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ABSTRACT

The paper deals with simulation of Bluetooth and-FlVisystems coexistence over
Physical Layer with help of the new program in MhtlBasic description of the program and
results in graphical and numerical form are inti®tlas BER to power ration dependencies.

1 INTRODUCTION

At present time, wireless access networks use rd#fgrent technologies. The most
extended wireless technology for access to LocataANetworks (LAN) is standard
802.11b/g, which is known all over the world as Fvistandard (Wireless Fidelity). On the
other hand in Personal Area Networks (PAN) is wvanch-used Bluetooth standard, which is
low-cost, low-power, secure and robust technologyiding connection for up to 10 meters
range.

Both introduced standards are located to witha#nise frequency band ISM 2,4 GHz
(2,402 — 2,480 GHz). Frequently, both systems aié-in into the same electronic equipment
and in this case the cross distortion can arisevdest systems. The cross distortion
investigation of the systems is concentrated oerdehation of a bit error rate (BER) for
given the signal to noise ratio (SNR), which isgoional to energetic efficiency given by
Es/No, where E is one bit signal energy ang ¢ spectral noise density.

2 BASIC PROGRAM DESCRIPTION

Program in Matlab provides Physical Layer simulatiof Bluetooth and Wi-Fi
standardsBoth systems work in 2,4 GHz frequency band whiemat suitable for Matlab
simulation (long time of simulation and large meg)orSimplification of simulation was
realized by transposition of the ISM band from 2,402,480 GHz range to 202 - 280 Hz
range. In this case the whole band is used foufrqy hopping in Bluetooth system and for
spread spectrum signal in Wi-Fi system. Bluetoathusation uses 79 channels, which are 1
Hz wide and Wi-Fi uses 13 carriers in the 202 — B&0d.



21 WI-FI SSMULATION

In Wi-Fi Physical Layer simulation are basic rate#fs1l Mbps (BPSK) or 2 Mbps
(QPSK) used and also DSSS (Direct Sequence SpreectréGm) is used for spreading the
signal. Simulation starts with generating pseuddoam sequence of chosen length. This bit
sequence is spread with the Barker code [1 0 1A @ 0 0 0] and modulated with BPSK or
QPSK. Special internal AWGN Matlab function is used simulation of the modulated
signal transmission in noise environment. This fiomc adds together data signal and
equivalent noise signal, which is proportional téRSvalue. Calculation of SNR with help of
Es/No ratio is given by formula
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where {, is a sample frequency angig a symbol frequency. The modulated “noised”
signal is demodulated and despreaded by analogut pseudorandom bit sequence is used
not only for simulation of data transmission in coomication channel, but also for
comparing with demodulated signal and determinatiothe BER on the output. You can see
the block diagram of simulation in the fig. 1.
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Fig. 1. Block diagram of the simulation

22 BLUETOOTH SIMULATION

In Bluetooth Physical Layer simulation 2FSK modigatis used. For spreading the
signal over the ISM band FHSS (Frequency Hoppinge&pb Spectrum) is applied. The



simulation starts with generating the pseudorandata bit sequence (i.e. 10 000 bits). In this
case, the same pseudorandom sequence as in Wmklation is used. We also need to

generate pseudorandom sequence of Bluetooth cémeguencies for Frequency Hopping.

Then pseudorandom data bit sequence is dividedimgslots (10 bits per timeslot) and each
timeslot is modulated with a relevant carrier fregcy. You can see the block diagram of the
Bluetooth simulation on the right side of the fig.

23 SIMULATION OF COEXISTENCE

In the simulation of coexistence we use the moddlaignals from Bluetooth and
Wi-Fi simulations. Power of these signals is adjdstffor simulation of Wi-Fi signal
transmission in presence of Bluetooth and by aralog simulation of Bluetooth signal
transmission in presence of Wi-Fi.

Spectrum of Wi-Fi and BT modulated signals is glted with help of Fast Fourier
Transform (FFT). For Wi-Fi system is considered-saeond time range of modulated signal.
Spectrum of the Bluetooth signal is calculated asum of one-second time ranges of
modulated signals on each carrier.
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Fig. 2: Graphical Interface — simulation layout

24 GRAPHICAL INTERFACE

Program window offers several possibilities, whmhst be accepted before simulation
starts. On the left side of the window (fig. 2) wan adjust common parameters for Bluetooth
and Wi-Fi systems. On the upper left side, the tlernd input pseudorandom bit sequence can
be adjusted. Bluetooth power is set to 0 dBm thinotlge whole simulation while Wi-Fi
power can be adjusted from -20 to 20 dBm. Prograake® it possible to determine the
minimum and maximum Wi-Fi power together with ite[s



Wi-Fi - Bluetooth [dB] BER Wi-Fi[-] | BER Bluetooth [-]
-14 0,0473 0

-12 0,0384 0

-10 0,0283 0

-8 0,018 0

-6 0,009 0

4 0,0018 0

-2 0 0

0 0 0

2 0 0

4 0 0

6 0 0,0019
8 0 0,0144
10 0 0,0205
12 0 0,0217
14 0 0,0278

Tab. 1: BER to power ratio dependence, noise fgNg=20dB
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Fig. 3. Bluetooth and Wi-Fi BER to power ratio dependence

3 SIMULATION RESULTS

Example of simulation is on fig. 2, fig. 3 and tdb. In this case was used 10 000
samples, timeslot length 10 bits, i.e. BER ='1the signal power of Bluetooth was adjusted
on 0 dBm and the signal power of Wi-Fi was adjustecange from -14 dBm to 14 dBm with
a 2 dBm step. The Wi-Fi power carrier frequencg249 Hz through whole simulation, but in
the fig. 2 (Power Spectrum) it is printed to theolehlISM band due to the better display of the
Wi-Fi/Bluetooth power portion for each step. Matkimulation shows that in the particular
conditions, both systems (Bluetooth and Wi-Fi) abde to coexist and communicate with
zero BER. If power of Wi-Fi is less than 4 dB untiez level o Bluetooth power, or no more



than 6 dB above the Bluetooth power, both systemsable to work without any bit errors
(fig. 2, fig. 3 and tab. 1). In these pictures ycan see the bit error rate to power ratio
dependence. Because there is always noise in @mgabnment, we have a choice to add
AWGN noise in the program. Power of the noise digha&alculated for ENp = 20 dB and
the noise doesn't affect the BER of signals verghmAWGN noise signal is used in this
simulation to make smoother the final graphics smgut it near to the real measurement.
You can see the results in graphical form on Figd€&tause most of all Bluetooth equipment
uses much lower power (0 to 10 dBm) than Wi-Fi whises 20 dBm, we reach the right side
of the graph on fig. 3. This range is marked aReal-world conditions area” and you can see
that Bluetooth is less resistant to the interfeeenc

4 CONCLUSION

There was made a new program in Matlab that courEiVend Bluetooth coexistence
as a BER to power ratio dependence. Simulationlteeswe introduced in fig. 2 fig. 3 and
tab. 1. Bluetooth and Wi-Fi systems coexistenceoddsfin the higher amount Bluetooth
system by reason of lower transmitted signal poavet lower ability stand up to wideband
distortion of Wi-Fi system.

A model of physical layer for the Bluetooth and Wistandards has been provided. The
Matlab program described simulates the coexistaicthese two wireless standards. The
simulation results are given in graphical formsdapendence relations between BER and
power portion. The frequency characterizationshef signals and numerical results can be
also displayed.
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