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	SUMMARY

	This working paper reports the current status of L-DACS 1 development. L-DACS 1 is one of two options identified by ICAO ACP WG-T for the L-band future radio system and is based on B-AMC combined with P34. An overview of the B-AMC system design as achieved during the Eurocontrol funded studies is given and results of a draft frequency planning activity are reported. In addition, an outlook on future L-DACS 1 work is provided.

	ACTION

	The ACP WG-W is invited to review and note this material.


INTRODUCTION

1.1 Starting point of the B-AMC (Broadband Aeronautical Multi-carrier Communication) development was the EC co-funded project B-VHF (Broadband VHF Aeronautical Communications System Based on Multi-carrier Technology). The B-VHF system is an OFDM (Orthogonal Frequency-Division Multiplexing) based communications system designed as overlay system for the VHF-band. As a result of the B-VHF study, the conclusion was drawn that B-VHF is a feasible approach, but requiring considerable effort for implementation and deployment.
1.2 Based on the promising results from the B-VHF project, Eurocontrol funded a study to develop a “B-VHF like System in L-band”, since a decision has been taken that the future radio system shall be deployed in L-band. Based on B-VHF the L-band “Broadband Aeronautical Multi-carrier Communication” (B-AMC) system has been developed within this study.
1.3 The assessment of B-AMC during the joint Eurocontrol/FAA “Future Communications Study” (FCS) ranked B-AMC among the best proposals and the following recommendations for further investigations were given to ICAO ACP WG-T:

· L-DACS 1 (FDD/OFDM): Combine B-AMC and P34

· L-DACS 2 (TDD/TDMA): Combine LDL and AMACS
1.4 L-DACS 1 is based on B-AMC combined with P34. Thus, advantageous features of B-AMC and the P34 standard are combined to form a powerful and efficient future radio system capable of meeting aeronautical communications needs well beyond 2030. For the L-DACS 1 development the fruitful information exchange of recent years between FAA and the B-AMC consortium will be intensified in order to most efficiently align B-AMC and P34. To establish a strong cooperation between the B-AMC Consortium and FAA joint Technical Workshops are planned.
1.5 Driven by the Eurocontrol funded study mentioned above, considerable work on B-AMC has been performed recently. In the remainder of this working paper, an overview on the B-AMC system design and the results from a draft frequency planning activity are given. Moreover, an outlook on future L-DACS 1 work is given.
2. B-AMC Overview – Inlay Approach
2.1 B-AMC is designed as inlay system, i.e. it is designed to be operated between to adjacent DME channels in the L-band. However, B-AMC might be also operated in “green” spectrum.
2.2 The reason for the inlay approach is the following. The L-band foreseen for the deployment of the future radio system (AM(R)S spectrum in L-band assigned during last World Radio Conference) is already very crowded, since several navigation and surveillance systems (UAT, SSR Mode S, DME) as well as military communications systems (JTIDS/MIDS) are operated there. As the future radio system shall cover data demand in aeronautical communications well beyond 2030, the goal is to make available as much bandwidth in L-band as possible without significant impact to the existing L-band systems. Thus, the design goal for the future radio system should be to make available as much capacity margin as possible by utilizing the complete assigned AM(R)S spectrum in L-band.
2.3 The inlay approach is a challenging concept and requires some additional means to be implemented. Especially, sidelobe suppression at the transmitter to minimize the interference impact towards existing L-band systems and interference mitigation at the receiver to overcome pulse interference are required. However, standard techniques exist for these tasks and are applied within B-AMC.

2.4 To utilize the AM(R)S spectrum assigned in L-band as efficient as possible B-AMC might be operated not only in between DME channels but also in the “green” spectrum parts of the AM(R)S spectrum in L-band. This can be done without any change of the B-AMC system design and would make available much higher data rates – up to 1.4 Mbit/s per cell – since less interference is present in this part of the L-band and B-AMC supports adaptive coding and modulation. Deployment in “green” spectrum is foreseen for very crowded areas (high interference, large aircraft density) and for implementing the air/air mode of B-AMC.
2.5 The foreseen AM(R)S L-band spectrum usage for B-AMC is shown in the Figure below:
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3. B-AMC Overview – Basic Facts

3.1 B-AMC is designed as a broadband Frequency-Division Duplex (FDD) system. Applying FDD maximizes the capacity per cell, since FL (Forward Link) and RL (Reverse Link) can be separated and operated in different frequency bands. Moreover, FDD avoids large guard times between FL and RL transmission which are required in the case of TDD (Time-Division Duplex).
3.2 The system bandwidth per cell of B-AMC is 1 MHz which is split into 500 kHz for FL and RL each. Thus, B-AMC is a broadband system and the large bandwidth of B-AMC is seen as a main feature of B-AMC which ensures a large capacity margin for operation of the future radio system well beyond 2030. Since bandwidth is a main system feature and the B-AMC system design is tailored to this parameter, any hypothetical bandwidth reduction for comparison purposes makes no sense.
3.3 B-AMC utilizes standard OFDM like P34 (SAM) or WiMAX. Other well-established standards in mobile radio communications, broadcasting, and wireless local area networks also apply OFDM due to its inherent flexibility and high efficiency. Thus, OFDM can be seen as a mature, modern, and efficient technology. The sub-carrier modulation in B-AMC is adaptive, i.e. modulation formats from QPSK over 8- and 16-QAM to 64-QAM can be chosen enabling adaptive coding and modulation. The Peak-to-Average Power Ration (PAPR) problem of OFDM is mitigated by applying standard PAPR reduction techniques, e.g. “pilot phasing” as in P34.
4. B-AMC Overview – System Design
4.1 The main B-AMC system parameters are summarized in the Table below:
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4.2 The B-AMC frame structure is shown in the Figure below:
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4.3 In RL two random access (RA) opportunities per superframe (240 ms) are available for net entry. In FL the same superframe position is used by the broadcast (BC) frame. The BC frame enables handover preparation and distribution of information (broadcast). The synchronized access (SA) frame in RL is used for resource requests. Up to 48 aircraft can simultaneously issue resource request in one SA frame. The resource requests are granted in the common control (CC) frame in FL. Acknowledges are transmitted via the dedicated control (DC) frame in RL. Again up to 48 aircraft can utilize the DC simultaneously. Note, the frame structure is aligned with voice transmission which is an optional feature of B-AMC. Using a superframe duration of 240 ms voice vocoders already standardized for aeronautical communications can be re-used.
4.4 Multiple-access for B-AMC is realized in FL by OFDM. This allows immediate resource access in FL, thus, minimizing latencies. For addressing a short header is appended to each packet. Note, depending on the packet sizes several packets might fit into one data frame. Thus, a shared transmission of several packets addressed to different aircraft is possible within one FL data frame.

4.5 In RL OFDMA/TDMA (Orthogonal Frequency-Division Multiple-Access/Time-Division Multiple-Access) is chosen as multiple-access technique similar to WiMAX. The TDMA component in RL ensures low duty cycles to mitigate co-site interference issues. No fix resource assignments, except for SA, are used in RL in order to avoid wasting transmission capacity. Resources for RL transmissions are requested via SA and assigned within the next multiframe via CC assignment. The resource assignment for aircraft is performed by the ground station and only the minimal required resource is assigned to the requesting aircraft. The remaining resources are not wasted but assigned to other aircraft. Note, each RL data frame might be shared by several users via assigning different sets of sub-carriers to different aircraft (OFDMA component).
4.6 [image: image14.emf]Strong/medium interference  Weak interference, medium channel

Weak interference, bad channel Weak interference, good channel

The B-AMC design comprises adaptive coding and modulation. This enables to adapt the transmission to the current channel characteristics. As long as the propagation channel is good and interference is weak a high coding rate and higher-order modulation alphabets can be utilized. In bad propagation conditions and/or under strong interference robust modulation and low rate coding are used, thus, still ensuring good reception quality. The available options for adaptive coding and modulation are summarized in the Table below:
[image: image15.emf]FL simulation, ENR scenario, CC+RS coding with erasures, no pulse blanking
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4.7 To enable coexistence between existing L-band systems and B-AMC as inlay system standard techniques for minimizing the out-of-band radiation of B-AMC are applied, like transmit windowing, sidelobe suppression using cancellation carrier, and transmit power control.
4.8 For interference suppression at the B-AMC receiver standard interference mitigation techniques are foreseen, like receiver windowing, code design and interleaving with respect to interference environment in L-band, interference adjusted decoding with erasure setting, and pulse blanking. The achievable performance of a B-AMC receiver in terms of FER (Frame Error Rate) in worst case DME interference for the FL en-route scenario is shown in the Figure below. In this Figure, code design with respect to the interference environment and interference adjusted decoding with erasure setting is considered, but no pulse blanking. Despite worst case DME interference B-AMC can be successfully operated at a Signal-to-Noise Ration (SNR) as low as 8 dB to achieve a FER of 10-2 which is identified as the required working point for proper working of the protocol. Further improvements are expected if in addition pulse blanking is applied.
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4.9 The B-AMC protocol is characterized by an immediate resource access in FL and by avoiding fixed resource assignments in RL in order not to waste transmission capacity. Only for SA a small amount of RL resources are fixed to enable fast resource requests. Moreover, the protocol is able to adaptively adjust to the number of aircraft to be served within the cell. For this, the concept of the “breathing reservation cycle” has been implemented into the B-AMC protocol.
4.10 Priority and QoS management are not yet implemented into the B-AMC protocol, but have already been foreseen in the B-AMC design and are currently implemented. Recent simulations have revealed the high relevance of priority and QoS handling, especially for long messages with still challenging latency requirements.
4.11 Implementing priority and QoS management will improve the protocol performance, since resource assignment is optimized with respect to the messages sizes and their latency requirements. Current investigations include resource assignments over several multiframe and resource assignments of more than one data frame per multiframe. Note, these resource assignments are initiated by a single resource request. As a result, flexible resource assignments according to priority and QoS are enabled with trade-off between latency and duty-cycle.
5. Draft Frequency Planning
5.1 Current frequency planning criteria cover the following two interference cases for the B-AMC inlay approach. First, airborne B-AMC receivers should be protected from the ground DME responders and, second, airborne DME receivers should be protected from ground B-AMC transmitters. Investigation of other interference cases and their impact on frequency planning is recommended as a topic for future work.

5.2 [image: image17.emf]Modeling of interference from DME ground station towards airborne B-AMC is based on two relevant parameters – the representative power and the representative duty cycle in both adjacent DME channels (offset: -0.5 MHz and +0.5 MHz). The results from interference simulations can be summarized in a power / pulse rate matrix as shown in the Figure below. Eb/N0 = 10 dB (38 dBm transmit power at the edge of a B-AMC cell with 120 nm cell radius) has been chosen as working point for the B-AMC system. Green points indicate that the FER of the B-AMC system is below 10-2 and, thus, the B-AMC system can be operated in the corresponding interference conditions. A yellow point stands for FER between 5x10-2 and 10-2 which means that the B-AMC system can be operated in this interference environment, but the performance is slightly reduced. Red points indicate when FER exceeds 5x10-2. In this case, the B-AMC system can not be operated successfully as the impact of interference is too strong. Note, simple link budget calculations for determining if DME interference is too strong for proper B-AMC operation are not sufficient, since interference mitigation performed at the B-AMC receiver can not be taken into account in the link budget.
5.3 Modeling of interference from a B-AMC ground station towards airborne DME receivers considers the interference power at the airborne DME receiver input as produced by the B-AMC ground station. The interference power is determined by applying the corresponding FDR (Frequency Dependent Rejection) curves for the DME receiver taking into account the DME receiver selectivity and the B-AMC transmitter spectral mask. Note, the FDR curves describe the degree of attenuation the B-AMC interference signal experiences in dependence of the frequency offset due to the selectivity of the DME receiver.

5.4 Several stringent worst case assumptions have been used in the investigated interference scenarios:
· When considering interference from the DME system towards B-AMC, the worst case interference / duty cycle situation – possibly valid only for a very small part of the whole B-AMC cell – has been used as reference.
· Mobile TACAN stations have always been put at a worst case position, i.e. either closest at the boundary (for neighboring country) or directly under the victim receiver (if in use within the same country).
· The DME victim receiver has always been put at the worst case position, i.e. either at the maximum Designed Operational Coverage (DOC) range closest to the B-AMC ground station (if B-AMC and DME DoC are non-overlapping) or directly 600 ft above the B-AMC ground station (if B-AMC and DME DoC are overlapping).
5.5 An example result of the draft frequency planning considering both interference directions (B-AMC towards DME, DME towards B-AMC) is shown in the Figure below. The results show that, throughout Europe, for each B-AMC cell (radius 120 nm or 60 nm) an interference safety margin towards DME can be realized (yellow = 6 dB; green = 12 dB). Even in the investigated worst case scenarios, for a large number of B-AMC cells in Europe appropriate B-AMC candidate frequencies can be determined, which do not violate the stringent interference requirements (-106.6 dBm threshold with 12 dB margin) towards the DME system. According to these results, the B-AMC en-route system can be operated as a cellular system with different cell sizes, e.g. by using 120 nm and 60 nm B-AMC cells.
6. Current Work and Outlook
6.1 Currently, L-DACS 1 based on B-AMC and combined with the P34 standard is further developed. This development is performed in cooperation with FAA in order to align the L-DACS 1 design (B-AMC, P34). For this purpose, Technical Workshops jointly organized by the B-AMC Consortium and FAA are planned.
6.2 The overview on the B-AMC system design as given above summarizes the B-AMC status. B-AMC might serve as basis for the L-DACS 1 design, but due to the ongoing alignment with P34 the reported B-AMC system design is subject to changes.

6.3 In addition to the coordinated L-DACS 1 system design, special L-DACS 1 improvements are under current investigation comprising improved interference mitigation at L-DACS 1 receiver and improved protocol implementation based on priority handling and QoS.
6.4 Outlook

6.5 For future work, it is planned to develop an L-DACS 1 laboratory prototype including physical layer and protocol as well as an RF front-end implementation. The resulting laboratory prototype is intended to be used for laboratory interference testing performed in cooperation with DFS at DFS labs in Langen, Germany. The main goal of these laboratory measurements is to prove the coexistence between L-DACS 1 and existing L-band systems.
7. ACTION BY THE MEETING
7.1 The ACP WG-T is invited to review and note this material.
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