Attachment 1


Air/Ground Communications System Performance Analysis


Purpose





This paper compares the present VDL SARPS with the ideal “system” performance desired for NAS air/ground communications.  It provides the rationale for this system performance, and discusses the impact to future NAS planning of moving the specific operating points defined.





Discussion





Figure 1 below shows the present SARPs RF Spectral Output Requirement vs. the ‘Ideal’ Mode 2/3 System Performance.  By ‘Ideal’ we mean that if the system performance shown is achieved, the transition to Mode 2/3 would be transparent to NAS users, and frequency planning criteria presently in place would not have to be modified.  We note that system level performance does not refer to radio performance alone.  Some external mitigation may be needed, however this could limit system flexibility (e.g. an external filter could limit remote tunability, receiver blanking can limit operational circuit utility, and transmitter blocking can impact circuit capacity).  Operational procedures are assumed to be unchanged for purposes of this paper.





The -80 dBc point in the figure identifies the equivalent performance that would be achieved by the air to air system planning criterion in existence today.  Moving the –80 dBc point to the right will effect overall NAS system capacity, during the transition to digital communications, by increasing the number of guard channels required around sub-bands identified for VDL.  Assigning adjacent channels at interference levels above this threshold will result in some system interference between channels that requires further study for acceptability.  The -125 dBc point identifies the noise suppression required to meet worst-case airborne and ground co-site environments.  Moving this point to the right will effect an individual user’s ability to operate effectively on multiple simultaneous channels.  This limitation will ultimately effect NAS efficiency and system planning flexibility, as it will introduce additional planning considerations not present in the system today.
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Figure 1. Current SARPs vs “Ideal” System Performance
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Air-to Air Interference Analysis





The Air to Air interference case is illustrated in figure 2.  This results of this scenario were derived using the following worst case assumptions:





a) the victim airplane is assumed to be receiving the minimum guaranteed RF signal in the service volume, -87 dBm,


b) the interfering aircraft is located 0.6 NM (74 dB path loss) away and presents a continuing source of interference,


c) the interfering transmitter is assumed to be transmitting 15 watts (+42 dBm) of either a Mode 2 or Mode 3 waveform with no attenuation losses, and


d) at the desired aircraft, the Desired/Undesired ratio to be maintained is assumed to be +30 dB D/U.  This D/U ratio is derived from testing carried out in the UK and at the WJH Technical Center and is strictly associated with digital interference into analog radios.





The above assumptions result in an undesired signal level of -117dBm at the victim antenna. However, the environmental noise floor is estimated to be:





-174dBm (thermal noise) + 20dB (VHF environmental noise figure) +10 log (16kHz) = -112dBm





Note: 16kHz detection bandwidth is assumed for both digital and analog systems.  This detection bandwidth is used in interference calculations, rather than the 25kHz channel bandwidth specification in the MASPS.





Since this scenario will be noise floor limited, the desired air to air interference performance can be calculated as follows: 





+42dBm - 74 dB - (Adjacent Channel Rejection) = -112dBm





Solving gives: ACR = -80dBc.
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Figure 2. Airborne Air-to Air Interference Scenario
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Airborne and ground Co-Site Interference Analysis





The scenario used to derive the -125 dBc point on the graph is shown below in figures 3 and 4.  The co-site airborne interference scenario shown in figure 3 is assumed to be a worst case situation using the following assumptions:  





	a) the aircraft is receiving a desired signal at frequency F1 with an RF level of –87 dBm,


	b) at frequency F2 the aircraft is transmitting a 15 watt (+42 dBm) Mode 2 or Mode 3 signal,


	c) the antenna isolation between the two frequencies is assumed to be 29 dB, and


d) the separation in channels is assumed to be 8.


e) the environmental noise level (-112dBm) as shown above applies
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Figure 3. Airborne Co-Site Interference
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Ground Scenario Assumptions








The ground scenario shown in figure 4 makes the following worst-case assumptions:





a) the RCAG is receiving a desired signal at frequency F1 with an RF level of –87 dBm,


b) at frequency F2 the RCAG is transmitting a 15 watt (+42 dBm) Mode 2 or Mode 3 signal,


c) the antenna isolation between the two frequencies is assumed to be 29 dB, and


d) the separation in channels is assumed to be 20, the minimum guaranteed by current spectrum planning.


e) the environmental noise level (-112dBm) as shown above applies
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Figure 4. Ground Co-Site In
