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Abstract—Because of the appearance of a great variety of 
IEEE 802.11 variants, there is a wide range of possibilities. 
Despite of they use to be chosen based on the bandwidth that 
they are able to provide and the distance area that they are 
able to cover, sometimes, there are special cases that the best 
technology is not the newest one. E.g. when we have devices 
that are going to transmit a maximum of 1 Mbps, but it is 
needed the highest signal strength, all of them could be the best 
choice. In this paper, we are going to compare IEEE 
802.11a/b/g/n in indoor environments in order to know which 
technology fits best our purposes. This comparison will be 
taken in terms of signal strength inside the coverage area and 
measuring the interferences between neighboring channels. 
This study will help the researchers to choose the best 
technology depending of their deploying case. 

Keywords-WLAN, IEEE 802.11, Coverage, Interferences, 
Performance 

I.  INTRODUCTION 
One of the major issues in WLAN indoor environments 

is the multipath dispersion due to the influence of many 
signal reflectors and diffusions. Walls, floors and roofs 
attenuate the signal highly and provoke great variations in 
the mean received power. Even the furniture and the metallic 
structures of the walls and roofs have high impact because 
they enhance the scattering and diffraction. There has been 
many studies about the signal propagation in indoors [1][2]. 
Moreover it has been a big deal when designing WLANs in 
indoor environments [3]. 

Because the emitter and the receiver are close, the delay 
between echoes will enlarge the delay spread. But, temporal 
variations are slower because of the low mobility of the 
users. Temporal variations are mainly given by the presence 
of humans close to the antennas. 

 Moreover, there are other features in indoor 
environments such as: 
• Electromagnetic fields provided by electronic devices. 

Although the reflection and diffraction can be modeled, 
there are many things inside the building that introduce 
a certain grade of variability [2]. 

• Usually people walking in any corridor or facility close 
to the emitter or the receiver will cause significant 
variations [4].   

• Because the distances are short, any variation of the 
direction of the antenna will imply high changes in the 
signal received. 

• Metallic objects reflect the radio signal. The signal will 
not cross metallic walls and metallic objects will fade. 

• Wood, crystal, plastic and bricks reflect part of the 
signal, but let pass the rest. 

• The objects with high humidity have more signal 
absorption. 

There are several indoor propagation models. They can 
be classified in empirical models (which are based on the 
measures taken and predict the signal loss), in deterministic 
models (that simulate the signal propagation in order to 
characterize the transmission channel), theoretical models, 
(which are based in the physical laws of the modeled 
medium) and stochastic models (they are modes which 
results have a probability distribution) [5]. The appropriate 
model must be chosen based in the design necessities. 
Empirical models are used in network design, while 
deterministic models are used for high precision applications. 
The first ones are less complex and need lower input 
parameters, but they do not predict instantaneous signal 
fainting [6]. 

The most well known models are the following ones: 
• Log-Normal Shadowing Path Loss Model [7] 
• Loss Model based in COST 231 [8] 
• Linear Path Attenuation Model [9] 
• Keenan-Motley Model [10] 
• ITU-R Model [11] 
• Dual Slope-Model [12] 
• Multi-Wall Model [13] 

Several authors have studied empirically each one of 
them providing their drawbacks and benefits. 

But, when we are setting up a WLAN, it is not practical 
to model all wireless coverage area for each site where the 
access point is going to be placed, especially when we are 
talking about large extension areas [14]. Moreover different 
802.11 variants (a, b, g and n) provide different coverage 
areas and even, different signal strength inside the coverage 
area.  

In this paper, we are going to show the empirical 
coverage area, and the signal strength inside the coverage 
area, in order to know which is the technology that provides 
better coverage features. Moreover, we are going to compare 
the interferences between channels for each technology in 
order to know the number of available channels that can be 
used to plan the wireless network. 

The remainder of this paper is organized as follows. 
Section II shows the related work on WLAN coverage 
designs. The test bench where our measurements have been 
performed is shown in Section III. Section IV, the 
measurements performed and the graphs obtained for each 
technology. The measurements obtained about the 



interferences between channels for each technology is shown 
in Section V. Finally, Section VI, concludes the paper and 
gives our future work. 

II. RELATED WORK 
There have been many studies of indoor coverage for 

single-transmitter and single-receiver protocols, like 802.11a, 
802.11b and 802.11g [5]. Obtaining values of signal level 
from a group of access points has been extensively used for 
avoiding interference and channel planning, like in [14]. 
Even for locating clients by using the signal strength 
received by several access points [4]. IEEE 802.11 
infrastructure has the advantage of being available in 
numerous indoor environments, and is deployed in densities 
that allow for the possibility of positioning with meter level 
accuracy.  

As 802.11 networks are widely deployed, there has been 
a significant amount of work about planning 802.11n 
wireless networks. In such networks, the use of MIMO 
transmission scheme changes the expected behavior of signal 
level due to its multiple antenna use. 

In [15] Foschini derives theoretically that for the same 
SNR a 2x2 MIMO channel can hold twice the amount of 
bandwidth than using a single transmission and receiving 
antenna. As shown in [16] even further gain can be expected 
by the use of larger arrays of antennas in both reception and 
transmission. 

Most of the recently published papers have modeled the 
MIMO channel matrix with independent and identically 
distributed Gaussian entries, which is an idealistic 
assumption, especially for indoor scenarios. More realistic 
MIMO channel models can be generally divided into three 
classes: ray-tracing, scattering and correlation models [17]. 
Anyway, for indoors need very large simulation time and 
complexity for trying to provide a good prediction of the 
channel behavior. On the other hand, correlation-based 
models don’t provide detailed information about coverage, 
which could be needed for applications like indoor 
positioning [18].  

There are still a few indoor 802.11n channel 
measurements reported in the literature. Simulation methods 
of these channels based on direct measurements are even 
fewer. At the 5 GHz band, for example, the publicly 
available IEEE TGn models [19] are the most convenient 
tools for MIMO channel simulations. However they have 
their own limitations; e.g., they are based on single-input 
single-output (SISO) channel models presented in [20] which 
do not reflect accurately the multipath propagation channel. 
Finally, Davies in [21] measures 802.11n signal level for a 
real building, but don’t make any comparison with 802.11a 
or 802.11g previous data. 

From the IEEE 802.11 WLAN interference side, 
Nicolescu [22] proposed a model for interference in dense 
wireless networks that enables a low complexity procedure 
to collect the interference map and can be used to predict the 
damage from several simultaneous interferers. Unfortunately 
measurement of the interference map faces asymmetries in 
the card and channel behavior, which make the complexity 
still prohibitive for dense multiple card networks, requiring 

direct measurements in indoor deployments. Also Fuxjäger 
et al [23] show that the assumption of perfect independence 
between non-overlapping channels does not always hold in 
practice, by means of simple experiments with commercially 
available hardware, and found that the level of interference 
varies with physical distance, concurrent link-load, 
modulation rate, frame size, transmission power, receiver 
sensitivity and design, antenna patterns, etc, calling also for 
more direct measurements.  

III. THE SCENARIO DESCRIPTION 
In this section, we will describe the scenario where the 

measures have been taken and the hardware and software 
used to perform our research. 

A. Place of measurement 
In order to do the measures, we have sought a wide 

enclosure with an area of 91 m2, with a length and a width of 
12.5 m by 6.68 m. This building is made with walls of 
different thickness and materials. We have tried to find a 
scenario that was made from different materials, as can be 
found in common houses. 

Fig. 1 shows the plane of garage. It has rectangular base, 
divided into two parts by a wall of 9 cm of thick: the garage 
(left) and the kitchen (right). The enclosure of the staircase is 
made of bricks with high consistency. All these walls have a 
layer of plaster and paint on both sides. The bathroom is 
made with hollow bricks of 9 cm. These walls are covered 
by ceramic tiles. All external walls are double with a 
Thermic and acoustic insulation of polystyrene. 

Fig. 1 also shows the APs placement. In red we can see 
AP, which has been used for the coverage measurements test 
bench. In green we can see AP1 and AP2, which have been 
used for the interference test bench. Their placement have 
been decided randomly in order to avoid having equidistant 
placements. 

B. Hardware used in the test bench 
Four APs of different brands and models have been used.  

All of them are capable to working in different wireless 
technologies of IEEE 802.11 a/b/g/n (depending on the 
model). The models used are described below: 
• Linksys WRT320N: It is a small device that is able to 

work in IEEE 802.11a/b/g/n standard variants. It works 
at frequencies of 2.4 GHz and 5GHz. It has three 
internal antennas, needed to work in IEEE 802.11n. Its 
RF power (EIRP) is 17 dBm. 

• Dlink DWL-2000AP+: It works on IEEE 802.11b. It can 
be configured to work as a wireless AP, as a point to 
point bridge with another access point, as a wireless 
bridge point to multi-point or as a wireless client 
configured. Its output power is 16 dBm. 

• Cisco Aironet 1130AG: It has been built to provide 
wireless coverage in offices and workplaces for their 
services. It is designed to be hung on the wall in a 
vertical position and it can works in IEEE 802.11a/g but 
it is also compatible with 802.11 b. It output power in 
IEEE 802.11a is 17 dBm, and its output power in IEEE 
802.11g is 20 dBm. 



 
Figure 1.  Scenario and APs situation. 

 

• Linksys WRT54GL: This device is capable of working 
in the variants IEEE 802.11 b/g, therefore, is only 
capable of emitting at a frequency of 2.4 GHz. It has 2 
external antennas, which are used to correct the 
multipath effect. His RF power (EIRP) is approximately 
18 dBm. 

• Linksys WUSB600N: This is a wireless USB interface 
device that has been used as the capture device for all 
Laptops and PCs used in the test bench. This wireless 
card is able to capture IEEE 802.11a/b/g/n signals. It has 
a transmitting power of 16 dBm in all variants and its 
receiver sensitivity is approximately -91 dBm. 

In order to take the coverage measurements, we have 
used a laptop with dual core processor at 1.67 GHz per core 
and 1 GByte of RAM. In addition, two desktop PCs with a 
AMD 1700MHz CPU and 1 GByte of RAM memory, have 
been used to take the interference measurements. 

C. Software used 
This subsection describes the software used to perform 

our test bench. 
• InSSIDer is a freeware that can detect wireless networks 

and manage, in a graphics mode, the intensity of these 
signals. This program let us detect all wireless networks 
in the test area on the computer screen and lists all of 
their details: SSID, MAC address, channel, Radio Signal 
Strength Indicator (RSSI), type of network, security, 
speed and signal intensity and allows monitoring the 
signal quality via a chart using the received RSSI. [24] 

• MS-DOS commands. The MS-DOS shell presents some 
utilities and commands, which allow checking the status 
of the network connection. 

• Net Meter monitors network traffic and shows the 
bandwidth rate is used by a network device. [25] 

IV. COVERAGE MEASUREMENTS 
This section describes the strategies carried out to do the 

coverage measurements and the measures obtained. 

A. Process to gather the coverage measurements 
First we measured the wireless coverage offered by each 

device, working on various wireless technologies. These 
signal values depend mainly, on the losses suffered due to 
the walls traversed and the multipath effect. 

In order to perform this work, we draw a grid in the 
garage floor. It allowed us to take measurements of all 
devices in the same place. The position of the measure points 
is seen in Fig. 1. The equidistant points shown in the figure 
are separated 1m from each other.  

Each access point has been located in the stairwell 
(marked in red on Fig. 1), at a height of 50 cm of the floor. 
The signal power levels received at each measure point is 
collected by a laptop running the application software 
InSSIDer. The used capture device was a WUSB600N 
wireless card for all computers in order to avoid adding some 
sort of error taking the measurements. The laptop was 
located at a height of 50 cm above the ground. 

B. Results of coverage measures 
In Fig. 2 we can see the legend used for all coverage 

graphics. All values shown are measured in dBm. 
Fig. 3 shows the level of coverage obtained with Linksys 

WRT320N when it is configured to work only in 802.11a. 
As the figure shows, the best coverage is located in the 
stairwell. The signal is propagated out of the walls of the 
stairwell to the outer walls. Then, there signal strength is 
quickly decreased with some low peaks in the coverage area. 

Fig.4 shows the level of coverage obtained with Linksys 
WRT320N configured to work only in 802.11b. In this case, 
the best coverage is located in the staircase, but the signal is 
decreased quickly as it is propagated to the garage. The 
kitchen area has a lower signal level than the garage. 

Fig. 5 shows the level of coverage obtained for the 
Linksys WRT320N configured to work only in 802.11g. As 
we can see, it coverage when it is working in IEEE 802.11b 
is better than in IEEE 802.11g. It is even more significant in 
closest distances. 



Fig. 6 shows the level of coverage obtained with the 
Linksys WRT320N configured to work only in 802.11n. 
Although there is high signal strength close to the access 
point, there are suddenly low values in the coverage area. 

Fig. 7 shows the level of coverage obtained with the 
Dlink DWL-2000AP configured to work only in 802.11 b. 
This device presents the highest signal levels in almost all 
the garage surface, and the kitchen’s area. 

Fig. 8 shows the level of coverage obtained with the 
Cisco Aironet 1130AG configured to work only in 802.11 g. 
This device is the one that presents the lowest signal level. 

This may be due to the antenna radiation direction (we place 
all the devices in the same position, independently of the 
placement of the antenna inside of them). 

 

 
Figure 2.  Colour legend.

 
Figure 3.   Coverage to Linksys WRT320N in 802.11a. 

 
Figure 4.  Coverage to Linksys WRT320N in 802.11b. 

 
Figure 5.  Coverage to Linksys WRT320N in 802.11g. 

 
Figure 6.  Coverage to Linksys WRT320N in 802.11n. 

 
Figure 7.  Coverage to Dlink DWL-2000AP in 802.11b. 

 
Figure 8.  Coverage to Cisco Aironet 1130AG in 802.11g.



 
Figure 9.  Coverage to Linksys WRT54GL in 802.11b. 

Fig. 9 shows the level of coverage obtained with the 
Linksys WRT54GL configured to work only in 802.11b. It 
has been the device that provides higher signal strength in 
the coverage area. 

V. INTERFERENCE MEASUREMENTS 
This section describes the process used to make the 

interference measurements. It also shows the topology of 
PCs and APs.  

A. Scenario 
In this test we have used four PCs and two APs of the 

same brand and model. Fig.1 shows the location of AP1 and 
AP2 (marked in green). These sites are chosen to ensure that 
there are walls between the two small wireless networks. 

First, we used channel 6 for both wireless networks. 
Then, we configured different IP networks in order to 
perform our test. Now we are able to measure the effects 
given in one of the networks by the interference generated by 
other network working in the same channel. Fig. 10 shows 
the topologies. The PCs are situated at a distance of 
approximately 1 m from the AP which is associated to. 

A large file is transmitted between the computers 
associated to the AP2. Meanwhile, measurements of the 
packet loss, throughput and bandwidth consumed are carried 
out in the Wireless Network of the AP1. 

B. Lost Packets 
In order to know the lost packets, a ping is transmitted 

between the PCs associated to AP1. We fixed the maximum 
time to 1000 milliseconds. After this time, the packet will be 
considered lost. We choose a small time, because it is a small 
network, without a large number of intermediate devices that 
may introduce delays. Measurements were taken during 3 
minutes in each of the devices. Fig. 11 shows a comparison 
of the number of packet lost (in %) in each technology for 
each device. All devices have a % of loss around 25%, with 
the exception of AP Cisco Aironet, which loss do not 
exceeded 15%. We can see that the device that had higher 
packet loss was the Linksys WRT320N, followed by the 
Linksys WRT54GL. We have observed that there were 
slightly less packet loss the IEEE 802.11b and IEEE 802.11g 
technologies than in the IEEE 802.11a and IEEE 802.11n 
technologies. 

 
Figure 10.  Network topology. 

C. Throughput and Bandwidth consumption measurements  
In order to measure the throughput offered by each 

device, we have performed the following test. First, 2 PCs 
were associated to the AP2 and were transmitting large files 
consuming all the bandwidth available in this network. Then, 
there were 2 PCs associated to the AP1, that were 
transmitting a large file too and we used them to know the 
throughput during this transmission. The Net Meter captured 
the consumed bandwidth in one of these PCs. The measures 
are carried out during 2 minutes. The result of these 
measurements is shown in Fig. 12. 

The device that offered higher throughput was Cisco 
Aironet device (although the signal was less stable than the 
others) followed by the Linksys WRT320N. Finally, we 
divided the average bandwidth consumption by the 
theoretical bandwidth of the technology in order to show the 
% of throughput consumption for each technology. The 
result of this estimation is shown in Fig. 13. In this case it is 
clear that the interference highly affects the performance of 
the wireless network technology. IEEE 802.11 b and IEEE 
802.11g have higher throughput than IEEE 802.11a and 
IEEE 802.11n.  

VI. CONCLUSION 
In this paper we have measured the signal strength inside 

the coverage area of several WLAN technologies (concretely 
in the IEEE 802.11a/b/g/n variants). We can see that in the 
closest zones the best technologies have been IEEE 802.11b 
and IEEE 802.11n, while the worst one have been IEEE 
802.11g and IEEE 802.11a. The one with highest signal 
strength in larger distances has been IEEE 802.11b and the 
worst ones have been IEEE 802.11g and IEEE 802.11n. 

We have also measured the interferences between 
neighboring channels for each variant. We have observed 
that the hardware used is more significant in the packet loss 
than the technology, but Technologies IEEE 802.11b and 
IEEE 802.11g seem to be better. 
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Figure 11.  Lost packets. 
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Figure 12.  Bandwidth. 
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Figure 13.  Throughput. 
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