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ABSTRACT 

 
In this paper effects of two most likely interference sources: narrow-band (adjacent WLAN channels) and intra-system 
(Bluetooth-WLAN) interference on range and performance of IEEE 802.11b WLAN equipment were studied. Three 
main sets of measurements were performed: the first as “free space”, the second with narrowband interference and the 
third with wideband interference. The results of the first set were used as a reference for other sets. The third set was 
accompanied by a fourth set, in which adjacent channel interference was measured. All measurements were performed 
at the Microwave Laboratory, Faculty of Electrical Engineering and Computing in Zagreb, Croatia. 
 
INTRODUCTION 
 
Wireless LANs are currently in use in most of the major cities across the world, and are planned to provide coverage 
over large areas for many users. Wireless LANs use mostly unlicensed Industry, Science, and Medicine (ISM) band for 
data transfer, occupying frequencies between 2.400 – 2.4835 GHz [1]. This band is also used by numerous other 
devices like microwave ovens, cordless phones and Bluetooth devices, leading to a crowded environment with large 
possibilities for intra-system and inter-system interference. 

 
Interference causes rise in the noise floor reducing the dynamic range of the signal, which causes reduced coverage if 
link quality is to be maintained. Interference can also cause errored packets requiring retransmission and reducing the 
networks capacity. It is therefore important to understand the effect of various interferences on the performance of 
WLAN equipment in order to optimize the network. 

 
This paper discusses effects of both narrowband and wideband interference on the performance and range of WLAN 
802.11b equipment. The next section considers WLAN parameters, specifically channel allocation and spreading and 
modulation parameters. The third section explains relevant propagation parameters important for determining maximum 
range and received signal power. Measurements were performed in microwave laboratory at Faculty of Electrical 
Engineering and Computing in Zagreb and include free-space measurements, narrowband and wideband interference 
measurements. Intra-system interference of a neighboring channel is given special weight as the most likely source of 
interference, together with denser channel allocation. Finally, conclusions are given in last section. 

 

IEEE 802.11B PARAMETERS 

Wireless Local Area Networks use spread spectrum techniques to send data. Two techniques have been addressed in 
IEEE 802.11 standard: Frequency Hopping Spread Spectrum (FHSS) and Direct Sequence Spread Spectrum (DSSS). 
Most of the 802.11b products support DSSS with 13 channels that are 22 MHz wide and spaced 5 MHz. This means 
that it is possible to set-up only up to three non-overlapping channels (Fig. 1). Most commonly used is the combination 
of the 1st, 6th and 11th channel. Direct sequence technique enables data rates up to 11 Mbit/s under 802.11b and up to 54 
Mbit/s under 802.11g standard. 

 
 

Fig. 1. Three non-overlapping channels most commonly used for DSSS 



 
Spreading in WLAN 802.11b is achieved by an 11-bit Barker code at 1 and 2 Mbps data rates, providing a processing 
gain just over than 10 dB. Complementary-code-keying (16 CCK and 256 CCK) is used for higher data (5.5 and 11 
Mbps, respectively). 

 

WIRELESS COMMUNICATION RANGE 

In free space, the signal from the transmitter antenna reaches the receiver via a single direct path. Received power (Pr) 
is determined by the transmitted power (PTx), transmitter antenna gain (GTx), distance between transmitter and receiver 
antenna (d), receiver antenna gain (GRx), and the carrier wavelength (λ): 
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In indoor and urban environments where wireless systems are most commonly used, many propagation paths occur. 
They are caused by reflections and diffractions of the transmitted signal. Signals from all these paths reach the receiver 
with different amplitudes and phases, resulting in multipath fading. The signal can be attenuated as much as 20 or even 
30 dB due to multipath fading, resulting in much lesser coverage range. Common practice is to use a higher propagation 
exponent (R) (up to 3-4) in order to calculate losses in such environments. From (1) and receiver sensitivity (PRx min), the 
maximum range at which communication is possible (dmax) is calculated according to: 
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An increase in the required receiver power reduces the maximum range significantly. If the receiver sensitivity is 
worsened by as low as 3 dB for any reason, the maximum range may suffer by almost 50%, reducing the coverage area 
by half. An important parameter directing the range of wireless systems is dynamic radio range (D) , which is defined as  
difference between the transmitted (PTx) and minimum receiver power (PRx min): 

 
D = PTx - PRx min      (3) 

Since transmitted power of ISM transmitters is regulated by national regulatory body, and cannot be arbitrarily 
increased, improvements in dynamic range are only possible by improving the receiver sensitivity. Receiver sensitivity 
is always given for a defined error rate and depends on noise power in the receiver (N), required signal-to-noise ratio 
(SNR) and receiver noise figure (F). Required signal-to-noise ratio is dependant on the used modulation technique. If 
SNR is low, the received signal will be close to noise and there is higher probability of erroneous detection resulting in 
loss of one or several information bits. The erroneous bits result in lower quality of service and require retransmission 
of the errored packet. Binary Phase Shift Keying (BPSK) requires the lowest SNR for a given error probability, but has 
a transfer rate of only 1 bit per symbol (bps). 4-PSK modulation has a double transfer rate (2 bps), but requires higher 
SNR to maintain the same error probability. WLAN 802.11b uses Differential BPSK (DBPSK) for 1 Mbps data transfer 
and Differential Quadrature Phase Shift Keying (DQPSK) for higher data rates. 
Any interference increases the noise level and thus the receiver sensitivity. This also lowers the range and coverage of 
WLAN equipment. The lower SNR causes more errors and lower link quality, resulting in lower range and smaller 
coverage. The frames containing erroneous bits have to be retransmitted. If the same packet has errors several times, the 
user’s equipment will use a lower data rate in order to improve link quality. The standard speed of 11 Mbps will be 
lowered down to 5.5 Mbps. If the link quality is still bad, the data rates are falling back to 2 or even 1 Mbps. 

 
 

INTERFERENCE MEASUREMENTS 
 
In order to test influence of noise on WLAN performance, various measurements were performed using several WLAN 
equipped laptops, one access point and a narrowband noise source. WLAN equipment was operating with a 
transmission power of 18 dBm. Relatively small distances of a few meters were used to reduce the influence of outside 
interference as much as possible. Measurements were performed in the microwave laboratory at Faculty of Electrical 
Engineering and Computing in Zagreb, Croatia. 
 



The first set of measurements was taken using a single access point (AP) and one WLAN card placed at distances (d) of 
1 to 4 meters from the AP and is used as a reference for other measurements. Received signal strength (S), total received 
noise (N) and signal-to-noise ratio (SNR) were measured. Free space measurement results are given in table 1. 

 
Table 1. Free space measurements 

d [m] S [dBm] N [dBm] SNR [dB] 

1.0 -38.57 -98.32 59.64 

1.5 -41.63 -96.03 54.80 

2.0 -45.88 -98.13 52.50 

2.5 -41.51 -98.11 56.35 

3.0 -44.14 -97.81 54.63 

3.5 -48.50 -98.83 50.50 

 
Next considered is an effect of narrowband interference on the received noise level and resulting SNR. WLAN 
equipment was active on the 5th channel. A narrowband continuous wave source operating at 0.1 mW transmission 
power with horn antenna of 13.5 dBi gain was placed at distances from 1 to 2 m from the receiver. Frequency of the 
narrowband source was set to 2.43 GHz (and thus within WLAN operating band). The used noise source closely 
resembles an interfering Bluetooth device with 2.5 mW (class II) operating at the same distance from the receiver. This 
is a very likely scenario, as many WLAN users are carrying Bluetooth devices, too.  
 
The results show that the WLAN equipment communicated with the access point in spite of interference and low SNR 
(between 12 and 17 dB). However, the distance between the access point and the user equipment was only 2 m, 
resulting in high average received signal strength of -43 dBm. The communication would not have been possible at 
larger distances, or in obstructed environments where the received signal strength usually falls between –60 and –80 
dBm. Even though Bluetooth utilizes frequency hopping and transmits only part of the time [2], there would still come 
to irreparable damage if it collided with a WLAN packet, resulting in retransmission and possibly even in a reduction in 
data rate. The influence of interference decreases the farther the source is from the WLAN channel central frequency, 
but the probability of erroneous packet is still high. The coexistence is possible by application of e.g., collision 
avoidance algorithms in Bluetooth devices [3]. 
Next series of measurements studied the influence of wideband interference on WLAN performance. An ad-hoc 
network was established within the range of the measuring WLAN equipment and used to cause intra-system 
interference. The measurements were taken while both, i.e., the access point and the interfering WLAN equipment were 
active on the 5th channel at three different points (a,b,c) to reduce the influence of receiver antenna radiation pattern. 
The results are similar to those in the free-space (average S = 45 dBm, N = -100 dBm, SNR = 55 dB). No significant 
noise rise was observed because of the RTS/CTS mechanism, which prevented the packet collision and resulting 
interference. The user equipment was therefore able to correctly receive the information without any increase in 
required SNR, albeit at lesser maximum speed. 

 
In order to determine the influence of neighboring channels on performance, user equipment operating on the 5th 
channel was again placed 2 m away from the access point with interfering equipment placed 1 meter away from the user 
equipment. The frequency of the ad-hoc network consisting of two WLAN transceivers was changed over channels no. 
6 to 10 to cover all possible interference scenarios (table 2). 
 
The interference was most significant when the source of interference was operating on the 6th or 7th channel (on the 
two closest channels), and barely influenced the noise floor on the 8th, as well as on the 9th channel. Channel no. 10 was 
used as a control, because its frequency band falls outside the 5th channel (there is a 25 MHz separation between them); 
thus it should not affect the equipment operating on the 5th channel in any way. As the 9th channel appears to be as 
isolated as the 10th, additional measurements were performed again using and ad-hoc network operating on the 9th 
channel (20 MHz separation), with the closest interference source placed at 1 m distance from the measuring 
equipment. The interfering network consisted of 3 WLAN devices and was set to full load for the duration of this 
measurement with a purpose for the worst-case scenario simulation. Over 50 measurements were performed with this 
set-up to determine if the interference was causing an increase in the noise floor. Averaged measurement results show 
no noticeable difference on the performance of measuring WLAN equipment when compared to the free-space model 



(S=-45.07 dBm, N=-96.24 dBm, SNR=51.79 dB). This suggests that a 4-channel spacing (20 MHz) could be used instead of 
existing 5-channel spacing (25 MHz), resulting in 4 operating channels (1st, 5th, 9th, and 13th) compared to the current 3. 
This would allow for a 33% throughput increase, enabling more users to share the same area and allowing them much 
larger transfer speeds. This increase in capacity comes at the expense of negligible rise in the noise floor, even if the 
interfering equipment is placed only 1 m from the receiving equipment. 
 

Table 2. Wideband neighboring channel interference measurements 

Position S [dBm] N [dBm] SNR [dB] Position S [dBm] N [dBm] SNR [dB] 

6th channel interference 9th channel interference 

a -45.74 -84.01 38.27 a -45.34 -96.85 51.51 

b -47.50 -84.26 36.76 b -46.02 -97.16 51.14 

c -46.66 -83.44 36.78 c -44.71 -96.70 51.99 

7th channel interference 10th channel interference 

a -46.09 -86.66 40.57 a -46.26 -97.37 51.11 

b -45.73 -80.76 35.03 b -44.92 -97.24 53.32 

c -46.67 -83.55 36.88 c -44.89 -96.55 51.66 

8th channel interference 

a -44.58 -94.68 50.10 

b -46.12 -96.09 49.97 

c -44.74 -91.65 47.35 

 

 
 
CONCLUSIONS 
 
Effects of both narrowband and wideband interference on the performance and range of WLAN 802.11 equipment were 
studied. Related propagation parameters were explained and an overview on relevant WLAN parameters was given with 
the focus on channel allocation, spreading and collision avoidance.  
Measurements were performed using WLAN equipment. These encompassed free-space measurements, narrowband 
interference measurements and wideband interference measurements. Special emphasis was given to neighboring 
WLAN channels and Bluetooth as two most likely sources of interference. 
Denser channel allocation using only 20 MHz spacing was considered in order to improve network capacity. The 
measurements have demonstrated that such allocation would cause no noticeable increase in interference. 
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