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Abstract/Résumé 
Wireless communication has been a part of human life and it is continuously evolving. Over the past decade, there has been a growth in cellular 

network traffic due to a significant increase in the usage of wireless communication devices. With the usage of these devices, the assessment 

of human exposure to radio-frequency electromagnetic field (RF-EMF) has now become very important due to public risk perception. The 

human exposure to RF-EMF at a given location exhibits variation in the time domain due to the dynamic nature of radio channels and traffic. 

With much spectrum having been re-farmed to new generation of technologies, it is necessary to investigate the time variability of each cellular 

band. This paper investigates the average 24-hour time variability of each cellular band by collecting one-week of measurement data using 

frequency selective measurement system at a stationary position in an indoor environment, which is located within a few hundred meters 

vicinity of two base station sites with several cellular antennas (2G, 3G, 4G and 5G) from four operators. We analyze the trend in the average 

24-hour time variation of RF-EMF downlink (DL) exposure averaged per minute and per hour for each cellular band where the variation pattern 

depends on the cellular technologies being utilized. As a conclusion, the RF-EMF downlink (DL) exposure is higher during daytime than at 

night due to the increased cellular usage. Moreover, the 700 MHz, 2600 MHz and 1800 MHz bands dominate the variation pattern of the total 

RF-EMF DL exposure as they have higher contribution to the total RF-EMF DL exposure. 

1 Introduction 

Since the initial arrival in the late 1970s, cellular networks and technologies have evolved considerably with no 

signs of slowing down to meet ever-increasing demands and rising specification requirements [1]. This rapid 

evolution of radio technologies is always accompanied with public risk perception of radio frequency 

electromagnetic field (RF-EMF). 

When a new generation (i.e., 4G/5G) network is introduced, the mobile traffic will gradually migrate from the 

older generation (i.e., 2G/3G) networks to the new one [2]. This opens up an opportunity to use the older generation 

spectrum for the new one using an innovative technique called spectrum refarming that supports different 

generations of cellular networks to operate in the same radio spectrum [3]. Some studies have investigated the 

short-term time variability of RF-EMF exposure [4-8]. These studies did not consider spectrum refarming as their 

studies were based on the technology (e.g., GSM in [7], GSM and UMTS in [4-6], GSM, UMTS and LTE in [8]). 

In this study, we investigate the average 24-hour time variability trend and contribution percentage of each cellular 

band to the total indoor RF-EMF DL exposure. One-week measurements were conducted at a stationary position 

in a building. The building is located within a few hundred meters vicinity of two base station sites with several 

cellular antennas (2G, 3G, 4G and 5G) from four operators. First, we compute the average 24-hour temporal 

variation of E-field averaged per minute and per hour for each cellular band to compare the time variability trend 

of each band with the total RF-EMF DL exposure. Next, we compute the contribution percentage of each band to 

the total RF-EMF DL exposure. Afterwards, we analyze the variability of all bands and the total RF-EMF DL 

exposure. Finally, we analyze the results in order to consider spectrum refarming.  

The remainder of this paper is organized as follows; we present the measurement equipment and the measurement 

description in Section 2. In Section 3, we analyze the results. Finally, we conclude with Section 4. 

 

2 Measurement description 

The frequency selective measurement system used in this study consists of a Tektronix RSA306B real-time 

spectrum analyzer, switch, Arduino-based hardware, tri-axis E-field probe and a PC that runs Tektronix SignalVu-
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PC™ RF signal analysis software and a graphical user interface (GUI) to control the measurement parameters as 

shown in Figure 1. A Tri-axis E-field probe, commercialized by Microwave Vision Group (MVG) as TAS-1208-

01, is connected to the ‘one-port’ spectrum analyzer through a switch, which is controlled by Arduino-based 

hardware. The electric field (E-field) is the root-mean square of the measurement on each axis. Our frequency 

selective measurement system allows measurement from 9 kHz to 6.2 GHz. 

 

 

Figure 1: Frequency selective measurement system installed at a stationary position  

We continuously measured the electric field strength at a stationary position in the indoor environment for one 

week with a probe fixed at the height of 1.5 m to assess the E-field level and then analyze the average 24-hour 

time variation of RF-EMF DL exposure for each frequency band.  

3 Result and discussion  

The base stations, which are located near the building, support several cellular antennas (2G, 3G, 4G and 5G) of 

four operators.  Of the new generation networks, 5G operates on multiple bands (700 MHz, 2100 MHz and 3500 

MHz) and LTE operates on all bands except 900 MHz and 3500 MHz bands [9]. Whereas, 2G and 3G operate on 

900 MHz band. The electric field of each band (Ei(t)) is measured on each axis (Exi (t), Eyi (t) and Ezi (t)) and the 

total electric field is computed using Equation (1).  

 

Figure 2: Time variation of E-Field for cellular bands in 24 hours  

 

𝑇𝑜𝑡𝑎𝑙 (𝑡) = √∑ 𝐸𝑖
2(𝑡)

𝑖∈𝑓
                                                     (1) 



where   f = {700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2600 MHz, 3500 MHz} and 

 𝐸𝑖(𝑡) = √𝐸𝑥𝑖
2(𝑡) + 𝐸𝑦𝑖

2(𝑡) +  𝐸𝑧𝑖
2(𝑡) 

 

Figure 2 shows the average 24-hour temporal variation of E-field averaged per minute and per hour for each 

cellular band. The trends of all bands' exposure levels look similar, which decrease at night and then increase 

during the daytime due to the significant increase of cellular usage. The trend of the temporal variation depends 

on the cellular technologies that are utilized on each frequency band as each mobile communication technology 

has its own technique to adapt and exploit the radio channel and traffic variations. Among all the technologies, 

LTE bands provide significant contributions to the total RF-EMF DL exposure, e.g., 700 MHz, 2600 MHz and 

1800 MHz bands. They dominate the trend of the total RF-EMF DL exposure. 

 

Figure 3: Time variation of contribution percentage of each band in 24 hours 

Figure 3 shows that the contribution percentage of each band to the total RF-EMF DL exposure is almost constant 

from 7 am to midnight. We identified that the 700 MHz band has the highest the contribution percentage to the 

total exposure in 24 hours and most of the exposure comes from 4G network. 

 

Table 1: The mean (µ), standard deviation (σ) and the coefficient of variation (σ/ µ) of each band during different 

hours of a day where the unit of both µ and σ is V/m  

Band 
Morning Afternoon Evening Night 

µ(σ) σ/ µ  µ(σ) σ/ µ  µ(σ) σ/ µ  µ(σ) σ/ µ  

700 MHz 0.97(0.23) 0.24 1.59(0.1) 0.06 1.67(0.01) 0.01 1.07(0.42) 0.39 

800 MHz 0.38(0.01) 0.03 0.57(0.06) 0.11 0.56(0.02) 0.04 0.41(0.06) 0.15 

900 MHz 0.45(0.02) 0.04 0.55(0.02) 0.04 0.53(0.03) 0.06 0.43(0.02) 0.05 

1800 MHz 0.44(0.08) 0.18 0.74(0.07) 0.09 0.75(0.02) 0.03 0.49(0.17) 0.35 

2100 MHz 0.38(0.04) 0.11 0.56(0.04) 0.07 0.56(0.02) 0.04 0.41(0.08) 0.20 

2600 MHz 0.50(0.13) 0.26 0.86(0.08) 0.09 0.89(0.02) 0.02 0.50(0.21) 0.42 

3500 MHz 0.07(0.0002) 0.003 0.07(8×10-5) 0.001 0.07(5×10-5) 0.0006 0.07(0.0002) 0.003 

Total 1.45(0.24) 0.17 2.22(0.15) 0.07 2.28(0.03) 0.01 1.54(0.45) 0.29 

 



In Table 1, we provide the coefficient of variation (CV), which is the ratio of the standard deviation to the mean, 

to show the level of dispersion around the mean. The higher the CV, the greater the level of dispersion around the 

mean. The 3500 MHz band is almost constant throughout a day as insignificant traffic is present on this band.  In 

the morning and at night, we have higher variability on other bands, except 900 MHz, due to low cellular usage in 

these periods of the day. The variability of all bands in the afternoon and in the evening is lower with relatively 

higher mean values as there are higher cellular usages during these periods of the day. 

 

4 Conclusion 

This paper analyzes the average 24-hour time variability of RF-EMF DL exposure inside a building with nearby 

cellular antennas located at few hundred meters away. One-week measurement has been conducted at a stationary 

position inside the building with the probe fixed at the height of 1.5 m to assess the average 24-hour time variation 

of DL exposure for each cellular band in order to consider spectrum refarming. 

The RF-EMF DL exposure is higher during daytime than at night due to the increased cellular usage. Most of the 

exposure comes from the 4G network and 700 MHz band has the highest contribution to the total RF-EMF DL 

exposure. The variability of all bands in the afternoon and in the evening is lower with relatively higher mean 

values as there are higher cellular usages during these periods of the day. 

As RF-EMF exposure exhibits variation in time domain due to the dynamic nature of radio channel and traffic, it 

is important to have a reference measurement during spatial measurements in order to take the scope of such 

variations of each band into account and normalize the spatial measurements.  
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