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ABSTRACT: 

 

Presently, the IEEE 802.11ad wireless network standard supports the communication capability within the V band of millimeter-Waves 

(or mm-Waves) [40 – 75 GHz] for Internet of Things (or IoT) technology. This paper presents an algorithm to improve the Primary 

Signal 5G (or PS5G) sensing at 60 GHz in WLANIoT-5G (or Wireless Local Area Network for IoT-5G). To achieve that, we aim at 

investigating and assessing the sensing performances of the PS5G from the Access Point of WLANIoT-5G (or APWLANIoT-5G) by the 

Secondary User IoT-5G (or SUIoT-5G) in a congested environment using a simple energy detector (or SED) algorithm and a simple 

recursive estimator (or SRE). In addition, the SUIoT-5G is regarded as a mobile user in WLANIoT-5G by employing the Gauss-Markov 

Random Mobility Model (or GMRMM). Through various scenario simulations, the performances and the robustness of the proposed 

algorithm are proved. 

 

 

1. INTRODUCTION 

The arrival of next-generation cellular communications, or 5G 

technology, promises to be a great development for the Internet 

of Things (or IoT) industry. Besides, the deployment of the 5G 

network will strongly contribute to increasing the capability and 

reliability of IoT devices. With the growth of the IoT accelerating 

over the last few years, it has been necessary to develop 

innovative solutions. However, these solutions aim to multiply 

the amount of data that can be transmitted as well as its 

throughput. This will ensure that the current infrastructures can 

meet the expected increase in connected devices and data 

transmission. The implementation of 5G wireless mobile internet 

technology is one of the most modern solutions available to 

address this problem (Azzahra et al., 2017; Singh et al., 2018; 

Herschfelt et al., 2021; Mohanty et al., 2021; objetconnecte. net., 

2022, S. Date: 30.06.2022).  

 

The commercial success of any IoT device relies on its 

performance. It depends on how well a device can communicate 

with other IoT devices, smartphones, and tablets, as well as 

software in the form of apps or websites, etc. Under 5G 

technology, the data transfer rates are rising dramatically. 5G 

technology has up to 10 more data rates than the older 4G 

technology. This throughput improvement enables all IoT 

devices the ability to communicate and share data more 

efficiently than ever before (Azzahra et al., 2017; Singh et al., 

2018; Herschfelt et al., 2021; Mohanty et al., 2021; 

objetconnecte. net., 2022, S. Date: 30.06.2022). 

 

Wireless Local Area Networks (or WLANs) are founded on a 

standard that constitutes the integrated solutions suitable for 

networking in such a way that offers mobility, flexibility, 

installation ease, and low cost for the implementation of the 5G 

wireless IoT technology (Azzahra et al., 2017; Singh et al., 2018; 

Herschfelt et al., 2021; Mohanty et al., 2021; objetconnecte. net., 

2022, S. Date: 30.06.2022). 

 

The application of millimeter-Waves (or mm-Waves) is an 

attractive solution for higher data rates (or Gbps) in short-range 

applications. However, mm-Waves are extremely vulnerable to 

propagation losses and various obstacles such as furniture and 

walls. Therefore, the growing need for higher frequencies has 

caused many scientists to prioritize mm-Waves at 60 GHz. The 

60 GHz band is a good prospect for future high-speed WLAN-

IoT communication systems, it offers a cost and time advantage 

for the device manufacturers to guarantee the quality of the 

consumers (Azzahra et al., 2017; Singh et al., 2018; Herschfelt et 

al., 2021; Mohanty et al., 2021; objetconnecte. net., 2022, S. 

Date: 30.06.2022). 

 

The vast portion of the spectrum available at the 60 GHz band is 

freely accessible throughout the world, which explains the 

emergence of new technology allowing Wi-Fi connections. This 

license-free spectrum is more suitable for higher frequency bands 

such as mm-Waves bands and it contributes significantly to the 

improvement of users' living quality (Azzahra et al., 2017; Singh 

et al., 2018; Herschfelt et al., 2021; Mohanty et al., 2021; 

objetconnecte. net., 2022, S. Date: 30.06.2022). 

 

Recently, the mm-Wave (or 5G) spectrum sensing problems in 

WLANIoT-5G have been widely reported in the literature. This 

article outlines a new approach to improve the spectrum sensing 

reliability in WLANIoT-5G. A key challenge in WLANIoT-5G is to 

detect all the information about the Secondary User IoT-5G (or 

SUIoT-5G), when it is moving, particularly in a congested 

environment, as the mobility of this user (or SUIoT- 5G) has a 

considerable impact on the sensing performances of the Access 

Point of WLANIoT-5G (or APWLANIoT5G). So, an algorithm is 

proposed which provides a high detection level, for a SUIoT-5G 

moving at low speed in a congested environment. Furthermore, 

the shading element becomes significant in a congested 

environment. Thus, a weighted average mechanism is needed to 

achieve a stable measure of the signal strength at the SUIoT-5G. To 

achieve this, a simple recursive estimator (or SRE) is performed. 

In the end, the proposed algorithm is evaluated through 

simulations and results using MATLAB 2017a.  

 

Nevertheless, the proposed algorithm map in this paper is shown 

in Fig. 1 with two implementation phases:  
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The first phase relies on three steps to complete it, such as: 

 

• First step: In this work, the mobility model to be 

employed for the SUIoT-5G is the Gauss-Markov 

Random Mobility Model (or GMRMM) (Liang et al., 

1999; Xiaoyan et al., 1999; Tracy et al., 2002; Geng et 

al., 2013). 

• Second step: Regarding the propagation models, one 

must employ the Log-Normal Shading model (or LNS) 

with LOS and NLOS, to predict the received signal 

strength at the SUIoT-5G (Othmane and Adnane, 2020). 

• Third step: After the received signal strength 5G (or 

RSS5G) at the SUIoT-5G is predicted in a congested 

environment, one will rely on a SRE for estimating the 

RSS5G at the SUIoT-5G with higher and better 

measurement stability. Next, one can estimate the 

signal-to-noise ratio (or SNR) link between the 

APWLANIoT-5G and the SUIoT-5G (Adardour et al., 

2017). 

 

Concerning the second phase: 

 

To authenticate the detection level of the transmitted primary 

signal 5G (or PS5G) at 60 GHz from the APWLANIoT-5G, a simple 

energy detector (or SED) is exploited by the SUIoT-5G  (Adardour 

et al., 2015). 

 

 

Figure 1. Proposed algorithm map: PS5G sensing cycle. 

 

For achieving the intended goal, the present research consists of 

three sections that follow a general introduction to the 60 GHz 

IoT technology. In section 2, we discuss the proposed algorithm. 

The simulation and the obtained results are shown and discussed 

in Section 3. Finally, we report some conclusions in Section 4. 

 

2. PROPOSED ALGORITHM 

2.1 Gauss-Markov random mobility model 

In wireless communication applications, the RSS5G corresponds 

to a measurement of the signal reception power 5G (or RSP5G) 

outdoors or indoors wireless. This is typically applied in RF (or 

Radio-Frequency) for determining the estimated position of a 

user node (here it is the SUIoT-5G) or the estimated distance 

between two nodes, i.e., the SUIoT-5G and the reference node (here 

it is the APWLANIoT-5G). In the literature, however, there are 

various algorithms for a mobility model that can be employed to 

estimate the node position (here it is the SUIoT-5G) for any moving. 

For further information please consult references (Liang et al., 

1999; Xiaoyan et al., 1999; Tracy et al., 2002; Geng et al., 2013). 

 

A mobility model aims to depict the motion pattern of the SUIoT-

5G node, which includes its true position, velocity, and direction 

over time. The examined and studied model in this research is the 

Gauss-Markov random mobility model (or GMRMM). The 

GMRMM was firstly presented by the authors, Liang and Haas, 

in 1999. It was aimed at the analysis of a mobile wireless 

communication node in PCSNs (or personal communication 

services networks). It has been largely applicable, especially in 

ad-hoc networks (Tracy et al., 2002; Geng et al., 2013). 

 

However, the purpose of the first step would be to estimate the 

position of the SUIoT-5G node moving in the APWLANIoT-5G 

coverage area. Then, the link distance from the SUIoT-5G node to 

the APWLANIoT-5G node is estimated and applied in the second 

step. The details of the chosen model are presented in this sub-

section. An alternative representation of the GMRMM is based 

on the following state equations (Tracy et al., 2002; Geng et al., 

2013): 
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𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡)  = α ∙ 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)  + (1 − α) ∙ �̅�𝑆𝑈𝐼𝑜𝑇−5𝐺
+ ⋯

⋯ + (√1 − α2) ∙ 𝑊𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)
   

 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡)  = α ∙ 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) + (1 − α) ∙ �̅�𝑆𝑈𝐼𝑜𝑇−5𝐺
+ ⋯

 ⋯ + (√1 − α2) ∙ 𝑊 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)
    

 (1)                                                                                         

Where 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡) and 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡) denote the velocity and 

direction of the path of the SUIoT-5G node, respectively, at time 𝑡, 

�̅�𝑆𝑈𝐼𝑜𝑇−5𝐺
 and �̅�𝑆𝑈𝐼𝑜𝑇−5𝐺

 are constants indicating the average 

values of velocity and direction, respectively, and, 𝑊𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)
 

and 𝑊 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)
 are consistent with random variables 

pertaining to a Gaussian distribution of mean zero and standard 

deviation 𝜎. The GMRMM randomness is produced by means of 

a configuration setting α (0 < α ≤ 1). 

 

At each time interval, the targeted position of the SUIoT-5G node 

may be derived from its actual velocity and direction of motion. 

More conveniently, assuming that the SUIoT-5G node is moving 

along the 𝑋 and 𝑌 axes, then at the instant 𝑡 of the interval, its 

position may be determined using the following state equations 

(Tracy et al., 2002; Geng et al., 2013): 

 

𝑥𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡) = 𝑥𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) + ⋯                                                  

                          ⋯ + 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) ∙ 𝑐𝑜𝑠(𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)) 

𝑦𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡)  = 𝑦𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)  + ⋯                                               

                           ⋯ + 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) ∙ 𝑠𝑖𝑛(𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1))   

  (2) 

Where, (𝑥𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡) ,  𝑦𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡)) and 

(𝑥𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1), 𝑦𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1)) are the coordinates at instants 𝑡 

and (𝑡 − 1), respectively ; 𝐷𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) and 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(𝑡−1) are 

the direction and velocity of the SUIoT-5G, respectively, at instants 

(𝑡 − 1). 

 

2.2 SNR sensitivity and simple recursive estimator 

The mobile tracking (here it is the SUIoT-5G) in wireless 

communication networks based on radio frequencies, is often 

done with the help of the RSS5G, which is applied to estimate the 

distance from a mobile node (here it is the SUIoT-5G) to an access 

point node (here it is the APWLANIoT-5G). When using RF to 

track mobile node (here it is the SUIoT-5G) and estimate distances 

(SUIoT-5G node to APWLANIoT-5G node), some challenges must 

be addressed, such as signal attenuation, noise, multipath effects, 

physical obstacles, temperature effect, and so on. On account of 

these difficulties and the interference with other received signals, 

the PS5G sensing is becoming difficult. Furthermore, the 

objective of this second step is to predict the RSS5G at the receiver 

(or SUIoT-5G) and then employ it in the third step in order to 

estimate the SNR from the transmitter (or APWLANIoT-5G) to the 

receiver (or SUIoT-5G), for each distance linking them, as 

illustrated in Fig. 1 (Othmane et al., 2020; Adardour et al., 2017). 

 

In this sub-section, we describe the estimation method that has 

been applied in the proposed WLANIoT-5G model. The major 

elements of the estimation method are summarized in Table 1. 

 

At first, the WLANIoT-5G model is trained by the APWLANIoT-5G 

and the SUIoT-5G, and the critical parameter that separates the 

APWLANIoT-5G and the SUIoT-5G is the sensing channel, where 

the PS5G is propagated. Furthermore, the current channel 

condition should be evaluated by the SNR sensitivity 

(𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)) at each link from APWLANIoT-5G to 

SUIoT-5G (see Fig. 1). Consequently, the sensitivity assessment of 

the 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) must use parameters such as: the 

estimated distance (�̂�(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)) between the SUIoT-5G 

and the APWLANIoT-5G, the estimate of  (�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)) at the 

SUIoT-5G, and the noise power (𝑁𝑃𝑜𝑤𝑒𝑟). However, as the SUIoT-

5G moves around a congested environment, there is a need for a 

weighted averaging mechanism to produce a consistent measure 

of the RSS5G at the SUIoT-5G. This is achieved using a simple 

recursive estimator (or SRE). The estimation method is as 

follows:  

 

For (𝒙𝟎 (𝑺𝑼𝑰𝒐𝑻−𝟓𝑮), 𝒚𝟎 (𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)) to (𝒙𝒊 (𝑺𝑼𝑰𝒐𝑻−𝟓𝑮), 𝒚𝒋 (𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)), do: 

1. Estimate the distance from SUIoT-5G to PUIoT-5G 
(�̂�(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)); 

2. Estimate the RSS5G at the SUIoT-5G (�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺));  

3. Estimate the sensitivity of the 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) 

between the SUIoT-5G and the PUIoT-5G. 

End for 

Table 1. Estimating method. 

 

2.2.1 Distance estimating: The Euclidean distance in [m] can 

be used to compute the estimated distance from two nodes the 

SUIoT-5G and the PUIoT-5G; this is expressed as follows (Othmane 

et al., 2020; Adardour et al., 2017): 

�̂�(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) =

√(𝑥𝑖 (𝑃𝑈𝐼𝑜𝑇−5𝐺) − 𝑥𝑖 (𝑆𝑈𝐼𝑜𝑇−5𝐺))
2

+ ( 𝑦𝑗 (𝑃𝑈𝐼𝑜𝑇−5𝐺) − 𝑦𝑗 (𝑆𝑈𝐼𝑜𝑇−5𝐺))
2
     

                                                                                                  (3) 

Where, the coordinates (𝑥𝑖 (𝑆𝑈𝐼𝑜𝑇−5𝐺), 𝑦𝑗 (𝑆𝑈𝐼𝑜𝑇−5𝐺)) of SUIoT-5G are 

derived through GMRMM and the coordinates 

(𝑥𝑖 (𝑃𝑈𝐼𝑜𝑇−5𝐺), 𝑦𝑗 (𝑃𝑈𝐼𝑜𝑇−5𝐺)) of PUIoT-5G are set to (0,0). 

 

2.2.2 RSS5G at the SUIoT-5G under LNS model: The 

estimated RSS5G in [dB] from PUIoT-5G to SUIoT-5G is derived as 

follows (Othmane et al., 2020; Adardour et al., 2017): 

�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)  = 𝑃𝑡(𝑃𝑈𝐼𝑜𝑇−5𝐺) − (𝑃𝐿0 + 10 ∙ 𝑃𝐿𝐸(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆) ∙

                                                          𝐷�̂�/𝑑0
)                                    (4) 

Where, 

𝐷�̂�/𝑑0
= 𝑙𝑜𝑔10 (

�̂�(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)

𝑑0
)                                         (5) 

It is assumed from equation (3) that the Log-Distance Path Loss 

(or LDPL) model is characterized as follows: 

[
�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)

�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)(𝑑0)
]

[𝑑𝐵]

= −10 ∙ 𝑃𝐿𝐸(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆) ∙ 𝐷�̂�/𝑑0
               (6) 

�̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)(𝑑0) =  𝑃𝑡(𝑃𝑈𝐼𝑜𝑇−5𝐺) − 𝑃𝐿0                                   (7) 

𝑃𝐿0 = 20 ∙ 𝑙𝑜𝑔10 (
4𝜋𝑑0

𝜆
)                                                           (8)                                                                       

On the other hand, in order to have the LNS effects model, one 

needs to add an auxiliary element 𝑋𝜎(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆) in the LDPL 

model, where the last model (6) given by the following form: 

 

[
�̂�𝒓(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)

�̂�𝒓(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)(𝑑0)
]

[𝑑𝐵]

= −10 ∙ 𝑃𝐿𝐸(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆) ∙ 𝐷�̂�/𝑑0
+ ⋯  

                                                  ⋯ + 𝑋𝜎(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆)
                            (9) 

Where, �̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺) , 𝑃𝑡(𝑃𝑈𝐼𝑜𝑇−5𝐺), 𝑃𝐿0, �̂�(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺), λ and 

𝑃𝐿𝐸(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆), are: the estimated RSS5G at the SUIoT-5G in [dB], 

the transmitted PS5G by the PUIoT-5G in [dB], the path loss based 

on a reference distance 𝑑0 in [dB], the estimated distance 
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between the SUIoT-5G and the PUIoT-5G in [m], the wavelength of 

the PS5G in [mm] and the path loss exponent in line-of-sight (or 

LOS) or none-line-of-sight (or, NLOS), respectively, and 

𝑋𝜎(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆)
 is a GD-RV (or Gaussian distributed-random 

variable) with zero mean and standard deviation (𝜎(𝐿𝑂𝑆/𝑁𝐿𝑂𝑆)) in 

[dB]. 

 

There is however a need to apply a reliable method to detect the 

estimated RSS5G at the SUIoT-5G which is considered more stable 

in a congested environment. For this purpose, a simple recursive 

estimator (or SRE) is applied, as depicted in the formula below: 

 

�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)(𝑡) =  [𝛿 ∙ �̂�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)(𝑡)] + ⋯  

                                      ⋯ + [(1 − 𝛿) ∙ �̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)(𝑡 − 1)]      (10) 

 

Where, 𝛿(0 < 𝛿 ≤ 1) is the weighting factor (Othmane et al., 

2020; Adardour et al., 2017). 

 

2.2.3 SNR sensitivity under LNS model  : The sensitivity 

estimation of the 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) for the link between two 

nodes the SUIoT-5G and the PUIoT-5G is performed as follows 

(Adardour et al., 2017; Othmane et al., 2020): 

 

𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)[𝑑𝐵] =

�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)

𝑁𝑃𝑜𝑤𝑒𝑟
                              (11)                                                                           

𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺)[𝑑𝐵] = 10𝑙𝑜𝑔10 (

�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)

𝑁𝑃𝑜𝑤𝑒𝑟
)            (12)                                                              

 

2.3 Simple Energy Detector 

In this subsection, the local detection (or LD) model of PS5G is 

introduced. However, the spectrum sensing method about 60 

GHz frequency band or APWLANIoT-5G (or PUIoT-5G) is very 

simple, which is divided into two cases: the local detection (or 

LD) of PS5G and the cooperative detection (or CD) of PS5G. In 

this paper, the LD method of PS5G around the 60 GHz frequency 

is exploited. Nevertheless, it is considered that the SUIoT-5G 

features an energy detector to detect the PS5G in order to 

authenticate whether the PUIoT-5G is available or not in WLANIoT-

5G area. It may be summarized as follows (Adardour et al., 2015; 

Othmane et al., 2020): 

 

• The estimated RSS5G at the SUIoT-5G is indicated as 

follows if the APWLANIoT-5G is not available: 

 

𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
(𝑡) =  𝑁𝐴𝑊𝐺𝑁(𝑡)  →  𝐻0                                      (13)  

                                                                                            

• When the APWLANIoT-5G is available, the estimated 

RSS5G at the SUIoT-5G is indicated as follows: 

𝑌�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)
(𝑡) =  𝑆𝑃𝑡(𝑃𝑈𝐼𝑜𝑇−5𝐺)

(𝑡) + 𝑁𝐴𝑊𝐺𝑁(𝑡) →  𝐻1          (14) 

                                                                    

Where, 𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
 is the estimated RSS5G at the SUIoT-5G, 

𝑆𝑃𝑡(𝑷𝑼𝑰𝒐𝑻−𝟓𝑮)
(𝑡) is the PS5G from the APWLANIoT-5G and 

𝑁𝐴𝑊𝐺𝑁(𝑡) is the additive white Gaussian noise (or AWGN). 

Based on the observation of 𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
(𝑡), the SUIoT-5G needs to 

reach a decision between 𝐻0 (APWLANIoT-5G is not available) 

and 𝐻1 (APWLANIoT-5G is available). 

 

Assuming that 𝐸𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
is the observed energy of 

𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
, it may be expressed as: 

 

𝐸𝑌�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)
= (

1

𝑀
) ∑ |𝑌�̅�𝑟(𝑆𝑈𝐼𝑜𝑇−5𝐺)𝑛

|
2

𝑀
𝑛=1                                (15) 

Where, 𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
𝑛

 refers to a sample obtained from the 

estimated RSS5G at the SUIoT-5G and 𝑀 = 2 ∙ 𝑇 ∙ 𝑊 refers to the 

total number of samples. Then, the estimated RSS5G at the SUIoT-

5G is detected in a bandwidth 𝑊 within an observation time 𝑇. 

 

Moreover, the output energy 𝐸𝑌�̅�𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)
 of a detector (i.e., 

SUIoT-5G) is partitioned as follows: 

 

{

𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)/𝐻0

= (
1

𝑀
) ∑ |𝑁𝐴𝑊𝐺𝑁𝑛

|
2𝑀

𝑛=1                                 

𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)/𝐻1

= (
1

𝑀
) ∑ |𝑆𝑃𝑡(𝑷𝑼𝑰𝒐𝑻−𝟓𝑮)𝑛

+ 𝑁𝐴𝑊𝐺𝑁𝑛
|

2
𝑀
𝑛=1   

 (16) 

                                        

It is possible to write the formula (16) as follows: 

 

{

𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)/𝐻0

= 𝜒𝑀
2                           

𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)/𝐻1

= 𝜒𝑀
2 (2 ∙ 𝛾)                  

                                (17)    

          

Where, 𝛾 = 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) in [dB], 𝜒𝑀

2  and 𝜒𝑀
2 (2 ∙ 𝛾) 

display the central and non-central Chisquare distributions with 𝑀 

degrees of freedom, respectively [42,44]. 

 

The sensing performances of PS5G in WLANIoT-5G under an 

AWGN channel are discussed through two measures: Probability 

of Detection (or PD) and Probability of False Alarm (or PFA), 

which are equivalent to [42,44]: 

 

𝑃𝐷 = 𝑃𝑟𝑜𝑏 (𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)

> 𝐸𝑇ℎ |𝐻1)                   

𝑃𝐷 = 𝑄𝑀(√2 ∙ 𝑆𝑁𝑅̅̅ ̅̅ ̅̅ ̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺), √𝐸𝑇ℎ )                     (18)  

          

𝑃𝐹𝐴 = 𝑃𝑟𝑜𝑏 (𝐸𝑌�̅�
𝑟(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮)

> 𝐸𝑇ℎ |𝐻0) =
Γ(𝑀,

𝐸𝑇ℎ 

2
)

Γ(𝑀)
             (19) 

                                                                                   

Where, Γ(∙) and Γ(∙,∙) are complete and incomplete gamma 

functions, respectively. 𝑄𝑀(∙,∙) is the generalized Marcum Q-

function and 𝐸𝑇ℎ is the threshold energy for decision-making?  

 

Yet, the Probability of Total Detection Error (or PTED) of PS5G 

at 60 GHz from the APWLANIoT-5G can be derived from the 

following formula (20) (Adardour et al., 2015; Othmane et al., 

2020): 

 

𝑃𝑇𝐸𝐷 = 𝑃𝑀𝐷 + 𝑃𝐹𝐴                                                            (20) 

                                                                      

Where, 𝑃𝑀𝐷 is the Probability Missing Detection of PS5G at 60 

GHz from the APWLANIoT-5G. 

 

3. SIMULATION AND RESULTS 

3.1 Simulation setup 

In this part, the computer simulations have been performed using 

MATLAB R2017a software. The aim of the current work is to 

improve the sensing performances of APWLANIoT-5G (or PS5G at 

60 GHz) in a real-time WLANIoT-5G, taking into account that the 

environment of the WLANIoT-5G is congested, together with 

considering the mobility impact of the SUIoT-5G for three proposed 

scenarios, see Table 2. The considered parameters in our 

experiments are given in Table 3 (Sun et al., 2016; Joongheon et 

al., 2017; Zhang and Yu, 2019). 
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 Propagation model Observation 

channel 

Scenario (A) Free space trajectory 

loss (or FSTL) 

AWGN 

Scenario (B) LNS (PLE(LOS)) AWGN 

Scenario (C) LNS (PLE(NLOS)) AWGN 

Table 2. PS5G sensing scenarios in WLANIoT-5G. 

Parameters  Values 

WLANIoT5G model 50 x 50 [m2] 
Frequency  60 [GHz] 
Transmission power of 

APWLANIoT-5G 

15 [dBm] 

Noise power at SUIoT-5G −139 [dBm] 
Path loss exponent PLE(LOS)  = 2.17 and PLE(NLOS) = 3.01 

Reference distance  1.0 [m] 

Table 3. Simulation parameters. 

 

3.2 Results and interpretations 

In this work, the first steps of our algorithms (see Fig. 1) aimed 

to estimate the RSS5G at the SUIoT-5G as well as the sensitivity 

estimation of the 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) between the 

APWLANIoT-5G and the SUIoT-5G. To do this, we first estimate the 

trajectory of SUIoT-5G with reference to a landmark that will be 

the APWLANIoT-5G position, and then the velocity of the SUIoT-5G 

using the GMRMM. 

 

However, the SUIoT-5G movement within the WLANIoT-5G for the 

three proposed propagation models (see Table 2) is depicted in 

Fig. 2. The SUIoT-5G starts its movement at the point (√2, √2) and 

moves along time for 𝑡 = 200 𝑠; the distance 𝑑 between the 

SUIoT-5G initial position (i.e., yellow point) and the 

APWLANIoT5G (i.e., red triangle) is 1.0 𝑚. Furthermore, to carry 

out this motion, the following GMRMM parameters are defined, 

namely the time interval as 1.0 𝑠, 𝛼 = 0.0075, �̅�𝑆𝑈𝐼𝑜𝑇−5𝐺
=

0.3 m/s  and �̅�𝑆𝑈𝐼𝑜𝑇−5𝐺
 initially is 45°. As shown in Fig. 2, the 

SUIoT-5G is positioned in a closed environment of 130 x 130 [m2], 

as indicated by the dashed green square boundary, and the two 

black square contours are considered as obstacles in WLANIoT-

5G. Moreover, it is very evident that the SUIoT-5G follows a semi-

random trajectory (see the zoom section of Fig. 2). 

 

Figure 2. Estimated trajectory of SUIoT-5G using GMRMM. 

On the other hand, the estimated speed of SUIoT-5G using the 

GMRMM algorithm is depicted in Fig. 3. Though, the movement 

speed per unit time of SUIoT-5G in the WLANIoT-5G is shown in 

Fig. 3. Hence, one can clearly see that the speed decreases from 

𝑡 =  1 𝑠 with 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(1 𝑠) = 1.21 𝑚/𝑠 to 𝑡 =  108 𝑠 with 

𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(108 𝑠) = 0.3105 𝑚/𝑠. In addition, it should be noted 

that between the time 𝑡 =  109 𝑠 and 𝑡 =  200 𝑠, the average 

movement speed of SUIoT-5G ( or 𝑉𝑆𝑈𝐼𝑜𝑇−5𝐺(109 𝑠 𝑡𝑜 200 𝑠 )) is equal 

to 0.3050 𝑚/𝑠. Consequently, the SUIoT-5G speed remains 

relatively constant during the time interval from 109 𝑠 to 200 𝑠. 

 

Figure 3. Estimated speed of SUIoT-5G vs. Time [s]. 

 

In Figs. 4 and 5, the RSS5G at the SUIoT-5G and the sensitivity of 

the 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) between the APWLANIoT-5G and the 

SUIoT-5G are illustrated for the three proposed scenarios (see Table 

2). The RSS5G value is estimated using the proposed algorithm, 

as seen in Fig. 1. From the Fig. 4, it is obvious that as the SUIoT-

5G moves to the extreme end of the radiation coverage area for 

WLANIoT-5G, which is far from the APWLANIoT-5G, the RSS5G at 

the SUIoT-5G is weaker. 

 

Figure 4. Estimated RSS5G at the SUIoT-5G vs. Time [s]. 

 

Throughout this step a Simple Recursive Estimator (or SRE) is 

employed. However, the SRE performance has been examined 

by the impact of the appropriate value of 𝛿 (delta) to correctly 

estimate the RSS5G at the SUIoT-5G; one has observed that 𝛿 is 

strongly correlated with the RSS5G variation. Furthermore, one 

can clearly note that the fluctuation of the RSS5G values at the 

SUIoT-5G may be considered quite large when no average may be 

taken into account, i.e., when the 𝛿 value is equal to 1. 

Conversely, when the 𝛿 value is equal to 0.1, 0.02, and 0.009, the 

estimation of the RSS5G at the SUIoT-5G is absolutely acceptable. 

It is important, however, to achieve better stability for the RSS5G 

at the SUIoT-5G. To meet this goal, one can see that when 

averaging is applied with the 𝛿 value equal to 0.009, the RSS5G 

values at the SUIoT-5G are not so sensitive to rapid changes in 

terms of fluctuation. 

 

According to step one and two of the proposed algorithm, it is 

possible to estimate the sensitivity of the received 

𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) at the SUIoT-5G. From the obtained results 

as indicated in Fig. 5, one can easily observe that as SUIoT-5G 
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moves further away from APWLANIoT-5G (refer to Fig. 2), the 

RSS5G at the SUIoT-5G is weaker (refer to Fig. 4); the sensitivity 

of the received 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) at the SUIoT-5G is also 

significantly weaker. As is illustrated in Fig. 5, one can see that 

the sensitivity estimation of the received 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) 

at the SUIoT-5G has the best performance when the 𝛿 value is equal 

to 0.009.  In fact, 𝛿 is dependent on the shadowing parameter 𝜎. 

One can notice that the proposed algorithm is less sensitive to fast 

variations of the sensitivity estimation of the received 

𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) at the SUIoT-5G, when an average 𝛿 =

 0.009 is applied. Therefore, it is important to obtain a stable 

estimate to increase the reliability of the PS5G sensing 

performances at 60 GHz frequency. 

 

 

Figure 5. Estimated SNR sensitivity at the SUIoT-5G vs. Time 

[s]. 

 

Based on the proposed algorithm, the objective of the second 

phase consists to estimate the PS5G sensing level. The obtained 

results for the PTDE of PS5G at 60 GHz frequency, are presented 

in Fig. 6, considering that the SUIoT-5G moves within the radiation 

coverage area for WLANIoT-5G. In addition, the selected PFA is 

10-06.  

 

3.2.1 Impact of SUIoT-5G mobility on the PS5G sensing 

performances at 60 GHz frequency: Considering the previous 

results obtained in the first phase, one can see that there is a clear 

influence on the PS5G sensing performances at 60 GHz frequency 

for the three proposed scenarios (see Table 2), see Fig. 6 which 

gives the PTDE results. It is worth noting that when the 

sensitivity of the received 𝑆𝑁𝑅̅̅ ̅̅ ̅̅
(𝑆𝑈𝐼𝑜𝑇−5𝐺; 𝑃𝑈𝐼𝑜𝑇−5𝐺) at the SUIoT-5G 

degrades, the PTDE of PS5G at 60 GHz frequency is also 

increased. Therefore, the simple energy detector (or SED) 

performances which has been carried out by the SUIoT-5G can also 

be significantly deteriorated. 

 

3.2.2 Effectiveness of SRE on the PS5G sensing 

performances at 60 GHz frequency: The SUIoT-5G mobility in 

WLANIoT-5G and the PS5G at 60 GHz frequency in a congested 

environment, have a noteworthy impact in the context of 5G 

spectrum sensing. Therefore, a SRE is suggested to improve the 

PS5G (or APWLANIoT-5G) sensing performances at 60 GHz 

frequency. 

 

After the analysis on the SRE use testing, the SRE provided us 

with some highlights for the proposed algorithm (see Fig. 1). 

 

In the same context, the weighting factor 𝛿 impact on the PS5G 

sensing performances is shown in Figs. 4 to 6. One can note that 

the simulation results are consistent with our goal. The sensing 

performances of PS5G at 60 GHz frequency are significantly 

improved in a congested environment, and especially for the third 

propagation model (see Table 2). It is also noted that varying the 

weighting factor 𝛿 has a significant positive impact on the PTDE 

(see Tables 4 and 5), confirming the importance of our 

contribution to the WLANIoT-5G. 

 

Figure 6. Probability of total detection error vs. Time [s]. 

 

Furthermore, it is clear from Fig. 6 and, Tables 4 and 5 that the 

minimum PTDE has been reached in the case where the 

weighting factor 𝛿 is equal to 0.009. Therefore, all three cases 

(i.e., the PTED for the three proposed scenarios in Table 2) have 

been compared with the estimated PTED, with 𝛿 =  0.009. 

 

𝜹 1 0.1 0.02 0.009 

𝑺𝑵𝑹̅̅ ̅̅ ̅̅
(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮; 𝑷𝑼𝑰𝒐𝑻−𝟓𝑮) 

[𝐝𝐁] 

35.87 38.55 45.33 57.15 

𝑺𝑵𝑹̅̅ ̅̅ ̅̅ (𝑺𝑼𝑰𝒐𝑻−𝟓𝑮; 𝑷𝑼𝑰𝒐𝑻−𝟓𝑮) 

𝐭𝐡𝐫𝐞𝐬𝐡𝐨𝐥𝐝 [𝐝𝐁] 

52.02 52.02 52.02 52.02 

𝐏𝐓𝐄𝐃 0.9963 0.9928 0.9665 0.5948 

𝐏𝐓𝐄𝐃 𝐭𝐡𝐫𝐞𝐬𝐡𝐨𝐥𝐝 0.8529 0.8529 0.8529 0.8529 

Table 4. Improved PTDE at t = 139 s, in third scenario. 

 

at t = 139 s 𝑺𝑵𝑹̅̅ ̅̅ ̅̅
(𝑺𝑼𝑰𝒐𝑻−𝟓𝑮; 𝑷𝑼𝑰𝒐𝑻−𝟓𝑮) 𝐏𝐓𝐄𝐃  

Scenario (A) 53.37 dB 0.8046 

Scenario (B) 50.54 dB 0.8929 

Scenario (C) 34.34 dB 0.9973 

Improved Scenario (C) 

/𝜹 = 𝟎. 𝟎𝟎𝟗 

57.15 dB 0.5948 

Table 5. Sensing performances of a PS5G at 60 GHz frequency 

in different scenarios. 

 

4. CONCLUSION 

This paper has presented an efficient algorithm to improve the 

sensing performances of primary signal 5G for WLANIoT-5G in a 

real-time, while the environmental impact and the SUIoT-5G 

mobility are taken into account. However, the sensing reliability 

has been improved by the use of a simple recursive estimator. 

From the obtained results, it can be stated that the proposed 

algorithm can stabilized the received signal strength at the SUIoT-

5G in a congested environment for WLANIoT-5G, while achieving 

the minimum probability of total detection error of primary signal 

5G around the 60 GHz frequency. 
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