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Abstract– The great congestion of services in the unlicensed 

bands existing in homes and jobs, due to the large number of users, 

is reflected in interference, latency and packet loss; causing 

problems in the quality of service (QoS, for its acronym in English), 

this crisis in wireless communications has led to research in 

technologies with opportunistic access, for this is necessary to know 

the temporal and spatial spectral availability to estimate the 

frequencies that can be used with other technologies based on OSA.  

Keywords– BW, FCC, GANT, OSA, UHF, LC, LCC, IoT, NGW, 

PN, Lambda, QoS, CR, ARCOTEL, TVWS. 

I. INTRODUCTION 

Throughout the years, the theory of dynamic spectrum 

access (DAS), gave rise to the methodology and philosophy of 

opportunistic spectrum access (OSA), allowing to estimate the 

amount of blank spaces in the use of television radio spectrum 

(RF) in heterogeneous wireless environments. This is a result 

of the number of wireless devices and technologies that have 

grown to the point where there are more devices than people 

in the world [1]. 

This combines a demand and an excessive use of the radio 

electric spectrum, currently assigned in a static manner, which 

causes a shortage of frequencies to develop in the coming 

years. 

Fig. 1: Urban stage with a high density of buildings [1]. 

This paper analyzes the availability of UHF television 

frequency, in the temporal and spatial aspects of a building in 

a densely populated urban area as seen in Figure 1, by 

measuring signal intensity and power density; In order to 

establish differentiations and conclusions, to reuse these radio 

frequencies in other services, building a way to the Internet of 

Things (IoT) and Converging Networks (NGN). 

The great congestion of services in the unlicensed bands 

existing in homes and jobs, due to the large number of users, 

is reflected in interference, latency and packet loss; causing 

problems in the quality of service (QoS, for its acronym in 

English), this crisis in wireless communications has led to 

research into technologies with opportunistic access, in which 

the teams are smart enough to take advantage of their 

hardware to visualize their environment and discover which 

frequencies are available so as not to cause interference 

problems with other users. For this it is necessary to know the 

spectral availability: temporal and spatial to estimate the 

frequencies that can be used with other technologies based on 

OSA. 
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Algorithms will be used to establish relationships of 

linearity, correlation, power, signal strength, unit channels and 

sets; between the floors of the building; establishing future 

predictions of the communication devices that can use this 

spectrum currently with opportunistic access to the spectrum. 

This will allow a change of frequency based on a history, 

considering as a reference the Cognitive Radio that uses the 

IEEE standard 802.22 [2]. In this summary, frequency 

availability could be evaluated for the analysis building. It was 

also possible to determine the temporal availability by channel 

of a few seconds and several hours. 

II. STATE OF THE ART 

Due to studies [23][4][5] on the distribution of the radio 

spectrum of various countries, it has been found that their 

availability between the channels of the licensed bands and 

those of the free bands differs too much. This availability 

around the whole spectrum can be seen that it is not efficient 

because it does not adapt to the arrival of new trends and 

technological advances. 

For this reason, in the ISM bands it is not possible to satisfy 

the demand for the use of spectrum, due to the existence of a 

large number of users. Knowing the state of the art made it 

possible to pose the problem that telecommunications 

currently have and that require dynamic spectrum access 

(DSA), opportunistic spectrum access (OSA), among other 

theoretical bases that are described in current research in 

wireless communications. Emphasis was placed on evaluating 

the unit and joint television channels that are temporarily and 

spatially available for a particular building in a densely 

populated area in indoor environments, of the UHF-TV band, 

to suggest its use for particular location of equipment with 

technologies based on OSA. 

One aspect that has not changed over a long period of time 

is the allocation and distribution of the radioelectric spectrum. 

These groupings are elaborated by government entities whose 

main objective is to distribute the frequency bands according 

to the technological needs of each system. 

Users are part and use more and more the new technologies 

of the market. A generation of large amounts of interference 

levels between devices is a consequence of this overwhelming 

number of users that collapse these free bands affecting 

mainly their coverage and quality of service (QoS). 

These channels of the licensed bands that are not in use in 

certain time intervals are known as White Spaces (WS) [3]. 

These WS, as can be seen in Figure 2, are distributed 

throughout the entire radio spectrum, including the television 

band (TV) that is our frequency band of analysis for the 

research.  

 

 
Fig. 2: Spectrum Sensing and Analysis Process [3]. 

 

Over time, studies have been conducted to approve that 

there are portions of spectrum in the TV band whose channels 

are free most of the time. 

Due to the large number of white spaces (WS) in most of 

the licensed bands of the radio spectrum, it is necessary to take 

action to take advantage of those channels that are temporarily 

unoccupied. As a solution, the idea of being able to change the 

model of use and access to the spectrum appears, from one 

that is of fixed assignment to one that is assigned dynamically, 

in order to release some of the collapse suffered by free ISM 

bands. 

III. DYNAMIC SPECTRUM ACCESS SYSTEMS (DSA)  

In Ecuador, the radio spectrum is known to be a renewable 

natural element, but limited. In addition, as mentioned above, 

it is administered by regulatory bodies that are the cause of 

spectrum inefficiency, due to the operation of its rigid and 

inflexible policies. This regime, used for spectrum allocation, 

has become completely inadequate since it does not satisfy the 

current technological needs required by society. The scarcity 

of the necessary spectrum required by these modern 

technological services for their operation causes non-

compliance with the requirement of wireless services 

requested by mobile users [22][27]. 

Due to the call proposed by the FCC to improve radio 

spectrum management, the first IEEE Symposium on New 

Frontiers in Networks with Dynamic Spectrum Access 

(DySPAN) was developed, where the scientific community 

exhibited various ideas to find a solution to this problem of 

spectrum management. Within the DySPAN, new tactics were 

proposed, which can be divided into three models. Therefore, 

Dynamic Spectrum Access can be categorized into: 

 

1) Exclusive Dynamic Model 

2) Open Shared Model (Common Spectrum Model) 

3) Hierarchical Access Model 

 

In Figure 3, the categorization of Dynamic Spectrum 

Access can be observed in a more detailed and comprehensive 

manner. 
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Fig. 3: Categorization of Dynamic Spectrum Access [28]. 

Opportunistic spectrum access (OSA) is a model that is 

mainly based on the Spectrum Overlay approach. OSA is a 

spectrum management model based on the principle that in the 

analysis band, users as many as primary as secondary can 

operate and coexist, as long as the secondary users do not 

interfere in excess to the primary users. 

The basic modules of this concept are the opportunity to 

identify spectrum, the use of it and the regulate policy. The 

spectrum identification module is in charge of recognizing 

exactly the white spaces and the free frequency bands that are 

in the analysis band. The exploitation module is responsible 

for the processing of data delivered by the first module, in 

order to decide how the transmission should be executed.  

Finally, the regulatory policy is aimed at establishing the 

base parameters, in order to ensure compatibility with other 

systems. This process has the purpose of always favoring the 

secondary users without interfering with the primary users 

[28].  

IV. METODOLOGY 

Given the conditions of the scenario requested for study, a 

location was chosen with the presence of several buildings in 

its surroundings and the airport. The building consists of 5 

floors of which measurements were made on the roof, on the 

middle floor and on the ground floor; in order to determine the 

spectral availability in the scenario, see Figure 5. The 

measurements were for a period of one week for all of them, 

the roof, the middle floor and the ground floor. The location is 

in the north of Guayaquil (Latitude 2°10'4.71"S and Longitude 

79°52'49.28"W), see Figure 4 [5]. 
 

 
 

Fig. 4: Geographical Location of the Scenario [5].  

 

 

 
Fig. 5: Side View of the Study Scenario [2]. 

 

In order to be able to comply with the proposal, the analysis 

focused on the UHF-TV band of Ecuador, which ranges from 

512 Mhz to 698 Mhz (i.e channels 21 to 51). Each channel has 

a 6 Mhz bandwidth, the following configuration parameters 

were used, see Figure 6 [6].  

 

 
Fig. 6: Configuration Parameters [6]. 

 

Knowing the theory of Dynamic Spectrum Access (DSA) 

that led to the creation of Opportunistic Spectrum Access 

(OSA), a method based on an algorithm of data acquisition 

and creation of matrix in Matlab will be created. 

Initially, software is used to visualize UHF TV channels, 

both analogue and digital in the Frequency Domain, 

identifying the audio and video carriers for the analog case, 

and multiple carriers for the digital case. 
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It will be important to take many samples and then obtain 

an average with a reference level for the case of digital 

channels, and identify the video carrier by looking at the tables 

of the national frequency plan, locating ourselves to take the 

samples of interest, with another level of reference, and thus 

obtain the values of power density in decibels for further 

analysis. 

What will be obtained next is a table showing the channels 

and the times of each day sampled during one week per floor, 

beginning at a specific time t0, sweeping all the channels 

locating the Power Density values in dB in the table. We will 

focus on the weekly results for their historical value, 

considering that the Reference Level (Threshold) will be 

based on a Sensitivity Analysis given by the level of 

sensitivity of the receiver that is used in the television system; 

that is, if I am working with digital channels, a Threshold 

equal to the digital channel reception sensitivity will be 

established, and analog channel receiver sensitivity will be 

used for analog channels. 

All this analysis is repeated for each day, 7 days a week for 

each floor of the building until we complete the three floors. 

Next we will form a Binary Matrix of channel occupation 

where it will be assigned with binary numbers when it is free 

and when it is busy. 

If the channel has a lower power than the reference level, 

we will say that it is a free channel, and if the power is greater 

than the reference level, we will say that it is a busy channel, 

see Figure 7. The assignment will be 1 for unoccupied 

channels and of 0 for occupied channels [4]. With this we can 

make daily conclusions, and if we put below the matrix, then 

weekly conclusions. After this analysis, using algorithms we 

can indicate the probability that a channel is free or occupied 

per day. 

 

 
Fig. 7: Determination of channel availability [4]. 

 

Once we understand the usage behavior of the spectrum, the 

most variable channel, the moderately variable and the one 

that is never variable, will be taken for the conclusions, and 

based on these three we will obtain the percentages of 

spectrum use per channel and of all the channels of the 

television band. 

With these conclusions it will be possible to say if it is 

desired to opportunistically distribute different technologies 

knowing the bandwidth of the same ones, by means of the use 

of joint television channels that can cover the requirements so 

that those frequencies that are underutilized depending on the 

temporal aspects and space, become efficiently used. 

Finally, with the joint channels the probability of temporary 

unemployment will be determined, in order to use other 

technologies based on OSA in those available frequencies, for 

in later studies to estimate without the need to make 

measurements in a particular building and at a specific time, if 

it is feasible that the spectrum be reused. 

V. TEMPORARY ANALYSIS OF RESULTS 

The Analysis of the Results is divided by a measurement 

stage and an analysis of results. In the measurement stage, 

multiple captures are made by using 38272 measurement 

points in dBm or Watts of the radio spectrum in the UHF-TV 

band, to later convert them to dB for simplicity of observing 

the power density in Matlab using algorithms. All this process 

was done for a period of 3 weeks. The data was captured in 3 

points: roof, middle floor and ground floor in order to identify 

the worst cases. Now we proceed to present the results that 

were obtained from the channels for the UHF-TV analysis 

band (1 Ch = 21 - Ch n = 51). 

You can see the power levels of the low, middle floor and 

roof respectively. The great variation of power levels received 

can be evidenced due to the interferences produced by several 

factors, among them the losses of propagation by the 

atmosphere, radome, and signal-to-noise ratio. 

In the case of the upper floor, it can be observed in general 

that the channels have a red tone; this allows us to infer that 

there is not much availability in that area. 

In Figure 8 [6] it is observed that during the process of the 

measurement weeks, certain channels such as 519 Mhz have 

extremely low levels (Pr ant <= 47 dBm) and there is not 

much variability of them, which allows to conclude that they 

are available for its reuse with Opportunistic Spectrum Access 

(OSA) systems. 

 

 

 
Fig. 8: Levels of Power in the UHF-TV band (Upper Floor) [6]. 

 

In the same way, channel 2 (512 - 518 Mhz) has apparently 

high levels during the week (Pr ant -28 dBm). Comparing this 

level with the threshold (lambda = -75 dBm), we can see that 

almost all of the time these channels are not free to use them, 

as we can see in Figure 9 [7]. 
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Fig. 9: Levels of Power in the UHF-TV band (Middle Floor) [7]. 

 

Additionally there is presence of channels with average 

power (Pr prom aprox -25 dBm) but with great randomness 

due to thermal noise, like channel 490.416 Mhz found from 

Woki Toki, which produces intermittence in the received 

signal, from this we can conclude that the channels have 

spectral availability for certain time intervals, while other 

intervals do not. 

As we can observe in the same way in Figure 10 [8], taking 

the channel 93.7Mhz as an example, it can be seen that the 

power level increases during certain periods of time of the day 

(Pr ant approx - 55 dBm), where this it is translated into the 

yellow segments that can be seen in the fringes of the channel, 

otherwise you can also see stripes of light blue or blue color 

that indicate that the power level is below the threshold, which 

means that these channels are totally free to reuse them with 

systems with OSA technology. 

 

 

 

 

 

 

 

 
Fig. 10: Levels of Power in the UHF-TV band (Ground Floor) [8]. 

 

For the three floors, with thresholds of + 4dB + noise floor 

and +10 dB + noise floor, where the Noise Floor was obtained 

by averaging the free channels on a daily basis, the following 

probability mass functions of the channels availability were 

obtained from the Matrix of Joint Channels, as we can see in 

Figures 11 [9] and 12 [10]. 
 

 

 

 
 

Fig. 11: Probability Mass Function of Channel Availability for Floors 1, 2, 3 

with Threshold of +10 dB + noise floor [9]. 
 

 

 
 

 
 

Fig. 12: Probability Mass Function of Channel Availability for Floors 1, 2, 3 
with Threshold of +4 dB + noise floor [10]. 

 

 

Likewise, the level of available channels for their respective 

joint probability was determined for all the floors, considering 

the same thresholds, this can be visualized in Figures 13 and 

14 [5] [11]. 
 

 

 
 
Fig. 13: Probability Recurrence Cumulative Distribution Function of Channel 

Availability for Floors 1, 2, 3 with Threshold of +10 dB + noise floor [5]. 
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Fig. 14: Probability Recurrence Cumulative Distribution Function of Channel 

Availability for Floors 1, 2, 3 with Threshold of +4 dB + noise floor [11]. 
 

Later, the Probability Cumulative Distribution Function of 

joint channels vs. available continuous channels was 

generated, with threshold of + 4dB + noise floor, averaging 

the free channels on a daily basis as shown, which is the 

recommended threshold for RTL according to the ITU; this 

can be visualized in Figure 15 [12]. 
 

 
 

Fig. 15: Probability Cumulative Distribution Function of Joint Channels vs. 

Available Continuous Channels with Thresholds +10 dB + noise floor and +4 
dB + noise floor [12]. 

 

Subsequently, we proceeded to obtain the CDF - 

Availability Density Graphics of n Continuous Channels for 

the three Floors (Floor 1, Floor 2, Floor 3), where for each 

floor the graphs for the thresholds of + 4db + noise floor and + 

10dB + floor noise were made. In addition, for each threshold 

the graphs were made taking into account a total of 7 days for 

each floor, and also for a total of 21 days for each floor. Next 

we have the graph: CDF - Availability Density of n 

contiguous channels for FLOOR 1 considering a threshold of 

+ 4dB + noise floor, for the 7 and 21 reference days, as can be 

seen in Figure 16. 
 

 
 

Fig. 16: CDF - Availability Density Graph of n contiguous channels for 
FLOOR 1 considering a threshold of + 4dB + noise floor, for the 7 and 21 

reference days. 

 

 

 

Then we proceeded to obtain the graphs of: CDF - 

Availability Density of n contiguous channels for FLOOR 1 

considering a threshold of + 10dB + noise floor, for the 7 and 

21 reference days, as can be seen in Figure 17. 
 

 
 

Fig. 17: CDF - Availability Density Graph of n contiguous channels for 

FLOOR 1 considering a threshold of + 10dB + noise floor, for the 7 and 21 
reference days. 

 

Moving on to FLOOR 2, we obtained the graphs of: CDF - 

Availability Density of n contiguous channels considering a 

threshold of + 4dB + noise floor, for the 7 and 21 reference 

days, this can be seen in Figure 18. 
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Fig. 18: CDF - Availability Density Graph of n contiguous channels for 
FLOOR 2 considering a threshold of + 4dB + noise floor, for the 7 and 21 

reference days. 

 

Continuing in FLOOR 2, similarly the graphs of: CDF - 

Availability Density of n contiguous channels were obtained, 

but considering a threshold of + 10dB + noise floor, for the 7 

and 21 reference days, it is observed below in the Figure 19. 
 

 
 

Fig. 19: CDF - Availability Density Graph of n contiguous channels for 
FLOOR 2 considering a threshold of + 10dB + noise floor, for the 7 and 21 

reference days. 

 

Making the analysis for the last FLOOR 3, the graphs of: 

CDF - Availability Density of n contiguous channels were 

acquired considering a threshold of + 4dB + noise floor, for 

the 7 and 21 reference days, as can be seen in Figure 20. 
 

 
 

Fig. 20: CDF - Availability Density Graph of n contiguous channels for 
FLOOR 3 considering a threshold of + 4dB + noise floor, for the 7 and 21 

reference days. 

 

Finally also for Floor 3, we proceeded to find the graphs of: 

CDF - Availability Density of n contiguous channels 

considering now a threshold of + 10dB + noise floor, for the 7 

and 21 days of reference, observe the graph in the Figure 21. 
 

 
 

Fig. 21: CDF - Availability Density Graph of n contiguous channels for 

FLOOR 3 considering a threshold of + 10dB + noise floor, for the 7 and 21 

reference days. 
 

VI. CONCLUSIONS 

 

Determination of technological systems based on OSA that 

can reuse joint channels inside a building. 

Doing a probability analysis of the CDF chart - Availability 

Density of n contiguous channels for FLOOR 1 with 

thresholds of + 4dB + noise floor and + 10dB + noise floor, 

with 7 days of analysis we can interpret that with the 

Threshold of + 04dB we have a 70% probability of being able 

to find up to 17 groups of 3 joint channels, instead with a 

Threshold of + 10dB, we have a 70% probability of being able 

to find up to a maximum of 6 groups of 3 joint channels. 

Which shows us that with the Threshold of + 04dB we can 
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obtain more groupings of 3 joint channels, for which we have 

more spectrum available to be able to reuse it with some new 

technology that can be implemented in that spectrum, that is to 

say that the Threshold of + 04dB it is the most optimal 

between the two thresholds. 

Then, doing analysis of the same graph for FLOOR 2 for 

thresholds of + 4dB + noise floor and + 10dB + noise floor, 

with 7 days of analysis we can interpret that with the 

Threshold of + 04dB we have a 70% probability of being able 

find up to 13 groups of 3 joint channels, instead with a 

Threshold of + 10dB, we have a 70% probability of being able 

to find up to a maximum of 18 groups of 3 joint channels. 

Which shows that in this case with the Threshold of + 10dB 

we can obtain more groupings of 3 joint channels, for which 

we have more spectrum available to be able to reuse, that is to 

say that in this case the Threshold of + 10dB is the most 

optimal among the two thresholds. 

Then doing analysis of the same graph now for FLOOR 3 

for thresholds of + 4dB + noise floor and + 10dB + noise 

floor, with 7 days of analysis we can interpret that with the 

Threshold of + 04dB we have a 70% probability of can find up 

to 7 groupings of 3 joint channels, instead with a Threshold of 

+ 10dB, we have a 70% probability of being able to find up to 

a maximum of 6 groupings of 3 joint channels. Which shows 

us that in this case with the Threshold of + 04dB we can 

obtain more groupings of 3 joint channels, for which we have 

more spectrum available to be able to reuse, that is to say that 

in this case the Threshold of + 04dB is the most optimal 

among the two thresholds. 

Finally, if we make a comparison between the three floors 

of analysis (FLOOR 1, FLOOR 2, FLOOR 3) taking as 

reference the graph CDF - Availability Density of n 

contiguous channels that we analyzed previously for 

measurements of 7 days and a Threshold of + 04dB, we can 

conclude that FLOOR 1 is the floor that more groupings of 

three joint channels can be reached between them, with a 70% 

probability of being able to find up to 17 groups of 3 joint 

channels, instead the FLOOR 3 is the floor that fewer 

groupings of three joint channels can be obtained among them, 

with a 70% probability of being able to find up to only 7 

groupings of 3 joint channels. 

The total amount of available spectrum of joint channels 

that is observed in the obtained results, can be reused with the 

implementation of new types of wireless devices with cellular 

radio technologies (LTE or HPSA +), that can use the 

available temporal or spatial spectrum. 

Through the spectral measurement of the UHF-TV band, on 

day 12 was possible to identify that there were, on average, 5 

free channels ready to be reused, with an equivalence of 30 

MHz in total – all of this with an 11.36% probability of 

occurrence. 

Considerable battery savings in wireless devices can be 

achieved if they know the number of optimal radio channels 

with the OSA methodology. 

It was possible to highlight the availability of some 

individual channels for certain hours: at 00:00, 15:00 and 

20:00 in the High Floor - 28.57% of availability for channels 1 

and 30; at 3:30 and 21:30 in the Middle Floor - 76.19% of 

availability for channels 5, 12, 20, 21 and 29; and at 17:30 on 

the Ground Floor - 90% of availability for channel 3; all of 

these results were analyzed for the period of 21 days. 

The analysis of the spatial and temporal effect on the 

number of available channels within the study building, has 

allowed us to describe the effect of the underutilization and 

poor spectrum efficiency. 
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