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New methodology to design advanced MR-IR-UWB communication system

A new model is proposed giving the channel capability of a MB-IR-UWB system versus the number of subband and the duty cycle. The architecture simulated shows data rate ranging from 1,434 Gbits/s to 0.9 Gbits/s for 16 to 10 subbands and duty cycle ranging from 20% to 12%.

Introduction:

In the field of wireless sensor, one issue deals with the availability of wireless architectures featuring optimized performances in terms of power consumption and bit rate and lowering interference issues that has motivated the emergence of impulse radio ultra wideband medium (IR-UWB) [START_REF] Oppermann | UWB Theory and Applications[END_REF] and more recently multiband IR-UWB (MB-IR-UWB) [START_REF] Aiello | Ultra-Wideband Wireless Systems[END_REF] aiming to have reconfigurable and flexible architecture that could be adapted following the application. However despite their attractive capabilities already demonstrated, there is a lack concerning a methodology aiming to design a MB-IR-UWB system under different requirements. This paper proposes an original approach to determine system design rules that will be useful to implement advanced communication architectures for wireless sensor network.

Theoretical background: In a low power and consequently low complexity context, IR-UWB techniques are suited as physical layer [START_REF] Oppermann | UWB Theory and Applications[END_REF] [START_REF] Aiello | Ultra-Wideband Wireless Systems[END_REF]. Assuming a receiver without equalization and binary modulation schemes to meet both simplicity of implementation, high data rate and low power consumption, the IR-UWB symbol duration is determined by the addition of the channel delay spread and the pulse duration [START_REF] Paquelet | An Impulse Radio Asynchronous Transceiver for High Data Rates[END_REF]. From the Shannon relation defining the channel capacity C of an ideal band-limited channel B with additive white Gaussian noise (AWGN) interference [START_REF] Proakis | Digital Communications[END_REF] 

C(bits/s) = B.log 2 (1+P s /(B.N 0 )) = B.log 2 (1+SNR) (1) 
where P s is the signal power, SNR is the signal to noise ratio, and N 0 the noise spectral density, we can obtain the IR-UWB channel capacity. The expression of the latter includes parameters such as delay spread for dealing with time variant multipath channel. Since no inter-symbol interference (ISI) is assumed (to avoid equalization [START_REF] Paquelet | An Impulse Radio Asynchronous Transceiver for High Data Rates[END_REF]) and binary modulation is imposed, the IR-UWB channel capacity can be expressed by only considering the temporal resolution defined by the channel delay spread d spread , and the IR-UWB pulse duration T p : 

C IR-UWB (bits/s) = 1 / ( T p + d spread ) (2). 
with the following constraints : n, n max is a positive integer

1 <= n < n max (4) 
Bt = Bs x n <= Bt max [START_REF] Aubert | Mise en place d'une couche physique pour les futures systèmes de radiocommunications hauts débits UWB[END_REF] Bt / n max <= Bs <= Bs max [START_REF] Molisch | IEEE 802.15.4a channel model -final report[END_REF] (1/α max -1) / d spread <= Bs. (7)

Where n is the number of subbands which maximizes the channel capacity, 

d
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 1 Fig.1shows the IR-UWB channel capacity for binary modulation versus

  spread is the delay spread of the considered channel, Bs is the number of subbands for optimizing data rate and Bt is the entire bandwidth used by the Bs max of 750 MHz, α max equal to 20%, and n max equal to 30. Bs max, α max, n max, are arbitrary chosen here to accommodate the hardware implementation constraints. This channel delay spread is extracted from the IEEE 802.15.4a UWB channel model in the case of industrial line of sight environment[START_REF] Molisch | IEEE 802.15.4a channel model -final report[END_REF]. First of all, we can observe that the MB-IR-UWB capacity ranges from 1.434 Gbits/s to 0.967 Gbits/s when the subband bandwith varies from 444,4 MHz to 750 MHz. It has to be outlines that the maximum data rate (1434 Mbits/s) is achieved for the largest number of subband (16) and the locally largest subband bandwidth (464 Mhz). This maximum corresponds also to the locally lowest power consumption (since the duty cycle is at its locally lowest value 19.3 %). Our model also provides the subband channel capacity that varies from 88 Mbits/s to 97Mbits/s when the subband ranges from 444,4MHz to 750 MHz. Finally, the simulations give indication on the duty cycle that is obtained versus the subband bandwidth ranging from 20% to 12% versus subband bandwidth.Simulation of the MB-IR-UWB channel capacity, duty cycle, number of subband and subband channel capacity versus subband bandwidth using the model devolopped Subband bandwidth determined by implementation constraints -GHz Simulations of the MB-IR-UWB channel capacity, duty cycle, number of subband and subband channel capacity versus subband bandwidth using the model developped X= 0.46444 Y= 19.305
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impact the achievable data rate of the MB-IR-UWB system. The optimization problem has a solution only if implementation constraints permit an achievable value for Bs. Bs must be located between Bs min and Bs max . Bs min is defined by n max , α max , d spread , and Bt:

Bs min = max [ Bt / n max ; (1/α max -1) / d spread ]

(9)

If Bs max is greater than Bs min then the problem has a solution. The value of Bs, which optimizes the MB-IR-UWB capacity under implementation constraints, is reached when the number of subband is the highest and when Bs is maximum for this optimized number of subbands.
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