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1.
Background

This working paper reproduces a document submitted by the Russian Federation to the last ITU Working Party 8B meeting (25 November – 2 December 2003). Equivalent material was submitted by the Russian Federation in response to ICAO State Letter AN 7/1.3.83-03/59, which contained a proposal to update the VDL 4 FM immunity characteristics. Introductory text from the response to the State Letter is also attached to this working paper.

WP8B and the ICAO Air Navigation Commission have been informed that a technical review of the material would be conducted by ACP and that the results of the review would be submitted to the relevant ITU (WP8B) and ICAO (Air Navigation Commission) bodies as required.

2.
ACP Working Group B review

The inputs from the Russian Federation were considered by the 16th meeting of ACP Working Group B (ACP WGB16/WP9). WGB noted that the inputs concluded that limiting the operation of VDL Mode 4 to frequencies above 112 MHz does not fully resolve the FM immunity issue, and that the introduction of VDL Mode 4 in the 112 – 117.975 MHz band would result in additional restrictions for FM broadcasters operating below 108 MHz.  

WGB noted that there appeared to be three possible outcomes of  this issue:

1) if the conclusions of the inputs were shown to be incorrect by a closer review of the paper, the issue would be resolved;

2) if the conclusions were shown to be correct, the VDL Mode 4 SARPs should be modified to change the system’s FM immunity characteristics to resolve the difficulties highlighted in WP-9, if feasible;

3) if, on the other hand, it was not feasible to resolve the issues identified, it was unlikely that VDL Mode 4 would be able to operate in the 108-117.975 MHz band.  

WGB concluded that in-depth review of the inputs would need to be provided and that WGB participants should provide technical comments to their WGF representatives so that the matter could be further considered at WGF11. 

3.
Action by WGF

The working group is requested to review the attached and develop appropriate technical material for submission to the relevant ITU (WP8B) and ICAO (Air Navigation Commission) bodies as required.

Attachment 1: Introductory text from Russian Federation reply to ICAO State Letter AN 7/1.3.83-03/59

Attachment 2: ITU Working Party 8B Document 25
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ATTACHMENT 1

(Translation of the Russian text)
Explanatory Note to the draft Amendment to volume III Annex 10 ICAO concerning
VDL Mode 4 noise‑immunity
(ICAO Letter AN 7/1.3.83‑03/59 dt. 27 June 2003)
The study of the Amendment draft concerning the FM‑immunity features of VDL Mode 4 while operating in the frequency band 108 ‑ 117.975 MHz shows that the proposed requirements are similar to the requirement of Volume I Annex 10 applied to GBAS differential corrections receivers. However in accordance with the ICAO standards the signals transmitted by VDL Mode 4 systems and those transmitted by VDB GBAS are of different levels and polarization. To receive VDB GRAS and VDL Mode 4 signals different antennas are required. This will account for different noise power levels at the input of VDB GBAS and VDL Mode 4 receivers under one and the same FM broadcast signal field level.

The additional allocation within the 108 ‑ 117.975 MHz frequency band for developing the system of the differential corrections transmissions and surveillance has been accepted by the World Radio Conference of 2003 (WRC‑03) under the condition that such systems will not impose new limitations on the radio broadcasting service and create detrimental noise effects for the stations operating in the frequency bands allocated to the radio broadcasting service within the 87 ‑108 MHz band. This condition is specified in the Resolution [COM5/2J (WRC‑03). The limitations stated in the Resolution are defined by the valid ITU‑R.IS Recommendation 1009‑1 (M.1009‑1) applied while defining the compatibility between ILS, VOR and FM‑broadcasting systems.

The comparison of the ICAO Standards requirements concerning the FM‑immunity of different equipment types shows that the normalized FM broadcast signal values at VDL Mode 4 receiver input appear at lower field levels than those existing for ILS, VOR and VDB GBAS receivers. Thus, for example, when VDL receiver is operating at the frequency of 108.3 MHz and experiencing the influence of FM broadcast signals at the frequencies 107.9 and 107.5 MHz the difference in comparison with the levels acceptable for ILS and VOR receivers constitutes 3 dB for airborne VDL receiver and 11 dB for ground VDL receiver. If VDL receiver is operating at the frequency of 112 MHz and experiencing the influence of FM broadcast signals transmitted at 100 and 88 MHz the difference grows up to 12.5 dB and 21.5 dB respectively.

The analyses of the VDL Mode 4 receiver noise‑immunity requirements included into draft amendment also shows that on the frequency of 117.975 MHz being the boundary of the subbands 108‑117.975 MHz and 117.975 ‑137 MHz the normalized FM broadcast signal level step occurs. The step value depends on the noise type (intermodulation or blocking) and on the broadcast signal frequency and can reach 20 dB. SARPs for VDL Mode 4 do not include the explanation of the reasons for the discontinuous change in the receiver requirements.

The comparison results are presented in the Supplement to the Explanatory note.

Therefore, the VDL Mode 4 receivers FM‑immunity requirements included in the draft Amendment correspond to lower field levels than similar requirements applied to ILS, VOR and VDB GBAS receivers and their application requires additional limitations on FM broadcasts what contradicts the condition of frequency band of 108‑117.975 MHz usage by new aviation systems specified in the Resolution [COM5/2] (WRC‑03).

The noticed inconsistency between VDL Mode 4 receivers on the one hand and ILS, VOR and VDB GBAS receivers on the other hand occur in the frequency bands both under and above 112 MHz that is why the usage of the frequencies only above 112 MHz does not resolve the FM‑immunity problem.

Besides:

‑for VDL Mode 4 equipment operating in the frequency band of 108 ‑ 117.975 MHz the criteria and the methods of determining the compatibility with VHF FM broadcast and ILS, VOR services of aviation radio navigation systems and differential corrections VDB GBAS transmission services are not developed;

‑ICAO SARPs for VDL Mode 4 system, unlike the SARPs for ILS, VOR and VDB GBAS, do not specify the operation zone size what makes it more difficult to solve the compatibility issues;

‑the extension of the operating bandwidth of VDL Mode 4 airborne transmitter up to 108 MHz specified in SARPs (item 6.9.2.1.2) is presented without taking into consideration the possible influence in ILS and VOR receivers operating on board of the same aircraft.

Taking into account all the above stated we express disagreement with the inclusion of FMimmunity characteristics of VDL Mode 4 suggested in the draft Amendment into SARPs.

Enclosure: Supplement on 12 sheets.

ATTACHMENT 2

ITU Working Party 8B (Doc 8B/25)

Russian Federation

analysis of Compatibility between broadcasting service in the FREQUENCY BAND 87.5‑108 MHz  and new aeronautical systems in the FREQUENCY BAND 108–117.975 MHz
1
Introduction

The World Radiocommunication Conference (WRC-03) adopted the decision on the possibility to use the frequency band 108-117.975 MHz by aeronautical mobile (R) service on the primary basis (n. 5.BA03 of the WRC-03 Provisional Final Acts)). Such use is limited to systems that transmit navigational information in support of air navigation and surveillance functions in accordance with recognized international aviation standards.

Initially utilization of these frequencies was planned only for transmission of radionavigation-satellite differential correction signals by ICAO standard ground-based systems (VDB GBAS). However, later on it was also suggested that these frequencies be used for air-to-ground and ground-to-air data transmissions in VDL Mode 4 system. 

Due to incompleteness of compatibility studies between VDL Mode 4 system and broadcasting systems operating in adjacent band 87-108 MHz it was decided not to use frequencies below 112 MHz for VDL Mode 4 systems until all potential problems of compatibility with broadcasting systems have been resolved. This requirement was included in the Resolution 413 (WRC-03). Moreover, according to this Resolution any additional aeronautical systems planned to operate in the band 108-117.975 MHz, should:

· meet the FM broadcasting interference immunity requirements contained in Annex 10 of the ICAO Convention by existing aeronautical radionavigation systems operating in this frequency band;

· place no additional constraints on the broadcasting service or cause harmful interference to stations operating in the bands allocated to the broadcasting service in the frequency band 87‑108 MHz.

This document presents a comparative analysis of current ICAO broadcasting interference immunity requirements for existing aeronautical radionavigation systems (ILS  and VOR), as well as additional aeronautical systems (VDB GBAS and VDL Mode 4).  Results of the analysis evidence the necessity to carry out further studies on compatibility between VDL Mode 4 and VHF-FM broadcasting systems, and to revise Recommendation ITU-R SM.1009-1.

2
Analysis of ICAO interference immunity requirements for existing ILS and VOR aeronautical radionavigation systems receivers, as well as requirements to the planned VDL Mode- 4-system with respect to immunity to FM broadcasting signals

Requirements to ILS and VOR aeronautical receiver immunity with respect to interfering VHF FM broadcasting signals can be found in the sections.3.1.4 and 3.3.8 of Chapter 3 to the Annex 10 of ICAO Volume 1 (Fifth Edition, July 1996)] /1/. They foresee the test of receiver immunity to two-signal 3-d order modulation products and blocking, i.e. to Type B1 and B2 interference in terminology established in Recommendation ITU-R SM.1009-1 /3/. 

In the course of  ICAO Standards and Recommended Practices (SARPs) development for the Global Navigation Satellite System (GNSS) the similar requirements where extended to the VDB GBAS differential correction aeronautical receiver and included in section 3.6.8.2.2.8 of Appendix B to Chapter 3 of Annex 10 of  ICAO Volume 1 /1/. 

Standardized values for FM signal power specified in the above-mentioned sections are given at the input of ILS, VOR and VDB GBAS receivers.

Interference immunity characteristics for VDL Mode 4 receiving systems are contained in the Draft Amendment to the Part 1 of Chapter 6 to the Annex 10 of ICAO Volume 3, that was approved at the 8th meeting of ICAO Aeronautical Mobile Communication Panel (АМСР/8, Montreal, Canada, 4 – 13 February 2003) /2/ which is currently at the final stage of approval by administrations. 

Comparison of SARPs requirements to the various types of equipment immunity with respect to the FM interfering signals was performed using the method of conversion of a field strength to a signal level at the receiver input  as proposed in the Recommendation ITU-R SM.1009-1. To this end the standardized SARPs FM broadcasting signal levels at a receiver input were used as initial data with their further conversion to the field strength levels through the above-mentioned method. The examples of calculations are provided in Annexes 1, 2, 3, 4 and 5. 

The results of calculations have shown that standardized FM broadcasting signal levels at a VDL Mode 4 receiver input are produced at lower field strength levels than those of ILS, VOR and VDB GBAS receivers. Thus, for example, in the course of the VDL receiver operation at the frequency 108.3 MHz in the presence of FM broadcasting signal at frequencies 107.9 MHz and 107.5 MHz the difference of permissible levels for ILS and VOR receivers is 3 dB for VDL aeronautical receiver and 11 dB for VDL ground-based receiver. In the course  of the VDL receiver operation at the frequency 112 MHz in the presence of FM broadcasting signal  at 100 MHz and 88 MHz  the difference increases up to 12.5 dB and 21.5 dB respectively. 

Furthermore, analysis of requirements to VDL Mode 4 /2/  receiver immunity shows also that at the frequency 117.975 MHz, which is the boundary between subbands 108–117.975 MHz and 117.975–137 MHz, a jump of the standard FM broadcasting signal level occurs. The jump value depends on the interference type (intermodulation or blocking) and on the broadcasting signal frequency, and may reach 20 dB.  Results of the comparison are given in Annex 6.

3
Conclusion

Current requirements to VDL Mode 4 receiver immunity with respect to FM broadcasting interfering signals /2/ corresponds to the field strength levels which are lower than similar requirements to the ILS, VOR and VDB GBAS receivers. This difference between VDL Mode 4 receivers, on the one hand, and ILS, VOR and VDB GBAS receivers, on the other hand, occurs in the frequency bands which are both lower and above 112 MHz, therefore the use of frequencies above 112 MHz only will not eliminate problems of electromagnetic compatibility with VHF FM broadcasting facilities.

4
Action proposed

The Group is invited to:

· review the information contained in this document;

· take appropriate action  for further VDL Mode 4/VHF-FM compatibility studies;

· consider the need and define the action necessary to prepare and incorporate material related to the new aviation systems into the Recommendation ITU-R SM.1009-1.
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Annex 1
Conversion of ILS Localizer Minimum Field Strength to a Signal Level at an Aeronautical Receiver Input

Minimum ILS localizer field strength (section 3.1.3.3.2 of Annex 10 no the ICAO Vol. 1):

E = 40 μV/m = 32 dB(μV/m)  (( = -114 dBW/m2 = -84 dBm/m2)


 Effective surface of the isotropic emitter Sef= 10*log((2/4() 

 Sef  ( -2 dB(m2) for f=108 MHz
              Sef  ( -2.4 dB(m2) for f=111.9 MHz
     -86 dBm





  -95 dBm


                   -95 dBm

  
- 98.5 dBm ( -98 dB

ILS localizer signal level 

NOTE: At frequencies below 108 MHz the antenna system frequency-dependent loss increases by 1.2 dB per MHz (see Recommendation ITU-R SM.1009-1, § 3.4) 

Estimation of FM Broadcasting Signal Strength
(based on a normalized interference level at the ILS receiver input)
ILS Signal Frequency: 108.3 MHz

1. Type B1 interference (3-d order products of two-signal intermodulation in the receiver)

FM-broadcast frequencies: f1 = 107.9 MHz

       f2 = 107.5 MHz

1.1. Normalized interference level (N=N1=N2) at the ISL receiver input

2N1 + N2 + 72 (0  (§ 3.1.4.1 of Annex 10 to  ICAO Vol. 1 ) 

3N = -72 dBm

N = -24 dBm

1.2. FM-broadcast signal field strength

for  f1 = 107.9 MHz L(f) ( 0 dB; Ls ( 3 dB; 

( = -24 dBm + [2 dB(m2) + 0 dB + 9 dB + 3 dB] =  -10 dBm/m2
2. Type B2 interference (blocking)

FM-broadcast frequency: f1 = 107.9 MHz

2.1. Normalized interference level (N) at the ISL receiver input


N = -10 dBm (§ 3.1.4.2 of Annex 10 to ICAO Vol. 1 )

2.2. FM-broadcast signal field strength

 for f = 107.9 MHz    L(f) ( 0 dB; Ls ( 3 dB



( = -10 dBm + [2 dB(m2) + 0 dB + 9 dB + 3 dB] =  4 dBm/m2
ILS Signal Frequency: 111.9 MHz

1. Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies: 
f1 = 100 MHz





f2 =  88.1 MHz

1.3. Normalized interference level (N=N1=N2) at the ISL receiver input


(§ 3.1.4.1 of Annex 10 to ICAO Vol. 1 )

2N1 + N2 + 3*{24 – 20*log[max(0.4;108.1 – f1)/0.4]} ( 0

3N1,2 = -3*{24 – 20*log[(108.1 – 100)/0.4]} dBm



N1,2 = -(24 – 26.1) dBm = 2.1 dBm

1.4. FM-broadcast signal field strength

L(f) ( (108 MHz – 100 MHz)*1.2 dB = 9.6 dB ; Ls ( 3 dB; for  f1 = 100 MHz

( = 2.1 dBm + [2.4 dB(m2) + 9.6 dB + 9 dB + 3 dB] (  26 dBm/m2 

Annex 2
Conversion of VOR Beacon Minimum Field Strength to a Signal Level at an Aeronautical Receiver Input

Minimum VOR beacon field strength (§ 3.3.4.2 of Annex 10 to ICAO Vol.1):

E = 90 μV/m = 39 dB(μV/m)  (( = -107 dBW/m2 = -77 dBm/m2)


  Effective surface of an isotropic emitter Sef= 10*log((2/4() 


 Sef  ( -2.4 dB(m2) for f=112 MHz

    -79 dBm





  -79 dBm


                   -88 dBm

  
- 91.5 dBm ( -91 dBm


VOR beacon signal level 

NOTE: 
At frequencies below 108 MHz the antenna system frequency-dependent loss increases by 1.2 dB per MHz (see Recommendation ITU-R SM.1009-1, § 3.4) 

Estimation of FM Broadcasting Signal Field Strength
(based on a normalized interference level at the VOR receiver input)
VOR Signal Frequency: 112 MHz

1.   Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 100 MHz

f2 =  88 MHz

1.5. Normalized interference level (N=N1=N2) at the VOR receiver input


(§ 3.3.8.1 of  Annex 10 to ICAO Vol. 1 )

2N1 + N2 + 3*{24 – 20*log[max(0.4;108.1 – f1)/0.4]} ( 0

3N1,2 = -3*{24 – 20*log[(108.1 – 100)/0.4]} dBm

N1,2 = -(24 – 26.1) dBm = 2.1 dBm

1.6. FM-broadcast signal field strength

L(f) ( (108 MHz – 100 MHz)*1.2 dB = 9.6 dB ; Ls ( 3 dB;   for  f1 = 100 MHz

( = 2.1 dBm + [2.4 dB(m2) + 9.6 dB + 9 dB + 3 dB] (  26 dBm/m2 

Annex 3
Conversion of Ground Station Minimum Field Strength to a Signal Level at the Input of the VDL-4 Airborne Receiver 

Minimum VDL field strength (§ 6.9.5.1.1.2 of Part 1 of Chapter 6 Annex 10 to ICAO Vol. 3 ):

E = 70 μV/m = 37 dB(μV/m)  (( = -109 dBW/m2 = -79 dBm/m2)

0 dB antenna gain  [Appendix J to the Report on Agenda Item 5 (AMCP/8)]

Effective surface of an isotropic emitter Sef= 10*log((2/4()  

 

Sef= -2.1 dB(m2) for  f=108 MHz

 

Sef= -2.4 dB(m2) for f=112 MHz


-82 dBm



  -91 dBm            


                
   -91 dBm


Estimated level of VDL mode 4 received signal (Appendix J to the Report  on Agenda Item 5 AMCP/8)

NOTES:


1. The ICAO Standards for the VDL-4 provide no data on the antenna system loss.

2. According to Table 1 in Appendix J to the Report on Agenda Item 5 (AMCP/8), the VDL-4 airborne antenna gain is 0 dB and feeder loss is –3 dB.

3. Additional attenuation is [-82 dBm – (-92 dBm) = 6 dB], the value of La = 9 dB shown in the above figure is attributable to the margin for the signal splitter loss (when a single antenna is used for several receivers)

Estimation of FM Broadcasting Acceptable Signal Field Strength
(based on a normalized interference level at the VDL-4 receiver input)
VDL-4 Signal Frequency:s 108.3 MHz  (the VDL-4 receiver designed for operation in the frequency band 108-111.975 MHz)

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 107.9 MHz

f2 =  107.5 MHz

1.1. Normalized interference level (N=N1=N2) at the VDL-4 receiver input

2N1 + N2 + 72 (0 (Appendix I to the Report on Agenda Item 5 (AMCP/8), § 6.9.5.6.2.1)

N = N1 = N2 =  –24 dBm 

1.2. FM-broadcast signal field strength

( = N + Sef + La
( = -24 dBm + [2 dB(m2) + 9 dB] =  -13 dBm/m2
NOTE : La is assumed to be (9 dB), i.e. it is equal to difference between signal levels at the input of the receiving antenna (-82 dBm) and at that of the receiver (-91 dBm).

The value obtained is 3 dB below the level acceptable for the ILS receiver.
2.  Type B2 interference (blocking)

FM-broadcast frequency:        f1 = 107.9 MHz

2.1. Normalized interference level (N) at the VDL-4 receiver input

N = -10 dBm  (Appendix I to the Report on Agenda Item 5 (AMCP/8), § 6.9.5.6.2.2)

2.2. FM-broadcast signal field strength

L(f) ( 0 dB  for  f = 107.9 MHz

( = -10 dBm + [2 dB(m2) + 9 dB] =  1 dBm/m2 

The value obtained is 3 dB below the level acceptable for the ILS receiver.
VDL-4 Signal Frequency:s 112 MHz  (the  VDL-4 receiver designed for operation in the frequency band 112-117.975 MHz)

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 100 MHz

f2 =  88 MHz

1.1. Normalized interference level (N=N1=N2) at the VDL-4 receiver input

(Appendix I to the Report on Agenda Item 5 (AMCP/8), § 6.9.5.6.2.2)

2N1 + N2 + 3*{24 – 20log[max(0.4;108.1 – f1)/0.4]} ( 0

3N1,2 = -3{24 - 20log[(108.1 – 100)/0.4]} dBm

N = -(24 – 26.1) dBm = 2.1 dBm

1.2. FM-broadcast signal field strength

( = N + Sef + La
( = 2.1 dBm + [2.4 dB(m2) + 9 dB] =  13.5 dBm/m2 

NOTE : La is assumed to be (9 dB), i.e. it is equal to difference between signal levels at the input of the receiving antenna (-82 dBm) and at that of the receiver (-91 dBm).

The value obtained is 12.5 dB below the level acceptable for the ILS and VOR receivers (for f1 = 100 MHz).
NOTE: 

These calculations did not take into account the potential additional attenuation of FM-broadcast signals in the receiving antenna because in contrast to the ILS and VOR airborne antennas there are no available data on  VDL-4 antenna frequency selectivity. Therefore the VDL-4 antenna should cause additional attenuation of at least 1.6 dB/MHz at frequencies below 108 MHz so that interference field strength of FM-broadcast signal at the VDL-4 receiver input would not exceed the normalized value (2.1 dBm) for the FM-broadcast signal level acceptable for the ILS and VOR devices (26 dBm/m2 at 100 MHz). The indicated attenuation exceeds the value specified in Recommendation ITU-R SM.1009-1 for the ILS and VOR antennas (1.2 dB/MHz). The antennas operated with the ILS and VOR equipment ensure reception of horizontal polarization signals in the bandwidth of 4 MHz and 10 MHz accordingly. Such antennas are designed on the basis of dipoles of various kinds. The VDL-4 antennas should provide reception of vertical polarization signals in the bandwidth of 29 MHz (108 – 137 MHz) or 25 MHz (112 – 137 MHz) and they could feature a less attenuation at the frequencies below 108 MHz as compared with that for ILS and VOR antennas. 

Annex 4
Conversion of Airborne Station Minimum Field Strength to a Signal Level at the Input of the VDL-4 Ground Receiver 

Minimum VDL field strength (ICAO Annex 10 Vol. 3 Part 1 Chapter 6 § 6.9.5.1.1.1):

E = 35 μV/m = 31 dB(μV/m)  (( = -115 dBW/m2 = -85 dBm/m2)

2 dB antenna gain  [Appendix J to the Report on Agenda Item 5 (AMCP/8)]

 Effective surface of an isotropic emitter Sef= 10*log((2/4() = -2.89 dB(m2 )  ( -3 dB(m2)

 

Sef= -2.1 dB(m2) for  f=108 MHz

 

Sef= -2.4 dB(m2) for f=112 MHz


-86 dBm

                                            -89 dBm
                 

         -89 dBm

Estimated level of VDL mode 4 received signal (Appendix J to the Report on Agenda Item 5 AMCP/8)
NOTES: 

1.  The ICAO Standards for the VDL-4 provide no data on the antenna system loss.

2. According to Table 1 in Appendix J to the Report on Agenda Item 5 (AMCP/8), the VDL-4 airborne antenna gain is 2 dB and feeder loss is –3 dB.

Estimation of FM Broadcasting Acceptable Signal Field Strength
(based on a normalized interference level at the VDL-4 receiver input)
VDL-4 Signal Frequency: 108.3 MHz  (the VDL-4 receiver designed for operation in the frequency band 108-111.975 MHz)

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 107.9 MHz

f2 =  107.5 MHz

1.1. Normalized interference level (N=N1=N2) at the VDL-4 receiver input

2N1 + N2 + 72 (0 

(Appendix I to the Report on Agenda Item 5 (AMCP/8), § 6.9.5.6.2.1)

N = N1 = N2 =  –24 dBm 

1.2. FM-broadcast signal field strength

( = N + Sef + La
( = -24 dBm + [[-2 dB + 2 dB(m2) + 3 dB] =  -21 dBm/m2
NOTE : La is assumed to be (3 dB), i.e. it is equal to difference between signal levels at the input of the receiving antenna (-86 dBm) and at that of the receiver (-89 dBm).

The value obtained is 11 dB below the level acceptable for the ILS receiver.
2.   Type B2 interference (blocking)

FM-broadcast frequency:        f1 = 107.9 MHz

2.1. Normalized interference level (N) at the VDL-4 receiver input

N = -10 dBm 
 (Appendix I to the Report on Agenda Item 5 (AMCP/8), п. 6.9.5.6.2.2)

2.2. FM-broadcast signal field strength

L(f) ( 0 dB  for  f = 107.9 MHz

( = -10 dBm [-2 dB + 2 dB(m2) + 3 dB] =  -7 dBm/m2
The value obtained is 11 dB below the level acceptable for the ILS receiver.
VDL-4 Signal Frequency: 112 MHz  (the VDL-4 receiver designed for operation in the frequency band 112-117.975 MHz)

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 100 MHz

f2 =  88 MHz

1.1. Normalized interference level (N=N1=N2) at the VDL-4 receiver input

(Appendix I to the Report on Agenda Item 5 (AMCP/8), §  6.9.5.6.2.2)

2N1 + N2 + 3*{24 – 20log[max(0.4;108.1 – f1)/0.4]} ( 0


3N1,2 = -3{24 - 20log[(108.1 – 100)/0.4]} dBm

N = -(24 – 26.1) dBm = 2.1 dBm

1.2. FM-broadcast signal field strength

( = N + Sef + La
( = 2.1 dBm + 2.4 dB(m2) + 3 dB =  7.5 dBm/m2 

NOTE : La is assumed to be (3 dB), i.e. it is equal to difference between signal levels at the front end of the receiving antenna (-86 dBm) and at that of the receiver (-89 dBm).

The value obtained is 19.5 dB below the level acceptable for the ILS and VOR receivers (for f1 = 100 MHz).
NOTE: 

These calculation did not take into account a potential additional attenuation of FM-broadcast signals in the receiving antenna because in contrast to the ILS and VOR airborne antennas there are no available data on  VDL-4 antenna frequency selectivity. Therefore the VDL-4 antenna should cause additional attenuation of at least 1.6 dB/MHz at frequencies below 108 MHz so that interference level at the VDL-4 receiver input would not exceed the normalized value (2.1 dBm) for the FM-broadcast signal level acceptable for the ILS and VOR devices (26 dBm/m2 at 100 MHz). The above attenuation exceeds the value specified in Recommendation ITU-R SM.1009-1 for the ILS and VOR antennas (1.2 dB/MHz). The antennas operated with the ILS and VOR airborne equipment ensure reception of horizontal polarization signals in the bandwidth of 4 MHz and 10 MHz accordingly. Such antennas are designed on the basis of dipoles of various kinds. The VDL-4 antennas should provide reception of vertical polarization signals in the bandwidth of 29 MHz (108 – 137 MHz) or 25 MHz (112 – 137 MHz) and they could feature a less attenuation value at the frequencies below 108 MHz as compared with that for ILS and VOR antennas.
Annex 5
Conversion of Ground Station Minimum Field Strength to a Signal Level at the Input of the VDB GBAS/E Receiver 

Minimum VDB GBAS/E field strength (ICAO Annex 10 Vol. 1 Chapter 3 § 3.7.3.5.4.4.1.2):

E = 215 μV/m = 46.6 dB(μV/m)  (( = -99 dBW/m2 = -69 dBm/m2)


 Effective surface of an isotropic emitter Sef= 10*log((2/4()



       Sef= -2.1 dB(m2) for  f=108 MHz

       Sef= -2.4 dB(m2) for  f=112 MHz




   -72 dBm


                   -87 dBm


                   -87 dBm

  


Estimated level of VDB GBAS/E received signal (ICAO Annex 10 Vol. 1 Chapter 3 § 3.7.3.5.4.4.1.2, Note)
NOTE: The VDB GBAS/E receiver is assumed to operate with airborne antennas similar to those of ILS and VOR in design and parameters. 

Estimation of FM Broadcasting Signal Field Strength
(based on a normalized interference level at the VDL-4 receiver input)

VDB GBAS Signal Frequency:s 108.3 MHz  

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 107.9 MHz

f2 =  107.5 MHz

1.1. Normalized interference level (N=N1=N2) at the VDB GBAS receiver input

2N1 + N2 + 72 (0  (ICAO Annex 10 Vol. 1 Appendix B § 3.6.8.2.2.8.3) 

3N = -72 dBm

N = -24 dBm

1.2. FM-broadcast signal field strength

L(f) ( 0 dB for  f1 = 107.9 MHz

( = -24 dBm + [2 dB(m2) + 0 dB + 15 dB] =  -7 dBm/m2 

2.   Type B2 interference (blocking)

FM-broadcast frequency:        f1 = 107.9 MHz

2.1. Normalized interference level (N) at the VDB GBAS receiver input

N = -10 dBm (ICAO Annex 10 Vol. 1 Appendix B § 3.6.8.2.2.8.2) 

2.2. FM-broadcast signal field strength

L(f) ( 0 dB  for  f = 107.9 MHz

( = -10 dBm [2 dB(m2) + 0 dB + 15 dB] =  3 dBm /m2
The values obtained are 3 dB above the levels acceptable for the ILS receiver.
VDB GBAS signal frequency: 112 MHz

1.  Type B1 interference (3-d order product of two-signal intermodulation in the receiver)

FM-broadcast frequencies:               f1 = 100 MHz

f2 =  88 MHz

1.1. Normalized interference level (N=N1=N2) at the VDB GBAS receiver input

(ICAO Annex 10 Vol. 1 Appendix B § 3.6.8.2.2.8.3)

2N1 + N2 + 3*{24 – 20log[max(0.4;108.1 – f1)/0.4]} ( 0

3N1,2 = -3*{24 - 20log[(108.1 – 100)/0.4]} dBm

N1,2 = -(24 – 26.1) dBm = 2.1 dBm

1.2. FM-broadcast signal field strength

L(f) = (108 MHz – 100 MHz)*1.2 dB = 9.6 dB  for  f1 = 100 MHz

( = 2.1 dBm + [2.4 dB(m2) + 9.6 dB + 15 dB] ( 29 dBm/m2

The values obtained are 3 dB above the levels acceptable for the ILS and VOR receivers.
ANNEX 6
Comparison of ICAO SARPs Requirements for Interference Immunity of the VDL Mode 4 Receiver Operating at 117.975 MHz

The requirements for interference immunity of the VDL receiver operating at 117.975 MHz are specified in No. 6.3.5.4. (ICAO Annex 10 Vol. 3 Part 1 Chapter 6) [1]. New requirements associated with the frequency band 108-117.975 MHz are presented in the Draft SARPs Amendment (No. 6.9.5.6.2) approved by the 8-th ICAO AMCP meeting (Appendix I to the Report on Agenda Item 5 AMCP/8) [2].

SARPs No. 6.3.5.4.2 specifies –5 dBm as an acceptable total level of one or more FM-broadcast signals at the input of VDL receiver operating at any frequency in the frequency band 117.975-137 MHz irrespective of an interfering signal frequency.

The Draft Amendment contemplates testing the immunity to interference caused by 3-d order product of two-signal intermodulation and blocking. Therewith the levels of FM-broadcast signals arrived at the VDL receiver input depend on the frequency of interfering signals. Shown below is an example of estimating the FM-broadcast signal levels for the VDL mode 4 receiver operating at 117.975 MHz. The example is based on the Draft Amendment.

1.  Type B1 interference (3-d  order product of wo-signal intermodulation in the receiver)

1.1.  FM-broadcast frequencies:                     f1 = 107.9 MHz

f2 =  97.8 MHz

1.1.1. Normalized total level of interference (N=N1=N2) at the VDL-4 receiver input

N1 + N2 = -5 dBm (ICAO Annex 10 Vol. 3 Part 1 Chapter 6 § 6.3.5.4.2 )

N = -8 dBm

1.1.2. Normalized level of interference (N=N1=N2) at the VDL-4 receiver input

2N1 + N2 + 72 (0           (Appendix I to the Report on Agenda Item 5 (AMCP/8), No. 6.9.5.6.2.1)

  N = N1 = N2 =  –24 dBm


The estimated values differ by 16 dB.

 1.2.  FM-broadcast frequencies:                     f1 = 103 MHz

f2 =  88.1 MHz

    1.2.1. Normalized total level of interference (N=N1=N2) at the VDL-4 receiver input

N1 + N2 = -5 dBm (ICAO Annex 10 Vol. 3 Part 1 Chapter 6 § 6.3.5.4.2 )

N = -8 dBm
    1.2.2. Normalized level of interference (N=N1=N2) at the VDL-4 receiver input

(Appendix I to the Report on Agenda Item 5 (AMCP/8), No. 6.9.5.6.2.1)

2N1 + N2 + 3*{24 – 20log[max(0.4;108.1 – f1)/0.4]} ( 0


3N1,2 = -3{24 - 20log[(108.1 – 103)/0.4]} dBm

N = -(24 – 26.1) dBm = -1.9 dBm ( -2 dBm


The estimated values differ by 6 dB.

2.   Type B2 interference (blocking)

   2.1.  FM-broadcast frequency:        f1 = 107.9 MHz


2.1.1. Normalized level of interference (N) at the VDL-4 receiver input

N = -5 dBm (ICAO Annex 10 Vol. 3 Part 1 Chapter 6 § 6.3.5.4.2 )


2.1.2. Normalized level of interference (N) at the VDL-4 receiver input


N = 0 dBm  (Appendix I to the Report on Agenda Item 5 (AMCP/8), п. 6.9.5.6.2.2)



The estimated values differ by 5 dB.

2.2. FM-broadcast frequency:                     f = 103 MHz

2.2.1. Normalized level of interference (N) at the VDL-4 receiver input


N = -5 dBm (ICAO Annex 10 Vol. 3 Part 1 Chapter 6 § 6.3.5.4.2 )

2.2.2. Normalized level of interference (N) at the VDL-4 receiver input

N = 15 dBm  [Appendix I to the Report on Agenda Item 5 (AMCP/8), п. 6.9.5.6.2.2]


The estimated values differ by 20 dB.

______________________
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