate at an aeronautical receiver (see also Recommendation ITU-R SM.1009, section 4.3.4) for ILS, VOR and GBAS is, with[image: image287.png]f< 112 MHz



 



[image: image289.png]Npaxpci = min [15 —10+20+1g (mux{ Lty }) +1 ]
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for GBAS with [image: image291.png]f > 112 MHz



 (in accordance with Recommendation ITU-R M.1841)



[image: image293.png]Npaxpci = min [15 0+20+1lg (mux{ ;1L aci }) +1 ]
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where 


[image: image295.png]


 
maximum acceptable interference power of the [image: image297.png]


-th broadcasting transmitter (source of interference) having an effect, in [image: image299.png]dB(mW)





[image: image301.png]


 
broadcasting frequency of the [image: image303.png]


-th broadcasting transmitter, in [image: image305.png]MHz





[image: image307.png]


: 
correction factor (see section 2.4.1), in [image: image309.png]dB



.
When [image: image311.png]


 broadcasting signals are present at the input to the aeronautical receiver, each signal contributes to desensitization.  One method for describing the cumulative behaviour is to use an expanded linearity hypothesis which is given by the linear overlap of the input power of the [image: image313.png]


 broadcasting signals relative to the respective desensitization power (interference power).  This is expressed by the Type B2 interference in the following formula:



[image: image315.png]107510
B2 = 1019 | Ty g

REZ=TN



.
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where 


[image: image317.png]


 
number of broadcasting transmitters having an influence (interferers)


[image: image319.png]


 
interference power at the receiver input of the [image: image321.png]


-th broadcasting transmitter (interferer) in [image: image323.png]dB(mW)



.
2.4.1
LC - correction factor

The correction factor is used based on Recommendation ITU-R SM.1009, section 4.3.4. Here



[image: image325.png]L¢ [dB] = max (o dB; @)




(23)
where


[image: image327.png]


 
wanted signal level at the input to the aeronautical receiver at the test point


[image: image329.png]


 
reference level of the wanted signal at the input to the aeronautical receiver:

· [image: image331.png]86 dB(mW)



 for ILS localizer

· [image: image333.png]~79 dB(mW)



 for VOR

· [image: image335.png]~72 dB(mW)



 for GBAS.
2.4.2
Scope of the Type B2 interference analysis for broadcasting transmitters 

Provided that the maximum transmission power to be considered is [image: image337.png]Prp (¢, 0) = 50 dB(W)



, the following boundary analyses apply for broadcasting transmitters, without taking into account anisotropy under free-space conditions for ILS systems. The maximum input power of this broadcasting transmitter at the frequency [image: image339.png]fac



 is determined using the following formula: 



[image: image341.png]Npaxpci = min [15 —10+20+1g (mux{ Lty }) +1 ]
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Analogously to Recommendation ITU-R SM.1009, section 4.4.1.2, only those broadcasting transmitters are to be taken into account that generate a signal of more than [image: image343.png]Nmax.zci — 20 dB)



 at the receiver input. 

The maximum permissible input power [image: image345.png]Ninax.5ci



is shown in the following diagrams as a function of the broadcasting transmitter frequency [image: image347.png]fac:



. The field strength of the wanted signal [image: image349.png]Enav



 serves as a parameter.
Where [image: image351.png]v
Exav = 32dB(k.)



, the calculation produces the following graphs:
Figure 7
[image: image352.emf]
Assuming that [image: image354.png]


 (level of the broadcasting signal at the receiver input) is equal to [image: image356.png]Ninax.5ci



, in other words: [image: image358.png]B2 =0dB



, one arrives at the following relationship for the limit between the test point and the broadcasting transmitter as a function of  [image: image360.png]fac:



 [image: image362.png](88 < fpci/MHz < 108)



 in km:
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Figure 8
[image: image365.emf]
Where [image: image367.png]v
Exay = 52dB(h )



 the graphs shift as follows: 

Figure 9
[image: image368.emf]
Figure 10
[image: image369.emf]
APPENDIX A TO ATTACHMENT 1 TO ANNEX 1

Physical models

1
Propagation models

The model provided by Recommendation ITU-R P.1812 and the free-space propagation model based on Recommendation ITU-R P.525 are used as propagation models. The model based on Recommendation ITU-R P.1812 is used when the difference in altitude between the broadcasting transmitter and the aeronautical radionavigation receiver is 3,000 metres or less. The free-space propagation model is used when the altitude difference is greater than 3,000 metres.

1.1
Free-space propagation  

The following equation describes the calculation of the field strength at a test point assuming free‑space propagation and an angle-dependent radiation pattern.



[image: image371.png]E =76.9 + ERP(6,9) — 20 = lg(s')
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where: 

[image: image373.png]


: 
field strength in [image: image375.png]dB(uV/m)





[image: image377.png]ERP(O, )



: 
effective radiated power [image: image379.png]ERP



 of the transmitter in [image: image381.png]dB(W)



 in the direction [image: image383.png](6, 0)



 


[image: image385.png]


: 
distance between the transmitting antenna and the test point in km. The distance [image: image387.png]


 is calculated in accordance with section IA4.

1.2
Propagation model based on Recommendation ITU-R P.1812

The following input parameters are needed in order to apply the propagation model based on Recommendation ITU-R P.1812:


[image: image389.png]


: 
frequency of the transmitter to be examined, in [image: image391.png]MHz





[image: image393.png]


: 
time probability in %: probability that a particular field strength will be exceeded within one year. Here a 95% probability is recommended for the calculation of the field strength of service transmitters; a probability of 5% is recommended for the calculation of the field strength of sources of interference

[image: image395.png]


: 
location probability in %: probability that a particular field strength will be exceeded in a minimum area (pixel) being examined. Here a probability of 99% is recommended for the calculation of the field strength of service transmitters; a probability of 50% is recommended for the calculation of the field strength of sources of interference

[image: image397.png]Coordinates



: 
of the transmitter in (°), based on WGS84 


[image: image399.png]


: 
antenna height above ground level, in [image: image401.png]




[image: image403.png]Polarization



: 
vertical, horizontal or mixed


[image: image405.png]


 
Width of street in [image: image407.png]


.
In contrast to Rec. ITU-R P.1812, this model does not use the great-circle distance. It instead uses the slant range in accordance with section IA4. 

The terrain profile is to be determined on the basis of cartographical data from the Federal Agency for Cartography and Geodesy. The radio-climatic zone, clutter information, distance to coastline, and radio-meteorological parameters are to be derived from this data as well.

1.3
Radio horizon 

The radio horizon is calculated using the following simplified formula, taking into consideration the atmospheric refraction and the resultant equivalent Earth radius of [image: image409.png]4/3 %7



:
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where:

[image: image413.png]’
S'RLOS



: 
distance to the radio horizon in [image: image415.png]


 between the two points P1 and P2 taking into consideration the altitude-dependent refractive index (refraction)

[image: image417.png]


: 
height of point P1 in [image: image419.png]


 above mean sea level 


[image: image421.png]


: 
height of point P2 in [image: image423.png]


 above mean sea level.
Test points behind the radio horizon [image: image425.png]&
S'RLOS



are not examined. Diffraction effects and tropospheric waveguide effects are not taken into consideration.

2
Intermodulation

Intermodulation signals are blended products that can develop on non-linear components in send and receive paths. In the process, an interfering signal can develop in an aeronautical frequency out of several radio signals.

Only third-order intermodulations in the aeronautical navigation band are examined here. Consequently the only differentiation to be made is whether the third-order intermodulation product involves two signals or three signals.

The frequency of the intermodulation product is calculated using the following equation


[image: image427.png]f= { 2«fi—f, firfi>f, (two— signal case)
M=l +f—f firfi=f,>f (three— signal case)




(27)
irrespective of whether send or receive intermodulation is examined. Here, the frequencies [image: image429.png]fi



, [image: image431.png]f2



 and [image: image433.png]f3



 correspond to the frequencies of the broadcasting transmitters being examined. 

The criteria for [image: image435.png]fi



, [image: image437.png]f2



 and [image: image439.png]f3



 (for the three-signal case) that were laid down in equation (27) satisfy the necessary condition for an intermodulation product in the aeronautical navigation band. Frequency combinations that do not satisfy these criteria do not have to be taken into account. 

The spacing [image: image441.png]Afim



 between the intermodulation frequency and the aeronautical navigation frequency [image: image443.png]fuav



 is:


[image: image445.png]Afie = | fvavy — finl
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3
Coordinates and heights 

All points in space are stated using geographic coordinates in the WGS84 model to the precise second and the elevation above mean sea level in metres. Height values can be based on other points of reference as a rule. For example, site elevation can be used as a reference for antenna height. At least one height value must be relative to sea level.

4
Determining slant range, elevation angle and azimuth 

Elevation angle and azimuth refer to the location of the broadcasting transmitter. The azimuth is stated using the direction North to East; the elevation angle is referenced to the horizontal tangent.  
Figure 11
Slant range, elevation angle and azimuth given the negative elevation angle [image: image447.png]



[image: image448.png]Aircraft
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Figure 12
Slant range, elevation angle and azimuth given the positive elevation angle [image: image450.png]



[image: image451.png]Er Aircraft
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Figure 13
 Spherical portrayal of slant range, elevation angle and azimuth 
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where:

[image: image454.png]


: 
invariant great-circle distance on the geometric surface of the Earth (spherical surface) with radius [image: image456.png]


 or on the equivalent surface of the Earth with radius [image: image458.png]


 (reduction of the curvature from [image: image460.png]


 to [image: image462.png]r



)


[image: image464.png]


: 
height of the transmitting antenna above mean sea level


[image: image466.png]


: 
altitude of the aircraft above mean sea level


[image: image468.png]


 
centre of the Earth


[image: image470.png]


: 
Earth radius (6,371 km)


[image: image472.png]


: 
equivalent Earth radius [image: image474.png]


: based on the average altitude-dependent refraction gradient in Central Europe 


[image: image476.png]


: 
slant range broadcasting transmitter – aircraft


[image: image478.png]


: 
slant range broadcasting transmitter – aircraft, taking the altitude-dependent refraction gradient into account  


[image: image480.png]


 
receiver for aeronautical navigation signals 


[image: image482.png]


 
projection of the receiver to the Earth's surface 


[image: image484.png]


 
transmitter for broadcasting signals

[image: image486.png]


 
projection of the transmitter to the Earth's surface 


[image: image488.png]


 
auxiliary variables

[image: image490.png]


: 
elevation angle over the tangential plane, in [image: image492.png][°]





[image: image494.png]


: 
levation angle, taking into account the altitude-dependent refraction gradient, in [image: image496.png][°]





[image: image498.png]A B:



 
shows [image: image500.png]


 and [image: image502.png]


 in accordance with Figure 13 


[image: image504.png]


 
North Pole


[image: image506.png]a,b



: 
length of the partial meridians in accordance with Figure 11, in [rad] 


[image: image508.png]


: 
distance transmitter to receiver on a great circle on the surface of the sphere according to Figure 11, in [rad]


[image: image510.png]


: 
longitude of the broadcasting transmitter or aircraft in the Gaussian coordinate system, in [image: image512.png][°]



 or [image: image514.png][rad]





[image: image516.png]


: 
latitude of the broadcasting transmitter or aircraft in the Gaussian coordinate system,  in [image: image518.png][°]



 oder [image: image520.png][rad]



.
The inverse trigonometric functions are to be understood as principal values.

4.1
Calculation of α, β, c (b0) using spherical trigonometry as shown in Figure 13

Case 1: 
[image: image522.png]Ul < Ut



 ; [image: image524.png]


; [image: image526.png]a=90°— Ug?



; [image: image528.png]b=90°— U
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[image: image532.png]05y Y{— cos B * cosy + sin§ * siny * cos a}
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Case 2: 
[image: image536.png]Ul> Ut



 ; [image: image538.png]Ut - Ut



 ; [image: image540.png]a=90°— U?



;[image: image542.png]b =90°— U2
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[image: image546.png]
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Case 3: 
[image: image548.png]





[image: image550.png]Brio = 180° for Us® > Ug?
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[image: image552.png]Ayio = 0° for U? < Ug?
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4.2
Calculation of c using the Cosine Law for Sides as shown in Figure 13



[image: image554.png]¢ = cosy {cosa * cosh + sina * sinb * cosy)}
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4.3
Calculation of the elevation angle [image: image556.png]


 and the slant range s as shown in Firgure 11



[image: image558.png]=t he )2+ (r +h)2 —2+(r + hy) » (r + hs) = cos(c)
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[image: image560.png]by =1 %



 
(38)
Calculation of the elevation angle [image: image562.png]
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6 = sin, " {12



 
(39)
Alternative calculation of the elevation angle ϴ



[image: image566.png]S NG T SRy,
6 = cos, LTI
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where [image: image568.png]=@ +hg)?* = +hs)? —s?




 and [image: image570.png]



4.4
Alternative calculation of the central angle c using differential geometry as shown in Figure 11


[image: image572.png]X155 =7+ cos(Us 5") = cos(Us %)
xz55 =7 *sin(Us z*) = cos(Us ) ¢ in the Gaussian coordinate system

X355 =7 *sin(Usg2)
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[image: image574.png]k=(X1s —%15)°+ (Xgs — X25)2 + (Xas — Xaz)?
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[image: image578.png]cos(©)
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[image: image580.png]sin(5) =
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4.5
Recommended calculation of the elevation angle [image: image584.png]o’



 and the slant range s' using the height-dependent refraction gradient in Central Europe, taking into account the invariant [image: image586.png]
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Calculation of the elevation angle [image: image594.png]e’
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Alternative calculation of the elevation angle [image: image598.png]e’
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where [image: image602.png]e’ =(r'+hg)?— (r'+ hs)? — (5')?



 and [image: image604.png]



APPENDIX B TO ATTACHMENT 1 TO ANNEX 1

Radio broadcasting

1
Spectra 

1.1
Frequency modulated (FM) radio broadcasting 

Today's typical FM signal can be compared only to a limited extent with the standard signal of Rec. ITU-R BS.412 (1998). Audio processors have been in use in transmitters for years now, not only in the audio sources but also at the transmitter input. As a result, the dynamic range of the modulating signal is often extremely compressed. RDS and stereo broadcasting are likewise to be viewed as quasi-standards. One consequence of this is that sometimes the HF carrier "stays" in its centre frequency less often. As a result the spectrum not only becomes flatter but also broader.

In the case of standard FM transmitters it is always assumed that 

· they send a stereo signal,

· the audio signal is volume-compressed,

· RDS is transmitted,

· the multiplex power does not exceed 0 dBr, 

· maximum deviation does not exceed 75 kHz.
Here 0 dBr equals the multiplex (MPX) power of a sinusoidal modulated signal with a deviation of 19 kHz. 

Since only the time-average and not the maximum spectrum is of relevance for interference, the FM radio signal is not described by its audio signal characteristics as provided for in Recommendation ITU-R SM.1140 but rather by the average spectrum measured in bandwidths of 1 kHz. 
The following table describes the node of the typical time-averaged spectrum of an FM broadcasting signal.
Figure 14
Table of the average spectrum of an FM stereo signal
[image: image605.png]Average spectrum of an FM
stereo signal

Offset Relative level
0kHz 0dB
5kHz 0dB
15 kHz -4dB
30 kHz -13dB
45 kHz -18dB
60 kHz -25dB
300 kHz -145dB

Source: Bundesnetzagentur measurements




Figure 15
Model of an FM stereo signal (average RF spectrum)
[image: image606.png]Relative level
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This mask is consistent with the signal spectrum measured in 1 kHz resolution bandwidths and with an RMS detector.

The signal can be generated as follows:

· tone (AF) modulation: coloured noise according to Recommendation ITU-R BS.641 with the same level left and right, but not correlated (independent noise signals in the left and right audio channels)
· high AF compression by audio processor 

· mode: 

stereo

· RDS deviation:
2 kHz

· pre-emphasis:
50 µs

· peak deviation:
69 kHz

· MPX power:
0 dBr.
1.2
FM with DARC

Data Radio Channel (DARC) is a method for the broadcast transmission of data in VHF radio broadcasting. The additional transmission of DARC  broadens the spectrum and tends to increase the spurious effects on aeronautical navigation systems in the adjacent frequency band.

It is assumed that:
· the additional peak deviation stemming from the DARC subcarrier does not exceed 7.5 kHz, and

· the total peak deviation of 75 kHz is complied with.

Analogue FM radio broadcasting transmitters that contain supplementary digital signals for data transmission (e.g. DARC) in the baseband frequency at 76 kHz are modelled using their average RF spectrum as follows, corresponding to the definition used in Annex B section 1.1:  
Figure 16
Table of the average spectrum of an FM stereo signal with DARC 
[image: image607.png]Average spectrum of an FM
stereo signal with DARC

Offset Relative level
0 kHz 0dB
5kHz 0dB
15 kHz 4dB
30 kHz -13dB
45 kHz -18.dB
60 kHz -25dB
80 kHz -25dB
140 kHz -53dB
160 kHz -57dB
300 kHz -110 B

Source: Bundesnetzagentur measurements




Figure 17
Model of an FM stereo signal with DARC (average RF spectrum) 
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This mask is consistent with the signal spectrum measured with a 1 kHz resolution bandwidth and an RMS detector. 

The signal can be generated as follows:

· tone (AF) modulation: coloured noise according to Recommendation ITU-R BS.641 with the same level left and right, but not correlated (independent noise signals in the left and right audio channels)
· high AF compression by audio processor 

· mode: 

stereo

· RDS deviation:
2 kHz (RDS: Radio Data System)

· ARC deviation:
7.5 kHz

· pre-emphasis:
50 µs

· peak deviation:
69 kHz

· MPX power:
0 dBr.
1.3
DRM+

DRM+ (Digital Radio Mondiale+) digital modulation exhibits a roughly rectangular spectrum. A DRM+ broadcasting signal is likewise described using the node of its average RF spectrum. These are shown in Figure 18. It is assumed that the structure of the signal is consistent with ETSI ES 201 980 and that the maximum permissible levels for spurious emissions follow the transmitter mask in accordance with ETSI EN 302 018.
Figure 18
Table of the average spectrum of a DRM+ broadcasting signal 
[image: image609.png]Mittleres Spektrum des DRM+
Rundfunksignals

Offset Relativer Pegel
0 kHz 0dB
48 kHz 0dB
55 kHz -40dB
100 kHz -48 dB
300 kHz -121dB

Quelle: Messung der Bundesnetzagentur




Figure  19
Model of a DRM+ signal (average spectrum) 
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A DRM+ modulator combined with an HF amplifier generates the OFDM modulated signal in accordance with ETSI ES 201 980. 

The modulation content (useful data) is immaterial here, as is the type of modulation used for the individual FAC/SDC/MSC multiplex channels. The PRBS generator , for example, can be used as a data source in accordance with the above standard; all of the available bytes in the data stream are to be filled with modulation content. 

1.4
HD radio

HD radio is another type of digital modulation used in VHF radio broadcasting. 

An HD radio signal theoretically consists of three blocks:
Figure 20
Diagram of an HD radio signal
[image: image611.png]200 100 0 100 200 OffsetliHz]




The standard for HD radio permits various combinations of the analogue FM signal and the digital OFDM blocks:

Extended Hybrid Mode: analogue FM signal in the centre, plus one or two OFDM blocks at intervals of ±100 kHz to ±200 kHz.

Digital Only Mode: one or both OFDM blocks are transmitted. There is no analogue FM signal in the centre.

All Digital Mode: both OFDM blocks are transmitted. In addition, the analogue FM signal in the centre is replaced by an additional, 200-kHz-wide OFDM block whose level is 10 dB lower than the level of the OFDM side blocks. 

In the case of HD radio signals, due to the large number of possible block combinations and the possible intermodulation of the blocks among each other, each block is calculated as an individual transmitter  with its own individual signal level. Here the analogue FM part is modelled like an FM stereo transmitter in accordance with Annex B section 1.1 and each OFDM block is modelled like a DRM+ transmitter in accordance with Annex B section 1.3. This means, for example, that for calculation purposes a hybrid HD radio signal is treated like an analogue FM stereo transmitter with full power and two additional DRM+ transmitters with spacing of ±150 kHz and a level that is 23 dB lower than the power of the analogue FM transmitter.

The signal can be generated as follows:

A transmitter generates the HD radio blocks in hybrid mode. The FM carrier is modulated in such a way that its spectrum corresponds to the spectrum set forth in Annex B section 1.1‎0. 

The specification of the digital blocks is to be taken from the FM Transmission Specification of the iBiquity Digital Corporation.

1.5
Frequency offset correction for intermodulation products 

Once measurements have been conducted, the level of the third-order products of FM stereo transmitters (including the DARC signal) can be determined via the frequency as follows:
Figure 21
Table of the frequency offset correction for intermodulation products 
[image: image612.png]Frequency offset correction for
intermodulation products

Frequency offset Reduction
250 kHz 70 dB
80 kHz A7 dB
20 kHz 0dB

0 kHz 0dB
20 kHz 0dB
80 kHz A7 dB
250 kHz 70 dB

‘Source: Bundesnetzagentur measurements




2
Broadcast transmitting antennas 

A broadcast transmitting antenna is mounted on an antenna mast with an antenna height of  [image: image614.png]hant



. The antenna height [image: image616.png]hant



 is the height of the antenna radiation centre according to the frequency licence and is stated as the height over the terrain elevation of the site in metres. This antenna height is used for the coordination of FM broadcasting service with aeronautical services even when the frequency could, within the scope of the licence, be transmitted from a lower antenna. 

The licence specifies the maximum permissible radiated power ([image: image618.png]ERPBpax



in [image: image620.png]dB(W)



), which constitutes the upper limit for radiated power during operation.

The azimuth pattern of the antenna is specified in 10° intervals as radiated power [image: image622.png]ERP(p)



 in [image: image624.png]dB(W)



 (see Rec. ITU-R SM.1009-1, section 4.3). Intermediate values are interpolated linearly using the unit [image: image626.png]dB(W)



. The radiated power is defined separately for each plane of polarization. The total radiated power [image: image628.png]ERP(p)



 which is used for coordination purposes is the sum of the linear radiated power of both polarization planes:



[image: image630.png]E”FDX.*MHWHMX/ 5”?01.7wrnml/10
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(52)
The antenna's elevation pattern [image: image632.png]Gyerticar (6)



 is stated as gain [image: image634.png]Gyertical



  in parameterized form and is independent of the horizontal angle (Rec. ITU-R SM.1009-1, section 4.4). Section 4.4.3 of Recommendation ITU-R SM.1009-1 specifically states that this description also applies to the frequency band for aeronautical service. The elevation pattern is described using the vertical aperture [image: image636.png]


 (as the integral multiple of the wavelength[image: image638.png]


) and the vertical radiation pattern [image: image640.png]VDA



 (in [image: image642.png]dB



 – based on [image: image644.png]ERP(p)



). 

The values listed in the following tables for the vertical aperture n and the vertical radiation pattern are used by default. Deviations from these values are however possible in individual cases when adequate justification is provided. 
Figure 22
Table of power-dependent standard parameters for the vertical aperture and the vertical radiation pattern
[image: image645.png]Power-dependent standard parameters for the vertical aperture and
the vertical radiation pattern

Power VDA VDE n

ERP . < 30.4B(W) 5dB 42" 1A
30 dB{W) < ERPrac£37 dB(W) 1448 151° 2\
37 dBW) < ERPrac < 44 dB(W) 1448 1151° 4\
44 dB(W) < ERPreac 18 dB 723° 8A

Source: Bundesnetzagentur




The elevation pattern of the transmitting antenna must have as a minimum the following function graph for all elevation angles in the angle range between [image: image647.png]


 bis +[image: image649.png]90°



:  



[image: image651.png]Gperticai (0, VDA) = —{VDA + 20lg(sin6)} = u{6 — VDE}



 
(53)
where



[image: image653.png]VDE = siny~1(107VP4/20)



 
(54)
The total radiated power is stated for angles of less than 0°.

In this connection:


[image: image655.png]


: 
elevation angle in degrees


[image: image657.png]Gportical (6, VDA)



: 
attenuation as a function of elevation angles, in [image: image659.png]dB





[image: image661.png]VDA



: 
vertical directed attenuation (maximum vertical side lobe attenuation), in [image: image663.png]dB





[image: image665.png]VDE



: 
vertical directed elevation (critical angle in degrees, after which a reduction in power occurs)


[image: image667.png]


 
unit-step function (Heaviside function).
The following diagrams show the respective calculated elevation pattern based on simplified assumptions (dotted line) plus the elevation pattern for the different vertical apertures [n] that has been defined for the model (continuous line).
Figure 23
Graph of the elevation pattern where VDE=34.22°,VDA =5dB, n=1[λ]
[image: image668.emf]
Figure 24
Graph of the elevation (antenna) pattern where VDE=11.51°, VDA =14 dB, n=2[λ]
[image: image669.emf]
Figure 25
Graph of the elevation pattern where VDE=11.51°, VDA =14 dB, n=4[λ]
[image: image670.emf]
Figure 26
Graph of the elevation pattern where VDE=7.23°,VDA =18 dB, n=8[λ]
[image: image671.emf]
The radiated power in any direction is calculated by adding the radiated power of the azimuth pattern to the vertical antenna gain. 
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No differentiation is made between horizontal, vertical or mixed polarization in the interference calculation.  The power of a transmitter that emits a mixed polarized signal is equal to the sum of the power (linear addition) of both linear polarized values. 

3
Interfered volume 

The interfered volume is the volume within the frequency protected service volume (FPSV – see section IC3), in which interference-free operation of an aeronautical navigation system cannot be guaranteed. 

The interfered volume is defined using a sufficient number of points (each determined by the geographical coordinates in accordance with the WGS84 model and altitude), in which at least one of case of interference (A1, A2, B1 or B2) is greater than [image: image675.png]0dB



 (see Appendix C section 3.1).

APPENDIX C TO ATTACHMENT 1 TO ANNEX 1

Aeronautical radionavigation service

1
System description 

1.1
Instrument landing system (ILS)

The SSB FL 012 interface specification defines "localizing equipment" at national level. 

An ILS is a ground-based system that assists the pilot of an aircraft during approach and landing with the help of two guide beams: localizer course (LOC = localizer, information about the course) and the glideslope (information about altitude). The pilot can follow the signals on a display that is connected to an ILS receiver. This makes precision approaches possible even when visibility is poor (IMC).  

The transmission frequency of the glideslope transmitter is located in the UHF band ([image: image677.png]329 MHz



 to [image: image679.png]335 MHz



) and, by virtue of its frequency band, is not part of the coordination of FM broadcasting service and aeronautical services.   

The localizer uses a transmission frequency between [image: image681.png]108.00



 and [image: image683.png]111.95 MHz



. The LOC transmitter is sited approximately [image: image685.png]300 m



 beyond the end of the runway and consists of several directional antennas (extended λ/2 dipol antennas) that are arranged in pairs. The RF carrier is 20% amplitude-modulated with a [image: image687.png]90 Hz



 signal on one side of the approach area and a [image: image689.png]150 Hz



 signal on the other side of the approach area. The LOC receiver in the aircraft measures the difference in the depth of modulation of the [image: image691.png]90 — Hz



- and [image: image693.png]150 — Hz



 signals. The optimal approach path is the position where these two signals exhibit the same strength (difference = 0, vertical needle of the indicator is positioned in the middle).
Figure 27
Diagram of the antenna pattern of a localizer (Source: Federal Supervisory Authority 
for Air Navigation Services)


The ILS localizer frequencies are [image: image696.png]108.10 MHz



, [image: image698.png]108.15 MHz



, [image: image700.png]108.30 MHz



, [image: image702.png]108.35 MHz



 and so on until [image: image704.png]111.90 MHz



, and [image: image706.png]111.95 MHz



 (40 channels with [image: image708.png]50 kHz



 spacing).  

The reception bandwidth of localizer receivers is set at [image: image710.png]30 kHz



.

1.2
VHF Omnidirectional Range (VOR)

The SSB FL 008 interface specification defines "VHF omnidirectional radio systems (VOR, D‑VOR)" at national level. 

VOR is an omnidirectional radio range for aviation navigation. The VOR transmitting system generates a hybrid modulated signal consisting of:

· an amplitude-modulated signal with [image: image712.png]30 Hz



,

· a component that is also modulated with [image: image714.png]30 Hz



 ([image: image716.png]30 Hz



 frequency modulation of a [image: image718.png]9960 Hz



 subcarrier). 

The angle between the North reference and the line to the aircraft can be determined using the phase relationship in the receiver between amplitude and frequency modulation. The receiver measures the phase difference ([image: image720.png]0° ... 360°



) between the two [image: image722.png]30 Hz



 modulations and shows it as a radial (azimuth angle [image: image724.png]0° ... 360°



 from north to east). 
Figure 28
Diagram of how a VOR works (Source: Federal Supervisory Authority for Air Navigation Services (BAF))
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Figure 29
Diagram of the spectrum of a VOR (Source: Federal Supervisory Authority for Air Navigation Services (BAF))
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VOR frequencies are spaced as follows: [image: image728.png]108.05 MHz



, [image: image730.png]108.20 MHz



, [image: image732.png]108.25 MHz



, [image: image734.png]108.40 MHz



, [image: image736.png]108.45 MHz



 and so on up to [image: image738.png]111.85 MHz



. Starting from [image: image740.png]112.00 MHz



 the channel spacing is [image: image742.png]50 kHz



 as a rule from [image: image744.png]112.00 MHz



 to [image: image746.png]117.95 MHz



.

The reception bandwidth of VOR and DVOR receivers is set at [image: image748.png]30 kHz



.
1.3
Ground-based Augmentation System (GBAS)

The SSB FL 011 interface description defines at national level "radio equipment for ground-based augmentation systems (GBAS) used with global navigation satellite systems".  

The GBAS is a DGPS-based method for determining coordinates for precision approaches. GBAS is also supposed to replace current instrument landing systems (e.g. ILS).  

In addition to GPS satellite signals, GBAS also uses the data link of the respective GBAS ground station.  GPS reference receivers determine correction data originating from the ground station. These and other data such as approach information (e.g. waypoints) are periodically transmitted via the data link.

On board the aircraft, the aircraft's position is ascertained within less than one metre (using a GPS receiver and the correction values received from the GBAS ground station) and compared with the approach path the pilot has chosen out of the approach paths offered by the GBAS ground station. 

The VHF data link uses time division multiplexing in the protected aeronautical radio frequency band between [image: image750.png]108.000



 and [image: image752.png]117.950 MHz



 and theoretically allows several GBAS ground stations to be operated on a single frequency. The VHF data link's GBAS signal is a D8PSK-modulated signal with a transmission rate of [image: image754.png]31,5 kB/s



 and a bandwidth of approximately [image: image756.png]12 kHz



.
Figure 30
Spectrum of a GBAS emission 
[image: image757.emf]GBAS spectrum
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GBAS frequencies have a channel spacing of [image: image759.png]25 kHz



, from [image: image761.png]108.025 MHz



 to [image: image763.png]117.950 MHz



. 

The reception bandwidth of GBAS receivers is set at [image: image765.png]30 kHz



.

2
Receiving antennas and receivers 

The following equation is used to calculate the signal level at the receiver input from the field strength level adjacent to the aircraft's receiving antenna. This calculation also takes into account the splitting of the signals to feed two aeronautical receivers via a splitter.



[image: image767.png]N =E — 118 — agns — Aspuister + Gyav(f)
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Figure 31
Receiver model
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where:


[image: image770.png]


 
broadcasting signal level at the input to the aeronautical receiver. in [image: image772.png]dB(mW)



 


[image: image774.png]


 
field strength of the broadcasting signal. in [image: image776.png]dB(uV/m)





[image: image778.png]Qyn: = 9dB



 
as the antenna system fixed loss in accordance with Recommendation ITU-R SM.1009, section 3.4


[image: image780.png]Asplitter = 3.5 dB



 
as the signal splitter loss in accordance with Recommendation ITU-R SM.1009, section 3.4


[image: image782.png]Gyav (Fec):



 
frequency-dependent loss at the aeronautical antenna in accordance with the following formula, in [image: image784.png]dB



:
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3
Definition of frequency protected service volumes (FPSV) for aeronautical navigation systems

Frequency protected service volumes (FPSV) for localizers (LOC) of instrument landing systems (ILS), VHF omnidirectional radio ranges (VOR) and ground-based approach systems for satellites (GBAS) are generally described in accordance with the currently valid version of ICAO Annex 10, Amendment 87, Volume 1.

Frequency protected service volume is separately described for each of these cases in the following sections. 

3.1
General description of frequency protected service volumes

Frequency protected service volumes (FPSV) can generally be described in the form of radial sectors or as a series of coordinate points. The restrictions outlined in the next two sections apply in this connection.

An aggregate FPSV can consist of any number of individual FPSV that correspond with the form outlined in the following two sections. In this case, the FPSV can overlap with one other.

3.1.1
FPSVs comprised of radial sectors 

Each of these FPSVs has an origin and a main radiation direction. The origin is described using the degree of longitude and latitude (WGS84) with height above mean sea level. 

This type of FPSV consists of any number of radial sectors. The radial sectors may not however overlap one another. Each radial sector is bounded horizontally by two azimuthal angles.

Each radial sector has an upper and a lower boundary. These upper and lower boundaries are each defined by points with ground clearance to the centre point of the coordinates (not to the origin) and an altitude, either over the centre point of the coordinates or above mean sea level. The interpolation between the points is dependent on a parameter for which the following settings are possible:

· Linear above spherical Earth
In this case, the interpolation depends on whether

· two directly adjacent points have the same height.
In this case, the curve follows the curve of spherical Earth with a constant height between the two points. 

· two points have different heights.
In this case the adjacent points are connected with a straight line whose gradient is determined by the two points' angle of elevation.  

· Polynomial above plane Earth
The interpolation between all adjacent points is stated using a quadratic polynomial representation (up to the third degree), with the lower surface corresponding to plane Earth.

When no point has been indicated for the lower boundary, the FPSV extends to the ground. When no point is given for the upper boundary, there is no ceiling on the FPSV.

3.1.2
FPSV in the form of a series of coordinate points 

In this case the FPSV is defined laterally using a list of coordinate points with latitude and longitude in accordance with WGS84 (without height). Here, points adjacent to one another in their order in the list are connected with one another by great circles. The last point on the list is also connected with the first point on the list by a great circle.

The upper and lower boundaries of an FPSV that takes the form of a series of coordinate points are indicated by the height above mean sea level. The uppermost and lowermost height apply everywhere in the polygon. When there is no lowermost height, the FPSV extends to the ground; when the uppermost height is not specified, the FPSV has no upper limits.

3.2
ILS LOC

The FPSV in this case is defined fully in section 3.1.3.3 of the ICAO Annex 10, Amendment 87, Volume 1. 

The FPSV of an LOC is comprised of an FPSV with three radial sectors: two identical radial sectors in the range between -35° to -10° and +10° to +35° and a radial sector in the range of ± 10°, each around the main radiation direction (TRD – true radiation direction). 

A full description of an ILS FPSV requires the following freely parameterizable values:

Common origin of the radial sectors: latitude and longitude (WGS84) plus height above mean sea level:
· distance between the point of origin and threshold
 i

· height of the threshold above mean sea level

· main radiation direction of the LOC in azimuthal direction (TRD)  

· radius of the two outermost radial sectors

· radius of the inner radial sector

· height of the lower boundary above the threshold at maximum radius. 

The following additionally apply:

· angle ranges of the radial sectors relative to the origin:

· first outer radial sector: -35° to -10°

· second outer radial sector: -10° to + 35°

· inner radial sector: -10° to + 10°

· elevation angle of the upper boundary relative to the origin: 
7° elevation

· maximum height of the upper boundary of all radial sectors
1905 m (6250 ft) above threshold height.
The lower boundary of all three radial sectors is always defined "linear over spherical Earth" with the following points: 
Figure 32
Description of the lower boundary of an ILS
[image: image787.png]Lower boundary of an ILS
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Source: Federal Supervisory Authority for Air Navigation Services (BAF)




Figure 33
Description of the upper boundary of an ILS
[image: image788.png]Upper boundary of an ILS
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3.3
VOR 

The FPSV for a VOR is defined fully in section 3.3.4 of the ICAO Annex 10, Amendment 87, Volume 1.

The FPSV of the VOR is comprised of an FPSV with any number of radial sectors with the same origin, whereby each azimuth must be defined with a radial sector. Each radial sector is defined using an azimuth for start and stop. In addition, there is a range and a height for the upper boundary. According to ICAO Annex 10, Amendment 87, Volume 1, the lower boundary for standard FPSVs is not defined. 

A full description of an ILS FPSV requires the following freely parameterizable values:

· common origin of the radial sectors: latitude and longitude (WGS84) plus altitude above mean sea level

· radius of the respective radial sector 

· start and stop azimuths of the respective radial sector 

· altitude of the upper boundary of the respective radial sector.
3.4
GBAS

The FPSV for a GBAS is fully defined in section 3.7.3.5.3  of the ICAO Annex 10, Amendment 87, Volume 1. 

Departing from the definition set forth in ICAO Annex 10, the LTP/FTP height above mean sea level is used as the reference point and not the height of the LTP/FTP above the WGS84 geoid. As a result, all measurements are in the same reference system. The FPSV of a GBAS is comprised of an FPSV with three radial sectors: two identical outer radial sectors in the range between -35° to -10° and +10° to +35° and an inner radial sector in the range of ± 10°, each in the opposite direction to the main approach.  

A full description of an GBAS FPSV requires the following freely parameterizable values:

· threshold: latitude or longitude plus height above threshold above mean sea level;
· opposite direction to the main approach in azimuth direction \;
· radius of the two outer radial sectors;
· radius of the inner radial sector;
· elevation angle of the lower boundary for all radial sectors.
In addition the following apply:

· origin of the two outer radial sectors: at a distance of 140 m to the left and to the right of the main approach direction at threshold height;
· origin of the inner radial sector: at a distance of 884 m to the threshold in the main approach direction.
Range of angles of the radial sector:

· first outer radial sector: -35° to -10°;
· second outer radial sector: -10° to + 35°;
· inner radial sector: -10° to + 10°;
· elevation angle of the upper boundary: 7° elevation;
· maximum height of the upper boundary of all radial sectors: 10,000 ft above threshold height.
An FPSV can consist of three radial sectors whose areas contain the entire FPSV described in ICAO Annex 10 and, at the same time, may deviate no more than 40 m. 

The lower boundaries of all three radial sectors are defined "linearly over spherical Earth" with the following points:
Figure 34
Description of the lower boundary of a GBAS
[image: image789.png]Lower boundary of a GBAS
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Figure 35
Description of the upper boundary of a GBAS
[image: image790.png]Upper boundary of a GBAS

Ground clearance Height

Om Origin height above sea level

Distance between pointand threshold,
whereby an altitude of 10000 ft above
thresholdis reached with an elevation
angle of less than 7°

10000 ft above threshold

Radius of the respective radial sector 10000 ft above threshold

Source: Federal Supervisory Authority for Air Navigation Services (BAF)




3.5
Useful field strength in an FPSV

The field strength of aeronautical navigation systems can be predicted by way of calculation when a radiation pattern is available. The field strength can alternatively be determined on the basis of measurements. When this is not possible, the minimum useful field strength is used. 

With reference to ICAO Annex 10, the minimum useful field strength is:
· for ILS: [image: image792.png]40"/, ~32dB (”V/,,L)




· for VOR: [image: image794.png]90"/, 39 dB (”V/,,L)




· for GBAS: [image: image796.png]v
215"/, ~ 46.6 dB (”V/ )
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�	Defined in ICAO Annex 10. 






