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	SUMMARY

	The International Telecommunications Union – Radiocommunication Sector (ITU-R) Working Party 1A (WP1A) has been considering possible updates to Recommendation ITU-R SM.1009 which deals with “Compatibility between the sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz”. Based on an input from the proponent of that effort however, work on that possible update has been halted.




INTRODUCTION
In ITU-R Working Party 1A a number of options were being explored regarding possible updates to Recommendation ITU-R SM.1009 including: developing a stand-alone ITU-R Report on alternate approaches used in certain states, developing a new ITU-R Recommendation on digital sound broadcasting, making the new material an annex to the existing SM.1009, or even beginning a complete new revision of SM.1009.
At its June 2018 meeting however, based on an input from the proponent (see Attachment 1), WP1A agreed to cease work on possible modification. As stated in the meeting report:
Input documents: 1A/276 and 1A/312 [China, “Compatibility study between CDR and aeronautical radio navigation service ILS/VOR”, see Attachment 2].
WP 1A agreed to discontinue work on this topic and remove the working document towards a preliminary draft new Report ITU-R SM.[NAT_APR].
Regarding Doc. 1A/312, it was agreed by the meeting that there would be a Chairman’s Note from WP 1A to WP 5B and 6A to raise the issue of interference to the aeronautical systems from digital sound broadcasting. This note will also inform the two working parties that the work is no longer continuing on the revision of Recommendation ITU-R SM.1009 or the working document towards a preliminary draft new Report ITU-R SM.[NAT_APR].
Output document: None.



ACTION BY THE MEETING
The meeting is invited to note that 
1. WP1A has ceased efforts regarding a possible update to Recommendation ITU-R SM.1009, and
2. WP 5B and 6A will be receiving a Chairman’s Note from WP 1A to raise the issue of interference to the aeronautical systems from digital sound broadcasting.

— END —
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[bookmark: dbreak]Since Recommendation ITU-R SM.1009 has been approved in 1995 technologies in the broadcasting and aviation sectors as well as the structure of broadcasting networks have evolved. Digital sound processing, audio compression techniques, additional digital signals in connection with FM broadcasting and new full digital or hybrid systems, have been developed after the finalization of Recommendation ITU-R SM.1009 and are therefore not taken into account in Recommendation ITU-R SM.1009. 

Germany has provided to WP 1A information taking into account the evolved situation for the compatibility assessment with the intention to update Recommendation ITU-R SM.1009 or at least to make this information available for interested parties.

Discussions during the last four meetings have shown that there is no intention to update Recommendation ITU-R SM.1009. There was some interest that the experience gained in Germany might also be useful for other countries. But also aspects were raised that this approach might not just simply be applied by other administrations or other parties.

In view of this, it does not seem reasonable to put additional workload on involved experts and ITU-R Working Parties in order to provide information, for which interest seems to be very limited. 

Consequently, Germany proposes to stop the work on Report ITU-R SM.[NAT-APR]. 

Regardless of this, Germany is ready to share its approach and experience with interested parties.
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[bookmark: dbreak]Introduction

In Jun 2017, China has submitted a contribution (Document 1A/179) which introduced the initial work on the study of compatibility study between Digital sound broadcasting system CDR and Aeronautical Radio Navigation Service. After that, China continues the study on the compatibility between two systems under the same platform. This contribution introduces the test result of the study.



Compatibility Study between CDR and Aeronautical Radio Navigation Service ILS/VOR

1	Introduction

In Dec. 2014, China formally launched the Digital sound broadcasting system CDR in China. The operating frequency range of CDR is in 87-108 MHz, which is adjacent to the frequency range of aviation radio navigation signal ILS (Instrument Landing System) and VOR (Very High Frequency Omnidirectional Range).

Therefore, it is essential to ensure the navigation signal will not be disturbed by the broadcasting on the adjacent frequency band. It is necessary to measure and analyze the compatibility between CDR and the aeronautical radio navigation service in the adjacent frequency bands.

In Jun 2017, China have a contribution (Document 1A/179)which introduce the initial work on the study of compatibility study between Digital sound broadcasting system CDR and Aeronautical Radio Navigation Service. During the follow up time, China continues the study on the compatibility between two systems under the same platform.

2	Interference Types

There are several ITU recommendation consider the compatibility between sound broadcasting and aeronautical service: ITU-R SM.1009-1 “Compatibility between the sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz”. ITU-R M.1841 “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”  .

Considering the distribution characteristics of the spectrum and RF properties of the receivers, by analyzing the digital broadcasting system and aeronautical radio navigation service, the interference between these two systems can be divided to 4 types: A1, A2, B1 and B2.

Interference type A is caused by unwanted emissions into the aeronautical band from one or more broadcasting transmitters. A signal transmitter may generate spurious emissions or several broadcasting transmitters may inter-modulate to produce components in the aeronautical frequency bands; this is termed Type A1 interference. A broadcasting signal may include non-negligible components in the aeronautical bands and this is termed Type A2 interference.

Interference type B is generated in an aeronautical receiver resulting from broadcasting transmissions on frequencies outside the aeronautical band. Inter-modulation may be generated in an aeronautical receiver as a result of the receiver being driven into non-linearity by broadcasting signals outside the aeronautical band and this is termed Type B1 interference. Desensitization may occur when the RF section of an aeronautical receiver is subjected to overload by one or more broadcasting transmissions and this is termed Type B2 interference.

These four types of interference is corresponding to different compatibility conditions under various frequency signals combinations and the different jamming principle also determines the corresponding interference characteristics, which is the compatibility research emphasis of the article.

3	Compatibility Measurement Scheme

This contribution used the test procedures given by ITU-R SM.1140 and the measurement conclusions of Radio Monitoring Station Munich for references, and developed the measurement scenarios for testing the compatibility between CDR and aeronautical radio ILS and VOR.

In this measurement, the received signal is aeronautical navigation ILS and VOR signal, and the unwanted signal is CDR broadcasting signal. In order to achieve the test objectives, this contribution designed compatibility measurement system diagram as follows:



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 1

Compatibility measurement system diagram

[image: FM-CDR系统测试框图_英]

3.1	CDR broadcasting signal generation and parameters settings

The test selected the most common modes of CDR: Mode 9 and Mode 1.

Broadcasting of Mode 9 is digital and analog simulcast signal. The digital part is not continuous, and the total bandwidth of digital audio broadcasting signal is 100 kHz, formed by two digital signal of 50 kHz bandwidth, and stereo FM radio is modulated in the middle of the digital audio broadcasting frequency band.

Figure 2

Spectrum diagram of CDR Mode 9 signal

[image: 模式9频谱_英]

Broadcasting of Mode 1 is purely digital signal, whose digital part is continuous in the frequency band, suitable for areas where the broadcasting is all digital or spectrum resources are sufficient.

Figure 3

Spectrum diagram of CDR Mode 1 signal

[image: 模式1频谱_英]

During the test, the analog parts of CDR use the stereo generator generate pink noise as the analog audio source. In addition, the noise signal was fed to the stereo generator with the left channel signal level in phase with, but 6 dB greater than the right channel. We select ±32 kHz quasi-peak deviation or ±75 kHz peak deviation as the frequency deviation of CDR；and the digital part of CDR is generated by a CDR exciter.

Figure 4

Proposed stereo sound generator and CDR exciter

   [image: ]

3.2	Received signal generation and parameters settings

The testing program is mainly designed for ILS and VOR services, received signals of the measurement are ILS and signals.

Received signal generator to be used in this program is IFR-2030 aviation standard signal generator. The device can support AM, FM and pulse modulation, and can produce ILS and VOR aviation standard signals. The carrier frequency resolution of IFR-2030 is 0.1 Hz, and the RF output is 0.1 dB. 

During the test, we set appropriate parameters for them:

Nominal parameters of ILS: 

Modulation = 20%; DDM = 0.093.

Nominal parameters of VOR: 

Modulation = 30%; Phase shifting = 0.

Figure 5

Proposed aeronautical radio service signal source system

[image: axitest-generateur-de-frequences-1GHz-ifr-2030]

In this scenario, in the case of compatibility test about ILS, we set the ILS signal frequency 108.1 MHz and receiver input power -86 dBm. In the case of compatibility test about VOR, we set the VOR signal frequency 108.2 MHz and receiver input power -79 dBm.

3.3	Measurement receiving system

Measurement receiving system consists of measurement receiver and data analysis system. Data analysis system can conduct data collection, processing and evaluation with the received signals and output the specific interference degree.

In this compatibility test, RNA-34 BF VOR/ILS flight checkout receiver was used, which is produced by Honeywell Company and is a digital communication navigation device designed for accurate measurement about VOR and ILS space signals, as the aviation receiver. 

Aviation receiver output is connected to data acquisition by the ARINC 429 bus; data acquisition module is available through the ARINC 429 bus using LabViewRT real-time operating system to collect the receiver’s output and conduct high precision data synchronization using PPS pulse of GPS.  

Figure 6

Proposed data acquisition and processing system
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The failure criterion of the aeronautical radio navigation services, based on a 95% probability and limits centering error to 5% of the standard deflection. 

4	Measurement Scheme Validation

4.1	The compatibility analysis between ILS and CDR

ILS signal (108.1 MHz, -86 dBm) was selected as desired signal and different FM-CDR signal frequency was used (Type A1 interference: 108.3, 108.25, 108.2, 108.15, 108.1 MHz; Type A2 interference: 108, 107.9, 107.8 MHz; Type B2 interference: 107.7, 107.5, 107.3, 107, 106, 105, 104, 102, 100, 98, 93, 88 MHz. Type B1 interference: 107.9/107.7, 107.5/106.9, 106.5/104.9, 103.5/98.9,98.1/88.1MHz) as interference signal. Through extensive measurement, the critical power of receive under the corresponding interference conditions can be collected.  

During the test, the spectrum of ILS signal is as follows:

Figure 7

Spectrum of the ILS desired signal used in the test

[image: ]

Through data processing and analysis of the measurement, we can get the contrast and change situations of the compatibility between the three modes of audio broadcasting signal and ILS service in different types of interference case., 



For type A1 interference, we can conclude that:

(1)	In the case that the frequency of FM CDR inter-modulation is same to ILS, the protection ratio of FM-CDR of mode1 (pure digital condition) is the lowest, whose interference to ILS signal is the weakest; analog FM or FM-CDR of mode9, interference of signal of 75 kHz deviation is weaker than lower deviation signal. 

(2)	In the case that the frequency of FM-CDR is in adjacent to the frequency of ILS (frequency difference: 50-200 kHz), interference of signal of 75 kHz deviation is stronger than 32 kHz deviation signal.

figure 8

ILS compatibility test protection ratio under class A1 interference

[image: ]

For type A2 interference, in the case that the frequency difference is 100 kHz, for FM-CDR of analog mode or mode9, interference of signal of 75 kHz deviation is stronger than 32 kHz deviation signal, whose protection ratio is smaller and the protection ratio of digital signal is lowest. In the case that the frequency difference is 200-300 kHz, the sort of protection ratio of three modes of FM-CDR is: mode9>mode1>analog mode.



Figure 9

ILS compatibility test protection ratio under class A2 interference

[image: ]

For type B2 interference, when the frequency difference is relatively larger, receiving critical power under various modes of conditions almost doesn’t change with the frequency difference, and the critical power has some volatility, but tends to be overall stable. Comparing with the mean of the receiving critical power of each mode, we can conclude that the difference between three modes is lower than 1dB and the interference under three modes of conditions can be approximately considered consistent.

Figure 10

ILS compatibility test protection ratio under class B2 interference

[image: ]

For inter-modulation Type B1 interference, select several groups of signal and complete the compatibility measurement. Through summary and analysis, it can be demonstrated that as f3 increases, inter-modulation interference of three modes of FM-CDR is becoming stronger and stronger. In the case that f3 is 0.01, the frequency of FM-CDR used is 107.9 MHz and 107.7 MHz, and only digital audio broadcasting of mode9 still continue to generate Type A2 interference to ILS service, so the receiving critical power is much lower. In other cases, when f3 is relatively larger, the interference under three modes of conditions can be approximately considered consistent.



Figure 11

ILS compatibility test protection ratio under class B1 interference
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4.2	The compatibility analysis between VOR and CDR

VOR signal (108.2 MHz, -79 dBm) was selected as desired signal and different FM-CDR signal frequency was used (Type A1 interference: 108.4, 108.35, 108.3, 108.25, 108.2 MHz; Type A2 interference: 108.1, 108, 107.9 MHz; Type B2 interference: 107.7, 107.5, 107.3, 107, 106, 105, 104, 102, 100, 98, 93, 88 MHz. Type B1 interference: 107.9/107.6, 107.5/106.8, 106.5/104.8, 103.7/99.2, 101.7/95.2, 98.3/88.4MHz) as interference signal. Through extensive measurement, the critical power of receive under the corresponding interference conditions can be collected.  

During the test, the spectrum of VOR signal is as follows:

Figure 12

Spectrum of the VOR desired signal used in the test

[image: ]

Through data processing and analysis of the measurement, we can get the contrast and change situations of the compatibility between the three modes of audio broadcasting signal and VOR service in different types of interference, case.

For Type A1  interference,  the  protection  ratio of FM-CDR of mode1 (pure digital condition) is the lowest, whose interference to VOR signal is the weakest; in addition, for analog FM or FM-CDR of mode9, in the case that the  frequency  of  FM-CDR  is  the  same as the frequency of VOR, interference of signal of 75 kHz deviation is weaker than lower deviation signal.In the case that the frequency of FM-CDR is in adjacent to the frequency of VOR (frequency difference: 50-200 kHz), interference of signal of 75 kHz deviation is stronger than 32 kHz deviation signal.



Figure 13

VOR compatibility test protection ratio un- der class A1 interference

[image: ]

For Type A2 interference, in the case that the frequency difference is 100 kHz, for FM-CDR of analog mode or mode9, interference of signal of 75 kHz deviation is stronger than 32 kHz deviation signal, whose protection ratio is smaller and the protection ratio of digital signal is lowest. In the case that the frequency difference is 200-300 kHz, the sort of protection ratio of three modes of FM-CDR is: mode9>mode1>analog mode.

Figure 14

Change of VOR compatibility test protection ratio un- der class A2 interference
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For Type B2 interference, when the frequency difference is relatively larger, receiving critical power under various modes of conditions almost doesn’t change with the frequency difference, and the critical power has some volatility, but tends to be overall stable. Comparing with the mean of the receiving critical power of each mode, we can conclude that the difference between three modes is lower than 3dB and the interference un- der three modes of conditions can be approximately considered consistent.

Figure 15

VOR compatibility test protection ratio un- der class B2 interference
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For inter-modulation Type B1 interference, select several groups of signal and complete the compatibility measurement. Through summary and analysis, it can be demonstrated that as f3 increases, inter-modulation interference of three modes of FM-CDR is becoming weaker and weaker. When f3 is relatively larger, the difference between the critical powers of three modes conditions is lower than 3 dB, so the interference under three modes of conditions can be approximately considered consistent.

Figure 16

VOR compatibility test protection ratio un- der class B1 interference
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5	Conclusion

5.1	Type A1 interference

For ILS and VOR signal, the frequency deviation of FM-CDR determines the strength of interference.

In the case that the frequency of FM-CDR is the same as the frequency of ILS/VOR, the larger frequency deviation is, the weaker interference is. In the case that the frequency of FM-CDR is near (N-1 or N-2) to but not same as the frequency of ILS/VOR, the larger frequency deviation is, the stronger interference is, which is opposite to last case.  In the case of all, digital radio signal generates the weakest interference.

This is because small frequency deviation can lead to more concentrated energy, and in the case that the frequencies are the same, signal whose energy is more concentrated will generate much stronger interference, at the same time, the conclusion in the condition that frequencies are different is opposite.

5.2	Type A2 interference

For ILS and VOR signal, in the case that the frequency of FM-CDR is near (N-1) to the frequency of ILS/VOR, the frequency deviation of FM-CDR determines the strength of interference. In the case that the frequency of FM-CDR is near (N-2 or N-3) to the frequency of ILS/VOR, the mode of FM-CDR determines the strength of interference.

In the case that the frequency of FM-CDR is near (N-1) to but not same as the frequency of ILS/VOR, the larger frequency deviation is, the stronger interference is. And the digital radio signal generates the weakest interference. In the case that the frequency of FM-CDR is near (N-2 or N-3) to the frequency of ILS/VOR, the sort of protection ratio of three modes of FM-CDR is: mode9>mode1>analog mode.

This is because in the first condition, signal whose frequency deviation is larger and energy is less concentrated generates stronger interference. And in the second condition, signal of mode9 has wider spectral range, In consequence, FM-CDR overlaps with the aeronautical navigation service on the frequency band, leading to stronger interference.

5.3	Type B1 interference

For ILS and VOR signal, the power of FM-CDR determines the strength of interference, and interference characteristics of three modes of FM-CDR are almost consistent.

As f3 increases, three modes of FM-CDR generate weaker interference. And interference strength is proportional to the energy power of audio broadcasting, which is independent of the signal mode.

5.4	Type B2 interference

For ILS and VOR signal, the power of FM-CDR determines the strength of interference, and interference characteristics of three modes of FM-CDR are almost consistent.

As frequency difference increases, interference generated by FM-CDR gradually tend to be stable. And interference strength is proportional to the energy power of audio broadcasting, which is independent of the signal mode.

5.5	Compatibility performance difference between ILS and VOR

For Type A1/A2 interference, the protection ratio of VOR is higher than ILS and anti-jamming capability is weaker than ILS.

For Type B1 interference, the anti-jamming capability of ILS and VOR is almost consistent.

For Type B2 interference, the receiving critical power of VOR is higher than ILS and anti-jamming capability is stronger than ILS.

Through detailed measurement, we can understand under different types of interference, there are various characteristics in the compatibility research between digital audio broadcasting and aeronautical navigation service. When FM-CDR is massive applied, scientists should comprehensively consider the issue the article re- minded, control the power of the transmitted FM-CDR signal and ensure that the aeronautical navigation services is not disturbed.
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