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	SUMMARY

	This paper presents important points to consider for the assessment of the use of VHF Digital Link mode 2 (VDL2) for space-based VHF.


1. INTRODUCTION

1.1 This paper highlights the impact of multipath and propagation delays foreseen on VDL2 using space-based VHF (SB-VHF) from a pure theoretical point of view. It is believed that the points discussed below are not or not properly addressed so far and that they need further assessment.
1.2 The impact of the multipath highlighted in this paper is expected to affect the VDL2 link budget margins as well as the Inter Symbol Interference (ISI), while the longer propagation delays is expected to affect VDL2 performance (throughput and delays).
2. DISCUSSION

2.1 Impact of radio propagation delay on VDL2 performance

2.1.1 VDLm2 p-CSMA performance is very sensitive to the channel busy detection delay where large delays can be found due to larger distances between transmitters found in aeronautical radio communications compared to land mobile ones.
2.1.2 The more a receiver waits to detect a signal, the higher the probability it can transmit at the same time creating hence collisions and impacting radio channel performance (throughput). This is the main reason behind the use of an energy-based detection system in aeronautical radio communication using p-CSMA for VDLm2, as explained in the SARPs (Annex 11, Volume III, note from section 6.4.3.2.1.)
The maximum link throughput available to all users is highly sensitive to the RF channel sense delay (from the time when the channel actually changes state until a station detects and acts on that change) and RF channel seizure delay (from the time when a station decides to transmit until the transmitter is sufficiently ramped up to lock out other stations). Accordingly, it is imperative that all efforts are made to reduce those times as the state-of-the-art advances.

2.1.3 The maximum delays expected on a VDL2 A-G link is 1.23ms (370 km) between a ground station and an aircraft at the limit of coverage, and 2.46ms (740 km) between two aircraft at both end of a VHF Ground Station (VGS) coverage.
2.1.4 For a SB-VHF satellite orbiting at 600 km altitude, the expected delays would range from 2ms (600 km) to 9.3ms (2800 km) between the satellite and an aircraft and up to 18.6ms (5600 km) between two aircraft at both end of the satellite coverage.
2.1.5 The impact of the radio propagation delay can be analysed using the ‘a’ parameter in the p-CSMA throughput formula found in [1]. The following graph plots the p-CSMA throughput (S) in function of the offered load (G) for different values of the parameter ‘a’; one for a typical VDL2 A-G link (1.23ms), and the other for a VDL2 SB-VHF one (9.3ms). It also displays the probability of collisions (1 attempt and 6 attempts) and the expected delays considering the current VDL2 retransmission mechanism with default values.
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Figure 1: Throughput (S), probability of collisions and delays in function of the offered load (G)

2.1.6 From a pure theoretical point of view, it can be shown that a significant decrease of performance from a VDL2 SB-VHF link compared to typical VDL2 A-G one is to be expected - a decrease of 50% of the throughput in an ideal p-CSMA environment is observed. As the current A-G VDL2 link is known to be less performant than theory, one could expect a lower level of performance than described above.
2.2 Impact of multipath on the VDL2 link budget

2.2.1 Multi-path is a radio propagation phenomenon that occurs when a radio signal propagates over different paths and received simultaneously by an antenna. The phase differences between the direct path signal and the reflected ones affects the received level at the receiving antenna, impacting hence the link budget.
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Figure 5: Multipath scheme for A-G and SB-VHS links.

2.2.2 Multi-path for SB-VHF differs from A-G links due to the different heights of the involved stations (VGS Vs Satellite). The following graph displays the propagation loss and the excess path loss using a round earth 2-ray model over average ground (epsilon=15 and sigma=0.005) for an aircraft flying at FL360 and a satellite in orbit around H1=600km altitude compared to a VGS antenna at H1=15m above ground.
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Figure 2: Propagation loss (top) and excess path loss (bottom) in function of slant range.
2.2.3 Although the distribution of the propagation loss between the two is obviously different, the main difference is observed to be on the fading duration and frequency. A higher level-crossing rate is observed for SB-VHF than for A-G links.
2.2.4 According to the MASPS, there should be a minimum of 5dB link margin throughout every service volume to ensure link availability. Using the link budget parameters found in the MASPS [4] for the downlink (aircraft to ground station), the following graph displays the link margin for a A-G link and a SB-VHF one.
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Figure 3: Link margin in function of the slant range.

2.2.5 It can be highlighted from the graph below (CDF of the link margin) that a Space-Based VHF will experience aircraft-to-satellite link margins below the required 5dB more than 70% of the time and negative link margins more than 40% of the time.
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Figure 4: Cumulative Distribution Function (CDF) of the link margin.

2.3 Impact of multipath on Inter Symbol Interference (ISI)

2.3.1 Inter Symbol Interference (ISI) occurs during multipath, where the reflected signal is sufficiently delayed compared to the direct signal to create interference at the symbol level. The propagation channel is then said to have frequency selective fading. When ISI occurs, the received signal is distorted, increasing hence the Bir Eror Rate (BER) up to a point where the signal is no more recoverable
.
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Figure 6: Inter Symbol Interference (ISI) impact on the received signal.
2.3.2 A common rule of thumb [3] is that a channel is said to be frequency selective when the delay between the direct and the reflected signals is greater than 10% of the symbol duration. In practice, this would depend on specific type of modulations and demodulator techniques used.
2.3.3 For a VDL2 A-G link, the maximum expected delay depends on the VGS heigh above ground and occurs when the aircraft is above the VGS. With a VGS antenna height of 15m, the expected delay is around 0.1µs which represents 0.1% of the VDL2 symbol duration. A VDL2 A-G propagation link is not considered frequency selective and thus not suffering ISI.
2.3.4 For a SB-VHF satellite orbiting near 600 km altitude, the maximum expected delay depends on the aircraft altitude and occurs when the satellite is above the aircraft. For an aircraft flying at FL360, the expected delay is around 77µs which represent 81% of the VDL2 symbol duration.
2.3.5 The following graph shows the expect delay in function of the slant range of a satellite orbiting near 600 km altitude from an aircraft flying at FL360.
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Figure 7: Expected delay in function of the slant range.
2.3.6 Using the 10% rule of thumb, one can observe that for a coverage radius of a SB-VHF satellite of 3000 km, the signals will experience ISI for 70% of the satellite pass duration (worst case scenario occurring when the satellite passes above the aircraft). A VDL2 SB-VHF satellite propagation link can be considered frequency selective for airborne aircraft and thus suffering ISI, impacting hence signal demodulation with expected loss of VDL2 bursts.
3. CONCLUSION
3.1 This paper highlights the impact of multipath (link margin and ISI) and long propagation delays (throughput) on VDL2 performance. 
3.2 The impact of long propagation delays is expected to decrease the throughput, increase the probability of collision of VDL2 bursts and increase delays compared to Air-Ground VDL2, while the impact of multipath is expected to give rise to negative link margins over the whole satellite coverage and to create Inter Symbol Interference (ISI) leading to distorted signal received with impact on demodulation (loss of VDL2 bursts).
3.3 The propagation characteristics described in this paper could adversely impact the performance of the space segment of a VDL2 link. It is therefore recommended that they be considered for further evaluation as early as possible in the validation phase. 
3.4 The meeting is invited to note this recommendation and to coordinate with the relevant PT for inclusion of these considerations in the validation plan for the PfA.  
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— END —
� “Equalisation” is a technique used to estimate the multipath characteristics of the radio propagation channel, based on a known transmitted sequence (as the training sequence), and capable to counteracting ISI. Equalisation is not foreseen in VDL2 as the A-G propagation channel is not expected to be frequency-selective. Its implementation is complex and difficult to implement at the airborne side as discussed within the joint EUROCAE WG-92/RTCA-214/AEEC DLK SC.
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