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ABSTRACT:

This paper presents a user tracking algorithm in an 10T-5G Network (or 10T-5GN). Hereby, we aim at studying and evaluating the
sensing performances of the 10T-5G Access Point (or 10T-5G AP) primary signal by the 10T-5G user in a cluttered indoor
environment using an energy detector (or ED) algorithm and an Alpha-&-Beta Filter (ABF or a-p-F) estimator. The 5G primary
signal (or 5G-PS) frequency that we would like to detect is: 60 GHz. As a result, the 5G-PS sensing via the proposed ABF-ED
algorithm, enabled us to track the 10T-5G user inside of the 10T-5G AP coverage area. The performances of the proposed ABF-ED
algorithm in this paper work is evaluated by the probability of total detection error (or PTDE) measure. Through different scenarios
simulations, the performances and robustness of the proffered algorithm are demonstrated.

1. INTRODUCTION

In the current day and age, with the advancement of loT (or
Internet of Things) application technology era, the growth is
becoming increasingly dense (Mohanty et al., 2021). As a
result, the Wireless-Local Area Network (or W-LAN)
technology which leverages the millimeter Waves (or mmWs)
around the 60 GHz frequency has been selected due to its
flexibility, low cost and other advantages compared to the
Wired Network (or WN), and this making its suitable for 10T
applications. As such, there is considerable demand for high-
throughput Wireless Communications (or WCs) (Saha et al.,
2021).

The huge demand for bandwidth and higher data rates has
resulted in many spectrum bands growing more congested and
the ability to provide a more efficient network is increasingly
required. Simultaneously, there is a large amount of unlicensed
spectrum in the 60 GHz range (or in mmWSs) which is not being
leveraged (Sahoo et al., 2021). Currently, the WCs systems
have became a critical part of one's day-to-day life and are
constantly evolving to offer a better quality and experience to
the users (Azzahra et al., 2021; Yong et al., 2011; Nitsche et al.,
2014).

Nevertheless, mmWs technology is one of the most prominent
emerging WCs technologies in recent years. (Herschfelt et al.,
2021). Although this technology has been available for decades,
the advances in silicon process technology and low-cost
integration solutions have enabled this technology (i.e., mmWs)
to become commercially applicable only within the last seven to
eight years (Azzahra et al., 2021; Yong et al., 2011; Nitsche et
al., 2014).

Drawing on the afore-stated idea, the mmWs technology has
attracted considerable interest from academia, industry and
standards agencies. The 60 GHz 10T technology offers various
advantages compared to current or existing WCs systems. The
availability of a large spectrum band around 60 GHz for
unlicensed employment on a global scale is resulting in the
emergence of new technologies enabling the Wi-Fi
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communication under this frequency band. However, the
propagation of signals at 60 GHz differs considerably compared
to the 2.4 and 5 GHz bands (Azzahra et al., 2021; Yong et al.,
2011; Nitsche et al., 2014).

For this reason, the objective of this research is to study and
evaluate the sensing performances of a 5G primary signal (or
5G-PS) at 60 GHz, in order to track a 10T-5G user in an 10T-5G
Network (or 10T-5GN) for the upcoming generation loT
applications based on a proposed algorithm called the 5G Signal
Sensing Cycle (or SSC) using the Alpha-&-Beta Filter (or a-B-
F) estimator and the energy detector (or ED) algorithm
(Adardour and Kameche, 2019; Adardour et al., 2015).

For the sake of achieving the stated objective, this research
consists of three sections that follow a general introduction of
the 60 GHz technology. In Section 2, we discuss the proposed
5G-PS sensing algorithm. The simulation and the obtained
results are displayed and discussed in Section 3. Finally, we
proffer some closing adherences in Section 4.

2. PROPOSED 5G SIGNAL SENSING ALGORITHM

The algorithm we endeavor to study in this paper is composed
of two phases; the first one employs an estimator called Alpha-
&-Beta Filter (or a-B-F), the second one consists to apply an
energy detector (or ED) algorithm (Adardour and Kameche,
2019; Adardour et al., 2015).

Nevertheless, the o-p-F performance, which is exploited in the
present work, will be summed up in below sub-sections. It is
worth recalling that the a-B-F is a simplified version of the
Kalman Filter Estimator (or KF-E), which can reliably estimate
and track the position of a mobile node (in this case, an 10T-5G
user), that may be located anywhere, with a minimum
estimation error. The a-p-F has also numerous applications in a
wide range of fields. The primary advantage of this filter is that
the system process noise is not considered. Instead, the system
process noise is accounted for the KF-E, which is a drawback
for us (Adardour and Kameche, 2019).
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Besides all the different PS detection strategies in the literature.
We also employed the ED (or radiometer), the ED has been
regarded as a promising key factor due to its easy
implementation, it requires no previous information on the
detected signal, and its low cost of computing and efficiency for
a high SNR (or Signal-per-Noise Ratio) (Adardour et al., 2015).

As previously mentioned in the introduction, the aim of this
work is to study and evaluate the performance of real-time
detection of a 5G-PS (or 10T-5G Access Point (1oT-5G AP))
with the impact mobility of a 10T-5G user (consult Fig. 1); out
contribution is based on the following:

Phase one (a-B-F):

e  The first stage is to estimate the position and speed of
an 1oT-5G user.

e The second stage is focused on the estimation of the
received signal power (or RSP) at the 10T-5G user
under two propagation models (Log-Distance Path
Loss (or LD-PL) and Log-Normal Shadowing Path
Loss (or LNS-PL)).

e The last stage is devoted to estimate the SNR at all
links amid the 10T-5G AP and the 10T-5G user.

Position and Speed of [oT-
5G user

Detection probability of the pri-
mary signal 3G (or [oT-3G AP)

Signal strength received at
10T-5G user

Signal to noise ratio be-
tween [0T-5G user and
10T-5G AP

5G signal sensing
cycle applied at
IoT-5G user

IoT — 5G AP
(0,0)

Phase two (ED):

By means of the SNR estimation, the presence or absence of the
5G-PS coming from the 10T-5G AP at 60 GHz frequency can be
predicted.

As illustrated in Fig. 1, we consider the proposed 10T-5GN in
this study composed of:

e 10T-5G AP situated in an 10T-5GN with the following
coordinate: (0,0).

e The 10T-5G user is semi-randomly deployed in an
IoT-5GN  with  the following  coordinate:

(xi(IoT—SG user) Vj(1oT-5G user))-
Subsequently, we present the 5G SSC algorithm that will be

carried out throughout this work with the three sub-sections;
which are modeled by mathematical equations.

SNR(IOT— 5G user, 1oT-5GAP)

> ol Pr(loT—SG user)
-y IoT — 5G user

(xi(loT—SG user): yj(loT—SG user))

d(IoT—SG user, IoT—-5G AP)

Figure 1. 5G signal sensing cycle (or 5G SSC) and 10T-5G network.

2.1 10T-5G user tracking via a-p-F

Here, the position and speed of an 10T-5G user node were
estimated using the a-B-F based on a constant acceleration
model of the target (or 10T-5G user), and this was performed via
the application of both filter gains, namely the alpha (a) and
beta (B) filters. The o-B-F is a two-stage filter; both stages
representing the prediction process and the smoothing process
(Adardour and Kameche, 2019):

Stage 1: The prediction process may be formulated as follows
(Adardour and Kameche, 2019):

On the X — axis :
TZ
<xz7(i) = Xs(i-1) T T " Uxs(i-1) + (7) " ACCxs(i-1) 1)
Vap(i) = Vxs(i-1) + T ACCxs(i-1)

On the Y — axis :
—_— T . TZ .
Pr) = Ysg-n + T Vysii-ny + (7) acCys(j-1) @)
Vyp(j) = Vys(j-1) + T - aCCys(j-1)

Where T denotes the sampling interval or the time step,
(x@yy(y) is the position, (v, vyey) s the speed,
(accx(y, accyjy) is the acceleration; p and s relate to the
predicted and smoothed state variables respectively.

The Egs. (1) and (2) can be otherwise written as follows
(Adardour and Kameche, 2019):
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TZ
Xp@) = Xsi—1) + T Vxsi=) + (7) " ACCxs(i-1)

TZ
OpG) =Ys-» t T Vysg-ny + (7) " AcCys(j-1)) (€))
Vxp(i) = Vas(i-1) T T- ACCxs(i-1)
Vyp(j) = Vys(j-1) + T - ACCys(j-1)

The development of the system can be expressed as a matrix
according to Eq. (3) as follows (Adardour and Kameche, 2019):

Xp(i)
Xpao =y, G ))
S o A o 8
oo =1y 1l sg-vl tlo 7 , Vys(j-1)
T?/2 . ACCxs(i-1)
"+[ 0 TZ/Z] [aCCys(/—l)]
Xp(k) =¢- Xs(k—l) +H- Vs(k—l) +TI- aCCs(k-1) (4)
And
Vap(i)
Vo = $y, )
yp(j)
[ ] [UJCS(I. 1)] T 0]_[aCst(i—1)
Voo = vysg-nl " Lo Tl laccysi-1y
Vo) = A+ Vo) +¥ - accspe—1y (5)

Stage 2: In the light of the previously predicted values, which
were established in the first stage, the smoothing process can be
expressed by the following formulas (Adardour and Kameche,
2019):

Xsty = Xpoy + @ - Koy — Xpo)) (6)

Vstey = Voo + ( ) Koy — Xpao) (7)
Where, Xo) is the actual position node of 10T-5G user.

Once the a-B-F has been applied to estimate the position and
speed of 10T-5G user, the link distance between the 10T-5G AP
and the 10T-5G user can be estimated, which will be integrated
into the propagation models required to estimate the RSP at the
10T-5G user (or ﬁr(,oT_SGuser)) and the SNR of each link
between the 10T-5G AP and the 10T-5G user.

2.2 5G signal propagation model

The estimate of the RSP in dB coming from the 10T-5G AP to
the 10T-5G user is expressed as:

Fr(IoT—SG user) = Pr(IoT—SG user)(d()) —
e (10 : EPL(LOS/NLOS)IOQw(Da/do)) (8)

Where,

Pr(loT—sa user) (do) = Pt(IoT—SG AP) — PLy 9)
PLy = 20logyo (md") (10)
Daja, = dror- SGus;:IoT 5G 4P) (11)

It is assumed from Eq. (8) that the LD-PL model is expressed
as:

Pr(loT—SG user) (d(IoT—SG user,loT—-5G AP))

Pr(loT—SG user) (do) [dB]
—10- Epros/nLos) 10910(Da/d0) (12)
Furthermore, to obtain the model of LNS-PL, we append an

additional factor X, (.os/nLos) in the LD-PL model, and this
corresponding model:

[ﬁr(loT—SG user) (a(IoT—SG user,loT—-5G AP))

Pr(IoT—SGuser)(dO) [dB]
—10- EprLos/nLos) * 10910(D&/d0) + Xs(wos/NLos) (13)
Where, ﬁr(IoT—SG user) Pitor-56 apP)s PLy,

A (10756 user1oT—56 4P): A aNd Epr10s/nL0s), are accordingly,
the RSP estimation at the 10T-5G user in [dB], the PS coming
from the 10T-5G AP in [dB], the PL at the reference distance d,,
in [dB], the estimated link distance amid the 10T-5G user and
the 10T-5G AP in [m], the wavelength of the 5G-PS in [mm],
and the exponent of PL in LOS (i.e. line-of-sight) or in NLOS
(i.e. none of line-of-sight). In addition, X wosnL0s) isa GRV (or

Gaussian Random Variable) distributed with zero mean and
standard deviation o(;os/n10s) in [dB].

However, to compute the link of the SNR (15756 user,107-56 ap)
of the estimated distance J(,OT_SG user,1oT-5G apyamid the 10T-
5G user and the 10T-5G AP, we rely on the following equation:

TN D _ ﬁr(InT—SG user)
SNR(IOT—SG user,loT—5G AP) — Proi (14)
oise

pT ol— user,
= 10- log, , (“ruz=scen) (15)

Noise

SNR(IDT—5G user,loT—-5G AP)[dB]

SNR(IOT—SG user,IoT—5G AP) [dB] = pr(loT—SG user)[dB] -
- PNoise[dB] (16)

Namely, Py,ise refers to the noise power of the used 10T-5GN
environment (where, the 10T-5G AP has been installed)
(Adardour and Kameche, 2019).

2.3 Local 5G signal sensing model

In this sub-section, we will present the local 5G-PS sensing
model. Nevertheless, the process of 5G spectrum sensing or
10T-5G AP (i.e. 5G-PS) sensing is divided into two phases:
Local 5G-PS sensing (or L-5G-PSS) and Cooperative 5G-PS
sensing (or C-5G-PSS). In this contribution, we apply on the L-
5G-PSS technique. For L-5G-PSS, we consider that the 10T-5G
user is embedded with an ED to detect the 5G-PS in order to
identify whether the 10T-5G AP is present or absent in the area
of interest (refer to the Fig. 1). It may be formulated as follows
(Adardour et al., 2015):

In the absence of 10T-5G AP, the estimate of the RSP at the
10T-5G user is expressed as:

Sﬁr(loT—SGuseT)(t) = W(t) S Ho (17)

In the presence of 10T-5G AP, the estimate of the RSP at the
10T-5G user is expressed as:

SPt(IaT—sGAP)(t) +w() S H (18)

ﬁr(loT—SG user) (t) =

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-7-2021 | © Author(s) 2021. CC BY 4.0 License. 9



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVI-4/W5-2021
The 6th International Conference on Smart City Applications, 27-29 October 2021, Karabuk University, Virtual Safranbolu, Turkey

Where, Sp, .16 user, (t) 1 the estimated value of the RSP
towards the 10T-5G user, Sp,,._.; . (t) is the 5G-PS coming
from the 10T-5G AP and w(t) denotes the Additive White
Gaussian Noise (or AWGN). Through the observation of
pr(loT_SGuser)(t), the 10T-5G user has to decide amid H, (i.e.
10T-5G AP is missing) and Hq(i.e. loT-5G AP is active).

If we assume that Es_ is
Pr(IoT—sG user)
Sp

it may be stated as:

the energy of

r(I10T—-5G user) (t)’
1\yM _

Spr(loT—SGuseT) - (M) n=1 |SPr(10T—SGuser)n (19)

Where, S,sr(m_scuser)nls a sample obtained from the estimated

value of the RSP towards the l0T-5G userand M = 2-T-W is
the number of total samples. So, the estimated value of the RSP
towards the 10T-5G user will be detected under an bandwidth W
pending an observation period T.

Furthermore, the output energy (Es,—,( )) of ED is
r(IoT—5G user,
distributed as follows:

1 ) M 2
— =\= =11W;
SPr(IoT—SG user)/Hg (M n_ll n |

2 (20)

_(1\yvMm

Spr(mT_SGuser)/Hl = (M) n=1 |SPt(IoT—SG AP) +wn

The equation (20) can be written as follows:

— 42

Sﬁr(luT—SG user)/Hg - XM
o, (21)
= xi (2y)

So
Pr(IoT—sG user)/Hq

Where y = SNR (10756 user 10756 4P) [dB]’ Xir and xy (2y) are
the Central Chi-Square Distribution (or CC-SD) and Non-
Central Chi-Square Distribution (or NCC-SD) functions,
respectively. M is the DF (i.e. Degree of Freedom) (Adardour et
al., 2015).

The 5G-PS sensing performances under an AWGN channel are
estimated through two parameters: PD (i.e. Probability of
Detection) and PFA (i.e. Probability of False Alarm), which are
represented as (Adardour et al., 2015):

PD = Pr (Eg > ErlHy) =

Pr(IoT—SG user)

QM(\/ZSNR(IOT—SG user,1oT—5G AP)»+/ ET) (22)

3. SIMULATION AND RESULTS

In this section, the simulations and results were done with the
help of MATLAB 2017a software. What we are interested in
scrutinizing in this work, is the anticipation of real-time 5G-PS
sensing from the 10T-5G AP with the impact mobility of the
10T-5G user under three scenarios proposed, as shown in Table
1. The parameters of our simulation are enumerated in Table 2
(Sun et al., 2016; Joongheon et al., 2017; Zhang and Yu, 2019).

In this work, the first phase of the proposed algorithm aims at
estimating the RSP at the 10T-5G user and the SNR link amid
the 10T-5G AP and the 10T-5G user. To do that, we first need to
estimate the trajectory (i.e. the position and speed) of the loT-
5G user compared to a reference point, which will be the 1oT-
5G AP, through the use of o-B-F.

According to Fig. 2, the 10T-5G AP was installed in a closed
environment of 130 x 130 [m?, as shown by the maroon
contour, in addition, the two gray squares are considered as
obstacles facing the 10T-5G user. However, the Fig. 2 illustrates
the real (i.e. red) and estimated (i.e. light blue) trajectory of 10T-
5G user in an 10T-5GN. It is clear that the 10T-5G user takes a
semi-random trajectory. Consequently, the obtained results led
us to conclude that the a-B-F offered high performance in order
to track the real trajectory of the 10T-5G user with a lower
estimation error for each position of the 10T-5G user (refer to
Fig. 3). For example, the estimated average error of the 10T-5G
user position is equal to 1.1762 - 10~%4[m].

5G signal Observation
propagation model channel
Scenario (A) LD-PL AWGN
Scenario (B) LNS-PL (EpL(Los)) AWGN
Scenario (C) | LNS-PL (EpynLos)) AWGN

Table 1. Local 5G-PS sensing scenarios.

Position in Y-axis [m]

10

0
400 80 60 40 20 0 20 40 60 8 100

Position in X-axis [m
rmEr
PFA = Pr (ESFT(IoT_sauser) > ET|H0) = ;(MZ)) (23) Figure 2. Real and estimated semi-random positions of the IoT-
5G user.
Where I'() and T'(-,+) are complete and incomplete gamma
functions, respectively. Qy(-) is the generalized Marcum Q-
function and E is the threshold energy (Adardour et al., 2015).
Parameters Values
Coverage area of the 10T-5G AP 50 x 50 [m?]
Frequency 60 [GHz]
Transmission power of the 10T-5G AP 15 [dBm]
Noise power at the 10T-5G user —139 [dBm]
Exponent of path loss EpLos) = 2.17 and Epp(nros) = 3.01
Reference distance 1.0 [m]

Table 2. Simulation parameters.

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVI-4-W5-2021-7-2021 | © Author(s) 2021. CC BY 4.0 License. 10




The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVI-4/W5-2021
The 6th International Conference on Smart City Applications, 27-29 October 2021, Karabuk University, Virtual Safranbolu, Turkey

10 Average estimated error of the 10T-5G user position is 1.1762*10°4 m
T T T T

.
o 0 100 150 200 250
Time [5]

Figure 3. Estimated error of the 10T-5G user position [m] vs.
Time [s].

100 150 200 250

Figure 4. Real and estimated speeds of the 10T-5G user vs.
Time [s].

Figure 4 displays the real and estimated speeds for the
movement of 10T-5G user in an 10T-5GN. From the obtained
results in Fig. 4, one can clearly observe that the estimated
speed of 10T-5G user using the a-B-F is similar to the case of
the real speed, and consequently a lower estimation error is
registered for each speed of the 10T-5G user at each time (refer
to Fig. 5). For example, the estimated average error of the IoT-
5G user speed is equal to 9.4092 - 10~°¢[m/s].

Average estimated error of the 10T-5G user speed is 9.4092*10°°% m/s
T T T T

. . . .
o 0 100 150 200 250
Time [5]

Figure 5. Estimated error of the 10T-5G user speed [m/s] vs.
Time [s].

From Eqgs. (8) up to (13), we are able to evaluate the real and
estimated RSP at the 10T-5G user, as illustrated in Fig. 6. As the
10T-5G user moves further away from the 10T-5G AP (see Fig.
2), the RSP at the 10T-5G user decreases and vice versa (see
Fig. 6). In addition, Fig. 6 illustrates the possible variations in
the RSP for each the 10T-5G user position, in three propagation
models, namely: LD-PL, LNS-PL (Epyos)) and LNS-PL

(EpL(nLos))- As results, one can clearly notice that the LNS-PL
(EpL(nLos)) model can affect the real and estimated RSP at the
10T-5G user (see black color and yellow color, respectively). As
a conclusion, the estimation phase of the RSP at the 10T-5G
user using the a-B-F, allowed us to identify the 5G-PS coming
from the 10T-5G AP with some accuracy, due to the similarity
amid the real and estimated results. For example, the estimated
average error of the RSP at the 10T-5G user under a LNS-PL
(EpL(nios)) Model is 1.5949 - 107°* [dBm] (see Fig. 6) and
when comparing the estimated error of the RSP at the 10T-5G
user for the three proposed scenarios, one can observe that the
estimated error under a LNS-PL (Epy,(n10s)) model is the most
critical compared to the other two propagation models (see Fig.
7).

ser [dBm)

ed signal strength at the I0T-5G u

100 (-

Receiv

~110 - L
o 50 100 150 200 250
Time |5

Figure 6. RSP at the 10T-5G user [dBm] vs. Time [S].

102 T T 3
—NSPL /B o5 7217 ]

—NSPL By 05 =301
LpL

error of the received signal strength at the IoT-5G user is 1.1498'10°%* dBm

105 T : )
o 50 100 150 200 250

Time s

Estimated error of the received signal strength at the IoT-5G user [dBm]|

Figure 7. Estimated error of the RSP at the 10T-5G user [dBm]
vs. Time [s].

The third scenario (see Table 1) is the most realistic in an loT-
5GN, therefore, the algorithm which we proposed in this paper
aims at estimating the sensing level of the 5G-PS from the loT-
5G AP at 60 GHz under an AWGN channel. To do that, we rely
on the estimation of the SNR link amid the 10T-5G user and the
10T-5G AP, as shown in Fig. 8. As expected, when the RSP at
the 10T-5G user is weakened (see Fig. 6), the SNR link amid the
10T-5G user and 10T-5G AP is also weakened (see Fig. 8), and
reciprocally. Regarding the results obtained from the estimated
error of the SNR link amid the 10T-5G user and the 10T-5G AP,
they take the same rate of the obtained results from the
estimated error of the RSP at the 10T-5G user (see Fig. 7 and
Fig. 9), because the Py at the 10T-5G user has been
considered as a constant in this work (see Table 2) and therefore
the SNR link amid the 10T-5G user and the 10T-5G AP will be
directly correlated to the variation of RSP at the 10T-5G user
(consult Egs. (14), (15) and (16)).
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SNR link between the IoT-5G user and the I

Time [5]

Figure 8. SNR link amid the 10T-5G user and the 10T-5G AP
[dB] vs. Time [s].

T
INSPL (Ep o) =217
LNSPL Ep o) =301

LopL

Time [s]

Figure 9. Estimated error of the SNR link amid the 10T-5G user
and the 10T-5G AP [dB] vs. Time [s].

Specifically, the second phase of the proposed algorithm aims to
estimate the probability of total detection error (or PTDE) of a
5G-PS at 60 GHz from the 10T-5G AP. In Fig. 10, the PTDE as
a function of time is displayed for each position of the 10T-5G
user in three scenarios as shown in Table 1. For the results that
were obtained, the PFA was chosen at 10796,

Probability of total detection error (or PTDE)

|
200 250

Time |5

Figure 10. Probability of total detection error vs. Time [s].

It is registered that the obtained results previously in the first
phase have a clear influence on the 5G-PS sensing at 60 GHz of
the 10T-5G AP. For example, there are some comparative
results summarized in Table 3. Indeed, one can clearly notice in
Table 3 that there is a very low error in the estimation of the
PTDE amid the real case and the estimated case, and even the
results obtained in Fig. 11 also proved that the estimated error
of the PTDE of a 5G-PS at 60 GHz from the 10T-5G AP is very
low. For example, the estimated average errors of the PTDE, are
as follows: 1.8681-107% (scenario (A)), 2.0785:1070°
(scenario (B)) and 2.4594 - 10~°¢ (scenario (C)). However, the
PTDE is determined by the following Eq. (24):

PTED =1 —PD + PFA (24)

Average estimated error o the PTDE is 2.4594'10°% |

|Average estimated error of the PTDE is 2.0785°10°°6

e INSPL /By o5, 217
—LNSPL /By 05, =301
LopL

. i . i
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Estimated error of the probability of total detection error (or PTDE)

Figure 11. Estimated error of the PTDE vs. Time [s].

t=100s SNR (/o756 user1oT-56 4P) | SNR (10756 user,joT-564P)| PTDE PTDE
Scenarios (A) 59.2869 dB 59.2868 dB 10703764 10703763
Scenarios (B) 56.0584 dB 56.0583 dB 10-0263932| 1(—0.263929
Scenarios (C) 46.4833 dB 46.4832 dB 10~0.011826{ 1(-0.0118258

Table 3. PTDE vs. SNR at 100 s.

4. CONCLUSION

In a nutshell, this paper endeavored to study the performance
evaluation of an algorithm that serves in detecting a 5G-PS at
60 GHz coming from the 10T-5G AP in real-time, inside an loT-
5GN. However, we found that the mobility of the 10T-5G user
has an adverse effect on the sensing performances of a 5G-PS at
60 GHz in an 10T-5GN, which allows us to verify this influence
is: the behavior of the PTDE as a function of the link distance
amid the 1oT-5G user and the loT-5G AP. As a result, the
algorithm that we proposed uses an estimator which provides
excellent results with a minimum estimation error; it is the o-p-

F. As a final note, the performances of the proffered algorithm
for the 10T-5G user tracking in an loT-5GN gives attractive
results for future loT applications.
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