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	SUMMARY

	This paper highlights and corrects an error in a previous submission with regard to the calculation of the contribution made by a sloped element to the overall net filter discrimination. 

	ACTION

	The meeting is invited to note the corrected information contained in annex 1 to this document and carry it forward in the discussions related to further updates of 2nd volume of the handbook on radio frequency spectrum requirements for civil aviation.  .


1. INTRODUCTION

1.1 During the correspondence group work on the first edition of the 2nd volume of the handbook on radio frequency spectrum requirements for civil aviation as well as at the last two working group F meetings I have proposed the use of a method for calculating the discrimination achieved by the relative transmit and receive masks.  Whilst this work will not be incorporated into the first edition of the 2nd volume it has been agreed to study it further for possible inclusion in a future edition.
1.2 The method uses the defined transmit and receive masks of the unwanted and wanted systems as appropriate and combines them through the addition of powers to calculate the net filter discrimination for a known frequency offset.  Repeated for various offsets allows a frequency vs filter discrimination graph to be plotted which can then be used to assess compatibility between two systems.  Since the mask values are the minimum required the resultant net filter discrimination will also be the minimum value achievable thus providing a worst case scenario.
2. discussion

2.1 In progressing work on the net filter discrimination I have noticed that the formula quoted for calculating the area under a sloped element of any mask is incorrect.  The quoted value assumes linear interpolation between the upper and lower points for a sloped element. 

2.2 However that is only true when considering the attenuation in log scale and is not true for a linear scale where the slope will be curved and hence a different calculation is required. 
2.3 Annex 1 to this paper reproduces the net filter discrimination portion of my proposal with respect to the second volume of the handbook to the last meeting with the calculation for the sloped elements corrected.
3. ACTION BY THE MEETING
3.1 The ACP WGW is invited to note the corrected information contained in annex 1 to this document and carry it forward in the discussions related to further updates of 2nd volume of the handbook on radio frequency spectrum requirements for civil aviation.  




Annex 1

1.1 Net filter discrimination 

1.1.1 Introduction

This methodology calculates the mask discrimination (on channel rejection) and the net filter discrimination (off-channel rejection) in terms of relative powers as measured by the area under the resultant spectral mask. The net filter discrimination is calculated for a range of frequency offsets that cover from the undesired mask being totally below the mask of the desired receiver to the undesired mask being totally above the mask of the desired receiver. The step size for the calculations should be carefully considered taking into account the shape of the two masks and the likely offset between the two systems (for a channelized system then the channel step size should be used)

The method is based on that described in ITU-R SM.337 but instead of integrating over the actual masks it uses the regulatory spectral mask assuming linear interpolation between the various points on the spectral mask.  Given that systems by definition can perform no worse that the regulatory spectral mask this methodology will produce results that are on the pessimistic side.

The methodology can either be based on measurement or calculation and both sub methods are described below.   In order to illustrate, at least the calculated methodology, a worked example for 8.33 kHz vs 25 kHz VHF voice channels has been considered.

1.1.2 Method Base on Measurement 

The principle of the measurement method is to plot the undesired signal at the test channel receivers input to produce either a certain Bit  Error Rate (BER) (a digital signal) or a certain Desired to Undesired ratio (D/U) (analogue signal) at the output of the receiver. The test arrangement is shown in Figure X below:-
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Figure X 

The desired signal is set-up in accordance with the minimum signal level permitted within the operation coverage of the service as specified in the relevant section of ICAO Annex 10.  The Undesired transmitter power is then set-up starting at zero frequency offset (e.g. co-channel) such that at the output of the receiver under test the relevant BER or D/U figure is just met and the power noted.  The undesired transmitter is then tuned or various frequency offsets, both below and above the desired signal channel, and the power required to restore the same BER or D/U ratio noted.  

For each result the power level is calculated relative to that required for zero frequency offset.  The difference in power equates to the net filter discrimination at that frequency offset which can then be plotted against the frequency offset.

1.1.3 Method Based on Calculation 

1.1.3.1 Masks Discrimination
The Masks Discrimination (MD) expresses the reduction (in dB) of the signal power caused by the filter shape of the transmitter spectrum density mask and the receiver selectivity mask.

MD is calculated as follows :

MD = 10 log (TX area/ overlapping area at co-channel)
1.1.3.1.1 
Calculation of the TX area

An example of a transmitter spectrum mask in terms of dBc is given in Figure 1-9. The mask can be split up into different elements. The areas of these elements are relative power portions to the transmitter power. The area within the entire mask represents the TX area. 
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Figure 1.9 Transmitter mask 

	Worked Example Part 1

Table 1.1:  Undersired transmitter mask: 8.33 kHz VHF Transmitter as defined in Annex 10

Frequency

Attenuation 

(kHz)

(dB)

f-4
-8.33

t2
60
f-3
-5

t1
60

45
f-2
-3.2

t1
45

f-1
-2.5

t0
0

f0
0

t0
0

f1
2.5

t0
0

f2
3.2

t1
45

f3
5

t1
45

60

f4
8.33

t2
60




For each frequency step the area under the mask needs to be calculated as indicated below noting that because the calculation is effectively summing powers that summation needs to be done in absolute terms where:- 
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   (13)

Flat Elements (F) 

For elements where the attenuation is constant throughout the element (e.g. f2 to f3 in figure 1.9) then the area can be calculated by multiplying the attenuation by the size of the frequency step. 
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Where:

For the element F
F:
partial elements areas under the spectrum masks in the common frequency range.

fc:
frequency difference between the lower and upper frequencies for element F (MHz)

tx:
mask attenuation for element F (dB)

ta:
mask attenuation for element F 
Slope element areas (S):
For sloped elements where the attenuation is not constant throughout the element (e.g. f1 to f2 in figure 1.9) then the value is the sum of the rectangular area below where the mask slopes and the area of the sloped element
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     (15)

Where:

For the element F
a:
(tx-tx+1)/fc
F:
partial elements areas under the spectrum masks in the common frequency range.

fc:
frequency difference between the lower and upper frequencies for element F (MHz)

tx:
lower level of mask attenuation for element F (dB) 
tx+1:
upper level of mask attenuation for element F (dB)
Having calculated the value for each element the values should be combined and converted back into a figure in dB.

	Worked Example Part 2

Table 1.2:  Area under the curve for the Undesired 8.33 kHz transmitter

Segment

Lower Frequency

Upper Frequency

Attenuation at Lower Frequency
Attenuation at Upper Frequency
Frequency Difference 

Slope

Area Under Mask Segment

fi
fi+1
ti
ti+1
fc
a
(kHz)

(kHz)

(dB)
(dB)
(kHz)

(dB/kHz)

1

-8.33

-5

60

60

3.33

0

3.33x 10-6

2

-5

-3.2

45

45

1.8

0

5.69 x 10-5

3

-3.2

-2.5

45

0

0.7

64.286

0.06756

4

-2.5

0

0

0

2.5

0

2.5

5

0

2.5

0

0

2.5

0

2.5

6

2.5

3.2

0

45

0.7

-64.286

0.6756

7

3.2

5

45

45

1.8

0

5.69 x 10-5
8

5

8.33

60

60

3.33

0

3.33x 10-6
Total area under mask
5.14

7.11 dB




Having calculated the mask value for the undesired signal the same process should be repeated for the desired signal. 

Worked Example Part 3

Annex 10 does not define a spectral mask for a 25 kHz DSB-AM signal and hence the same mask is used for the desired 25 kHz as was used for the 8.33 kHz undesired signal resulting in a figure of 5.7 or 7.56 dB

1.1.3.1.2 
Calculation of the overlapping area at co-channel

Having calculated the area under the transmit mask, the effects of the receiver filtering need to be taken into account.  Figure 1.10 shows the undesired (and in this specific case the desired) transmitter mask, the filter mask and the combined mask.
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Figure 1.10 Combined Mask

The area under the combined mask is then calculated in the same manner as that indicated in section 1.5.3.2 for the transmitter mask. Taking this value away from that for the desired and undesired transmitter masks gives the attenuation resulting from the receive filtering. This residual figure is the product of this process and represents the Mask Discrimination.

	Worked Example Part 4

The following three tables show the various values for ax, fx, rx & tx, for the transmitter, receiver and combined masks noting that both masks are quoted over the same frequency range.

Table 1.3 Transmitter Mask

Frequency

Attenuation 

(kHz)

(dB)

f-4
-25

t2
60
f-3
-5

t2
60

t1
45
f-2
-3.2

t1
45

f-1
-2.5

t0
0

f0
0

t0
0

f1
2.5

t0
0

f2
3.2

t1
45

f3
5

t1
45

t2
60

f4
25

t2
60

Table 1.4  Receiver Mask

Frequency

Attenuation 

(kHz)

(dB)

f'-3
-25

r2
60
f'-2
-17

r1
40

f'-1
-8

r0
0

f'0
0

r0
0

f'1
8

r0
0

f'2
17

r1
40

f'3
25

r2
60

Table 1.5  Combined Mask

Frequency

Attenuation 

(kHz)

(dB)

f-4/f’-3
-25

a4
120

f'-2
-17

a3
100

f'-1
-8

a2
60

f-3
-5

a2
60

a1
45

f-2
-3.2

a1
45

f-1
-2.5

a0
0

f0
0

a0
0

f1
2.5

a0
0

f2
3.2

a1
45

f3
5

a1
45

a2
60

f'1
8

a2
60

f'2
17

a3
100

f4/f’3
25

a4
120

Having calculated the combined mask the area under that mask can be calculated as shown in worked example part 2 and in shortened form below

Table 1.6 Area Under the Combined Mask
Segment

Lower Frequency

Upper Frequency

Attenuation at Lower Frequency
Attenuation at Upper Frequency
Frequency Difference 

Slope

Area Under Mask Segment

fi
fi+1
ai
ai+1
fc
a
(kHz)

(kHz)

(dB)
(dB)
(kHz)

(dB/kHz)

1

-25

-17

120

100
8

2.5

1.72x10-10
2

-17

-8

100

60

9

4.444

9.77x10-07
3

-8

-5

60

45

3

5

2.66x10-05
4

-5

-3.2

45

45

1.8

0

5.69x10-05
5

-3.2

-2.5

45

0

0.7

64.286

0.0676

6

-2.5

0

0

0

2.5

0

2.50

7

0

2.5

0

0

2.5

0

2.50

8

2.5

3.2

0

45

0.7

-64.286

0.0676

9

3.2

5

45

45

1.8

0

5.69x10-05
10

5

8

45

60

3

-5

2.66x10-055

11

8

17

60

100

9

-4.444

9.77x10-07
12

17

25

100

120

8

-2.5

1.72x10-10
Total area under mask
5.14

7.11 dB

Deducting this value from that calculated for the transmitter mask gives a value of 0dB for the receive filter attenuation of the on-channel desired and undesired signals 




1.1.3.2 Adjacent Channel Filter Discrimination

The adjacent channel discrimination is calculated in the same way to that described above for the co-channel case with the exception that the undesired signal is based on a sliding window from a frequency offset on either side of the centre frequency of the desired receiver mask.  The sampling interval for the sliding window should be decided based on the nature of the two signals, any channelization and the accuracy of the result desired.  The diagram below illustrates 
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Figure 1.11  Calculation of the Adjacent Channel Filter discrimination

For each frequency offset the adjacent channel Filter Discrimination is calculated and plotted.  Having plotted all the points for a channelized system, the adjacent channel filter discrimination can be used directly, or for a non-channelized system, interpolation can be used to complete the graph as illustrated in the worked example below.  This graph can then be used to either calculate the filter discrimination for a given frequency offset or the frequency offset required for a given required filter discrimination.

	Worked Example Part 5

For the worked example we are using a channelized system with a channel spacing of 8.33 kHz that is symmetrical and where the 4th adjacent channel ensures no overlap between the masks.

Undesired Mask
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Desired Receive Mask
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Combined mask

[image: image30.png]



[image: image31.png]



[image: image32.png]



[image: image33.png]



[image: image34.png]



[image: image35.png]



[image: image36.png]



[image: image37.png]



[image: image38.png]



Area under the graph

2.29 x 10-5
2.63 x 10-5
1.95 x 10-3
3.164
5.135

3.164
1.95 x 10-3
2.63 x 10-5
2.29 x 10-5
-46.4 dB

-45.8 dB

-27.1 dB

5.00 dB

7.11 dB

5.00 dB

-27.1 dB

-45.8 dB

-46.4 dB

Transmitter Mask

7.11 dB

7.11 dB

7.11 dB

7.11 dB

7.11 dB

7.11 dB

7.11 dB

7.11 dB

7.11 dB

Net Filter Discrimination

53.51 dB

52.91 dB

34.21 dB

2.11 dB

0 dB

2.11 dB

34.21 dB

52.91 dB

53.51 dB




_1424152759.vsd
f0



_1424152761.vsd
f0



_1424152762.vsd
Transmitter Mask


Receiver Mask


Combined mask



_1424152758.vsd
Undesired
Transmitter


Attenuator


Desired
Transmitter


Attenuator


Directional
Coupler


Receiver


Undesired
Transmitter


Power
Meter



