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	SUMMARY

	This IP surveys ITU propagation models that may be relevant for assessment of space-based VHF channel performance and compatibility planning.




INTRODUCTION
At WRC-23 a resolution was adopted, supported by ICAO, allocating the 117.975 – 137.000 MHz band for AMS(R)S on a co-primary basis.  
In this paper we survey relevant or potentially relevant ITU propagation models that may inform assessment of space-based V HF channel performance and compatibility planning.  The content of this paper is with substantial assistance from Glenn Odlum of Nova Systems.
BACKGROUND
The Aeronautical Mobile (AM(R)S) service is a vital global network within the Aeronautical Telecommunications Network (ATN), designed to provide crucial voice and data communication between air traffic controllers, pilots, and aircraft operators. Operating within the 117.975–137 MHz VHF band, AM(R)S supports both communications for voice and data, as well as line-of-sight air-to-ground and ground-to-air communication [1,2]. 
The recent additional allocation to the Aeronautical Mobile Satellite (AMS(R)S) service extends the coverage from land masses and adjacent coastal fringes, to a global opportunity.  This makes possible real-time, reliable, controller-pilot communication anywhere on the globe.  It can do this without needing special aircraft fit equipment, and possibly even facilitates reducing aircraft equipage with resultant savings in maintenance and increases in payload or range.
Reliable propagation channel models aid in the design and compatibility assessments of radio communication systems. The key components of a communication channel model related to AMS(R)S include:
Line-of-sight (LoS) component. The (normally) dominant signal that is affected by maneuvers when the aircraft may block the satellite signal, and is also impacted by ionospheric and tropospheric scintillation and/or scattering.
Surface scattering component. This component reflects signals from surfaces such as the ground, sea, or ice, with delayed, phase-shifted, and attenuated power when compared to the LoS signal.  The impact is a function of the delay relative to the signal bandwidth, as well as surface conductivity, roughness and grazing angle.
The most relevant propagation models for aeronautical mobile communications in the VHF frequency spectrum, which are particularly relevant to the VHF AMS(R)S application are listed in the next section.
EXISTING MODELS
ITU-R P.618-14. “Propagation data and prediction methods required for the design of Earth-space telecommunication systems” has validity for frequencies in the range 30 MHz to 300 GHz.  It contains prediction methods to describe various propagation effects for planning of Earth-space networks in either direction, and includes effects due to:
Atmospheric gasses
Precipitation
Clouds
Clear-air effects
Multipath fading
Scintillation, and
Attenuation due to sand and dust storms
This model appears to be applicable to the intended application.
ITU-R P.680-4. “Propagation data required for the design of Earth-space maritime mobile telecommunication systems” is valid for frequencies between 1 and 1000 MHz, and as the name suggests is focused on maritime mobile applications.  It references the other relevant ITU documents for tropospheric and ionospheric effects.  Some parts of the document only describe propagation at frequencies higher than those used for the aviation VHF application.
ITU-R P.682-4 “Propagation data required for the design of Earth-space aeronautical mobile telecommunication systems” is primarily focused on propagation at frequencies near 1.5GHz, addressing issues relevant to existing L-band AMS(R)S applications by Viasat (Inmarsat) and Iridium.  As with some ICAO documents, AMS(R)S has been taken to specifically mean L-band AMS(R)S, and it is not clear the correcting this historical irregularity is the appropriate path forward.
ITU-R P.528-5 “A propagation prediction method for aeronautical mobile and radionavigation services using the VHF, UHF and SHF bands” has validity in the VHF band of interest, however it was intended for terrestrial (non-space) uses and has only been validated at altitudes up to 20km.  Limitations include an assumption of temperate, continental locations, and the lack of directly addressing, say, ionospheric considerations relevant in the AMS(R)S application.
ITU-R P.531-15 “Ionospheric propagation data and prediction methods required for the design of satellite networks and systems” outlines a method for evaluating the ionospheric propagation effects on paths between Earth and space for frequencies between 100MHz and 12 GHz.  This recommendation appears particularly useful in assessing ionospheric delays, Faraday rotation and scintillation.
ITU-R P.2041-0 “Prediction of path attenuation on links between an airborne platform and space, and between an airborne platform and the surface of the Earth” is valid for frequencies up to 55GHz, but does not address surface reflections.
PROPAGATION EFFECTS
Propagation models typically address four aspects of radio wave propagation that are relevant to the AMS(R)S use case, these being:
Free-space model. Simple, free-space models are widely understood and although using a variety of nomenclatures and approaches, produce completely consistent results, so can be linked to any convenient ITU approved approach.
Ionosphere. ITU-R P.531-15 appears to have validity for predicting ionospheric effects, and is specifically deferred to in ITU-R P.2041 for ionospheric scintillation.
Troposphere and weather. These effects are minor at the frequencies of interest due to the relatively large wavelength of VHF signals relative to physical phenomena such as raindrops.
Surface reflections:  These effects vary predominately by surface type, distance between the aircraft station and the surface, and grazing angle.  Surface types vary in roughness and conductivity, while the stand-off distance between the aircraft and the surface determines both the potential for the reflection to be diffuse rather than specular, and then, if specular, whether the delayed replica of the signal results in fading or inter-symbol interference.  Neither of these questions are unique to the space-Earth or Earth-space link, since the former is driven by surface roughness and grazing angle and the later by the difference in path length relative to the signal bandwidth.
CONCLUSION
This paper has presented a survey of existing ITU propagation models that may be useful in assessing VHF AMS(R)S channels for the purposes of link design and compatibility analysis.
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SUMMARY  

This  I P  surveys ITU propagation models that may be relevant for assessment of  space - based VHF channel performance and compatibility planning.  
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