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1.
BACKGROUND

Current protection levels for FM immunity, associated with ICAO-standard navigation systems operating or planned to operate in the band 108-117.975 MHz, are provided in Table 1 below. 

Table 1: Protection levels for ILS, VOR and GBAS

System
ICAO Reference
Maximum Level of undesired FM signal (dBm)



88 MHz
102 MHz
104 MHz
106 MHz
107.9 MHz

ILS
Annex 10, Volume 1, Para 3.1.4.2

15
15
10
5
-10

VOR
Annex 10, Volume 1, Para 3.3.8.2

15
15
10
5
-10

GBAS
Annex 10, Volume 1, Para 3.6.8.2.2.8.2
(108.025 - 111.975 MHz)
15
15






(112.000 - 117.975 MHz)

15
10
5
0

Note :  
1.Annex 10 for all systems specifies linear interpolation between defined points.

 
2. The levels quoted are at the input to the receiver.

VDL Mode 4 is currently planned to operate in the band 108-137 MHz and specifies a single protection level of –5 dBm (ref: Annex 10, Volume 3, Para 6.3.5.4.2).  This is historically drawn from the protection level applied in the AM(R)S band 118-137 MHz. It has been proposed to limit the operation of VDL Mode 4 to the band above 112 MHz.

The protection level for VDL Mode 4 is less stringent than the protection level for ILS and VOR, in terms of received FM interference levels, below approximately 107.3 MHz.

2. DISCUSSION

When introducing new services based on a new technology, it is generally desirable to avoid placing additional constraints on existing services. There is a concern that the introduction of VDL Mode 4 could place additional constraints on FM broadcasters.  

It could be argued that the introduction of VDL Mode 4 will not impose any additional constraints on FM broadcasters, since AM(R)S systems and assignments already exist relying on equipment with a protection level of –5 dBm. However, these existing systems operate only in the band above 118 MHz and may as a practical matter provide greater protection than required by SARPS in regard to interfering signals below 108 MHz. 

In order to avoid any potential new constraints, it would be desirable to apply the most stringent requirements of the various systems operating in the band 108-117.975 MHz. It is already known that these requirements can be achieved, hence there is no technical risk. Annex A to this working paper provides detail on the necessary design parameters for a VDL Mode 4 receiver conforming to these most stringent requirements.

3. RECOMMENDATION

In order to avoid potential new constraints to existing services, and thereby ease the introduction into service of VDL Mode 4, the members are urged to consider and adopt a change to SARPs for VDL Mode 4 in relation to the FM Immunity Protection Criteria in ICAO Annex 10, Volume 3, Paragraph 6.3.5.4.2.  The proposed criteria are tabulated below in Table 2, also comparing to existing criteria for ILS, VOR and GBAS.

Table 2: Comparison of Existing Protection levels for ILS, VOR and GBAS with Proposed Protection Levels for VDL Mode 4

System
ICAO Reference and operating band
Maximum Level of undesired FM signal (dBm)



88 MHz
102 MHz
104 MHz
106 MHz
107.9 MHz

ILS
Annex 10, Volume 1, Para 3.1.4.2
(108.025 - 111.975 MHz)
15
15
10
5
-10

VOR
Annex 10, Volume 1, Para 3.3.8.2
(108.025 - 117.975 MHz)
15
15
10
5
-10

GBAS
Annex 10, Volume 1, Para 3.6.8.2.2.8.2
(108.025 - 111.975 MHz)
15
15






(112.000 - 117.975 MHz)

15
10
5
0

VDL  Mode 4
Suggested revision to Annex 10, Volume 3, Para. 6.3.5.4.2
(112.000 – 137 MHz)
15
15
10
5
0

Note:  
1. Linear interpolation between defined points.

 
2. Levels quoted are at the input to the receiver.

ANNEX A

DERIVATION OF FM IMMUNITY FILTER REQUIREMENTS

FOR A VDL MODE 4 RECEIVER
Protection against intermodulation distortion dominates over desensitization. Hence, it is necessary to understand the required linearity of the receiver before determining filter characteristics.

The VDL Mode 4 MOPS Section 3.2.2.13 (In-band intermodulation) states:

The uncorrected BER requirement (§ 3.2.2) shall be achieved in the presence of two interfering signals, displaced in frequency, from the desired signal.

Signal
Signal Level
Modulation
Offset 

Desired signal
- 75 dBm
VDL Mode 4
0

Interferer A
- 32 dBm
none
+/- 1 MHz

Interferer B
- 32 dBm
VDL Mode 4
+/- 2 MHz

Given the desired signal level of –75 dBm and an interferer at –32 dBm (again with an 18.5 dB required SNR) yields a required IP3 performance of at least: 

IP3 (dBm) =  -32 + (75+18.5-32)/2 = -1.25 dBm.

Given the desired signal of –87 dBm and the –1.25 dBm IP3 requirement for in-band intermodulation rejection, undesired signals must be attenuated to MAX dBm where MAX can be calculated as:  

MAX – (87 + 18.5 – MAX)/2 = -1.25 dBm.

Thus, the MAX signal level = -36 dBm.  This generates the following required filter profile:

Frequency (MHz)
Required attenuation (dB)

88-104
+15 – (-36) = 51

104-106
+10 – (-36) = 46

106-107
+  5 – (-36) = 41

107-107.9
0 – (-36)     = 36

This filter profile is achievable at low cost and with low insertion loss for a corner frequency (minimum usable operating frequency) of 112 MHz.

SUMMARY





A modification to the SARPs for VDL Mode 4 is proposed, to avoid potential new constraints on the FM Broadcast service and thereby ease the introduction into use of VDL Mode 4. The proposed modification to SARPs consists of new FM Immunity Protection Criteria which match the existing criteria of GBAS.








� The protection level for VDL Mode 4 is less stringent than the protection level for GBAS at all frequencies below 108 MHz.





