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Summary

Laboratory tests were accomplished to find out the interference potential between some digital modulations, to be used in cable networks, and airborne VHF/UHF COM - and NAV – receivers.

The results are presented as D/U values, which are derived from the RMS powers over the whole bandwidth of the desired signals, and from the RMS powers over the whole bandwidth of the undesired signals.

A correction table is also presented, which can be used to determine the RMS powers over the whole bandwidth of the different interfering signals, when the measurement has been carried out with different measurement detectors.



1. Introduction:

Since in Germany the intention exists to implement cable TV programmes with digital modulation, the question rises what possible interference levels, caused by cable leaks, and imposed to aeronautical radio services, will have to be expected. In order to find an answer, common laboratory measurements were conducted by the Regulierungsbehörde für Telekommunikation und Post (RegTP), which is the Regulatory Authority for Telecommunications in Germany, and the DFS Deutsche Flugsicherung GmbH, German Air Navigation Services. The results are presented as the ratios of desired to undesired signal levels (D/U values) for the different desired and undesired (interfering) signals, and for comparison purposes also the D/U values for the undesired analog PAL-TV signal were measured.

2. Tested Radio Navigation and VHF/UHF COM Equipment, Basic Characteristics, Test Criteria:

2.1 The following equipment was tested:

3 transceivers VHF COM 8,33/25 kHz

6 transceivers VHF COM         25 kHz

5 transceivers UHF COM/Mil   25 kHz

6 airborne receiver VOR

7 airborne receiver ILS LOC

2 airborne receiver ILS GP

2.2 A Few Basic Characteristics of Tested Equipment:

Tested Equipment
Few Basic Characteristics

VHF/UHF COM
Input level range for squelch lift: ‑99 dBm to ‑109 dBm, typically –103 dBm

Input level range of desired signal, for which the measured D/U was (nearly) constant: ‑95 dBm to –30 dBm

(Note: ‑30 dBm was the highest input level used during the measurements)

Lowest input level range of desired signal, for which a SINAD of 20 dB could be adjusted: ‑99 dBm to –109 dBm



VOR
Input level range of desired signal, for which the interference criterion occurred, in absence of any interfering signal: ‑100 dBm to –108 dBm

Input level range of desired signal, for which the flag occurred, in absence of any interfering signal: ‑107 dBm to ‑118 dBm

Input level range of desired signal, for which the measured D/U for occurrence of interference criterion and flag appearance was (nearly) constant: ‑90 dBm to –20 dBm

(Note: ‑20 dBm was the highest input level used during the measurements)



ILS/LOC
Input level range of desired signal, for which the interference criterion occurred, in absence of any interfering signal: ‑100 dBm to ‑108 dBm

Input level range of desired signal, for which the flag occurred, in absence of any interfering signal: ‑103 dBm to ‑117 dBm

Input level range of desired signal, for which the measured D/U for occurrence of interference criterion and flag appearance was (nearly) constant: ‑95 dBm to –20 dBm 

(Note: ‑20 dBm was the highest input level used during the measurements)


ILS/GP
Input level range of desired signal, for which the interference criterion occurred, in absence of any interfering signal: ‑90 dBm to –91 dBm

Input level range of desired signal, for which the flag occurred, in absence of any interfering signal: ‑91 dBm to ‑97 dBm

Input level range of desired signal, for which the measured D/U for occurrence of interference criterion and flag appearance was (nearly) constant: ‑90 dBm to –20 dBm

(Note: ‑20 dBm was the highest input level used during the measurements)


2.3 Interference Criteria Used for the Tests

Tested Equipment
Interference Criteria

VHF/UHF COM
Depending on the squelch circuit design of the receiver, a noise-like interferer may switch off the squelch in a case, when the receiver receives a (rather weak) desired signal, which results in losing the spoken message (squelch criterion 1). Or, in absence of a wanted signal, the squelch may be lifted by the interfering signal strength, which results in annoying the cockpit staff (squelch criterion 2). When a desired signal is at the receiver input, an interfering signal higher than a certain level will cause an unacceptable degradation of the readability of the desired signal. The ITU Rec IS 1009 defines a (S+N)/N lower than 6 dB as an unacceptable degradation. Because there was no measurement equipment available to measure this value, the reduction of SINAD from 20 dB to 19 dB (or lower) was measured. The SINAD value of 20 dB corresponds nearly to the (S+N)/N of 6 dB, if certain conditions of CCITT are observed. This has been done by observing the German Standard FTZ.17 TR 2049, which prescribes the use of the measurement parameters mentioned below. The SINAD reduction from 20 dB to 19 dB can easily be measured, and is just audible to listeners as a degradation of the desired modulation. All tested receivers were victims to Squelch Criterion 1 and SINAD criterion at similar levels of the interfering signal, while Squelch Criterion 2 came to effect at higher interfering levels. For calculation of the resulting D/U values the most critical interfering levels were taken (regardless whether derived from Squelch Criterion 1 or SINAD criterion).

Squelch Criterion 1:

A desired signal 1kHz/30% modulation, with a level which is rather low but safely lifts the squelch, was provided to the receiver. Then the interfering signal with increasing levels was also put to the receiver. The interference took place, when the squelch switched off.

Squelch Criterion 2:

No desired signal, only the interfering signal was put to the receiver input with increasing levels. The interference took place, when the squelch opened.

SINAD reduction from (at least) 20 dB to 19 dB or lower: 

A desired signal 1 kHz/60% modulation, level varied from ‑100 dBm to ‑30 dBm, was put to the receiver input. The interfering signal with increasing levels was also put to the receiver input. The interference took place, when the SINAD was reduced to 19 dB or lower.



VOR, ILS/LOC
The interference criteria were chosen according to ITU Rec IS1009 and IS 1140. 

This is, 1:

A certain deflection current is adjusted in the absence of an interferer, and the variation of this deflection current must be lower than 7,5 µA (7% of the value of the pre-selected deflection current) under the influence of the interferer. The measurements were carried out with different desired signal levels. An interference took place, when the variation of the pre-adjusted deflection current was 7,5 µA or more.

This is, 2:

With different desired signal levels at the receiver input, the interfering signal level was increased, until the flag appeared.



ILS/GP
Since no documentation was known which stipulates an interference criterion for ILS/GP, the same criteria as for ILS/LOC were chosen (maximum 7% variation of a pre-selected deflection current, flag appearance)

3. The Interfering Signals:

The following interfering signals were generated by Signal Generators for performing the tests:

Interfering Signals
6dB – Bandwidth

16 QAM,
7 MHz

64 QAM
7 MHz

256 QAM
7 MHz

QPSK
27 MHz

COFDM (DAB), 1536 carriers
1,536 MHz

C3F (analog PAL – TV)
7 MHz

For these digital signals, the power per differential frequency interval at any frequency within (almost) the whole bandwidth is of the same level, but for PAL-TV, more than 93% of the overall power within the bandwidth is concentrated within less than 120 kHz around the image carrier. 

4. Test Results:

The following Table 1 shows the test results:

Tested Equipment
         D/U values in dB for the following interfering signals


16QAM, 64QAM, 256QAM
       QPSK
COFDM/DAB
Analog PAL-TV

VHF COM 8,33
        -11
          -16
         -5
         22

VHF COM 25
        -10
          -15
         -3
         24

UHF COM 25
        -11
          -17
         -5
         20

       VOR
          -4
            -9
        +3
         10

    ILS/LOC
          -7
          -12
          0
         20

    ILS/GP
          -8
          -14
         -1
         10

In Table 1 the D/U ratios were determined by using the RMS power over the whole bandwidth of the desired signal, and the RMS power over the whole bandwidth of the undesired signal. In the case of PAL-TV as interferer, the presented D/U ratios are only valid, if the desired signal frequency is adjusted to the image carrier frequency.

5. How to Measure the RMS Powers:

It is not a problem to measure the RMS powers of the desired signals over their whole bandwidth, but for the undesired digital signals it is necessary to define how to measure the RMS over the whole bandwidth.

In order to be able to calculate the D/U ratios of Table 1, which needs to have available the RMS powers of the undesired signals over their whole bandwidth, the correction Table 2, shown below, was created. This was done by measuring the RMS power of each digital signal by means of a broadband Thermic Power Meter HP4378, which provides the RMS power Pth over the whole bandwidth. Then each digital signal was measured by means of different signal detectors of the R&S Measurement Receiver ESCS, which provides the powers Px. The correction values C of Table 2 were calculated by C = Pth – Px.

Table 2: Correction Factors

   R&S ESCS Signal Detector
                            Correction Factor in dB


16 QAM, 64 QAM, 256 QAM
      QPSK
  COFDM/DAB
    PAL-TV

     analog

               9 kHz

Peak   120 kHz

              1 MHz
         19,3

           8,1

           0,2
        25,3

        13,6

          4,4
        15,7

          2,1

         -9,3
         -3,1

         -3,8

         -3,5

Quasi Peak

            120 kHz
         12,9
        18,8
          5,8
         -3,1

               9 kHz

AV      120 kHz

              1 MHz
         33,6

         20,5

         11,4
        37,5

        26,3

        17,5


        24,8

        13,5

          5,3
          1,5

          1,4

          1,4

               9 kHz

RMS   120 kHz

               1 MHz
         30,5

         19,4

         10,2
        36,4

        25,3

        16,3
        23,6

        12,4

          3,2
          1,4

          0,9

          0,8

PAL-TV power levels were measured at the image carrier frequency.

Examples for using the Table 2:

1. If a detector Peak/1 MHz is used to measure the power of a 16QAM signal, then the measured value plus 0,2 dB gives the RMS power of the 16QAM signal over the whole signal bandwidth.

2. If a Quasi Peak/120 kHz detector is used to measure the power of a QPSK signal, then the measured value plus 18,8 dB gives the RMS power of the QPSK signal over the whole signal bandwidth.

3. If a Peak/1 MHz detector is used to measure the power of a COFDM/DAB signal, then the measured value minus 9,3 dB gives the RMS power of the COFDM/DAB signal over the whole signal bandwidth.

6. The Way to Apply the Measurement Results for the Calculation of the Separation Distance between the Aeronautical Victim and the Cable Network Interferer:

At first the permitted maximum radiated power of a leak of the cable network according to the valid technical standard has to be taken (e.g. EN 50083-8). This value must consist of a figure for the power and the detector, which has to be used for the measurement. Then this value has to be converted into the RMS power over the whole bandwidth of the interferer by means of Table 2. 

Using this interfering RMS power P, the D/U for the interfering signal and victim service from Table 1, the minimum desired field strength E, and the formula 

E = f(P,d) for free space propagation of an isotropic radiator (the leak), the tolerable distance d between the leak and the victim service receiver can be calculated. For compatibility analysis of a whole network however, the cumulative effects of a large number of leaks have to be considered.

7. Level of Confidence in the Test Results:

The D/U values of Table 1 are worst case values out of each type of aeronautical receiver, and, with a certain degradation for ILS/GP, they are trustable and useful.

For ILS/GP, only two receivers were tested, the resulting D/U values had a large deviation from each other, and although the worst value was taken, the confidence in this value is less than in the other D/U values.

The accuracy of the measured power levels is up to ( 1 dB, therefore the figures in Table 2 should be rounded to full dB. It is assumed that the values of Table 2 are valid in general, and not only for the special Measurement Receiver R&S ESCS, which was used to gain them.

8. Conclusion:

The test results provide helpful material to assess the interference potential of some modulation waveforms in cable networks.

When stipulating a permitted maximum power level of the radiation of a cable leak as a Standard, it is important to define the detector to be used for measuring this power. For instance, 20 dBpW for 16QAM, measured with Peak/1MHz are 20 dBpW RMS over the whole bandwidth, but 20 dBpW for 16QAM, measured with Quasi Peak/120 kHz  are 33 dBpW RMS over the whole bandwidth.
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