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.
A new air/ground communication system is envisioned to be accommodated either in the lower part of the DME band 960-1164 MHz or in the band 5091-5150 MHz. This appendix presents the results of a preliminary study aimed at highlighting the differences in propagation losses in these two bands. Moreover, typical up-link and downlink link budgets are computed using the estimated propagation losses.

Introduction
In the scope of ITU WRC 2007 agenda item 1.6, possible allocations to a new aeronautical air/ground (A/G) communication system were envisioned in the lower DME band  and in the band 5091 MHz to 5150 MHz). The purpose of this appendix is to present a preliminary comparison between propagation losses that will affect the future A/G system depending on the selected transmission frequency. These propagation losses consist of free-space propagation losses, attenuations due to tropospheric effects, such as rain, and attenuations due to multipath fading. Eventually, these losses are used to established typical link budgets at two candidate frequencies, 972 MHz and 5120 MHz. 

Propagation losses
Propagation losses between a ground station and a flying aircraft are composed of free-space propagation losses, losses due to troposheric effects and multipath fading. Typical attenuation figures are computed in the following sections for two candidate frequencies, 972 MHz and 5120 MHz.   

Free-space propagation losses
Next figure plots the free-space propagation losses, computed from Rec. ITU-R P.525-2, for the two considered frequencies as a function of the propagation distance expressed in nautical miles (NM).
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Figure 1: Free-space propagation loss as a function of the propagation distance

As free-space propagation loss is inversely proportional to the transmission frequency, that type of loss is larger for a transmission at 5120 MHz than for a transmission at 972 MHz. For instance, assuming a propagation distance of 200 NM, free-space propagation loss equates –143.6 dB at 972 MHz and –158 dB at 5120 MHz. Then, the difference in attenuation is about 14 dB.  

Tropospheric effects
The next two sections deal with signal attenuations due to atmospheric gases and rain during propagation through the troposphere.     

Attenuation due to atmospheric gases
Assuming a propagation path slightly inclined close to the ground, a temperature of 15°C and a typical water-vapour density of 7.5 g/m3 (standard atmosphere), Figure 2 plots the attenuation due to atmospheric gases (dry air and water vapour) as a function of the distance between the ground station and the aircraft for the two considered frequencies. Attenuation is computed according to Rec. ITU-R P.676-5. In this reference, it is indicated that the specific attenuation expressed in dB/km equates 5.10-3 dB/km at frequencies around 1 GHz whereas this attenuation is larger for frequencies around 5 GHz and is about 9.10-3 dB/km.    

As expected, Figure 2 shows that attenuation due to atmospheric gases is larger for a frequency of 5120 MHz. For instance, assuming a propagation distance of 200 NM, attenuation at 5120 MHz equates 3.2 dB while it equates 1.8 dB at 972 MHz. 

[image: image2.wmf]0

50

100

150

200

250

0

0.5

1

1.5

2

2.5

3

3.5

4

Propagation distance (NM)

Attenuation (dB)

Specific attenuation due to atmospheric gases

972 MHz

5120 MHz


Figure 2 : Specific attenuation due to atmospheric gases as a function of the propagation distance

Attenuation by rain
Attenuation by rain also differs significantly between transmissions at 1 Ghz and 5 GHz. Next figure, shows the typical specific rain attenuation, expressed in dB/km, as a function a frequency for various rainfall rates. Results for 1 GHz are not indicated on this figure but a simple extrapolation allows appreciating the difference in attenuation with the 5 GHz case. 
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Figure 3 : Specific rain attenuation as a function of frequency

Rec. ITU-R P.838-1 enables to compute the specific attenuation, in dB/km, for any frequency, rainfall rate, polarization and path geometry. Table 1 summarizes the specific attenuation for rainfall rates of 5 mm/h, 30 mm/h and 150 mm/h, at frequencies of 972 MHz and 5120 MHz, assuming a horizontal path and a circular polarization.

	Specific rain attenuation
(dB/km) 
	972 MHz
	5120 MHz

	5 mm/h
	0.00016
	0.008

	30 mm/h
	0.0008
	0.07

	150 mm/h
	0.003
	0.5


Table 1 : Specific rain attenuation at 972 MHz and 5120 MHz for various rainfall rates

As an example, assume a worst-case rainfall rate of 150 mm/h and a horizontal path of 10 km, the attenuation equates 0.03 dB at 972 MHz and 5 dB at 5120 MHz. Thus rain attenuation is much larger at 5120 MHz than that at 972 MHz.

It is also possible to estimate the rain attenuation statistics between the ground station and the aircraft using the methodology developed in Rec. ITU-R P.618-7. First of all, we assumed an aircraft flying just above the equivalent rain height and in the radio-line-of-sight distance of the ground station in order to consider a worst case. As an example, we selected a ground station of latitude 48 °N (Paris) so that the rain height equates 3.12 km according to Rec. ITU-R P.839-3. Then, the radio-line-of-sight distance is well approximated by 230 km or 124 NM assuming an earth radius of 6400 km. For this illustration, the height of the ground station above the mean sea level is chosen equal to 100 meters. The ground station rainfall rate for 0.01% of an average year was chosen equal to 30 mm/h which is a typical rate figure over Europe according to data provided in Rec. ITU-R P.837-3. Next figures plot the attenuation statistics as a function of the percentage of time in the radio-LOS limit and for an elevation angle of 1° respectively. 
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Figure 4 : Attenuation by rain as a function of the percentage of time for an aircraft flying just above the rain height in the radio-LOS limit and for an elevation angle of 1°

Again, there could be large differences in attenuation between signals transmitted at 972 Mhz and 5120 MHz especially for low percentages of time. For instance, rain attenuation is larger than 6 dB 0.01 % of the time for propagation at 5120 Mhz as compared to 0.1 dB for 972 MHz.  

Fading due to reflections

Multipath fading is also an important component of the propagation loss between a ground station and a flying aircraft as reflections occur on the aircraft skin, on the ground and on the various man-made obstacles around airports. There is no ITU-R recommendation dealing with multipath fading for A/G aeronautical communications. Thus we considered, in this preliminary analysis, typical multipath fading values for multipath fading following a Rayleigh distribution. Typical fading depths are larger than 26 dB and 36 dB, for 1 GHz and 5 GHz transmissions respectively, 0.01 percent of the time. Thus multipath fading may be much larger for a transmission at 5 GHz.     

Link budgets
Using the previously presented propagation losses, it is possible to compute typical up-link and downlink link budgets for a communication system between a ground station and aircrafts for the two considered frequencies: 972 MHz and 5120 MHz. Subsections are provided hereafter to indicate how the main parameters of the link budgets were chosen. The final computed link budgets are presented in Table 2 for a propagation distance of 200 NM that is a typical large propagation distance for aeronautical communication systems. For rain attenuation, we considered a typical worst-case rain with a rainfall rate of 150 mm/h and located in a cloud of size 10 km. The corresponding attenuations are indicated in section 2.2.2. Regarding the fading due to reflections, we chose the value valid for 0.01% of the time to verify whether the system is available with a probability of 99.99 that is a typical requirement for aeronautical applications.   

Transmitter output power 
For transmissions at 972 MHz, the transmitter output power on the ground was taken equal to 20 dBW that corresponds to the transmitted power by DME ground stations for approach operations. The assumed on-board transmission power is lower and equates 17 dBW. Those values are also consistent with UAT transmitter output powers specifications.

For the 5 GHz transmissions, the transmitter output power was assumed much larger since the propagation losses, at this frequency, are larger. We chose a transmitter power equal to 1000 W for the ground station and 500 W for the on-board transmitter. Those values are consistent with typical SSR transmitters characteristics. On-board DME interrogators also transmit powers of the same order.      

Antenna gain
Signals both in the up-link and down-link transmissions are assumed received in the main antenna lobe and typical DME antenna values are selected for both frequencies. Thus, the assumed on-board antenna gain is 0 dBi, corresponding to a typical omni-directional antenna, whereas the assumed ground station antenna gain equates 8 dBi. 

Channel symbol rate
The considered channel symbol rate equates R=9.6 kbps and corresponds to a typical low-information-rate transmission. Higher data rate are however envisioned for future communication systems.

Required Eb/N0 

We chose a typical value of Eb/N0=6 dB assuming a FEC code is implemented. For instance, if a FEC of constraint length 7 and rate ¾ is is used (i.e. Inmarsat), a BER of 10-6 will be achieved for Eb/N0=6 dB. This value of required Eb/N0 translates in required C/N0 by using the relation: C/N0=R*Eb/N0.   

Conclusion
This preliminary study allows to appreciate the additional attenuations that will be encountered for a future aeronautical air/ground communication system operating around 5 GHz in the MLS band. The link budgets margins for the up-link and down-link transmissions in the L-band are positive with our assumptions whereas those margins are significantly negative at 5 GHz. From the computed link budgets, one may infer that the range of a C-band system will be much lower than that of a L-band system. It seems that the achievable range for a C-band system would be about 40 NM while a L-band system range is about 200 NM. This implies that there may be an issue of continuity of service in the upper airspace with a C-band system. Moreover this situation will have an economical impact since the necessary ground station density for a C-band communication system will be much larger. Thus, particular attention must be paid when designing an aeronautical communication system in the 
C-band. 

This study was preliminary and can be improved. Indeed, the on-ground antenna gain which was considered in the link budgets is optimistic since aircrafts in the limit of the coverage region will be sensed at low elevation angles so outside the antenna main lobe. Moreover, we considered an on-board transmitted power for the C-band system equal to 500 W that may also be optimistic depending on the transmitted signal (pulsed or continuous). Eventually, we assumed a typical worst-case rain situation but statistical results, for a mean year, can also be included by using results of section 2.2.2. 

	
	972 MHz
	5120 MHz

	Item
	Uplink

(to aircraft)
	D/L
(from aircraft)
	Uplink
(to aircraft)
	D/L 
(from aircraft)

	Transmitter power (dBW)
	20,0
	17,0
	30,0
	27,0

	cable/guide and diplexer insertion losses (dB)
	1,0
	3,0
	1,0
	4,0

	Antenna gain (dBi) 
	8,0
	0,0
	8,0
	0,0

	Transmitted EIRP (dB) 
	27,0
	14,0
	37,0
	23,0

	Free space propagation losses (dB) (200 NM)
	-143,6
	-143,6
	-158,0
	-158,0

	Receiving  antenna gain (dBi)
	0,0
	8,0
	0,0
	8,0

	Polarisation losses (dB)
	1,0
	1,0
	1,0
	1,0

	Cable/guide and diplexer insertion losses (dB)
	3,0
	1,0
	4,0
	1,0

	Received signal power C (dBW)
	-120,6
	-123,6
	-126,0
	-129,0

	Receiver noise factor (dB)
	2,0
	2,0
	2,0
	2,0

	C/No (dB W/Hz) 
	81,4
	78,4
	76,0
	73,0

	Required C/No (dB W/Hz)
	45,8
	45,8
	45,8
	45,8

	Margin under nominal conditions (dB)
	35,6
	32,6
	30,2
	27,2

	
	
	
	
	

	Fading due to multipath transmission
0.01 % of the time (dB)
	26,0
	26,0
	36,0
	36,0

	Atmospheric gases losses – terrestrial
Path (dB) (1° elevation angle)
	1,8
	1,8
	3,2
	3,2

	Typical worst-case attenuation by rain cloud of 10 km - 150 mm/h (dB)
	0,03
	0,03
	5,0
	5,0

	Margin under worst-case conditions (dB) 
	7,8
	4,8
	-14,0
	-17,0


Table 2 : Typical A/G communication system link budgets at 972 MHz and 5120 MHz for a 200 NM range
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