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	SUMMARY

	In this information paper, an overview on B-AMC (Broadband Aeronautical Multi-carrier Communications System) is given. B-AMC is based on B‑VHF (Broadband VHF System) which has been developed within a European Commission co-funded project and has been positively evaluated within the FCS (Future Communications Study). The FCS recommended to also investigate the B-VHF technology for application in the L-band. B-AMC is the adaptation of B-VHF to L-band use.


1. INTRODUCTION

What is B-AMC?
1.1.1 Within the European Commission co-funded project B-VHF (Broadband VHF System), a complete design for an overlay system for the VHF-band based on multi-carrier technology has been developed, investigated, and demonstrated. As a result of this activity, B-VHF has been recognized as a promising technology within the Future Communications Study (FCS) jointly performed by FAA and EUROCONTROL.
1.1.2 The Future Communications Infrastructure (FCI) concept jointly developed by FAA and EUROCONTROL foresees the VHF-band as primary means to support voice communication based on DSB-AM. Future aeronautical data link communication, however, shall be preferably implemented in the L-band.
1.1.3 Based on this reasoning, EUROCONTROL tasked the B-AMC consortium to adapt the B-VHF system to L-band use and perform investigations if and how a possible B-VHF like system can be operated in L-band. The high-level system design for this adapted L-band system which is named B‑AMC (Broadband Aeronautical Multi-carrier Communications System) is described in this information paper.

1.1.4 The preferable B-AMC L-band deployment is between successive DME channels, i.e. with 500 kHz offset to the regular DME channel assignments. Thus, B-AMC is more an inlay than an overlay system. The first approach is to put B-AMC channels between successive DME channels without considering the actual DME channel frequency assignments. However, if mutual interference conditions turn out to be too restrictive, frequency planning can be applied in the sense that B-AMC channels are put between successive DME channels which are not used in the vicinity of the respective B-AMC cell. Moreover, there is the “fall back” solution of deploying B-AMC within a “green” L-band spectrum region, e.g. 960-978 MHz or another part of the L-band made available for future aeronautical communication systems.
Why is B-AMC a promising candidate for FCI?
a) The B-VHF design can be re-used for B-AMC to a large extend and with that the maturity is increased:

1) for A/G communications B-AMC inherits functional scope of B-VHF and is based on B-VHF physical layer and protocol concepts;
2) for A/A communications B-AMC extends B-VHF capabilities significantly;
b) B-AMC offers a large co-existence potential in L-band:
1) B-VHF side-lobe suppression concepts are re-used for B-AMC;
2) coding and interleaving tailored to combat L-band interference;
c) B-AMC allows systematic adjustments to L-band use:

1) optimized link efficiency and robustness;
2) minimized interference to legacy systems.
2. Functional Scope of B-AMC Operations

2.1 B-AMC foresees two modes of operation – the air-ground (A/G) mode and the air-air (A/A) mode. For the A/G mode B-AMC inherits the B-VHF capabilities which results in the following characteristics for A/G communications:

d) centralized communication controlled by a ground station (GS);
e) cellular communications concept with B-AMC cell coverage decoupled from service operational coverage (high flexibility);
f) seamless service area and cell handover;
g) data link communication covers broadcast/multicast as well as unicast (point-to-point);
h) voice communication is foreseen and optionally configurable, it covers both selective and party-line voice;
i) B-AMC covers all A/G ATS and AOC services; and
j) B-AMC supports A/G multi-link and multi-service communications.

2.2 For the A/A mode B-AMC extends the B-VHF capabilities significantly which results in the following characteristics for A/A communications:

k) decentralized direct A/A communication;
l) “communication bubbles” defined by radio range around aircraft;
m) all A/A communications are based on broadcast transmissions;
n) transmissions from any aircraft can be received by all other aircraft within communication bubble;
o) packet-switched communication (broadcast & header);
p) B-AMC supports A/A surveillance data link (ADS-B);
q) B-AMC supports other A/A data link communication; and
r) B-AMC covers all A/A ATS services (extendable to AOC, APC, and ad hoc net communications).

3. Required Adjustments for L-band Use

Special L-band Conditions

3.1.1 Considering the L-band, both the interference situation and the available spectrum blocks are different compared to the VHF-band.

3.1.2 The carrier frequency is almost 10 times higher in the L-band than in the VHF-band implying larger free-space attenuation and Doppler shifts.

3.1.3 The L-band system shall be developed to mainly provide data link communications.

3.1.4 Thus, the B-VHF technology as developed for the VHF-band has to be adjusted within B‑AMC for L-band use.

Required Adjustments

3.1.5 Due to the special L-band conditions some adjustments for B-AMC are required compared to B-VHF. Instead of using time-division duplex (TDD) as for B-VHF, frequency-division duplex (FDD) is used since FDD avoids large guard times as required for TDD and effectively uses the relatively small available channel bandwidth between DME channels. Moreover, FDD helps to relieve the co-location interference situation at A/C.

3.1.6 The forward link (GS to A/C) access-scheme is changed from multi-carrier code-division multiple-access (MC-CDMA) to orthogonal frequency-division multiple-access (OFDMA). OFDMA includes orthogonal frequency-division multiplexing (OFDM) as special case which in turn enables packet-switched communications. Packet-switched communication is preferable where data link is the primary concern.

3.1.7 The physical layer parameters, especially sub-carrier spacing and bandwidth but also coding and interleaving, have to be adapted due to the different frequency band and different interference situation.

3.1.8 The framing structure has to be adjusted due to the choice of FDD and the adapted physical layer parameters.

4. B-AMC A/G Communication

4.1.1 B-AMC A/G communication is a centralized communication controlled by GS, thus, implying a cellular communications concept.

4.1.2 The duplex scheme chosen for B-AMC is FDD and for multiple-access OFDMA is used both in the forward and the reverse link.

4.1.3 The B-AMC channel centre frequencies are chosen exactly between DME channel assignments. For the forward link the frequency range from 980 to 1020 MHz is foreseen, whereas for the reverse link the range from 1040 to 1140 MHz is considered.

4.1.4 The main B-AMC physical layer parameters are summarized in the table below:
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4.1.5 The main B-AMC physical layer parameters as given above are the current working assumption which has to be proved in the course of the project using detailed simulations. Special focus during the simulations will be given to the investigation of the co-existence between B-AMC and the legacy L-band systems, like DME and JTIDS/MIDS.

4.1.6 The B-AMC framing structure is shown in the figure below:
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As can be seen from the figure above, for both forward link (FL) and reverse link (RL) a superframe of duration 240 ms is subdivided into 4 multiframes of duration 58,32 ms and a management frame of duration 6,72 ms. For the FL the management frame is a broadcast (BC) frame where general ground station and B-AMC cell information is transmitted. For RL the management frame is configured as random access (RA) slot with two RA opportunities for net entry operation. The multiframe contains 7 (RL) or 8 (FL) data frame for transmission of user data. In addition to data frames, the multiframe contains signalling frames – synchronized access (SA) frames, dedicated control (DC) frames, and common control (CC) frames – for requesting and granting transmission resources as well as  for sending acknowledges.

4.1.7 The framing structure is chosen in such a way that voice communication remains optionally configurable. Within each multiframe 3 packets of 20 ms voice, e.g. coming from the vocoder as standardized for VDL Mode 3, can be transmitted.

5. B-AMC A/A Communication

5.1 B-AMC A/A communication is a decentralized communication. Communication between A/C with in the radio range of each other is enabled (“communication bubble”).

5.2 All transmissions are based on broadcast transmissions, i.e. transmissions from any A/C can be received by all other A/C within the communication bubble. Addressed communication is realized by packet-switched communication (broadcast & header).

5.3 To establish the decentralized A/A communication a globally available common control channel (CCC) is used. The foreseen frequency range where this CCC should be located is the range from 960-978 MHz.

5.4 For synchronization purposes, it is assumed that a global time reference is available, e.g. based on GPS and/or Galileo.

5.5 Since it turned out, that it is not possible to develop A/A communications according to all COCR requirements (Version 1.0), several scenarios are currently under investigation.

5.6 As an example, the main B-AMC physical layer parameters for an A/A mode capable to comply with COCR requirements for ADS-B within the ENR service volume (200 nm, 533 ADS‑B messages per second) are summarized in the table below:
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5.6.1 The corresponding B-AMC framing structure based on the usage of fixed time-slots is shown in the figure below:

5.7 The corresponding B-AMC framing structure based on the usage of fixed time-slots is shown in the figure below:

5.7.1 [image: image1.jpg]


As can be seen from the figure above, with the chosen physical layer parameter setting up to 625 messages, e.g. ADS-B messages, are supported within a frame duration of 1 s taking into account guard times for each time slot which enable transmission ranges up to 200 nm.
5.7.2 A/A communication in remote or oceanic regions might reuse the complete DME spectrum range for additional high-speed point-to-point links. These links are based on the B-AMC A/G mode and might be applied, e.g., for establishing ad-hoc network communications.

6. Summary

6.1 B-AMC high-level system design for A/G communications:

s) B-AMC covers all A/G ATS and AOC services;
t) B-AMC supports A/G multi-link and multi-service communications;
u) robust PHY layer tailored to combat L-band interference;
v) efficient side-lobe suppression to guarantee co-existence;
w) optimized design for data link, but voice remains an option; and
x) minimized delays due to signalling frames.

6.2 B-AMC high-level system design for A/A communications:

y) B-AMC covers all A/A ATS services;
z) B-AMC supports A/A data link communication;
aa) B-AMC supports A/A surveillance (ADS-B); and
ab) future option: high-speed point-to-point links for, e.g. ad-hoc network communications.
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