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Over the last decade, mobile traffic has grown at an exponential rate, resulting in a 
scarcity and incompetent use of licensed spectrum by mobile network operators. 
Therefore, it is important to maintain effective communication to avoid disconnecting 
signals. The technique of regulating the power of a transmitter in order to improve the 
communication signal or entire quality of service is known as power control. It is mostly 
used to improve the performance of a communication device by controlling the 
transmission power. Power control, in most scenarios, allows the transmission or signal 
power to be scaled, leading to improved signal quality. On the other hand, power 
control methods are aimed at avoiding unnecessarily high-power transmission. Hence, 
particle swarm optimization (PSO) is a computational method for optimizing the 
reference signal received power (RSRP) by iteratively attempting to improve an 
unnecessarily high-power transmission solution in terms of a given quality measure. 
The objective of this research is to evaluate the optimum RSRP value and proposed 
ideal energy detection threshold for Wi-Fi and LTE-LAA in order to obtain fair 
coexistence between two networks. Thus, simulations for PSO are carried out using 
MATLAB software. Based on the results obtained, there are improvement in 
throughput for both networks after PSO implementation therefore, an ideal energy 
detection threshold is suitable to use in order to get fair coexistence between Wi-Fi 
and LTE-LAA networks. Consequently, all the results obtained will be used in following 
research work in order to evaluate user’s handover in various scenarios.  
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1. Introduction 
 

Wireless communications have seen tremendous growth in the number of mobile terminals as 
well as traffic demand for various multimedia applications. The vast disparity between current 
capabilities and forecast demand has expeditious academic and industrial communities to figure 
advanced technologies for increase in network capacity. Licensed-Assisted Access-Long Term 
Evolution (LAA-LTE) is evolving as a coming technology for telecommunication companies to operate 
in unlicensed spectrum for wireless data traffic offloading in order to sustain the potential growth in 
mobile services. Telecommunications companies have previously initiated unlicensed band 
technologies, such as Wi-Fi, that were integrated with their licensed wireless/wireline infrastructure 
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for wireless traffic offloading. LAA-LTE is an extension of the 3G/4G/LTE-A network that offers unified 
mobility, authentication, security, and management. This allows for more efficient and seamless use 
of the unlicensed spectrum than the integration of Wi-Fi and LTE-A services. Furthermore, because 
they share the same core network and deployment strategy, LAA-LTE and Wi-Fi can coexist as good 
neighbours for mobile network users [1]. 

Nevertheless, in order to minimize or prevent performance degradation issues, the hidden node 
issue over shared medium access networks is a challenge that must be tackled. To minimize 
interference and ensure coexistence, LTE-LAA evolved node base station (eNB) attempt to choosing 
a channel not used by nearby Wi-Fi nodes or using a channel selection mechanism. In heavy traffic 
situations, the presence of high numbers of sensors in 5G networks would require the use of 
unlicensed bands when the restricted licensed band is unable to satisfy the demand for the service. 
The huge use of the free band for various operators would lead to an increase amount of interference 
from hidden nodes that Listen-before-Talk (LBT) mechanisms cannot prevent. Therefore, there is a 
need to have an optimum energy detection threshold for interference reduction by highlighting 
characteristic function of the energy detection decision variable in LTE-LAA and Wi-Fi coexistence 
networks [2]. The main objective in this research is to evaluate the optimum reference signal received 
power (RSRP) value and proposed ideal energy detection (ED) threshold for Wi-Fi and LTE-LAA in 
order to obtain fair coexistence between two networks. Calculation for optimum RSRP and energy 
detection threshold are used in this research. All simulation performance is performed using 
MATLAB. The rest of the paper is organized into three different sections. This section continues with 
further explain the related works on the Particle Swarm Optimization (PSO) and coexistence 
performance between LTE-LAA and Wi-Fi. The research methodology will be presented in Section 2. 
Simulation results and discussion are explained in Section 3 and finally, a conclusion is drawn in 
Section 4. 

 
1.1 Related Works 
 

Several researchers have been researched all over the world in order to fulfil the user’s 
requirement. In this research, an optimum RSRP was evaluated and new energy detection threshold 
value was proposed as an enhanced work to improvise the previous paper. In paper [3], the author 
creates a new framework for estimating Wi-Fi and LTE-LAA throughput in coexistence scenarios by 
modifying the well-known Bianchi model. As a byproduct, the impact of various network parameters 
such as the energy detection threshold on Wi-Fi and LTE-LAA coexistence is investigated and 
validated using a National Instrument (NI) experimental testbed. Paper [4], an adaptive Reference 
Signal Received Power Threshold (RSRPth) was proposed in this paper to initiate the handover process 
using the user's speed and the handover signaling delay value. The probability of handover failure 
(pf) was calculated using the adaptive value of RSRPth and the proposed adaptive RSRPth value for 
handover initiation reduced the number of failed handovers. Particle swarm optimization (PSO) is a 
simple bio-inspired algorithm for searching for an optimal solution in the solution space. It differs 
from other optimization algorithms in that it requires only the objective function and is not affected 
by the gradient or any differential form of the objective [5]. Author [6], the PSO was the first to focus 
on simulating social behaviours as a stylized image of species movement or as a group [7] such as a 
bird flock or a fish school. The algorithm was simplified, and optimization was observed, as well as 
improved search performance [8]. 

The author's primary focus in this work will be the integration of these two domains: next-
generation wireless networks (NGN) and swarm intelligence (SI) [9]. The author examines the 
applications of SI to resolve emerging issues in NGN, such as spectrum management and resource 
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allocation, wireless caching and edge computing, network security, and a variety of other issues. In 
this paper [10], the authors conduct a thorough review of the existing literature on various issues 
concerning the operation of unlicensed radio access technologies (RATs) in the 6 GHz bands and they 
specifically discuss how key features in next-generation Wi-Fi are being designed to take advantage 
of these additional unlicensed bands. This paper also shed light on the potential challenges that 
unlicensed RAT designers may face in the near future. The authors investigated resource allocation 
issues in the 5G network using particle swarm optimization in this paper (PSO) [11]. The PSO 
algorithm is used to solve non-convex optimization problems and the simulation results show that 
their algorithm can reach convergence and outperforms the Genetic algorithm. This paper [12] has 
proposed a handover optimization technique based on signal strength, user speed, and data type. To 
optimize base station handovers, the author introduced a Particle Swarm Optimization (PSO) 
technique and a Particle Swarm Optimization with Passive Congregation (PSOPC) technique. The 
simulation results show that the proposed optimization technique precisely reduces handovers. 
Nonetheless, in this article [13], the author proposes a new strategy for resource allocation schemes 
that, through PSO-PFS hybridization, can assist users in a critical position (Particle Swarm 
Optimization). Furthermore, PFS (Proportional Fair Scheduling) takes into account the users' channel 
state conditions, and the PSO algorithm provides an optimal solution to the allocation problem and 
improves user performance based on their stat. The simulation results show that the PSO-PFS hybrid 
algorithm's resource allocation ensures the system's high throughput by ensuring user fairness. This 
paper [14] presents a repeatability study on raw RSRP measurements collected in a commercial LTE 
network in the 700 MHz frequency band. This process is aided by the common radio frequencies (RF) 
drive-test method, which employs a scanner-based tool as the measuring device. In the analysis 
phase, the main measurement statistical metrics are calculated after collecting all of the required 
data with the scanner. Thus, the repeatability of the RSRP measurements is investigated by 
comparing statistics from data collected along the same drive route on different days. Based on the 
limited data set collected, the LTE RSRP measurements have been confirmed to have good temporal 
repeatability and stability, allowing optimization to be based on a single LTE drive test. Authors in 
paper [15] evaluated the effect of asymmetry energy detection threshold between the Wi-Fi (-62 
dBm) and LTE-LAA (-72 dBm) coexistence. The authors have developed a coexistence simulator in ns-
3 and energy detection thresholds were varied for both Wi-Fi and LTE-LAA networks. The results 
demonstrated that performance of Wi-Fi and LTE-LAA were improved by lowering the Wi-Fi energy 
detection threshold from -62 dBm. It can be concluded that an overlapping Wi-Fi with LTE-LAA would 
improve coexistence performance compared to LTE-LAA are assumed by Wi-Fi as noise. 

Thus, authors from previous study [16] designed the MAC protocol for LTE-LAA for fair 
coexistence by optimized the transmission time for maximized the overall normalized channel rate 
contributed by both networks while protecting Wi-Fi. Paper [17] proposed Wi-Fi energy tracking 
algorithm to identify the duration a dynamic ED threshold and Wi-Fi frame. The author proposes a 
novel Markov chain-based analytic model in this paper [18] to deal with the variation of the LAA 
frame structure overhead. Hence, when the analysis and simulation results are compared, the 
difference is only 0.2% on average, demonstrating the accuracy of the proposed model. This paper 
[19] describes the design of the LTEPro network, which combines LTE-LAA and LTELWA. By designing 
an appropriate distance, density as a ratio, and bandwidth allocation between three technologies to 
find the best cell location for high throughput. The results show that the pico LTE-pro network was 
designed with a range D1 of 3:4 of the LAA radius and D2 of 4:5 of the LTE radius. The node ratio and 
bandwidth allocation of LTE: LAA: LWA are 2: 2: 10 and 2: 4: 4 respectively, which affect LTE-Pro 
network performance and will improve LTE-Pro network performance. This paper [20] proposed an 
emergency load shedding optimization model to solve the DC blocking fault of the multi direct 
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current (DC) receiving-end power grid. The model uses each node's load shedding as an optimization 
variable and the minimum total load shedding as an optimization objective. Thus, improves the 
algorithm's efficiency through parallel computing and validates the algorithm's feasibility using 
the provincial power grid model in China. 

Furthermore, an adaptive power control for cochannel femtocells is presented in this paper [21]. 
To avoid co-channel interference, femtocells must detect the presence of macro users in their 
surroundings. By using adaptive power control on the femtocell downlink, interference is avoided. 
Further to that, the femtocells have a reporting mechanism and are linked to a coordinator, allowing 
for direct connections between femtocells. The results show that the Block Error Rate (BLER) 
requirements are met, and interference can be reduced by implementing the adaptive power control 
and reporting scenarios proposed. The author proposed an effective approach called the Adaptive 
Smart Power Control Algorithm (ASPCA) in the paper [22], which can be used to cluster users in 
coverage gaps and to address cross-tier interference issues by determining an appropriate serving 
range for femtocells without requiring standard changes or complicated cell negotiation. As a result, 
the author shows that, when compared to the conventional method, the ASPCA improved 
significantly macrocell performance by about 51.32% in average user throughput while having a 
minor impact on femtocell performance by about 8.63% in average user throughput and causing a 
negligible 0.46% overall loss in average throughput. Thus, the ASPCA also established favourable 
conditions for frequency-reuse-based schemes of Inter-Cell Interference Coordination (ICIC), such as 
Fractional Frequency Reuse (FFR) and Soft Frequency Reuse (SFR), which can be combined to provide 
the greatest benefit to cellular networks. Next, the authors [23] explore the user throughput and 
spatial spectral efficiency (SSE) of multi-UC coexisting LTE-LAA and Wi-Fi networks versus network 
density using the Matern hard core process in this paper. Throughput and SSE are calculated as 
functions of downlink successful transmission probability (STP), for which analytical expressions are 
developed and validated using Monte Carlo simulations. The results show that there is an optimal 
LTE access point (LAP) density for maximising LTE-LAA user equipment (LUE) throughput, and their 
derived closed-form STP lower bound of LUE can be used to achieve a satisfactorily accurate 
prediction of the optimal LAP density. 
 
2. Methodology  

 
In this research, Particle Swarm Optimization (PSO) technique has been used in order to obtain 

the optimum value of RSRP with respect to certain parameters such as noise power and probability 
of detection. Therefore, the purpose of this research is to proposed optimum value of energy 
detection threshold that will be achieved against optimum RSRP value.  

The PSO technique requires the algorithm to explore multiple regions of the search space in order 
to find an optimum value, hence this process is known as exploration. Exploitation is the ability to 
focus the search to a promising area for the purpose to refine a potential solution. The swarm's 
particles fly through hyperspace while exploring and exploiting, and they have two fundamental 
reasoning capabilities: memory of their own best position - local best (lb) - and knowledge of the 
global or their neighbourhood’s best - global best (gb). The position of the particle is influenced by 
its velocity however, in this research, it was influenced by noise power. 

Let 𝑥𝑥𝑥𝑥(𝑡𝑡) indicate the particle's position in the search space at each time step as written in Eq. 
(1). The particle's position is altered by adding a power noise, 𝑣𝑣𝑥𝑥(𝑡𝑡), to its current position as given 
by Eq. (2) 
 
𝑥𝑥𝑥𝑥(𝑡𝑡 + 1) = 𝑥𝑥𝑥𝑥(𝑡𝑡) + 𝑣𝑣𝑥𝑥(𝑡𝑡 + 1)                                                                                                                        (1)                                
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where 
 
𝑣𝑣𝑥𝑥(𝑡𝑡) = 𝑣𝑣𝑥𝑥(𝑡𝑡 − 1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�𝑐𝑐𝑙𝑙𝑐𝑐𝑙𝑙𝑐𝑐𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡(𝑡𝑡) − 𝑥𝑥𝑥𝑥(𝑡𝑡 − 1)� +  𝑐𝑐2𝑐𝑐2�𝑔𝑔𝑐𝑐𝑙𝑙𝑙𝑙𝑙𝑙𝑐𝑐𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡(𝑡𝑡) − 𝑥𝑥𝑥𝑥(𝑡𝑡 − 1)�              (2) 
                                                              
with 𝑥𝑥𝑥𝑥(0)~𝑈𝑈(𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥, 𝑥𝑥𝑥𝑥𝑙𝑙𝑥𝑥), acceleration coefficient 𝑐𝑐1 and 𝑐𝑐, and random vector 𝑐𝑐1 and 𝑐𝑐2. 

Initially, the particle velocity is supposed to be zero. At iteration ith, two critical parameters for 
each particle j are obtained: the best value of 𝑥𝑥𝑥𝑥(𝑥𝑥) (the coordinates of particle j at iteration i) and 
declare as 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡(𝑥𝑥). 𝐺𝐺𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 will select the smallest value function across all previous iterations for all 
particles 𝑥𝑥𝑥𝑥(𝑥𝑥). 

Eq. (2) is used to calculate the particle's position or coordinates at iteration ith. Finally, PSO will 
determine whether the present solution is convergent. Convergence happens when all particle 
positions lead to a similar value. If the current outcome is convergent, the iteration will end and the 
most optimal value will be produced. In this case, the ultimate outcome of the PSO approach is the 
value of d and RSRP. 

The pathloss calculation is given as Eq. (3) 
 
𝑃𝑃𝑃𝑃(𝑑𝑑𝑑𝑑)𝑜𝑜𝑜𝑜𝑜𝑜 = 15.3 + 37.6 log10 100 ∗ 𝑑𝑑𝑜𝑜𝑜𝑜𝑜𝑜                                                         (3) 
 
where 𝑃𝑃𝑃𝑃(𝑑𝑑𝑑𝑑)𝑜𝑜𝑜𝑜𝑜𝑜 is optimum pathloss in dB, 𝑑𝑑𝑜𝑜𝑜𝑜𝑜𝑜 is the optimum distance. Thus, received signal 
strength indicator 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 is written as Eq. (4) 
 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑇𝑇𝑥𝑥𝑃𝑃𝑙𝑙𝑇𝑇𝑙𝑙𝑐𝑐 − 𝑃𝑃𝑃𝑃(𝑑𝑑𝑑𝑑)𝑜𝑜𝑜𝑜𝑜𝑜                                                                 (4) 
 
where 𝑇𝑇𝑥𝑥𝑃𝑃𝑙𝑙𝑇𝑇𝑙𝑙𝑐𝑐 is the power transmission. Hence, RSRP optimization is given as Eq. (5). 
 
𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜 =  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 − 12 ∗ 𝑁𝑁                                                                       (5) 
 
N is the number of Physical Resource Blocks (PRBs) and once the 𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜 is calculated, the energy 
detection threshold will be executed to gain the optimum energy detection threshold. 

Therefore, energy detection threshold optimization is written as Eq. (6) 
 
𝜂𝜂𝑜𝑜𝑜𝑜𝑜𝑜 = �2

𝑀𝑀
�𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜 + 𝜎𝜎𝑛𝑛2�

2
�𝑃𝑃𝑃𝑃
𝑄𝑄
� + 𝜎𝜎𝑛𝑛2 − 𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜�                                                 (6) 

 
where 𝜂𝜂𝑜𝑜𝑜𝑜𝑜𝑜 represent the optimum energy detection threshold, 𝑀𝑀 is the length of received sample 
sequence for test statistics. For Wi-Fi DIFS duration of 34𝜇𝜇𝑙𝑙, 𝑀𝑀 = 680 and 𝜎𝜎𝑛𝑛2 is the noise power. 

The throughput of Wi-Fi is calculated as written in Eq. (7) 
 
𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝜔𝜔 = 𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑃𝑃𝑠𝑠𝑡𝑡(1−𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡)𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

𝑇𝑇𝐸𝐸
𝑐𝑐𝜔𝜔                                                                       (7) 

 
where 𝑃𝑃𝑜𝑜𝑡𝑡𝜔𝜔𝑃𝑃𝑃𝑃𝜔𝜔(1− 𝑃𝑃𝑜𝑜𝑡𝑡𝑡𝑡) represent the probability that Wi-Fi transmits a packet successfully in one 
Wi-Fi slot time, 𝑐𝑐𝜔𝜔 is Wi-Fi data rate. 𝑇𝑇𝐸𝐸 is the average time of all possible events hence, 𝑃𝑃𝑙𝑙𝑥𝑥𝑃𝑃𝑙𝑙 as Wi-
Fi data portion duration. 

Next, LTE-LAA throughput is given as Eq. (8) 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑡𝑡 =
𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑃𝑃𝑠𝑠𝑡𝑡(1−𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡)13

14𝑇𝑇𝐷𝐷
𝑇𝑇𝐸𝐸

𝑐𝑐𝑡𝑡                                                                        (8) 
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and 13
14
𝑇𝑇𝐷𝐷 as fraction of the TXOP in which the data is transmitted, 𝑐𝑐𝑡𝑡 is LTE-LAA date rate then, 𝑇𝑇𝐸𝐸 is 

the average time of all possible events. 
    
3. Results  
 

The proposed performance in this research is simulated and evaluated through the simulation 
performed in MATLAB software. This part analyses the efficiency of the proposed network in term of 
throughput for LTE-LAA and Wi-Fi in order to obtain fair coexistence between two networks. 

Figure 1 shows the fitness against the number of iterations for the optimization of the d value. 
The less the number of fitness values, the more accurate the target point for the d value. According 
to the figure above, as more iterations are performed, the chart approaches stabilization value, which 
means the value is approaching the lowest value of fitness for the target parameter. 

 

 
Fig. 1. Fitness result with 200 iterations of PSO technique 

 
Figure 2 shows the relationship between RSRP and probability of detection. This simulation result 

shows that the higher the probability of detection, the higher the RSRP value for networks due to 
good quality and signal level. 
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Fig. 2. RSRP result with probability of detection 

 
Figure 3 demonstrates the simulation result of energy detection threshold and detection 

probability of Wi-Fi and LTE-LAA network. From Figure 3, the energy detection threshold 
approximately same for different value of detection probability hence, an ideal energy detection 
threshold was obtained. The energy detection threshold in a conventional Wi-Fi system is -62 dBm 
and in LTE-LAA, it is -72 dBm. However, in this research both Wi-Fi and LTE-LAA network have 
proposed same value of energy detection threshold which is -69 dBm. 

 

 
Fig. 3. Graph of energy detection threshold versus probability of 
detection 

 
Figure 4 simulation results show the effect of reference paper [3] energy detection threshold 

value and our proposed energy detection threshold value on throughput of Wi-Fi in coexistence 
network. According to the graph of Wi-Fi coexistence throughput performance slightly increased than 
reference paper [3] throughput with respect to various number for user. 
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Fig. 4. Graph of Wi-Fi throughput performance 

 
The performance of Wi-Fi throughput is summarized in Table 1. This table shows the comparison 

of Wi-Fi throughput between energy detection threshold -82dBm and -69dBm. 
 

Table 1 
The performance of Wi-Fi throughput 

No of APs/eNB in 
coexistence  

-69dBm -82dBm 

1 0.1921 0.1920 
2 0.1908 0.1827 
3 0.1873 0.1748 
4 0.1823 0.1677 
5 0.1760 0.1593 
6 0.1506 0.1430 
7 0.1447 0.1241 
8 0.1391 0.01791 
9 0.1339 0.01346 
10 0.1287 0.01009 

 
Figure 5 illustrates the simulation results of effect on reference paper [3] energy detection 

threshold value and our proposed energy detection threshold value on throughput of LTE-LAA in 
coexistence network. From Figure 5, it is shows that the graph of LTE-LAA coexistence throughput 
roughly improve compare to reference paper [3] throughput with respect to various number for user. 
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Fig. 5. Graph of LTE-LAA throughput performance 

 
The performance of Wi-Fi throughput is summarized in Table 2. This table shows the comparison 

of LTE-LAA throughput between energy detection threshold -82dBm and -69dBm. 
 

Table 2 
The performance of LTE-LAA throughput 
No of APs/eNB 
in coexistence  

-69dBm -82dBm 

1 7.3147 7.3128 
2 7.2664 6.9593 
3 7.1348 6.6667 
4 6.9420 6.4328 
5 6.7033 6.2328 
6 5.7428 6.0368 
7 5.5241 5.8434 
8 5.3274 4.2043 
9 5.1441 4.8873 
10 4.9750 4.6022 

 
4. Conclusions 
 

Our thorough simulation study's key finding is that Wi-Fi and LTE-LAA performance can be 
enhanced when the energy detection threshold employed by Wi-Fi in the presence of LTE is optimum. 
Thus, this finding suggests a coexistence scenario in which Wi-Fi employs the same energy detection 
threshold to defend against both Wi-Fi and LTE-LAA. Wi-Fi would need to integrate LTE detection, 
which can be done quickly by detecting the LTE synchronization signals, in order to discriminate 
between LTE-LAA and other signals. Future work will extend to user handover, using combinations of 
Wi-Fi and LTE-LAA in various deployment scenarios. 
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