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	SUMMARY

	This working paper reports the detailed B-AMC project results as obtained during the B-AMC study funded by EUROCONTROL. Especially, the results from the interference assessment (B-AMC as interference source towards L-band systems) and the results from the performance assessment (B-AMC performance under L-band interference conditions) are presented. The performance assessment comprises both physical layer and protocol simulation results.

	ACTION

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


INTRODUCTION

1.1 The main scope of the B-AMC study is to design a B-VHF like system (i.e. B-AMC) for L-band use and to decide if such a system (B-AMC) can be successfully deployed in L-band. For a successful deployment, B-AMC must not create intolerable interference to existing L-band systems and has to cope with the interference coming from already existing L-band systems.

1.2 During the study, the three deployment options as proposed by EUROVCONTROL have been investigated:

· Option 1: Deployment between DME channels without any frequency planning.
· Option 2: Deployment between DME channels with frequency planning for B-AMC cells.

· Option 3: Deployment in “green” spectrum.
1.3 In the following, the B-AMC system description, the B-AMC interference assessment and the B-AMC performance assessment are presented. Whereas the working paper just gives a results summary, a more detailed results presentation is available in the appendix (PowerPoint presentation) to this working paper.
2. B-AMC System Description
2.1 The B-AMC system design is based as much as possible on B-VHF. Especially, B-VHF serves as baseline for the functional scope as well as for the physical layer and protocol design.

2.2 The B-AMC physical layer is adjusted to L-band use, hence requiring some changes compared to the physical layer of B-VHF:

· Duplex scheme changed from TDD (time-division duplex) to FDD (frequency-division duplex).
· Forward link access changed from MC-CDMA (multi-carrier code-division multiple-access) to OFDM (orthogonal frequency-division multiplexing) / OFDMA (orthogonal frequency-division multiple-access).
· Reverse link remains OFDM(A), but with additional TDMA (time-division multiple-access) component.
· OFDM parameters adapted to L-band use.

2.3 The B-AMC protocol also requires some changes due to L-band use and the adjusted physical layer:
· Re-designed framing structure (FDD, OFDM parameters)

· Physical layer adjustments allow improved DLL (data link layer) design

· Dedicated MAC (medium access) opportunities on RL (reverse link) to reduce latency/delays

· Highly flexible DLL ensures optimal trade-off between user capacity and latency/delays
2.4 The main B-AMC system parameters are summarized in the Table below:
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	Number of cancellation carriers (side-lobe suppression)
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	OFDM symbol duration with guard
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	OFDM symbol duration without guard
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	Guard interval duration (incl. RC windowing)
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	Number of OFDM symbols per OFDM frame
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3. B-AMC Interference Assessment
3.1 Interference-free operation of the B-AMC system in the existing L-band environment is a necessary condition for the system deployment. As no B-AMC TX hardware – in particular RF front-end – is available by now, preliminary investigations of the mutual interference between the B-AMC system and different L-band systems have been performed by using analytical methods and MATLAB investigations. The detailed impact of the L-band systems upon the B-AMC receiver has been estimated during the assessment of the B-AMC performance (see next section).
3.2 The reliable final statements about interference between the B-AMC system and other L-band systems will only be possible when the B-AMC radio prototypes (TX hardware) become available, based on laboratory measurements.
3.3 The results of the analytical interference investigations in this study are probably pessimistic, as no RF filtering after the B-AMC TX and within front-ends of the victim L-band receivers are considered due to the lack of representative data. In reality, probably better results could be achieved as a RF bandpass filter (or a duplexer with selective characteristics) would be required behind the B-AMC TX and the inputs of some L-band receivers (in particular GSM and UMTS) may also contain filtering equipment (are not completely broadband).
3.4 The multi-carrier B-AMC signal spectrum has been estimated by using information about the phase noise of a representative good quality L-band CW source, taking B-AMC-specific methods of side-lobe suppression and calculated out-of-band IMD3 products (“shoulders”) into account. The resulting B-AMC mask (see Figure below) is expressed as the total signal power per bandwidth “bw” (dBc/bw) that would be measured within the B-AMC OFDM sub-carrier spacing (bw = 10.4 kHz). The Figure below also shows the noise spectrum density of a typical L-band CW source.

3.5 Generally, the interference simulation results show that the target isolation between systems can be achieved in all investigated scenarios if the B-AMC transmitter power does not exceed +35/+39 dBm for the ground/airborne B-AMC TX, respectively. The results of B-AMC performance investigations indicate that the airborne and ground B-AMC RX would operate well with such B-AMC TX power levels. In one particular case (airborne UAT receiver on another aircraft) additional RF filtering in front of the victim UAT receiver (e.g. duplexer described in UAT Implementation Manual) is proposed as the interference mitigation method.
3.6 In a particularly critical airborne co-site case, an airborne B-AMC RX would be de-sensitised by the radiated out-of-band broadband noise each time one of the airborne L-band systems starts to transmit. Due to the relatively high power of other L-band on-board transmitters this would happen regardless of the mutual frequency separation. Fortunately, the duty-cycle of airborne L-band transmitters is relatively low and they produce interference only over very short time periods. The B-AMC system design provides strong FEC techniques that allow the received information to be properly recovered even if some OFDM symbols are lost due to such short interference impact. Similarly, airborne DME, SSR or UAT RX may be de-sensitised by the radiated out-of-band broadband noise each time an airborne B-AMC TX starts to transmit. The usage of the suppression bus and RF filtering behind the B-AMC TX is proposed to protect other L-band receivers during the B-AMC system transmissions.
4. B-AMC Performance Assessment

4.1 For the B-AMC system operating in the A/G mode, different channel propagation conditions have been simulated for different flight phases and the combined impact of propagation channel and interference upon FL (forward link) and RL (reverse link) OFDM frames received from the B-AMC peer system has been observed.
4.2 Simulation results show that it is not possible to operate the B-AMC FL and RL under worst-case DME interference conditions without taking DME frequency planning into account (deployment Option 1 is not feasible). With Option 2, the FL capacity/performance requirements could be fulfilled for all investigated scenarios even under the worst-case interference conditions that could be met under real frequency planning constraints. Results of the RL simulation have indicated that with Option 2 the B-AMC RL bandwidth has to be reduced to about 250 kHz in order to mitigate the undesired impact of cumulative DME interference upon the ground B-AMC RX. As the total required B-AMC RL capacity is far below the required FL capacity, such bandwidth reduction does not influence the overall system performance.
4.3 In all applicable scenarios, B-AMC FL and RL physical layer can be operated under DME interference with satisfactorily performance by using reasonable transmitter power for the cells with up to 200 nm radius. At the same time, with the proposed transmitted power settings, the interference produced by the B-AMC transmitter - that may affect receivers of other L-band systems - would remain below acceptable limits.
4.4 Simulations show that MIDS interference has a significant impact on B-AMC receivers, in particular when assuming a fully-loaded MIDS system at close spacing. The impact of MIDS interference can be nearly completely mitigated with the proposed algorithm for interference-adjusted decoding. In the case of simultaneous worst-case DME and JTIDS interference further improvements of the B-AMC receiver are required (refinements of the interference-adjusted decoding algorithm).
4.5 The B-AMC capacity/performance simulation results indicate that the available RL bandwidth can be shared between all registered A/C in a fair way with a linear increase in one-way message latency with an increasing number of participating aircraft. Another important conclusion is that the requirements of all applicable test scenarios can be satisfied if the frame error rate provided by the B-AMC physical layer is less than 10-2.
4.6 The B-AMC system fulfils the requirements stated in the reference documentation for the APT Zone, APT Surface, TMA Small, TMA Large, ENR Small and ENR Medium test service volumes. In ENR Super Large service volumes (400 x 400 nm squares), ATS and AOC services cannot be simultaneously supported, due to the bandwidth/capacity limitations of the B-AMC FL system. Single ENR Large B-AMC GS (200 x 200 nm square) would support combined ATS and AOC traffic without A-EXEC service or ATS-only traffic with A-EXEC service. The formal requirements for the A-EXEC service latency could not be satisfied on the RL when ATS services are combined with AOC services in the ENR Large scenario, however, an inspection of relevant detailed inputs has shown that in reality A-EXEC is a FL service where latency requirements are easily met by the B-AMC system.
4.7 In scenarios where a single B AMC GS cannot provide the required coverage, an adequate number of GSs with smaller coverage can be deployed, with seamless handovers between involved GSs.
5. Conclusions

5.1 Theoretical investigations indicate that interference from B-AMC towards other L-band systems is tolerable. B-AMC prototyping required for final proof.

5.2 Theoretical investigations and simulations show that B-AMC can cope with worst-case L-band interference.

5.3 B-AMC physical layer guarantees (average) FER < 10-2 with TX power less than +39 dBm (en-route, 200 nm) even under worst-case interference conditions.

5.4 B-AMC protocol fulfils all requirements (except ENR SL).

5.5 It is possible to deploy B-AMC in the L-band using deployment Option 2, i.e. B-AMC can be deployed as “inlay” L-band system between DME channels (“spectrum for free”).
6. ACTION BY THE MEETING
6.1 The ACP WG-T is invited to review and note this material.
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