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SUMMARY

This paper reviews the work of the Aeronautical Communications Panel (ACP) on Universal Access Transceiver (UAT) SARPs development and recommends a way forward for Working Group F to provide guidance.

1. INTRODUCTION 
1.1. Validation of the draft Standards and Recommended Practices (SARPs) for the Universal Access Transceiver (UAT) is underway in a subgroup of the Aeronautical Communications Panel (ACP).  As part of that effort, two general questions have arisen requiring ACP Working Group F input.

Question #1:  What is the boundary that should be used for spurious emissions?

Question #2:  How does a system validate its stated necessary bandwidth?
Though these appear to be separate questions, they are very closely interrelated, and as such will be addressed together.

2. DISCUSSION
2.1. International Telecommunications Union (ITU) Radio Regulation (RR) provides the following definitions:

Spurious emission:  Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information.  Spurious emissions include harmonic emissions, parasitic emission, intermodulation products and frequency conversion products, but exclude out-of-band emissions. (1.145)

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 (1.152)
2.2. Other definitions of interest include:

Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage _/2 of the total mean power of a given emission. 

Unless otherwise specified in an ITU-R Recommendation for the appropriate class of emission, the value of _/2 should be taken as 0.5%. (1.153)

Out-of-band emission: Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions. (1.144)

2.3. Pictorially, review of ITU Recommendations appears to suggest the following hierarchy:


Where 
A = Spurious emission region



B = Out-of-band emission region



C = Occupied bandwidth



D = Necessary bandwidth

While this seems straightforward, the problem becomes assigning quantifiable values for each item such that SARPs validation can occur.  In principal, the goal seems to be to make the measured occupied bandwidth less than or equal to the theoretical necessary bandwidth, however the problem of keeping the ITU Recommendations generic has served instead simply to add confusion.

2.4. AVAILABLE GUIDANCE

Perhaps the most straightforward is the concept of “occupied bandwidth”.  The RR indicates that in the absence of other guidance, the occupied bandwidth is the 20 dB bandwidth.

2.4.1.  ITU Recommendation ITU-R SM.329-7 provides the following text on spurious and out-of-band emissions:

For the purpose of this Recommendation all emissions, including intermodulation products, conversion products and parasitic emissions, which fall at frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission will generally be considered spurious emissions.

Any unwanted emission which falls at frequencies separated from the centre frequency of the emission by less than 250% of the necessary bandwidth of the emission will generally be considered out-of-band emission.

Spurious emission limits apply at frequencies above and below the fundamental transmitting frequency but separated from the centre frequency of the emission by 250% of the necessary bandwidth. However, this frequency separation may be dependent on the type of modulation used, the maximum bit rate in the case of digital modulation, the type of transmitter, and frequency coordination factors. For example, in the case of some digital or broadband systems, the frequency separation may need to differ from the 250% factor. As the RR forbid any radio service to cause harmful interference outside its allocated band, transmitter frequencies should be determined so that out-of-band emissions do not cause harmful interference outside the allocated band in accordance with RR No. 343 (S4.5).
2.4.2. ITU Recommendation ITU-R SM.853-1 provides the following guidance for necessary bandwidth for digital systems employing continuous phase frequency shift keying similar to UAT.

Necessary bandwidth = Bn = R/(log2S) + 2 DK  where using example values for S = 2; D = 0.35R;  and K = 0.89, the fractional power containment bandwidth is 99 (i.e., the 20 dB bandwidth).
2.4.3. For UAT, with a modulation rate of 1.041667 MHz, Bn = 1.366 MHz under those assumptions.
3. CONCLUSIONS

3.1. For the UAT, the following approach is proposed:
· Necessary bandwidth will be specified as the measured occupied bandwidth.  For the UAT, due to filtering added to improve the compatibility of the system with existing users, the measured 20 dB bandwidth is 1.3 MHz.  Note that this is smaller than the example derived using the equation of SM.853-1, indicating a more spectrally-efficient system.
· The spurious emission/out-of-band emission is assumed to occur at +/- 250% of that necessary bandwidth (or +/- 3.25 MHz).
3.2. Both of these assumptions are consistent with the United States Federal Communications Commission’s (FCC) application of standards for aviation systems where different limits are generally applied (a) inside the 20 dB bandwidth; (b) from the 20 dB bandwidth to 250% of that bandwidth (sometimes with multiple breakpoints specified); and (c) outside the 250% boundary.  In the FCC Rules these boundaries are the same (or similar) to those in the ITU Radio Regulations.
4. RECOMMENDATIONS
4.1. WGF is invited to consider the issues raised by the UAT SARPS sub-group and:

4.2. Confirm the approach taken by the UAT subgroup for UAT necessary bandwidth and spurious emission boundary, and

4.3. Provide guidance as to validation material for those items that should be referenced in the UAT SARPs validation material.
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