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Abstract 
 

Various wireless technologies use unlicensed ISM band in a frequency range 2.4GHz. Due to collocated, services causes mutual 

interference to one other; it degrades performance regarding Bit Error Rate (BER) and consequently throughput. The Bluetooth occupies 

less bandwidth and low power, gets more hampered as compare to other high bandwidth services is referred to as the heterogeneous envi-

ronment. In this paper, an attempt is made to calculate the performance of basic rate Bluetooth in the presence of other Bluetooth devices 

in the close vicinity. The MATLAB based simulation results showed the degradation of performance of Bluetooth and enriched by se-

lecting different hopping frequency in synchronisation with interfering Bluetooth devices. 
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1. Introduction 

Bluetooth is a standard wireless technology available in various 

devices, due to low cost, low power short range wireless commu-

nication [1, 2]. It can easily connect to various devices such as 

computers, cameras, notebook, headsets, mobile phones, wireless 

printers and other Bluetooth enabled devices wirelessly. Bluetooth 

operates in license-free Industrial Scientific and Medical 2.4GHz 

band, where many radio technologies present such as WLAN, 

ZigBee, cordless phones [3, 4]. Bluetooth designed to operate in a 

noisy frequency environment, with fast acknowledgement and 

frequency hopping technique to mitigate the interference in the 

band. Bluetooth radio hops faster than other devices [5, 6].  

Various work reported for Bluetooth performance regarding BER, 

PER and throughput in the presence of other radio access technol-

ogies such as ZigBee and WLAN. The performance of Bluetooth 

degrades rapidly by WLAN, which is also a function of distance. 

However, it is required to study and check the performance of 

basic rate Bluetooth in the presence of other Bluetooth devices in 

the close vicinity. In this work main focus is to the performance of 

Bluetooth regarding BER and throughput inhomogeneous network.  

From the result obtained it is clear that the BER and throughput of 

Bluetooth reduction with an increase in interfering Bluetooth. 

There is a tradeoff between the distance of interfering Bluetooth 

with BER and throughput. The performance can be enhanced by 

applying a different hopping sequence to Bluetooth.   
This paper is organised as follows. Section II provides a review of 

the literature. Overview of Bluetooth is given in section III. Sec-

tion IV introduces homogeneous interference model of the 

proposed system. Results obtained are presented in Section V. 

Finally we conclude in section VI.  

2. Related Work 

Bluetooth, ZigBee and WLAN operate in the same ISM license-

free band, so the coexistence between these services. As the de-

vices differ in physical design and protocol aspect, this leads sig-

nal of one acts as interference to another device. Since the Blue-

tooth and WLAN protocol based on different mechanism, a signal 

of these is not mutually understandable to one other. It affects the 

performance regarding BER and throughput. Wi-Fi checks the 

channel availability and then transmits the signal, whereas Blue-

tooth continues its transmission irrespective of channel availability. 

Though the WLAN has large bandwidth than Bluetooth, WLAN 

suffers more than Bluetooth regarding throughput [7-11]. 

Various work reported in co-existence problem of Bluetooth and 

WLAN. Some work related to the network level and few in device 

level. Most of the work addresses interference management on 

network level co-existence. In [12] this different adaptive frequen-

cy hopping techniques used to mitigate the co-existence issues. An 

interference source oriented adaptive frequency hopping [ISOAFH] 

approach given by Check et al. Hsu et al. proposed dynamic pack-

et fragmentation to enhance throughput of WLAN in the presence 

of Bluetooth devices in the closed vicinity [13]. Overlap Avoid-

ance (OLA) method, where packet length adjusted in Bluetooth 

and Wi-Fi introduced by Chiasserini and Rao [14]. In some work 

reported in sharing the antenna for this protocol by time division 

scheduling technique [15]. M. A. M. Mohamed et al. employed 

convolution codes in the payload to enhance the performance for 

both AWGN and Rayleigh channel. Convolution code can better 

for large length payload [16]. Seung Hwan Lee and Yong Hwan 

Lee calculated performance of Bluetooth using Adaptive Frequen-

cy Hopping AFH scheme by dividing Bluetooth channel 

concerning WLAN as a good channel [17].  

The author proposed new scheme to improve throughput perfor-

mance of Bluetooth over good channel condition the Channel 

Quality Driven Data Rate (CQDDR) is determined and then pack-
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ets used for transmission, but it fails for larger packets [18]. M. A. 

M. El Bendary and M. A. R. El Tokhy proposed a new technique 

to reduce retransmission time with error control scheme for EDR 

Bluetooth packets, but at higher values of Eb/No effect is not up to 

the mark [19]. Li Jing et al. proposed adaptive packet selection 

strategies by estimating the SNR of the Bluetooth channel. The 

method is suitable for different modulation scheme and data pack-

ets [20]. The author proposed BlueCode to mitigate the co-

existence in the dense environment to enrich throughput of 

WLAN up to 12Mbps in Bluetooth by coordination scheme for 

multiple Bluetooth devices [21].  

From the above survey, it is clear that work reported addresses the 

performance of Bluetooth in the heterogeneous wireless environ-

ment [22, 23]. However, it is required to study and evaluate the 

performance of Bluetooth in a homogeneous environment. 

3. Overview of Bluetooth 

Bluetooth a wireless technology used for short-range radio links 

intended to replace cables in connection with various Bluetooth 

enabled electronic devices. It envisaged that it would allow for the 

replacement of many propriety cables that connect one device to 

other with a universal radio link.  It allows the wireless connectivi-

ty in unlicensed 2.4GHz ISM band. The key features of Bluetooth 

are robustness, low complexity, low power and low cost. De-

signed to operate in noisy environments, Bluetooth uses a fast 

acknowledgement and frequency-hopping scheme to make the 

link robust. Bluetooth avoids interference from other signals by 

hopping to a new frequency after transmitting or receiving packet.  

Bluetooth radio hops faster and uses shorter wavelengths as 

compared to other radio systems in the same band. Thus Bluetooth 

is a wireless LAN technology designed to connect devices of dif-

ferent functions such as telephone, computers, printers, cameras, 

mobiles and other devices. Bluetooth LAN can connect to the 

internet, based on IEEE 802.15.1 standard. Table 1 gives the tech-

nical specifications of basic rate Bluetooth. Main features consist 

of the Frequency range, Transmission power, Bluetooth technolo-

gy, data rate along with Bandwidth utilisation [1]. 

 
Table 1 General Specifications of Bluetooth Technology. 

Sr. No. Specification Feature Supported 

1.  RF Frequency 2.4GHz  

2.  Transmit power  1mW 

3.  Data rate About 1Mbps 

4.  Distance 100 meter(max.), 1 meter(min.) 

5.  Modulation type Gaussian FSK (GFSK) 

6.  Modulation index Between 0.28 and 0.35 

7.  Frequency deviation  +/- 140 to +/- 175 KHz 

8.  BT product 0.5 

9.  Number of RF carriers 79 (max.), 23(min.) 

10.  hopping rate 1600 hops per second 

11.  Access type FH-TDD-TDMA 

12.  Frequency Range 2402 – 2483.5MHz  (79 MHz band) 

(23 MHz in Spain) 

 

GFSK Modulation scheme is used in Bluetooth. The general 

impulse response of Gaussian filters in the time domain is given 

by the Eq. 01.  
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              𝜏  - Constant  

Time domain representation of GFSK signal is as follows 
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Where    1≤ mi ≤ M and 0 ≤ t ≤ Tb ,  

mi modulation index and Tb bit period. Here carrier shifted by 

𝑚𝑖 ∆𝑓.  

Let   𝑑(𝑡) =  ∑ 𝐼𝑛 
𝑛
𝑛= 0 𝑔(𝜏 − 𝑛𝑇𝑏 ) be the signal, g(t) be the rec-

tangular pulse with amplitude 1/2Tb and In amplitude obtained by 

mapping. The complex baseband transmitted signal will be given 

by the Eq. 04.  

 

𝑆𝑇𝑅(𝑡) =  𝑅𝑒[ 𝐴  𝑒𝑗 𝜑𝑚(𝑡) ] (4) 

Here A represents the amplitude of the transmitted signal and 

𝜑𝑚(𝑡) integrated phase given in Eq. 5.  

𝜑𝑚(𝑡) =  𝜋 𝑚𝑖 ∑[ 𝐼𝑛 

𝑡

 −∞

𝑔(𝜏 − 𝑛𝑇𝑏 )𝑑𝜏] + 𝜑0 

(5) 

Where  

       𝐼𝑛  - Mapped to ± 1 as per binary input data 

       𝝋𝟎- Initial phase of the carrier signal, 𝝋𝟎 = 𝟎 to avoid the 

loss of generality. 

4. Block Diagram 

Fig.1. shows the proposed block diagram of Bluetooth Transceiver. 

At the transmitter, the packets get formed with payload along with 

the header and trailer information. These packets encoded and 

then modulated. This data is transmitted over the AWGN channel 

at 1mW output power. Hopping sequence generated and 

synchronised at transmitter and receiver. At receiver, the signal 

decoded and checked for the bit error performance in the presence 

of 1, 2 and 3 Bluetooth interferers. MATLAB based simulation is 

carried out for BER performance. Bit error rate is used to calculate 

data throughput with different Bluetooth interferer.  

5. Methodology 

MATLAB Based simulation of Bluetooth is carried out regarding 

BER and calculated throughput. Proposed work evolves the study 

of Baseband protocol to calculate the data rate and the 

inhomogeneous throughput environment, for Bluetooth receiver 

with different Bluetooth interferers. A trade-off between Eb/No  

and BER, Eb/No and throughput are calculated in one, two and 

three Bluetooth interferer. 

The proposed work completed as  
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• Simulation of Bluetooth Transreceiver model in MATLAB 

Simulink to study the transmission parameters. 

• Evaluated the BER and throughput of Bluetooth 

inhomogeneous network.  

Calculated BER and throughput concerning Eb/No, for basic rate 

Bluetooth with different Bluetooth interferer. 

6. Results and Discussions 

This section presents the BER performance comparison of basic 

rate Bluetooth and Bluetooth with the homogeneous network. It 

can be observed form the Fig. 2 that basic rate Bluetooth without 

interference outperforms the Bluetooth with interference. It shows 

an Eb/No performance gain of 2.13dB, 4.75dB and 6.67dB com-

pared to Bluetooth with a Bluetooth interference, two Bluetooth 

interferences and three Bluetooth interferences respectively. 
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Fig. 1: Block Schematic of Bluetooth Transceiver. 

 

When target BER of 10-3 is considered without changing the hop-

ping sequence. If hopping sequence of basic rate Bluetooth and 

interfering Bluetooth is changed, it shows improvement in the 

BER performance of Bluetooth as depicted in Fig. 3. It shows a 

significant Eb/No gain of 0.1dB and 0.5dB in the presence of one 

Bluetooth and 3 Bluetooth interferers respectively.   

Fig. 4-6 presents a performance evaluation of Bluetooth regarding 

throughput for a different number of Bluetooth interferers. 

Throughput degrades as the number of interferers increases. Fig. 5 

shows the effect of changing the hopping sequence on the 

throughput performance of Bluetooth. It offers substantial en-

hancement in the throughput as compared to constant hopping 

sequence as shown in Fig. 4.  

Basic rate Bluetooth achieves maximum throughput of 64Kbps for 

audio packets at 18 dB Eb/No, whereas it requires 20dB, 22dB 

and excess 24dB of Eb/No to obtain the same throughput with 

single interfere, two interferes and three interferes respectively for 

the same hopping sequence. Basic rate Bluetooth provides a 

maximum throughput of 64Kbps at 18 dB Eb/No, whereas to 

achieve the same throughput with single interfere, two interferes 

and three interferes it requires nearly same 18 dB Eb/No under the 

different hopping sequence scenario. Simulation results reveal that 

different hopping sequence scheme performs well in the 

homogeneous environment.  

 
Fig. 2: BER Performance of Basic Bluetooth without Interference. 
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Fig. 3: BER Performance of Basic Bluetooth with Bluetooth Interferes. 

 

 
Fig. 4: Throughput Performance of Basic Bluetooth with Bluetooth Inter-

ference. 

 

 
Fig. 5: Throughput Performance of Basic Bluetooth with Bluetooth Inter-
ference at different Hopping Frequency. 

 

 
Fig. 6: Throughput Performance of Basic Bluetooth with Bluetooth Inter-

ference at different Hopping Frequency. 

7. Conclusion 

In this paper, the performance of Bluetooth investigated 

inhomogeneous wireless environment. We observed the interfer-

ence effects of other Bluetooth network that could degrade the 

performance. From the experimental result obtained shows that 

BER and throughput get degraded inhomogeneous network. The 

throughput performance of basic rate Bluetooth in the presence of 

other Bluetooth with same hopping frequency degraded by 18%, 

35% and 46% for one, two and three Bluetooth interferes respec-

tively much more than 3.70% for three Bluetooth interferes at 

different hopping sequence. It can be concluded that the perfor-

mance of basic Bluetooth improved by selecting the different hop-

ping frequencies for interfering Bluetooth devices. The BER and 

throughput performance of basic Bluetooth enhanced by keeping 

interferer Bluetooth devices beyond 10 meters 
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