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Concideration around the Term “Necessary Bandwidth”

Introduction

During discussions in the JRG 1A-1C-8B the term “Necessary Bandwidth” is used. The understanding of this term seems to be deviating from the definition found in the Radio Regulations. Looking at some aspects arising from definition of the Radio Regulations this contribution aims to find a common understanding of this term.

Definition

Article 1 of the Radio Regulation contains the definition:

“1.152 necessary bandwidth: 

For a given class of emission, the width of the frequency band which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions.”
To apply this definition to radar systems it seems important to find the right translation into the “Radar language” to read:

Necessary Bandwidth:

For a given class of emission, the width of the frequency band which is just sufficient to ensure the detection of targets according to the operational requirements”.

Sufficient Bandwidth

The idea of the definition seems to be that if the signal path is reduced to be smaller than the necessary bandwidth the performance of the system starts degrading and the operational requirements can no longer be met. 

In a radar Signal path (starting from the device generating the transmitted signal up to the target and back until the detector) the most limiting elements are filters. The filters are designed in a way that the radar will meet its operational requirements. 

Therefore the necessary bandwidth must be in the order of the smallest filter applied. A radar designer usually select a matched filter with a bandwidth of about 1/t for a P0N Type radar (were t is the pulse width).

Recommendation ITU-R SM.583-1

Recommendation lists three different formulas for the calculation of the necessary bandwidth of “unmodulated pulsed emissions”. All of these formulas lead to necessary bandwidths which are ten times wider as a matched filter would be according to section 3.7 of “Skolnik’s Radar Handbook”. 

It seems that the formulas of recommendation ITU-R SM.583-1 lead to a bandwidth which is in the order of the occupied bandwidth of radars. 

Conclusions

The discussion has shown that there are some inconsistencies in ITU texts regarding the necessary bandwidth of radar systems. On one hand it seems obvious the bandwidth of a radar emission can in theory be reduced to be in the order of the matched filter applied in the radar receiver without degrading the performance of the radar. On the other hand it is clear that for various reasons the emission of a radar can not easily be reduced. 

In order to be in line with the definitions it might be advisable to review the formulas in Recommendation ITU-R SM 583-1. The difficulty to limit the emission to the necessary bandwidth has to be taken into account. But it is not the right way just to define the occupied bandwidth to be the necessary one. 
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