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APPLICATION OF 5 GHZ WI-FI 
IN HOME WIRELESS NETWORKS

Summary

Th e family of 802.11 standards introduced by IEEE is undeniably the most 
popular technology for wireless local area networks (WLANs). 802.11-based 
products marketed under the Wi-Fi banner are present in many homes, offi  ces 
and public buildings. Since Wi-Fi networks operate in the unlicensed 2.4 GHz 
and 5 GHz bands, they are exposed to high level of extraneous RF signals 
coming both from neighboring Wi-Fi networks and other sources. Th e problem 
is especially acute in the most crowded 2.4 GHz band. 

In offi  ce buildings with centralized networks, the problem of interferences 
might be alleviated by a careful network planning. However, such an approach 
is typically not applicable to blocks of fl ats where plenty of independent Wi-Fi 
networks coexist on a relatively small area. 

In this paper, the application of 5 GHz Wi-Fi in small home networks 
is considered as a  remedy for the above-mentioned problem. Results of 
measurements performed in an urban environment suggest that when a router 
and a mobile station are located at the same fl oor, the 5 GHz Wi-Fi might 
become an attractive alternative for its 2.4 GHz counterpart.
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Introduction

Introduction of the fi rst version of the IEEE 802.11 standard in 1997 
and, especially, its subsequent extensions (802.11a and 802.11b) in 1999 can 
be considered as the true beginning of local wireless networking era. Within 
several years, the Wi-Fi technology became one of the most popular wireless 
technologies next to GSM and Bluetooth (Burbank et al. 2013).

Since Wi-Fi networks operate in the unlicensed Instrument, Scientifi c and 
Medical (ISM) bands they oft en need to cope with high level of extraneous RF 
signals coming both from neighboring Wi-Fi networks and other sources. In 
particular, the 2.4 GHz ISM band is heavily used not only by Wi-Fi devices 
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operating in 802.11b/g, and /n modes but also by Bluetooth devices, cordless 
phones, and microwave ovens (Bartz 2012).

The problem of interferences can be mitigated in Wi-Fi networks 
operating in offi  ces and public buildings in the process of network planning 
and deployment. Th e 2.4 GHz ISM band is divided into a number of channels 
(11 in the USA, 13 in Europe, 14 in Japan) three of which (1, 6, and 11) are 
the non-overlapping channels and can operate simultaneously in the same 
physical area with a negligible degree of the interchannel interference (Rackley 
2007) (see Fig. 1). Th us, with careful analysis of the geometry and properties of 
the building space, Wi-Fi access points (APs) can be deployed in a way which 
minimizes the level of interferences within the network. Th e same approach 
however, usually cannot be applied to small networks operating in private fl ats 
and houses (Doliń ska et al. 2014). In Fig. 2, a screenshot from the Xirrus Wi-
Fi Inspector soft ware (Xirrus 2015) is shown. Th e program shows a number 
of detected 2.4 GHz Wi-Fi networks operating in the vicinity of a private fl at. 
Th e registered data include the signal strength measured in dBm, the selected 
channel number and the operating frequency. As it can be seen, the power levels 
of the fi rst four networks are quite signifi cant (-66 ÷ -61 dBm) and they operate 
at channels number 1 and 6. If the network in this fl at operated at channel 6, 
the eff ective noise level for this network would be -61 dBm at least. Low Signal 
to Interference plus Noise Ratio (SINR) (Vlavianos et al. 2008) would lead to 
higher bit error rate (BER) and thus, cripple the eff ective throughput of the 
network. Since private users are usually not aware of technicalities and use the 
cheapest equipment available, such scenario is quite possible.

Figure 1. Channel arrangement in the 2.4 GHz band

 

Source: Rackley (2007)

Since the 802.11a extension, the IEEE 802.11 standard enables operation at 
the 5 GHz ISM band. Th e 5 GHz band off ers higher data rates, larger capacity 
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and lower level of interferences than the 2.4 GHz band. Th e last feature results 
mainly from the lower operating range due to the higher free space attenuation 
and the poor penetration through walls, ceilings, fl oors and other obstructions 
(Rackley 2007). Th is is also the main reason of smaller popularity of 5 GHz 
networks. Th e goal of this paper is to investigate if, and under what conditions, 
the 5 GHz Wi-Fi can be considered as an attractive alternative to the 2.4 GHz 
standard. Th e investigation is limited to small private networks located in 
densely populated urban areas. To this end, results of careful measurements 
performed with widely available equipment are presented and discussed. Th e 
measurements were performed in two locations: a fl at located in an apartment 
block and a two-level house located in a densely populated neighborhood.

Th e rest of the paper is organized as follows. In Section 2, the experimental 
conditions are described including locations, hardware and soft ware tools 
and measurement point deployments. In Section 3, the obtained results are 
discussed and recommendations are given. Section 4 concludes the paper.

Figure 2. Some of 2.4 GHz Wi-Fi networks detected in the vicinity of 
a private fl at

Source: own preparation.

Experimental conditions

Initial assumptions

Th e experiments are performed in two locations: a fl at in an apartment 
block and a two-story house located in a densely populated neighborhood. In 
both locations, power levels of 2.4 GHz and 5 GHz Wi-Fi signals are measured 
using exactly the same hardware and soft ware tools. Th e power levels are 
measured only in rooms excluding kitchens and bathrooms. In each room, 
typically fi ve measurement points are selected: four in the corners plus one 
in the middle. Th e Wi-Fi router is located close to the central point of a given 
location. In the case of the two-story house, two series of measurements on both 
levels are performed: the fi rst one with router at the fi rst fl oor and the second 
one with router at the second fl oor of the house.
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Hardware and software tools

As a source of the Wi-Fi signal, the NETGEAR N600 wireless dual band 
router WNDR3400 is used (NETGEAR 2015). Th e router can work in the 
802.11b/g/n modes at 2.4 GHz and in the 802.11a/n modes at 5 GHz with 
maximum speed up to 300 Mbps. As a signal receiver, the AirTies Air2410 
dual band wireless USB adapter is used (AirTies 2015). 

Results of measurements are obtained using the freeware Xirrus Wi-Fi 
Inspector soft ware (Xirrus 2015). Th e program can measure the current power 
level of a Wi-Fi signal, as it is shown in Fig. 2, and register the evolution of 
the signal power in time (see Fig. 3). Th e maximum temporal resolution of 
measurements is 5 seconds and the maximum time length of data collecting 
is 500 seconds.

Locations characteristic and measurement points

Th e fi rst location is a 65-square-meter fl at in an apartment block built 
mostly from solid and perforated bricks. Th e fl at consists of three rooms, an 
anteroom, a kitchen and two bathrooms. Th e fl at blueprint with indicated 
measurement points and the router location is shown in Fig. 4.

Th e second location is a two-story house based on the reinforced concrete 
skeleton frame structure infi lled with solid bricks and situated in a densely 
populated neighborhood and thus, also exposed to a high level of extraneous 
RF signals in the 2.4 GHz band. Th e blueprints of the fi rst and the second fl oor 
with indicated measurement points and the router locations are shown in Fig. 5 
and 6, respectively. Th e area of each fl oor amounts approximately to 60 square 
meters.

Figure 3. Th e power-level tracing functionality of the Xiruss Wi-Fi Inspector

Source: like in Figure 2.
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Experimental results

Measurement data analysis

Th e power levels of the 2.4 GHz and 5 GHz signals are measured at all 
points in both locations. Th e measurement data are collected in each point 
through the period of 200 s and then, the average from the maximum and 
minimum values is taken for further investigation. Th e data obtained at the 
fi rst and the second location are gathered in Table 1 and Table 2, respectively. 
Additionally, the data are presented in the chart form in Fig. 7 (the fi rst location) 
and in Fig. 8 (the second location, router placed on the second fl oor).

Figure 4. Th e fi rst location fl oor plan with measurement points and the 
router location indicated

Source: like in Figure 2.

Figure 5. Th e second location fl oor plan with measurement points and the 
router location indicated (1st fl oor)

Source: like in Figure 2.
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For the fi rst location, it can be seen that the power level of 2.4 GHz is 
between -34 and -50 dBm. Th e largest value (-34 dBm) is obtained for point 14, 
which is located in the vicinity of the router. For the remaining measurement 
points, the power value is distinctly lower (-40 ÷ -50 dBm). As it can be expected, 
the power level of the 5 GHz signal is typically several dBm lower than at 2.4 
GHz (15 dBm on average). According to the IEEE 802.11n specifi cation (IEEE 
2009), to obtain the highest data rate for a single spatial data stream (64-QAM 
modulation with the 5/6 coding rate), the required input sensitivity must be 
equal to at least -64 dBm and -61 dBm for 20 MHz and 40 MHz channel width, 
respectively. In the case of the 2.4 GHz signal, this requirement is always met. 
However, due to high level of interferences in this band, higher level of BER can 
be expected, which will have an adverse eff ect on the actual throughput. On 
the other hand, the level of interferences in the 5 GHz band can be considered 
as negligible since no other 5 GHz Wi-Fi networks are detected in the location 
vicinity and penetration of 5 GHz signals is very limited.

Figure 6. Th e second location fl oor plan with measurement points and the 
router location indicated (2nd fl oor)

Source: like in Figure 2.

Table 1. Measurement data from the fi rst location
Point 

number
Power level [dBm] Point 

number
Power level [dBm]

2.4 GHz 5 GHz 2.4 GHz 5 GHz
1 -49 -57 9 -39 -52
2 -44 -68 10 -41 -52
3 -40 -62 11 -45 -61
4 -46 -65 12 -45 -60
5 -50 -65 13 -47 -58
6 -44 -58 14 -34 -48
7 -45 -65 15 -50 -59
8 -46 -59

Source: own preparation.
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In the fi rst location, a certain area can be distinguished, between point 
8 and 15, on which the power level of the 5 GHz signal is around -60 dBm 
and higher. Such a power level should be suffi  cient to secure the highest data 
rate with low BER. However, even on the remaining area (points from 1 to 
7) the power level never drops below -70 dBm and thus, is suffi  cient for 16-
QAM modulation with 3/4 coding rate (IEEE 2009). Th e question whether the 
actual throughput will be higher for the interference-aff ected 2.4 GHz signal 
or the interference-free 5 GHz signal is open and requires an experimental 
verifi cation. Nevertheless, it can be concluded that in a typical fl at, an area 
can be marked, on which 5 GHz Wi-Fi is distinctively superior to its 2.4 GHz 
counterpart. Th e location of this area depends strongly on the router location. 
Th us, by changing the router placement, certain rooms, such as a study or 
a living room, which require higher network capacity and data rates, can be 
serviced by the 5 GHz Wi-Fi.

Th e data analysis obtained from the second location provides similar 
conclusion. When the router is located at the same fl oor as the signal receiver, 
the 5 GHz signal power level never drops below -70 dBm. However, when the 
router is located at a diff erent fl oor, the 5 GHz signal becomes very weak and 
at some points drops well below -80 dBm. Th is result is also interesting since it 
confi rms small interference threat from 5 GHz networks in the case they will 
become ubiquitous. Nevertheless, in the case of a two-story house, usage of 
the 5 GHz Wi-Fi is limited only to the fl oor on which the router is located. At 
the other fl oor, 2.4 GHz Wi-Fi can be used; however, with a lowered data rate. 
Alternatively, another router/repeater can be used to provide the 5 GHz Wi-Fi 
to the second fl oor.

Figure 7. Changes of the power level with the point number for the fi rst 
location
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Figure 8. Changes of the power level with the point number for the second 
location. Th e router is placed on the second fl oor
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Source: like in Figure 2.

Table 2. Measurement data from the second location
Router at 1st fl oor Router at 2nd fl oor

Point 
number

Power level [dBm] Power level [dBm]
2.4 GHz 5 GHz 2.4 GHz 5 GHz

1a -53 -52 -58 -74
1b -53 -52 -58 -75
1c -44 -55 -45 -63
1d -50 -57 -56 -74
1e -51 -59 -44 -63
1f -42 -56 -53 -71
1g -45 -57 -53 -74
1h -40 -57 -53 -76
1i -36 -58 -54 -79
2a -66 -77 -47 -65
2b -66 -77 -48 -61
2c -68 -76 -43 -57
2d -66 -77 -44 -59
2e -66 -76 -49 -61
2f -66 -88 -52 -63
2g -64 -80 -48 -63
2h -67 -85 -42 -62
2i -68 -87 -43 -61
2j -69 -86 -49 -62
2k -55 -68 -34 -53
2l -58 -68 -33 -51
2m -66 -83 -45 -55
2n -45 -67 -43 -60
2o -65 -75 -49 -61

Source: like in Table 1.
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Interference power estimation 

For the fi rst location, the level of interference power is estimated. First, in 
the central point of each room (4, 8, and 13) power levels of extraneous Wi-Fi 
networks are measured. Next, the interference power within a given channel is 
calculated using the following formula (Doliń ska et al. 2014):

where nPint represents the interference power in the channel n, x
kP is the power 

of the station k transmitting in the channel x, and CRCz is the correlation ratio 
coeffi  cient for the channel distance z = n – x. CRC is calculated as the ratio 
of overlapping fi lter spectral masks of two given channels (Doliń ska et al. 
2014). CRCs values are shown in Table 3. In Table 4, calculated values of the 
interference power in the 2.4 GHz band are presented. Only stations from which 
the received signal power exceeds -90 dBm are included. In Fig. 9, the average 
interference power per channel is depicted. Th e highest interference power 
level can be observed for channel 11 (around -59 dBm) and the lowest one for 
channel 2 (around -65 dBm). Assuming the noise fl oor at the typical level of -95 
dBm, it can be estimated that the SINR value for the 2.4 GHz Wi-Fi in the worst 
case might be even 25 dB lower than for the 5 GHz Wi-Fi. Such a signifi cant 
diff erence would defi nitely deteriorate BER in the 2.4 GHz network and favors 
usage of the 5 GHz standard in spite of the lower received signal strength.

Table 3. CRC values
Channel 
distance CRC [%] Channel 

distance CRC [%] Channel 
distance CRC [%]

0 100 4 0 8 0
1 75 5 0 9 0
2 49 6 0 10 0
3 29 7 0

Source: Doliń ska et al. (2014).

Table 4. Th e interference power level from neghboring access points in the 
fi rst location at 2.4 GHz frequency

Channel 
number

Power level at measurement point 
[dBm] Channel 

number

Power level at measurement point 
[dBm]

4 8 13 4 8 13
1 -70 -70 -49 7 -65.5 -61.5 -62.5
2 -71.5 -74 -50 8 -61 -58 -63
3 -68 -65 -52 9 -60 -56.5 -63.5
4 -65.5 -63 -54 10 -59.5 -54.5 -65
5 -63.5 -61 -62.5 11 -58.5 -54 -64
6 -62 -60 -61

Source: like in Table 1.
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Figure 9. Average interference power distribution per channel – 1st 
location, 2.4 GHz signal
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Conclusions

Th e experimental results obtained from two locations back up the idea of 5 
GHz Wi-Fi application in small private networks in the case, when the router 
and a mobile station are located at the same fl oor. Since interferences in the 5 
GHz band can be considered as negligible, it can be expected that the actual 
throughput in the 5 GHz Wi-Fi network will be higher than in the 2.4 GHz Wi-
Fi, even with a lower received signal strength. In the case of multi-story houses, 
additional equipment in the form of routers/repeaters is necessary to provide 
a good-quality 5 GHz Wi-Fi signal to other fl oors of the house.
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Zastosowanie sieci Wi-Fi o częstotliwości 5 GHz 
w małych sieciach domowych

Streszczenie

Rodzina standardów 802.11, wprowadzonych przez organizację IEEE, 
stanowi niewątpliwie najpopularniejszą technologię dla lokalnych sieci bez-
przewodowych WLAN. Produkty oparte na  standardach z  rodziny 802.11 
i  opatrzone logo Wi-Fi są obecne w  wielu domach, biurach i  budynkach 
użyteczności publicznej. Sieci Wi-Fi operują w nielicencjonowanych pasmach 
o częstotliwościach 2.4 i 5 GHz i z tego względu są narażone na wysoki poziom 
obcych sygnałów radiowych, pochodzących zarówno z sąsiednich sieci Wi-Fi 
jak i  innych źródeł. Zjawisko to jest szczególnie dokuczliwe w  intensywnie 
wykorzystywanym paśmie 2.4 GHz. 

W  budynkach biurowych, z  centralnie zarządzanymi sieciami Wi-Fi, 
problem może zostać złagodzony dzięki starannemu planowaniu sieci. Takie 
podejście nie jest jednak na ogół możliwe w blokach mieszkalnych, w których 
na stosunkowo niewielkim obszarze współistnieje wiele niezależnych sieci 
Wi-Fi. 

W niniejszym artykule rozważono zastosowanie sieci Wi-Fi pracującej 
w paśmie 5 GHz w małych sieciach domowych jako potencjalnego sposobu 
rozwiązania wyżej wspomnianego problemu. Uzyskane wyniki pomiarów 
przeprowadzonych w środowisku miejskim sugerują, że o  ile router i  stacja 
mobilna znajdują się na tym samym piętrze, to częstotliwość 5 GHz może 
stanowić atrakcyjną alternatywę dla pasma 2.4 GHz.

Słowa kluczowe: lokalna sieć bezprzewodowa, IEEE 802.11, interferencja.

Kody JEL: C93, O33
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