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	This paper provides information about an initiative to revise Recommendation ITU-R SM.1009 “Compatibility between the sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz”. 

Attached are:
· German input paper to the recent meeting of ITU Working Party 1A on the initiative to revise ITU Recommendation ITU-R SM.1009.
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INTRODUCTION
The latest update of Recommendation ITU-R SM.1009-1 was already approved in 1995. It is evident that technology advanced significantly over the past 20 years, which changes characteristics of systems in broadcasting as well as in aviation.  Since that time, technology of broadcasting service and the aeronautical services has been improved. New sound processing methodologies have been introduced for the broadcasting service. In addition new digital transmission systems (e.g. DARC, DRM+, HD-Radio) have been developed. This leads to changes of the spectrum characteristics of sound broadcasting signals and to a different interference potential.
In Germany the Federal Network Agency (BNetzA) in collaboration with the Federal Supervisory Authority for Air Navigation Services (BAF) with contributions by the German Air Traffic Service Provider (DFS) undertook an extensive investigation on the various aspects of the compatibility between analogue and digital broadcasting systems operating in the frequency band 87 – 108 MHz and aeronautical radionavigation systems in the adjacent band 108 – 137 MHz. (More details on the digital radio broadcast signal types considered in this investigation can be found in ICAO ACP WG/F, WP13 “Digital Broadcasting systems in the 87.5-108 MHz band”). 
The result of these studies were presented to the ITU-R WP 1A (Document 1A/28-E), which is responsible for the Recommendation ITU-R SM .1009. In order to raise awareness of the aeronautical community on this matter the above mentioned contribution is attached.
ITU-R WP 1A carried the document forward as an Annex to the chairman’s report, in addition a liaison statement was send to ITU-R WP 5B and 6A for comments (Document 5B/98).  Responses are requested prior to the next planned meeting of WP 1A in 22-30 November 2016. For convenience this document is also attached.
	
Attachments:
· German input paper to the recent meeting of ITU Working Party 1A on the initiative to revise ITU Recommendation ITU-R SM.1009.


· Liaison Statement by WP1A to Working Parties 5B and 6A inviting to provide views about the proposed revision until 22nd November 2016.	
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[bookmark: dbreak]Scope of Recommendation ITU-R SM.1009-1

Recommendation ITU-R SM.1009 provides criteria, methods and techniques for the assessment of compatibility between the sound broadcasting service in the band of 87-108 MHz and the aeronautical services in the band 108-137 MHz. This document has been approved October 1995.

New and/or improved radio technologies since 1995

Since that date, technology of broadcasting service and the aeronautical services have been improved. Furthermore, the number of transmitters of the broadcasting service has increased significantly, as well as the number of stations of the aeronautical services.

New sound processing methodologies have been introduced for the broadcasting service. In addition new digital transmission systems (e.g. DARC, DRM+, HD-Radio,…) have been developed. This leads to changes of the spectrum characteristics of sound broadcasting signals and to a different interference potential.

When SM.1009 was developed, these technologies have not been available. Therefore, they have not been taken into account at that time and consequently this is not reflected in the current version of the Recommendation.

Assessment of interferences

SM.1009 only takes into account interference caused by intermodulation products within the range of ±200 kHz around the center frequency of the aeronautical radionavigation system.

However, in case of more dense networks, a more comprehensive assessment of potential interference seems to be necessary to include the total effect caused by the broadcasting transmitters which need to be included when assessing the compatibility between the broadcasting service and the aeronautical navigation service.

To cover potential uncertainties, in Recommendation ITU-R SM.1009 the application of an overall additional margin is recommended. However, this approach does not provide the required accuracy to achieve an optimized compatibility especially when considering dense networks, e.g. several sound broadcasting transmitters being co-located. 

New model taking into account current technologies 

In order to adapt the coordination methods between the broadcasting service and the aeronautical radio navigation services to the developments in broadcasting and radio navigation services, appropriate amendments to and updates of the relevant ITU-R Publications are proposed. 

To provide a more flexible and accurate approach for the coordination between the broadcasting service and the aeronautical radio navigation services, the enhanced model described in the Attachment has been developed to amend and improve the methods described in existing ITU-R Recommendations to the evolved service characteristics and network structures of the sound broadcasting service and the aeronautical navigation service.

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;

–	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.

Proposal

Appliance of this evolved model provides high accuracy and reliability of compatibility calculations. This leads to higher spectrum efficiency for aeronautical radionavigation services and more flexible spectrum planning.

There is a need to revise Recommendation ITU-R SM.1009-1 to the existing technical conditions. A model to revise this Recommendation is provided in the Attachment.
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Scope of application



The object and purpose of this Model Description is to ensure the compatibility of analogue sound-



broadcasting service in the band 87.5 to 107.9 MHz with aeronautical radionavigation service in the band



108.0 to 117.975 MHz in accordance with section 55 (5) of the Telecommunications Act (TKG).



Compatibility analyses are conducted by the Bundesnetzagentur in accordance with the statutory re-



quirements laid down by the Federal Supervisory Authority for Air Navigation Services under aviation



law.
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A Physical models



1. Propagation models



The model provided by ITU-R P.1812 and the free-space propagation model based on ITU-R P.525 are



used as propagation models. The model based on 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 formula describes the calculation of the field strength at a test point assuming free-space



propagation and an angle-dependent radiation pattern.



� = 76.9 + ���(�,�) − 20 ∗ ��(�′) Formula 1



where:



• �: field strength in ��(μ� �⁄ )



• ���(�,�): effective radiated power ��� of the transmitter in ��(�) in the direction (�,�)



• �′: distance between the transmitting antenna and the test point in km. The distance �′ is calculated in



accordance with section IA4.



1.2 Propagation model based on ITU-R P.1812



The following input parameters are needed in order to apply the propagation model based on ITU-R



P.1812:



• �: frequency of the transmitter to be examined, in ���



• �: 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 transmit-



ters; a probability of 5% is recommended for the calculation of the field strength of sources of inter-



ference.



• ��: location probability in %: probability that a particular field strength will be exceeded in a mini-



mum 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.



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



• �: antenna height above ground level, in �



• ������������: vertical, horizontal or mixed
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• ��: Width of street in �



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 at-



mospheric refraction and the resultant equivalent Earth radius of 4/3 ∗ �:



�′���� = 4.12 ∗ ��ℎ� + �ℎ�� Formula 2



where:



• �′����: distance to the radio horizon in �� between the two points P1 and P2 taking into considera-



tion the altitude-dependent refractive index (refraction).



• ��: height of point P1 in � above mean sea level



• ��: height of point P2 in � above mean sea level



Test points behind the radio horizon �′���� are not examined. Diffraction effects and tropospheric wave-



guide 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 sig-



nals or three signals.



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



��� = �
2 ∗ �� − ��					�ü�	�� > �� (��� − ������	����)



�� + �� − ��				�ü�	�� ≥ �� > �� (�ℎ��� − ������	����)
Formula 3



irrespective of whether send or receive intermodulation is examined. Here, the frequencies ��, �� and ��



correspond to the frequencies of the broadcasting transmitters being examined.
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The criteria for ��, �� and �� (for the three-signal case) that were laid down in Formula 3 satisfy the neces-



sary condition for an intermodulation product in the aeronautical navigation band. Frequency combina-



tions that do not satisfy these criteria do not have to be taken into account.



The spacing ���� between the intermodulation frequency and the aeronautical navigation frequency ����



is



���� = |���� − ���| Formula 4



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 1: Slant range, elevation angle and azimuth given the negative elevation angle ϴ
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Figure 2: Slant range, elevation angle and azimuth given the positive elevation angle ϴ



Figure 3: Spherical portrayal of slant range, elevation angle and azimuth
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where:



• ��: invariant great-circle distance on the geometric surface of the Earth (spherical surface) with radius



� or on the equivalent surface of the Earth with radius �‘ (reduction of the curvature from
�



�
to



�



��
)



• ��: height of the transmitting antenna above mean sea level



• ��: altitude of the aircraft above mean sea level



• �: centre of the Earth



• �: Earth radius (6,371 km)



• �‘: equivalent Earth radius (�� =
�



�	
�): based on the average altitude-dependent refraction gradient in



Central Europe



• �: slant range broadcasting transmitter – aircraft



• �′: slant range broadcasting transmitter – aircraft, taking the altitude-dependent refraction gradient



into account



• ��: receiver for aeronautical navigation signals



• ���: projection of the receiver to the Earth's surface



• ��: transmitter for broadcasting signals



• ���: projection of the transmitter to the Earth's surface



• �,�,�,��: auxiliary variables



• �: elevation angle over the tangential plane, in [°]



• �′: elevation angle, taking into account the altitude-dependent refraction gradient, in [°]



• �,�: shows ��� and ��� in accordance with Figure 3



• �: North Pole



• �,�: length of the partial meridians in accordance with Figure 1, in [rad]



• �: distance transmitter to receiver on a great circle on the surface of the sphere according to Figure 1,



in [rad]



• ��,�
�: longitude of the broadcasting transmitter or aircraft in the Gaussian coordinate system, in [°] or



[���]



• ��,�
�: latitude of the broadcasting transmitter or aircraft in the Gaussian coordinate system, in [°]



oder [���]



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 3



Case 1: ��
� < 	 ��



� ; � = ���
� − 	��



��	; � = 90° − 	��
� ; � = 90° − 	��



�
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� = ����
�� �



����∗��� ������∗����



��� �
�	 Formula 5



� = ����
��{−cos� ∗ cos � + sin� ∗ sin � ∗ cos �} Formula 6



��ü.� =∝ Formula 7



Case 2: ��
� > 	 ��



� ; = ���
� − 	��



�� ; � = 90° − 	��
� ;	� = 90° − 	��



�



� = ����
�� �



����∗��� ������∗����



��� �
� Formula 8



��ü.� = 360° − �	 Formula 9



Case 3: ��
� = 	 ��



�



��ü.� = 180°	���	��
� > 	 ��



� Formula 10



��ü.� = 0°	���	��
� < ��



� Formula 11



4.2 Calculation of c using the Cosine Law for Sides as shown in Figure 3



� = ����
��{cos � ∗ cos � + sin� ∗ sin � ∗ cos �} Formula 12



4.3 Calculation of the elevation angle � and the slant range s as shown in Figure 1



� = �(� + ℎ�)� + (� + ℎ�)� − 2 ∗ (� + ℎ�) ∗ (� + ℎ�) ∗ ���(�) Formula 13



�� = � ∗ � Formula 14



Calculation of the elevation angle �



� = sin�
�� �



(����)��(����)����



�∗	�∗ (����)
� Formula 15



Alternative calculation of the elevation angle ϴ



� = ����
�� �



�(����)����



(����)
� ∗ ����	� Formula 16



where � = (� + ℎ�)� − (� + ℎ�)� − �� and � = �
�



�∗	�
�



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



in Figure 1



��	�,� = � ∗ cos���,�
�� ∗ cos���,�



��



��	�,� = � ∗ sin���,�
�� ∗ cos���,�



��



��	�,� = � ∗ sin���,�
��



� 	��	�ℎ�	��������	����������	������ Formula 17
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� = �(��	� − ��	�)� + (��	� − ���)� + (��	� − ��	�)� Formula 18



ℎ = ��� − �
�



�
�
�



Formula 19



cos �
�



�
� =



�



�
Formula 20



sin �
�



�
� =



�
��



�
Formula 21



cos � = �cos �
�



�
��



�



− �sin �
�



�
��



�



<> 	� = cos�
�� ��



�



�
�
�



− �
�
��



�
�
�



� Formula 22



4.5 Recommended calculation of the elevation angle �′ and the slant range s' using



the height-dependent refraction gradient in Central Europe, taking into account



the invariant ��
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�� = �(�� + ℎ�)� + (�� + ℎ�)� − 2(�� + ℎ�) ∗ (�� + ℎ�) ∗ cos �′ Formula 25



Calculation of the elevation angle �′
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Alternative calculation of the elevation angle �′
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�(�����)��(��)�
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B 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 ITU R-



REC 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 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 sig-



nal.











20 BUNDESNETZAGENTUR | I - B RADIO BROADCASTING



Figure 4: Table of the average spectrum of an FM stereo signal



Figure 5: Model of an FM stereo signal (average RF spectrum)



This mask is consistent with the signal spectrum measured in 1 kHz resolution bandwidths and with an



RMS detector.
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The signal can be generated as follows:



• tone (AF) modulation: coloured noise according to 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 broadcast-



ing. 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 trans-



mission (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 section 1B1.1:
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Figure 6: Table of the average spectrum of an FM stereo signal with DARC



Figure 7: Model of an FM stereo signal with DARC (average RF spectrum)



This mask is consistent with the signal spectrum measured with a 1 kHz resolution bandwidth and an



RMS detector.
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The signal can be generated as follows:



• tone (AF) modulation: coloured noise according to 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)



• DARC 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 8: Table of the average spectrum of a DRM+ broadcasting signal.



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 8: Table of the average spectrum of a DRM+ broadcasting signal
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Figure 9: Model of a DRM+ signal (average spectrum)



A DRM+ modulator combined with an HF amplifier generates the OFDM modulated signal in accord-



ance with ETSI ES 201 980.



The modulation content (useful data) is immaterial here, as is the type of modulation used for the indi-



vidual 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 10: Diagram of an HD radio signal
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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 cen-



tre.



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 section IB1.1 and each OFDM block is modelled like a DRM+ transmitter in accord-



ance with section IB1.3. 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 section IB1.1.



The specification of the digital blocks is to be taken from the FM Transmission Specification of the iBiqui-



ty 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:
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Figure 11: Table of the frequency offset correction for intermodulation products



2. Broadcast transmitting antennas



A broadcast transmitting antenna is mounted on an antenna mast with an antenna height of ℎ���. The



antenna height ℎ��� 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, with-



in the scope of the licence, be transmitted from a lower antenna.



The licence specifies the maximum permissible radiated power (������in ��(�)), which constitutes the



upper limit for radiated power during operation.



The azimuth pattern of the antenna is specified in 10° intervals as radiated power ���(�) in ��(�) (see



ITU-R SM. 1009-1, section 4.3). Intermediate values are interpolated linearly using the unit ��(�). The



radiated power is defined separately for each plane of polarization. The total radiated power ���(�)



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



planes:



���(�) = 10 ∗ �� �10
������.�����������



��� + 10
������.���������



��� � Formula 28



The antenna's elevation pattern ���������(�) is stated as gain ��������� in parameterized form and is inde-



pendent of the horizontal angle (ITU-R SM. 1009-1, section 4.4). Section 4.4.3 of ITU-R SM. 1009-1 specifi-



cally states that this description also applies to the frequency band for aeronautical service. The elevation



pattern is described using the vertical aperture � (as the integral multiple of the wavelength	�) and the



vertical radiation pattern ��� (in �� – based on ���(�)).
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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 12: Table of power-dependent standard parameters for the vertical aperture and the vertical



radiation pattern



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 0° bis +90°:



���������(�,���) = −{��� + 20��(����)} ∗ �{� − ���} Formula 29



where



��� = sin�
���10����/��� Formula 30



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



In this connection:



• �: elevation angle in degrees



• ���������(�,���): attenuation as a funciton of elevation angles, in ��



• ���: vertical directed attenuation (maximum vertical side lobe attenuation), in ��



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



• �: unit-step function (Heaviside function)
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The following diagrams show the respective calculated elevation pattern based on simplified assump-



tions (dotted line) plus the elevation pattern for the different vertical apertures [n] that has been defined



for the model (continuous line).



Figure 13: Graph of the elevation pattern where VDE=34.22°,VDA =5dB, n=1[λ] 



Figure 14: Graph of the elevation (antenna) pattern where VDE=11.51°, VDA =14 dB, n=2[λ] 
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Figure 15: Graph of the elevation pattern where VDE=11.51°, VDA =14 dB, n=4[λ] 



Figure 16: Graph of the elevation pattern where VDE=7.23°,VDA =18 dB, n=8[λ] 



The radiated power in any direction is calculated by adding the radiated power of the azimuth pattern to



the vertical antenna gain.



���(�, �) = ���(�) + ���������(�, ���) Formula 31



No differentiation is made between horizontal, vertical or mixed polarization in the interference calcula-



tion. 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.
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3. Disturbed volume



The disturbed 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 disturbed volume is defined using a sufficient number of points (each determined by the geograph-



ical coordinates in accordance with the WGS84 model and altitude), in which at least one of case of inter-



ference (A1, A2, B1 or B2) is greater than 0 �� (see section IC3.1).
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C 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 (329	��� to



335	���) 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 108.00 and 111.95	���. The LOC transmitter is



sited approximately 300	� 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 90 �� signal on one side of the approach area and a 150	�� signal on the other side of the ap-



proach area. The LOC receiver in the aircraft measures the difference in the depth of modulation of the



90 − ��- and 150 − �� 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 17: Diagram of the antenna pattern of a localizer (Source: Federal Supervisory Authority for Air



Navigation Services)
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The ILS localizer frequencies are 108.10	���, 108.15 ���, 108.30 ���, 108.35	��� and so on until



111.90	���, and 111.95	��� (40 channels with 50	��� spacing).



The reception bandwidth of localizer receivers is set at 30	���.



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 30	��,



• a component that is also modulated with 30 �� (30 �� frequency modulation of a 9960 �� subcarri-



er).



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 (0° … 360°) between the two 30 �� modulations and shows it as a radial (azimuth angle



0° … 360° from north to east).



Figure 18: Diagram of how a VOR works (Source: Federal Supervisory Authority for Air Navigation



Services (BAF))
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Figure 19: Diagram of the spectrum of a VOR (Source: Federal Supervisory Authority for Air Naviga-



tion Services (BAF))



VOR frequencies are spaced as follows: 108.05	���, 108.20	���, 108.25	���, 108.40	���, 108.45	���



and so on up to 111.85	���. Starting from 112.00	��� the channel spacing is 50	��� as a rule from



112.00 ��� to 117.95	���.



The reception bandwidth of VOR and DVOR receivers is set at 30	���.



1.3 Ground-based Augmentation System (GBAS)



The SSB FL 011 interface description defines at national level "radio equipment for ground-based aug-



mentation 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 receiv-



er 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 108.000 and 117.950 ��� 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 31,5	��/� and a bandwidth of approximately 12 ���.
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Figure 20: Spectrum of a GBAS emission



GBAS frequencies have a channel spacing of 25	���, from 108.025	��� to 117.950	���.



The reception bandwidth of GBAS receivers is set at 30	���.



2. Receiving antennas and receivers



The following formula 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.



� = � − 118 − ���� − ��������� + ����(�) Formula 32



Figure 21: Receiver model according to ITU-R SM.1009.1
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where:



• �: broadcasting signal level at the input to the aeronautical receiver. in ��(��)



• �: field strength of the broadcasting signal. in ��(μ� �⁄ )



• ���� = 9�� as the antenna system fixed loss in accordance with ITU-R SM.1009, section 3.4



• ��������� = 3.5	�� as the signal splitter loss in accordance with ITU-R SM.1009, section 3.4



• ����(���): frequency-dependent loss at the aeronautical antenna in accordance with the following



formula, in ��:



����(�) = �
−1.2 ∗ (108 − � ���⁄ )					���				 < 108	���



0																																													���					 ≥ 108	���
Formula 33



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 sec-



tions.



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 de-



gree 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 de-



fined 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 be-



tween the points is dependent on a parameter for which the following settings are possible:
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• Linear above spherical Earth



In this case, the interpolation depends on whether



o 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.



o two points have different heights.



In this case the adjacent points are connected with a straight line whose gradient is de-



termined 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 indi-



cated 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 threshold1 i



• height of the threshold above mean sea level



1 Defined in ICAO Annex 10.
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• 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:



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



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



o 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 22: Description of the lower boundary of an ILS
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Figure 23: Description of the upper boundary of an ILS



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 azi-



muth 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
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• 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 An-



nex 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 fol-



lowing points:



Figure 24: Description of the lower boundary of a GBAS
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Figure 25: Description of the upper boundary of a GBAS
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3.5 Useful field strength in an FPSV



The field strength of aeronautical navigation systems can be predicted by way of calculation when a radi-



ation pattern is available. The field strength can alternatively be determined on the basis of measure-



ments. 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: 40
μ�



�� → 32	�� �
μ�



�� �



• for VOR: 90
μ�



�� → 39	�� �
μ�



�� �



• for GBAS: 215
μ�



�� → 46.6	�� �
μ�



�� �

















II Coordination model



Possible incompatibilities (interference) between



FM broadcasting service in the frequency band



87,5	��� − 107,9	��� and aeronautical



radionavigation services in the band



108.000	���	– 117.975	��� are identified in the



course of the coordination of FM broadcasting ser-



vices and aeronautical services.
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A Introduction



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 (��� + 300	���)



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 0	�� or less is interpreted as "inter-



ference-free" and all interference with a positive value is considered "interference". When the compatibil-



ity 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 0	��, 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 varia-



bles are stochastic variables.



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 consid-



ered 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
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108 MHz is available, reference can be made to it. The standardized elevation pattern described in section



IB2 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 aero-



nautical services, the azimuthal radiation pattern and elevation pattern are used for Type B1, B2 and A2



interference.
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B Interference



1. Type A1 interference



Interference is designated Type A1 interference when it is caused by emissions from broadcasting trans-



mitters 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 influ-



enced on the transmitter side.



�1 = 10 ∗ �� �10
������;�



�� + 10
���;�
�� � − ���� + ��� Formula 34



whereby the following definitions apply for the parameters used:



• ������;�: see section IIB1.1



• ���;�: see section IIB1.1



• ���� : field strength of the aeronautical radionavigation transmitter in ��(μ� �⁄ ) at the respective



test point. When the field strength is not known, the minimum useful field strength should be used.



• ���: 14	�� protection ratio which is specified in section 4.2.1 of ITU-R SM.1009-1.



1.1 Field strength calculation based on noise emissions



The following formula describes the field strength which a single broadcasting transmitter at a particular



test point generates on the aeronautical navigation frequency:



������,� = ���;� − ����������;�� − ������������ − ���;�������������������������������
�����	��������	��	���	��������	��������	��	���	������������



�����������	��	���	������������	����������	���������



Formula 35



In this case, the field strength is influenced by the following parameters:



• ���;�: field strength of the r-th broadcasting transmitter at the test point, in ��(μ� �⁄ ). The field



strength is determined in accordance with section IA1 taking account of the propagation model to be



used.



• ����������;��: power-dependent suppression of spurious emissions in ��� in a bandwidth of 30	���



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 IIB1.1.1)
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• �������: filter-dependent suppression, in ��� (see section IIB1.1.2)



• ���;�: frequency of the �-th broadcasting transmitter



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



The Bundesnetzagentur calls for the spurious emission suppression shown here for all other types of



modulation, such as OFDM, in broadcast band II (87.5 ��� bis 108 ���), 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:



������;� = 10 ∗ �� �∑ 10
�
������,�



��
��



��� �
�����������������
������������	��	���	������������



��������	��	���	����	�����



Formula 36



• � 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 30 ��� reception



bandwidth of the aeronautical receiver. Should the reception bandwidth be changed, a conversion must



be calculated using the following formula.



��������� = ��������� − 10 ∗ �� �
�����



�����
� � Formula 37



• �����: new bandwidth



• �����: old bandwidth



Figure 26: Table of suppression of spurious emissions relative to maximum e.r.p. ������ for broadcast-



ing transmitters



Note: Intermediate values from this table are interpolated linearly in dB.
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A spurious emission suppression according to Figure 26: Table of suppression of spurious emissions



relative to maximum e.r.p.	������ for broadcasting transmitters must be assumed with all broadcasting



transmitters (including existing, licenced broadcasting transmitters).



1.1.2 ������� - Frequency-dependent suppression of spurious emissions using filters



Every broadcasting transmitter is assigned to a category based on the filter characteristics in



Table 27. The spurious emissions radiated by the broadcasting transmitter are reduced by the values



listed there.



Table 27: Table of the frequency-dependent suppression of spurious emissions ������� for broadcasting



transmitters



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



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 ���� ± �����, are consid-



ered source signals. These source signals are assessed in accordance with their specific spectral level se-



quence relative to the navigation frequency ���� using ���;�/�(|����;�|) and are regarded as the site's



aggregate emissions in the navigation channel ���� ± 15���. 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 ������;��� of the most powerful broadcasting transmitter of the emitters involved in the in-



termodulation follows from the power-dependent suppression of the intermodulation products as laid
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down by the Bundesnetzagentur. The interference field strength at the test point of the intermodulating



transmitter at site � can therefore be shown as follows:



���;�� = 10 ∗ ��∑ 10
���,��



���
��� Formula 38



where



���;�� = ���;��� − ���������;���� − ���;�/�������;��� Formula 39



The sum of the field strengths of the possible intermodulation emissions at the test point of all sites �



which are to be observed yields the total value ���;�.



���;� = 10 ∗ ��∑ 10
���,�



���
��� Formula 40



• � is the number of intermodulating sites to be observed at the test point. It is limited to the 20 inter-



modulations 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:



• ����;���: field strength in ��(μ� �⁄ ) 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 section IA1.



• ����������;����: spurious emission suppression relative to maximum e.r.p. of the intermodulation



products in dBc (see section IIB1.2.1)



• ���;�/�������;���: frequency-dependent offset correction for third-order intermodulation products



(see IIB1.2.2) based on the spectral level sequence and proximity to the navigation frequency ����



• ����;�: deviation of the centre frequency of the �-th intermodulation product from the centre frequen-



cy of the navigation signal ����



• �: number of a site's intermodulation emissions



A prerequisite for this summation of powers is the disappearance of the cross-correlation functions



���,�;	��,�(0);	�, �	Є {0, … ,�} and/or 	�, �	Є (0, … , �). (�, �) ≠ (�, �)



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



products



The Bundesnetzagentur calls for the spurious emission suppression shown here for all other types of



modulation, such as OFDM, in broadcast band II (87.5	��� to 108 ���), with the exception of FM-



modulated signals.
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The spurious emission suppression shown in the following table is normalized to a 30	��� reception



bandwidth of the aeronautical radionavigation receiver.



Figure 28: Table of spurious emission suppression relative to maximum e.r.p. ���



for broadcasting transmitters



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



The assumption of the spurious emission suppression according to Figure 28 must be applied to all



broadcasting transmitters (including existing licenced broadcasting transmitters).



1.2.2 ��� - Intermodulation-dependent offset correction



The frequency of the intermodulation product is calculated using the following formula:



3��� = �
2 ∗ �� − ��					�ü�	�� > �� (��� − ������	����)



�� + �� − ��				�ü�	�� ≥ �� > �� (�ℎ��� − ������	����)
Formula 3



Offset correction for these frequencies is provided for and is described by the parameter ���.



Figure 29 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:
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Figure 29: Table of intermodulation-dependent spurious emission suppression ���,�/�



for broadcasting transmitters



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



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 ���� − 	��� ≥ 4	��� 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 I.



2. Type A2 interference



Frequency-dependent or power-dependent interference in the immediate spectral vicinity of the broad-



casting 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 chan-



nels in the lower end of the aeronautical navigation band. The aggregate Type A2 interference potential is



calculated using the following formula:



�2 = ���;� − ���� + ��� Formula 41



where



�∗��;� = ���;� − ���;������ Formula 42



and



��� = ����� − ���;�� Formula 43
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���;� = 10 ∗ �� �∑ 10
�∗��;�



��
�
��� �



���������������
������������	��	���	������������



��������	��	���	����	�����



Formula 44



• ���;�: field strength of the transmitter �, in ��(μ� �⁄ )



• ��������: frequency-dependent offset correction, in ��.



• ���: separation between the centre frequency of transmitter � and the aeronautical navigation fre-



quency



• ����: field strength of the aeronautical navigation transmitter in ��(μ� �⁄ ) at the respective test



point. When the field strength is not known, the minimum wanted field strength is to be used.



• ���: 14	��	- necessary protection ratio that is equated with the protection ratio ��� from A1



• �: number of broadcasting transmitters that can be received at the test point



The out-of-band emission suppression ���;� 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 30: Table of frequency-dependent spurious emission suppression ���;� for broadcasting trans-



mitters



A frequency spacing of less than 125 ��� is not possible due to the frequency plan. The introduction of



GBAS enables a frequency spacing of 125	��� due to the possibility of occupying the channel



108.025	���. It is known that a point of discontinuity in the requirements for signal attenuation can arise











BUNDESNETZAGENTUR 53



at an interval of 300	��� 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.



2.1 Scope of the Type A2 interference analysis for broadcasting transmitters



Transmitters that are located further away from the examined FPSV than the radio horizon �′���� but no



more than 125	�� (in conformity with GE84) are considered interference-free in terms of Type A2 inter-



ference.



Analogously to ITU-R SM.1009, Type A2 interference must not be examined for frequency spacings



���� − ��� of more than 300 ���.



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 intermod-



ulation product on or near the aeronautical frequency can be predicted. The potential for Type B1 inter-



ference depends on the receiver's large-signal immunity (see also ITU-R SM 1009, section 4.3.3.1).



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 ����. It is assumed that their cross-correlation functions in the bandpass range



���� ± 15��� are negligible:



�1 = 10 ∗ �� �∑ 10
��;�



���
�;� + ∑ 10



��;�;�
���



�;�;� � − � − (���� − ����) Formula 45



where



• intermodulation level in a two-signal case:



��;� = 〈2 ∗ ���� ,� − ��� + ����,� − ���− ���;�������� − �2 ∗ �� − �����〉 Formula 46



• intermodulation level in a three-signal case:



��;�;� = 〈����,� − ��� + ���� ,� − ��� + ����,� − ��� − ���;���(|���� − (�� + �� − ��)|) + 6��〉



Formula 47



• ���;�: broadcasting signal level in [��(��)] at the test point at the input to the aeronautical receiver



in accordance with Formula 32



• �: total number of broadcasting transmitters involved



• (�, �): two tuples of the criterion �2 ∗ �� − ��� = ���� ± ���� ;	�� > 	 �� (two-signal case)



• (�, �,�): three tuples of the criterion (�� + �� − ��) = ���� ± ����; �� ≥ 	 �� > 	 �� (three-signal case)
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• ���� ≤ 300���



• ���: frequency of the broadcasting transmitter in ���



• �: value that describes the large-signal immunity of the receiver (third-order nonlinearity)



−78	��(��)



• ���: frequency-dependent interference reduction



• �� = 20 ∗ �� ���� �1;
���.�	�������,�



�.�	���
��



• ����: field strength of the aeronautical navigation system at the test point



• ����: minimum wanted field strength of the respective aeronautical navigation system



3.1.1 ��� – Frequency-dependent intermodulation suppression



The frequency spacing D��� between the intermodulation frequency and the aeronautical navigation fre-



quency ���� is calculated using Formula 4.



The frequency-dependent intermodulation suppression ��� exhibits the frequency dependency shown in



the following table (see also ITU-R SM.1009, section 4.3.3.2, Table 5).



Figure 31: Table of frequency-dependent intermodulation suppression ���



Please note:



• Type B1 interference is precluded when the frequency offset is greater than 300 kHz.
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• Intermediate values from this table are interpolated linearly in dB.



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 ITU-R



SM.1009, section 4.3.3).



3.2.1 Cut-off criterion:



The signal strength of every broadcasting transmitter contributing to the Type B1 interference must ex-



ceed the cut-off level (see ITU-R SM 1009):



�������� ≥ −66	��(�) + 20 ∗ �� ���� �1;
���.�	�������



�.�	���
�� Formula 48



where:



• ���: broadcasting frequency in ���



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 calcula-



tion takes into account. It is thus an interfering signal level under which broadcast signals are not consid-



ered 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 in-



termodulation must exceed the cut-off level. All signals that exceed the cut-off level are then added up.



3.2.2 Trigger criterion:



The trigger criterion set forth in 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 cal-



culated as follows:



����[��(��)]�;� =
	��



∗���;���



�
+ 20�� ���� �1;



���.�	�������



�.�	���
�� Formula 49



where:



• ��
∗ = ���� − ����[��] Formula 50



o ���� : minimum reference level of the wanted signal at the input to the aeronautical re-



ceiver:



 −86 dB(mW) for ILS



 −79 dB(mW) for VOR
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 −72 dB(mW) for GBAS



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



• ���� = ���� − 118 − 9 − 3,5 [��(��)] Formula 51



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



• �� = 78�� (for ILS, VOR, GBAS)



• �� = 84�� (for ILS, VOR, GBAS)



• � = 3�� protection margin (see 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 �1 = 0	�� 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 ≥ to this trigger value in order to satisfy the B1 criterion.



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 N���,���, that a broadcasting transmitter can generate at an



aeronautical receiver (see also ITU-R SM 1009, section 4.3.4) for ILS, VOR and GBAS is, with f < 112 MHz



����,��� = ��� �15 ; −10 + 20 ∗ �� ���� �1;
���.�	��������



�.�	���
�� + ��� Formula 52



for GBAS with f ≥ 112 MHz (in accordance with ITU-R M.1841)



����,��� = ��� �15; 0 + 20 ∗ �� ���� �1;
���.�	��������



�.�	���
�� + ��� Formula 53



where



• ����,���: maximum acceptable interference power of the �-th broadcasting transmitter (source of in-



terference) having an effect, in ��(��)



• ����: broadcasting frequency of the �-th broadcasting transmitter, in ���



• ��: correction factor (see section 4.1), in ��



When � 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 � broadcasting signals relative



to the respective desensitization power (interference power). This is expressed by the Type B2 interfer-



ence in the following formula:
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�2 = 10 ∗ �� �∑
��



����
���



��
����,���



���



�
��� �. Formula 54



where



• �: number of broadcasting transmitters having an influence (interferers)



• ����: interference power at the receiver input of the �-th broadcasting transmitter (interferer) in



��(��)



4.1 LC - correction factor



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



�� [��] = ��� �0	��	;
���������



�
� Formula 55



where



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



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



o −86	��(��) for ILS localizer



o −79	��(��) for VOR



o −72	��(��) for GBAS



4.2 Scope of the Type B2 interference analysis for broadcasting transmitters



Provided that the maximum transmission power to be considered is ����(�,�) = 50	��(�), the follow-



ing 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 ��� is determined using the following formula:



����,��� = ��� �15 ; −10 + 20 ∗ �� ���� �1;
���.�	��������



�.�	���
�� + ��� Formula 56



Analogously to 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 ����,��� − 20	��) at the receiver input.



The maximum permissible input power ����,��� is shown in the following diagrams as a function of the



broadcasting transmitter frequency ���� . The field strength of the wanted signal ���� serves as a parame-



ter.
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Where ���� = 32��(μ
�



�
), the calculation produces the following graphs:



Figure 32



Assuming that ���� (level of the broadcasting signal at the receiver input) is equal to ����,���, in other



words: �2 = 0	��, one arrives at the following relationship for the limit between the test point and the



broadcasting transmitter as a function of ���� (88 < ����/��� < 108) in km:



�′�����
��
� = 10



�
�����,������.����������(�,�)��.�∗��������� ���⁄ �



��
�
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Figure 33



Where ���� = 52��(μ
�



�
) the graphs shift as follows:



Figure 34











60 BUNDESNETZAGENTUR | II - B INTERFERENCE



Figure 35











Annex
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Annex 1: Applicable norms



The model description presented here is based on the following norms:



(1) ICAO Annex 10 to the Convention on International Civil Aviation, Sixth Edition, July 2006



(2) Rec. ITU-R SM.1009-1 “Compatibility between the soundbroadcasting service in the band of



about 87-108 MHz and the aeronautical services in the band 108-137 MHz”



(3) Rec. ITU-R M.1841-1 “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”



(4) Rec. ITU-R P.1812-3 “A path-specific propagation prediction method for point-to-area terrestrial



services in the VHF and UHF bands”



(5) ITU-R SM.1140 "Test procedures for measuring aeronautical receiver characteristics used for



determining compatibility between the sound-broadcasting service in the band of about 87-108 MHz and



the aeronautical service in the band 108-118 MHz”



(6) ITU-R BS.641 "Determination of radio-frequency protection ratios for frequency-modulated



sound broadcasting”



(7) ETSI EN 302 018-1 ”Electromagnetic compatibility and Radio spectrum Matters (ERM); Transmit-



ting equipment for the Frequency Modulated (FM) sound broadcasting service; Part 1: Technical charac-



teristics and test methods"



(8) ETSI ES 201 980 "Digital Radio Mondiale (DRM); System Specification”











BUNDESNETZAGENTUR 63



Annex 2: Description of an FPSV using a



definition in XML format



The information exchange format described here was established for the electronic exchange of data be-



tween the BAF and BNetzA. It defines a general form of FPSV and standardized FPSV for LOC, VOR and



GBAS. Additional data such as the FPSV name are also defined.



<FPSV TYPE="" MODEL=" " NAME=" ">



The following parameters are possible:



• TYPE



Describes the type of FPSV and defines the following additional information as elements under FPSV:



o ILS localizer



o GBAS



o VOR



o POP (Piece of Pie – radial sectors)



o PolygonPoints



• MODEL



o AboveCurvedEarth (linear above spherical Earth)



o AboveFlatEarth (polynomial above plane Earth)



• NAME



o Arbitrary String



The description for all FPSVs with TYPE "ILS Localizer", "GBAS", "VOR" or "POP" exhibits a centre-point



coordinate in accordance with the following sections.



<URSPRUNG TYPE=" ">



The following parameters are possible:



• TYPE



o Double



Here the coordinates are stated as double values.
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o Text



Here the coordinates are stated as text values and must use the form



<Degree>° <Cardinal point N/S/W/E> <Minute>' <Second>'' example: 50° N 02' 42''



This form has three elements:



<LATITUDE>



<LONGITUDE>



<H> - This value must be stated in metres a.m.s.l.



Example:



• <URSPRUNG TYPE="Text">



o <LATITUDE>53° N 22' 42''</LATITUDE>



o <LONGITUDE>009° E 36' 13''</LONGITUDE>



o <H>160.0</H>



• </URSPRUNG>



<COVER>



The COVER section is dependent on the TYPE under <FPSV> and is separately shown:



ILS Localizer



• <COVER>



o <TRD_DEGREE> value with a maximum of three decimal places [°]</TRD_DEGREE>



o <THRESHOLD>



 <H_AMSL_M> value with no decimal places [m]</H_AMSL_M>



 <DIST_ANT_THR_M> value with no decimal places



[m]</DIST_ANT_THR_M>



o </THRESHOLD>



o <FPSV_LANG>



 <DIST_M> value with no decimal places [m]</DIST_M>



 <H_MAX_BOTTOM_ATHR_M> value with no decimal places



[m]</H_MAX_BOTTOM_ATHR_M>



o </FPSV_LANG>



o <FPSV_ KURZ >



 <DIST_M> value with no decimal places [m]</DIST_M>
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 <H_MAX_BOTTOM_ATHR_M> value with no decimal places



[m]</H_MAX_BOTTOM_ATHR_M>



o </FPSV_ KURZ >



o <H_MAX_TOP_ATHR_M> value with no decimal places



[m]</H_MAX_TOP_ATHR_M>



• </COVER>



GBAS



• <COVER>



o <TRD_DEGREE> value with one decimal place [°]</TRD_DEGREE>



o <FPSV_LANG>



 <DIST_M> value with no decimal places [m]</DIST_M>



o </FPSV_LANG>



o <FPSV_KURZ>



 <DIST_M> value with no decimal places [m]</DIST_M>



o </FPSV_KURZ>



o <FPSV_BOTTOM_ELEVATION_DEGREE> value with no decimal places [m]</



FPSV_BOTTOM_ELEVATION_DEGREE >



o <H_MAX_TOP_ATHR_M> value with no decimal places



[m]</H_MAX_TOP_ATHR_M>



• </COVER>



VOR



• <COVER>



o <AZIMUT START="value with a maximum of three decimal places [°]">



 <BODEN>



• <Value D=" value with no decimal places [m]" H="value with no decimal



places [m]" />



• ….



 </BODEN>



 <DECKEL>



• <Value D=" value with no decimal places [m]" H=" value with no deci-



mal places [m]" />



• ….
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 </DECKEL>



o </AZIMUT>



o ….



• </COVER>



POP



• <COVER TRD=" value with one decimal place [°]">



o <AZIMUT VALUE="value with a maximum of three decimal places [°]">



 <BODEN>



• <Value D="value with no decimal places [m]" H="value with no decimal



places [m]" />



• ….



 </BODEN>



 <DECKEL>



• <Value D="value with no decimal places [m]" H="value with no decimal



places [m]" />



• ….



 </DECKEL>



o </AZIMUT>



o ….



• </COVER>



PolygonPoints



• <COVER H_BOTTOM_ATHR_M = "value with no decimal places a.m.s.l. [m]"



H_BOTTOM_ATHR_M = "value with no decimal places a.m.s.l. [m]">



o <POLYGON>



 <POINT TYPE="Double or Text">



• <LATITUDE>Double/Text</LATITUDE>



• <LONGITUDE>Double/Text<LONGITUDE>



 </POINT>



 ….



 <POINT TYPE="Double or Text">
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• <LATITUDE>Double/Text</LATITUDE>



• <LONGITUDE>Double/Text<LONGITUDE>



 </POINT>



o </ Polygon>



• </COVER>
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		[bookmark: drec][bookmark: _GoBack]Liaison Statement to Working Parties 5B And 6a



		[bookmark: dtitle1]Proposed revision of Recommendation ITU-R SM.1009-1





[bookmark: dbreak]Taking into account Resolution 413 (Rev.WRC-12) ‘Use of the band 108-117.975 MHz by the aeronautical mobile (R) service ‘, and based on contribution in Doc. 1A/28, WP 1A is considering the need to revise Recommendation ITU-R SM.1009-1 (10-1995) “Compatibility between the sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz“. Annex 11 of the WP 1A Chairman’s Report in Doc. 1A/60 provides information to be included in the proposed revision.

Since 1995, there have been developments in sound broadcasting (e.g. audio processing, digital transmission systems) and in the aeronautical navigation service (e.g. ground based augmentation system, see Recommendation ITU-R M.1841). Moreover, higher densities of the broadcast networks and deployments of aeronautical navigation systems may result in a more complex compatibility situation between these two services.

Therefore, a more comprehensive assessment of potential interference is necessary. An example of a proposed model (see the attachment in Annex 11 to Doc. 1A/60) may achieve higher spectrum efficiency and more flexible spectrum planning.

WP 1A invites WP 5B and WP 6A to provide their views about the proposed revision. 

A response is requested prior to the next planned meeting of WP 1A in 22-30 November 2016, if possible. 



		Status:	For action

		



		Contact:	 Dr. Haim Mazar 

		E-mail: mazar@ties.itu, h.mazar@atdi.com
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