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Abstract Mobile edge computing technology has a wide range of applications in enhancing the capability of wireless
network devices in the construction of smart cities, which is the core driving force in the construction of smart cities.
In this paper, the IRS auxiliary channel model, one of the key technologies in 5G networks, is combined into the
design of mobile edge computing system, and the optimization model of mobile edge computing system is proposed
in the light of the basic requirements in the construction of smart cities. The alternating iteration algorithm is used
to decompose the optimized model to obtain the sub-optimization model, and the particle swarm optimization
algorithm is used to solve the sub-optimization model, and the performance-optimized 5G network-based mobile
edge computing system is constructed. The results show that under the 10Mbit computing task volume, the latency
of this paper's system (M=2) is reduced by about 63.81% (2.148s) compared with that of the local computing-only
scheme (5.935s), and good convergence performance can be guaranteed. It is also found that the application
platform based on this system can guarantee fairness among users and can satisfy their respective performance
requirements when used by multiple users. The mobile edge computing optimization method proposed in this paper
has low-latency performance, which provides a strong technical guarantee for the construction and development of
smart cities, and lays a foundation for improving the management efficiency and service level of cities.

Index Terms mobile edge computing, IRS, alternate iteration, particle swarm optimization algorithm, smart city
construction

. Introduction

With the research progress of space information technology, IT technology and wireless communication technology,
city informatization has become the main trend of international city modernization and development, and has
become an important content to measure the competitiveness of cities. Urban informatization has a great role in
enhancing the carrier function of cities, integrating social resources, allocating production factors, and strengthening
the comprehensive management function of cities, thus liberating productive forces [1]-[3]. According to the
strategic deployment of China's informatization, spatial information infrastructure construction, urban informatization
construction and industrial informatization construction are the three main construction contents. As an important
part of China's informatization strategy, urban informatization construction, its construction status and development
trend will have an important impact on the overall development direction of national informatization [4], [5].

With the development of sensor networks, grid computing and other breakthrough technologies, the future of the
digital city, which is commonly studied, is also an issue worth thinking about, and smart city will become a new
direction for the development of urban informatization [6], [7]. Smart city will better reflect the function of modern
city “information distribution center”, which means that the city functions to fully realize the intelligence, and better
promote the improvement of urban habitat and sustainable development. With the advancement of urban
informatization process, smart city has begun to step into our lives, and it is worthwhile to further study the theoretical
system of smart city [8]-[10].

As one of the core technologies of 5G, Mobile Edge Computing (MEC) has a promising development prospect.
MEC enables localized and proximity-distributed deployment of applications, services, and contents by migrating
the computing storage capacity and business service capacity to the edge of the network [11]-[13]. The construction
of smart cities is in a process from concept to gradual realization. In many smart city application scenarios from
intelligent transportation, autonomous driving to real-time surveillance and real-time monitoring, many types of data
need to be processed at the edge of the network rather than in the cloud. Therefore, edge computing plays an
important role in many smart city application scenarios [14], [15].

With the rise of Internet of Things (loT), 5G, industrial automation, and smart manufacturing, mobile edge
computing, which lies between physical entities and industrial connectivity, is increasingly playing an important role.
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Literature [16] proposes a cognitive radio-mobile edge computing framework that considers local computing and
partial offloading schemes and supports UAVs, and introduces an equivalent reconstruction of the EE maximization
problem, aiming to alleviate the computational and spectral demands of the exploding mobile edge computing.
Literature [17] achieves virtual mobile edge computing optimization through gradient-based dual-delay deep
deterministic policy intelligent computational offloading, optimal stopping theory, software-defined networking, and
network function virtualization concepts, and proposes an offloading method based on TD3PG-OST, which is
validated through a large number of comparative analyses, to improve the quality of service of service offloading
networks and to meet the next-generation application Demand. Literature [18] proposes a strategy for scheduling
edge computing tasks in the 10T cloud environment using the hybrid bacterial foraging optimization (HBFA) method,
and verifies the effectiveness of the proposed strategy through simulation and comparison experiments with state-
of-the-art algorithms, which not only minimizes the completion time, but also maximizes the resource utilization of
the edge network.

The development of modern science and technology provides the possibility for the construction of smart cities,
especially the arrival of the 5G network era, which makes the construction of smart cities with basic data
prerequisites. Literature [19] constructs a hotspot data processing framework for UAVs and 5G edge computing
infrastructure, aiming at realizing the monitoring of abnormal hotspots through the collaboration of subsystems, and
proposes an ensemble multi-objective cooperative learning method that can deal with different types of hotspot data,
and experimentally verifies the validity of the proposed framework and method, which is of certain application value
in the construction and governance of smart cities. Literature [20], in order to protect the user privacy of smart
devices in smart cities, proposed a framework using a Quad-tree retrieval based zoning method, LDP perturbation
scheme, and blockchain, and verified the effectiveness of the framework in real-world scenarios through simulation
experiments, in addition to pointing out that the integration of emerging technologies, such as 5G, in edge computing
environments can help to protect the privacy of data collection and analysis. Literature [21] proposes a multi-joint
optimization method for edge computing resource allocation in smart cities based on the Internet and verifies the
feasibility of the method through experiments, which can provide efficient computing resources for latency-sensitive
jobs.

In this paper, we optimize the mobile edge computing system by using IRS-assisted channel model to calculate
the normalized gain and realize the mobile edge computing system to offload and calculate the related tasks. Then
the original optimization problem of maximizing the amount of user offloading tasks by the system is constructed
according to the user usage requirements in the construction of smart cities based on 5G networks. Subsequently,
an alternating iteration algorithm with lower complexity is proposed to decompose the original optimization problem
using maximum ratio merging to obtain the sub-optimization problem. Then the particle swarm optimization
algorithm is used to solve the sub-optimization problem until it reaches convergence by using MATLAB simulation
to optimize the performance of the mobile edge computing system. Finally, a simulation experiment environment is
established to analyze the convergence and delay performance of the mobile edge computing system, and analyze
the user expansion performance of the smart city construction related application platform constructed based on
the system, in order to explore the optimization effect of the system performance.

A Performance Optimization Approach for 5G Network-Based Mobile Edge Computing in Smart City Construction

Il. Application of mobile edge computing systems in the construction of smart cities
The arrival of the 5G era has injected new kinetic energy into the digital transformation of the city, and 5G will
reshape the city's intelligent system, empower thousands of industries, promote the development of intelligent
innovation and application, and become a new engine for the development of the digital economy, so as to make
the city intelligent to a higher level. The development process of smart city has been decades long in general. In
recent years, with the development and application of new generation of information and communication technology,
the degree of city informatization has been deepening, which makes the overall architecture of smart city
construction basically take shape, and points out the direction for the development of smart city. The overall
architecture of smart city is divided into perception layer, network layer, service layer, intelligent application layer
and user layer according to layers, and its specific architecture is shown in Figure . The service layer consists of
three sub-layers: public information platform, public database and public facilities, which are usually planned and
constructed uniformly in the intelligent cloud platform. The integration of 5G network with artificial intelligence +
Internet of Things (AloT), Mobile Edge Computing (MEC), and Intelligent Operation and Management Platform (I0C)
is able to connect the “end-edge-hub” hierarchical intelligent scenarios, and empower the city to be intelligent
throughout the entire region. Therefore, optimizing the performance of 5G network-based mobile edge computing
system plays an important role in the development of smart city construction.
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Figure 1: The overall framework of intelligent urban construction

lll. Performance optimization methods for mobile edge computing systems

lll. A. System modeling based on IRS-assisted communication

lll. A. 1) IRS channel modeling approach

IRS [22] is a fundamental innovative technology involving multidisciplinary contents such as metamaterials,
electromagnetic information, interfacial electromagnetism, electromagnetic computation, cybernetics, wireless
communication, etc., which is one of the key technologies for 5G. The basic idea of the model is to divide the
channel between the original transmitter (Tx) and receiver (Rx) into two parts: the IRS auxiliary channel of Tx-
IRS-Rx and the direct-connect channel of Tx-Rx, as shown in Equation (1):

1 1 1
H = th(D by + hyy (1
\/PLRU \/PLTR \/PLTU

In Egs. #, and h,, are the channel response vectors from the transmitter to the IRS and from the IRS to the
receiver, respectively,and pz,, and pL, are the path losses of the corresponding channels. £, is the channel
response vector, and PL, s the corresponding path loss. The electromagnetic characteristics of the IRS itself can

be characterized numerically, and the model uses the phase-controlled (amplitude-controlled) diagonal arrays
q>=diag(ﬁle-"f’l,,Bzef”z,_..,ﬁMefﬂw) and ﬂme[0,1],where B, represents the amplitude-control coefficients and

phase-control coefficients of the ;4 th IRS electromagnetic unit.
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The IRS auxiliary channel model makes the IRS itself independent of the two end channels, and the output of the

model is the channel response matrix 4, , #,,, where the IRS-to-receiver channel response 4, , for example, is

A Performance Optimization Approach for 5G Network-Based Mobile Edge Computing in Smart City Construction

the channel matrix:

hy = (B (67) by (67) by, (1:7)) (2)
where the number of IRS cells is nxn, treating each EM cell of the IRS as a transmitting cell, and 4 , (7,7) is the
channel response from the ; rd EM cell on the IRS to the y th antenna at the receiving end, expressed similarly to
Eq. (2) above.

lll. A.2) Optimization Model for MEC Systems
In this paper, we construct a mobile edge computing system based on IRS-assisted communication and OFDM
collaborative relaying, which consists of a user end (UE) that is relatively far away from the AP, a relay that is
relatively close to the AP, an IRS with ;4 reflection unit, and an AP with an integrated MEC server.

The user's application offloading task 1 > in smart city construction needs to be divided into three parts |/ ,

l,,and [ , with the first part | executed at the user's end, the second part /, offloaded to the relay node for
collaborative execution, and the third part / offloaded to the AP node for execution. Moreover, for applications

with indivisible granularity, it can be flexibly assumed that there are multiple fine-grained applications that need to

be offloaded by the user, so in this paper, we assume that partial offloading is used in the MEC system, i.e., a
granularly divisible application is used. Therefore, the user offloading task satisfies the following relationship:

I+, +1,=L (3)

It is assumed that in one duration 7, the system completes the offloading and computation of the j -bit

computation task, and thus a duration 7 is called a time frame in this paper. Often, since a duration is very short,

it is assumed that each link channel of the system is invariant at the same one time frame and obeys an i.i.d
distribution across time frames. The direct link channel 5, from the user end to the AP is modeled as Rayleigh

fading:
hUA = pd{/jw h~UA (4)
where ;}UA denotes the random scattering component modeled by a complex Gaussian distribution with zero mean
and unit variance, p is the path loss at the reference distance 4, =1m, and g, is the path loss exponent
between the user and the AP. Similarly, the direct channel p , from the user to the relay node and the direct
channel p,, from the relay node to the AP are obtained.
The channel from the AP to the IRS can be modeled as g, ™, following the Rician distribution:

g, = 'pd;;m [\/ é’A hj;s +\/ 1 hqujLOSJEE Mx1 (5)

1+¢, 1+¢,
where ¢, is the Rician factor associated with small-scale fading. Similarly the channels from the user side to the
IRS and the relay node to the IRS can be modeled g, 0™ and g, el™! respectively.

The phase shift vector of the IRS reflection unit is denoted by ¢=14,,6,,...,6, ], where ¢ <[0,27], the diagonal
matrices @ = diag( B, e, ..., B e’ ) . B, €[0,1] are the reflection coefficient matrices of the IRS, and g /%

denotes the phase shift and amplitude reflection coefficients of the m th IRS reflection unit. Thus the » th subcarrier
combination channel normalized gain from the UE to the AP can be expressed as:

H 2
o |gi0g, +hy| 6)
n 02
where ;2 is the receiver's additive Gaussian white noise (AWGN) at the relay and AP, respectively. Similarly, the
nnd subcarrier combination channel normalized gain from the relay to the AP can be expressed as ,**, and the

n th subcarrier combination channel normalized gain from the UE to the relay can be expressed as ,*.
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lll. B. Performance optimization algorithm design

lll. B. 1) Construction of the problem of maximizing the amount of data unloaded from the system

In ¢ time slot, the received signal of the f nd edge device includes the signal sent by the user over the direct link,

the signal reflected by the RIS, and the additive Gaussian white noise [23], and thus the received signal of the
rd edge device can be expressed as:

Vi = \/Fk(Hr,kag +hy )Sk + (7)
where p, is the transmit power from the user to the j nd edge device, H,, el M<Njs the baseband equivalent
channel from the RIS to the £ th edge device. g, €1 is the baseband equivalent channel from the user to the
RIS, h,, e0™ isthe baseband equivalent channel from the user to the  th edge device. Diagonal matrix of the

RIS ©, =diag(6,), phase shift coefficient of the RIS ¢ — [em,eﬁm e ]” . @y €[0,27) is the phase shift of
the nth reflection cell of the RIS corresponding to the 4 th edge device, s, ~ N (0,1) is the data signal sent by
the userto the j th edge device duringthe 7th moment. 5 ~ CN(O, 0—2) is the white noise of the f th edge device.
The signal is decoded at the signal access point of the jth edge device using a receive beam fugue, wherein
w, e[ ¥ denotes a set of receive beam fugue vectors, and ||Wk ||2 =1. The signal recovered at the f st edge
device is denoted as:

H
Te = Wi Vi (8)
The received signal-to-noise ratio (SNR) of the edge device after decoding is denoted as:
2
B, |W/€i (Hr,kG)kgk +hy, )| (9)
Y= —

where ¢ is the noise power. From Eq. (@), the amount of offloaded data Ly for a user offloading a task to g
edge devices is expressed as: '

K
Ly =Y [4B log, (1+7,)] (10)
k=1

where ¢ is the offloading time slot from the user's transmission task to the j edge device and B, is the
bandwidth from the user to the j th edge device.

In this paper, we study the smart city construction in which the user maximizes the amount of offloaded data from
the user's offloading task to the edge devices by optimizing the joint allocation of the received beam fugitive vector,
phase shift, user's transmit power, and the time slot for the user's transmit data in time 7 . Therefore, the original
optimization problem is constructed as follows:

K
max, ., 3[4, log,(1+Y,)]
k=1
st.C:t,P<E_
G, fw,| =1 (11)
C:0<g,, <27

K
C, :Ztk <T
k=1
where, constraint C, denotes that the energy consumption of the f nd edge device in computing the task is less
than the system maximum energy consumption and £ denotes the system maximum energy consumption.
Restriction ¢, denotes that the second-paradigm of the received beam assignment vector is to be equal to 1.
Restriction ¢, denotes that the phase shift range of the RIS is between [0,2;;) - Restriction ¢, indicates that the

sum of the time slots for the user to offload the task to the g edge device is less than the time for the user to
compute the task locally, where 7 denotes the user's local computation time.

lll. B. 2) Alternate Iterative Optimization Algorithm
Since the original optimization problem (11) involves the optimization of four variables, it can be solved using the
algorithm of alternating iterations [24] with lower complexity until the optimization problem reaches convergence. In
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the following, the received beam assignment vector , is optimized first, and the original optimization problem (E)
can be re-expressed as:

A Performance Optimization Approach for 5G Network-Based Mobile Edge Computing in Smart City Construction

max, /,
we Coff i (12)
s5.t.C, :|wk || =1
Considering the use of Maximum Ratio Combining (MRC) [25] to solve the problem, the w,
be expressed as:

5

optimal solution can

W= H, 0,8 +h,
po ok KOk Ak

||Hr,k®kgk + hd,k”
where the optimal solution of the received beam assignment vector w, is known from (13)), given the initial values

of the optimization variables p and ¢ , the constraints of the irrelevant variables are removed, and the
optimization variable ¢ , , denotes the phase shift of the » th reflection unit of the RIS corresponding to the fth

(13)

edge device. Thus, the original optimization problem (M) can be re-expressed as:
max, /[

bui ol (14)
st.C:0<g, , <27

By looking at the structural features of the optimization problem and considering the use of the trigonometric
inequality in mathematics, the sum of the two vectors is greater than the third side vector, denoted as |a +b| < |a| +|b| ,

and hence, |wf (H,,-©,-g+h,, )| can be transformed into:

|WkH (H“k(a"gk hu )|=|H,,,k®kgkw,f’ +hd,kW/f[| (15)
S|1L["”‘®"ngkH|Jr|hd,/ﬂ"f|

where the optimization function is able to take the maximum value when and only when Eq. () takes the equal
sign, denoted as:

arg(Hr,kG)kng: ) = arg(hd,kwf) (16)
where arg(~) in Eq. denotes the phase of a vector.
Introducing the auxiliary variable ¢ = arg(hd kwf) transforms Eq. (116) into:
arg (Mk@kgk) =0 (17)
where ©, =diag(6,), M, =w/H,,.

Thus, the optimal solution for @, can be expressed as:
@k _ ej[(pn—arg(Mk)—arg(gk )] (1 8)

The ¢:,k -optimal solution can be expressed as:
¢, =@, —arg(M,)—arg(g,)

= arg(hd’,(WkH ) - arg(“’er,k ) - arg(gk )
Based on the above analysis of , and #,. » the original optimization problem can be decomposed into 2 sub-

(19)

optimization problems P1 and P2 to be solved separately.

Based on the above analysis of the four optimization variables, the original optimization problem can be
decomposed into the following two sub-optimization problems P1 and P2 for processing.

Sub-optimization problem (P1):

MaX, gripte by (20)

stC P <E_.
Suboptimization problem (P2):

XW; i Bt l’?"f

S.t.C1 4B <E_ . (21)

K
C, :Ztk <T
k=1
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For the above two sub-optimization problems, they are solved using particle swarm optimization algorithm [26]
by using MATLAB simulation.

IV. Performance analysis of mobile edge computing systems

IV. A. Simulation experiment setup

The purpose of this simulation experiment is to model a scenario where there are multiple devices requiring
computational offloading and resource allocation within the coverage area of a single base station in a smart city
construction. The edge server on the base station side is equipped with a reinforcement learning intelligence that
can make decisions about offloading schemes within the area. In addition to this, the computational resources in
this system are constrained to be limited and the tasks cannot be computed locally. The performance of the
proposed 5G network-based mobile edge computing system is simulated and analyzed in the constructed simulation
experiment environment. In order to verify the performance enhancement of the mobile edge computing system by
introducing IRS and optimization algorithms, the following five scenarios are proposed in this paper for comparison.

(1) Local-only computing scheme. The user's entire computing tasks are computed locally only.

(2) Full offloading scheme. All the computation tasks of TUs (multi-antenna task-oriented users) are assigned to
MEC servers and RU users for computation, i.e., the amount of local computation is 0D=0bit.

(3) No IRS-assisted offloading. The TU offloads tasks to the MEC server and the M RUs (single-antenna resource-
based users) offload tasks without using IRS-assisted offloading.

(4) Proposed in the related study using the D2D cooperative offloading scheme. the TU offloads only to the nearby
RUs through the IRS with no edge offloading, p_=0bit.

(5) No optimization scheme. In the offloading scheme used in this paper, the user's computational task, the
transmit power, the system bandwidth are randomly allocated, and the phase shift values of the reflection cells of
the IRS are random values.

The specific settings of the parameters are as follows, the location of the TU is located at (0, 0), the location of
the base station is located at (0, 45), the number of RUs is M = 2, which are located at (5, 2), and (4, 9), respectively,
and the IRS location is located at (0, 6). The small-scale fading for all channel models is obeying an independent
Rayleigh distribution, and the large-scale fading is [(d)=C,d . Where, C, =-30dB, a = 3, and the system

bandwidth is B = 0.75 MHz. the computational frequencies of the TUs, the MEC server, and the two RUs are
f,=1GHz ,and f, =0.8GHz , respectively, and the maximum value of the TU's transmit poweris p_ =1Wa , and

the size of the TU's computational task is D = 1 Mbit, and the complexity of the computational task is C = 600cycle
/The power spectral density of Gaussian white noise is N, =107'¢ Watt/Hz, the number of reflection units of the

intelligent reflective surface is N=64, assuming that there is an obstacle in the direct link between the TU and the
2nd RU that causes the channel link to be blocked, the algorithm latency is counted in the latency of each scheme,
and the parameter is changed to make a special note.

IV. B. System delay analysis

IV. B. 1) Analysis of the relationship between total bandwidth and delay

The results of the analysis of the relationship between the total delay of the mobile edge computing system and the
total system bandwidth under IRS-assisted optimization are shown in Fig. @ where A-G represent the local
computing scenario, the full offloading scenario (M=2), the no-optimization scenario (M=2), the D2D offloading
scenario (M=2), the no-IRS scenario (M=2), the scenarios of this paper (M=1), and the scenarios of this paper (M=2),
respectively. The total bandwidth of the system is increased from 0.2MHz to 1.6MHz, it can be seen that the total
delay of the mobile edge computing system decreases with the increase in the bandwidth of the system, this is due
to the larger system bandwidth offloading the tasks with higher task offloading rate, which results in lower offloading
delay of the user TUs while offloading the tasks to the MEC servers on the BTS as well as to the RUs, which results
in the reduction of the overall system delay. It can be seen that the scheme adopted in this paper has the lowest
system delay when the number of RUs is M=2, and the total system delay is only 0.0648 s when the total system
bandwidth is 1.6 MHz. Compared with the unoptimized scheme, the user's computational task and the allocation of
the transmit power, the allocation of the system bandwidth, and the phase shift value of the IRS are all randomized,
which can result in the delay of a certain portion of the local processing, the MEC processing, and the D2D
processing to be too large and thus affecting the overall system delay. Processing with excessive latency thus
affecting the overall computational latency of the user. Compared to M=1, the system increases a part of the
computational resources, thus the computational tasks assigned to other RUs and the MEC server are reduced
thus the transmission delay of the computational tasks as well as the computational delay are reduced, which can
verify the effectiveness of the introduction of the D2D communication in the MEC system to reduce the system
latency. In the M=2 scheme without IRS-assisted offloading, the delay performance is close to that of the scheme
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adopted in this paper when M=1 because the link between the TU and the 2nd RU is blocked by obstacles due to
the fact that IRS is not used for assisted offloading. However, since the IRS provides a portion of the channel gain
in the reflective cascade channel of the D2D link between the TU and the first RU as well as in the cellular link with
the base station, the scheme in this paper at M=1 is slightly lower than the delay under the no-IRS scheme. When
the total bandwidth is 1.6 MHz, the total delay of this paper's system (M=1) and the IRS-free scheme are 0.0906s
and 0.1276s, respectively. In the D2D offloading-only scheme, due to the lack of the richer computational resources
of the MEC servers, the increase in the computational tasks assigned to the local and the RUs leads to the excessive
system latency.
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1
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Figure 2: Analysis of the relationship between total time delay and total bandwidth

IV.B. 2) System Latency Variation under Different Task Volumes

The results of the analysis of the relationship between the total computational delay and the size of the
computational tasks of the mobile edge computing systems are shown in Fig. 3, where A-G represent the local
computation scheme, the full offloading scheme (M=2), the no-optimization scheme (M=2), the D2D offloading
scheme (M=2), the no-IRS scheme (M=2), this paper's scheme (M=1), and this paper's scheme (M=2), respectively.
The computational task size of the user TU increases from 1Mbit to 10Mbit, and it can be seen that the total
computational delay of all systems increases with the computational task size. It is clear that larger task computation
size leads to higher task computation latency as well as task offloading latency. It is also observed that the
performance-optimized mobile edge computing system proposed in this paper outperforms other task computing
schemes in reducing the total system latency. Especially it is more obvious in the case of very large size of
computation tasks, in the case of 10Mbit computation task size, the system (M=2) latency (2.148s) of this paper is
reduced by about 63.81% compared to the local computation only scheme (5.935s). The delay of the mobile edge
computing system (M=2) in this paper is reduced by about 17.16% compared to the D2D offloading only scheme
(2.593s). The system (M=2) latency is reduced by about 6.69% compared to the scheme used in this paper when
M=1.
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=
;
(=]
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D
E
24 F
G
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Computational task(Mbit)

Figure 3: The relationship between total time delay and task calculation
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IV. C. System convergence analysis
The results of the analysis of the total user delay versus the number of iterations for the optimized performance
system proposed in this paper with system bandwidth B = 0.8 MHZ and TU computational task size of D = 1 Mbit
are shown in Fig. @ The convergence of the mobile edge computing system in this paper can be seen to be
guaranteed as it gradually starts to converge gradually when the number of iterations is 5 (t=0.1988s) at C=500 and
N=4, while the number of iterations is 8 (t=0.1828s) at C=500 and N=64, so it can be seen that the convergence of
the mobile edge computing system in this paper can be guaranteed. Meanwhile, it can be observed that when the
number of reflection units of the intelligent reflective surface is higher, the convergence speed is slower but there
will be a lower system delay, the number of reflection units of the IRS in the iteration number of 16 times N=64
(0.1819s) compared to N=4 (0.1988s) the delay is reduced by about 0.0169s. This is due to the fact that the more
the number of reflection units of the IRS is, the more the number of reflected signal paths provided will also be
higher, and the more the number of reflected signal paths provided at the user's place will be higher. Will be more
and superimposed at the user, thus increasing the transmission rate when the computational task is offloaded. It
can also be seen from the figure that as the computational complexity of the task increases, the total latency of the
user's computational task increases accordingly.

[ ]C=600,N=4
C=500,N=4
C=500,N=64

~64)

500,N

Total delay(s)
1

Total delay(s)(C

Y T T T T T T
1 2345678 910111213141516
Iteration number

Figure 4: The relationship between total time delay and iterative number of systems

IV. D. Smart City Construction Platform Application Analysis

This paper completes the realization and deployment of a smart city construction application platform based on 5G
networks in accordance with SDN and NFV development principles. The platform consists of three main parts, the
infrastructure layer and the physical abstraction layer constitute the platform's underlying pedestal, which is
responsible for operating, managing and maintaining the network and cloud computing infrastructure. In order to
facilitate the deployment of the mobile edge computing system performance optimization method, this paper carries
out functional abstraction and interface encapsulation for the platform bottom layer base, and provides
programmable user-plane and control-plane APls to the upper layer. the functional management layer constitutes
the middleware, which is used for deploying and maintaining the operation of the performance optimization method
of the mobile edge computing system, and provides the application layer with an accessible program development
portal. The application layer constitutes the upper layer service support, which is responsible for maintaining the
operation of the application back-end program. The platform can meet the diversified needs in the process of smart
city construction, and realize the precipitation and application of urban data assets through the urban data use of
data collection, storage, computation, mining, and presentation as a whole.

In order to explore whether the platform based on the optimized mobile edge computing system has the ability to
be scalable and ensure fairness, this paper uses the Linus Traffic Control tool to simulate the fluctuation of the 5G
wireless link, while the real-world collected OD application data streams are fed into the simulated base station
through the wired LAN. The results of the analysis of the platform's multi-user scalability are shown in Table 1|, when
the number of users is less than 20, the frame response latency is low and similar for all users (106.79-109.14ms)
because there are enough PRBs in the base station's wireless resource pool. When the number of users is greater
than 20 and less than 50, the frame response delay gradually increases but is limited to 200ms (147.81-183.14ms)
because there is competition for wireless resources among multiple users. The frame response delay increases
significantly when the number of users is greater than 80. For example, when the number of users is 100, the delay
is even as high as 389.24 ms. However, the standard deviation of the frame response latency is small and stable in
all cases, which implies that the performance-optimized mobile edge computing system proposed in this paper can
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guarantee the fairness among users in the smart city construction platform, and can satisfy the respective
performance requirements when used by multiple users.

Table 1: Analysis of platform versatility

Number of users Response latency (ms) Number of users Response latency (ms)
1 106.79 55 215.22
5 107.27 60 233
10 108.55 65 239.32
15 108.74 70 247.44
20 109.14 75 257.78
25 147.81 80 262.43
30 154.01 85 295.88
35 161.86 90 336.72
40 163.67 95 352.76
45 179.4 100 389.24
50 183.14 — —

V. Conclusion

While 5G network becomes a platform for integrated computing and communication technology, the application of
mobile edge computing extends to various fields in smart city construction. In this paper, IRS technology, one of the
5G technologies, is used with alternate iteration algorithm to optimize the mobile edge computing system and
improve the performance of mobile edge computing system in smart city construction. Numerical simulation
experiments are conducted to verify the effectiveness of introducing IRS assistance in the mobile edge computing
system, and the results show that the total delay of the mobile edge computing system decreases with the increase
of the bandwidth of the system. This paper's system has the lowest system delay when the number of RUs M=2,
and the total system delay is only 0.0648s when the total system bandwidth is 1.6 MHz. in the case of 10 Mbit
computation task volume, the delay (2.148s) of this paper's system (M=2) is reduced by about 63.81% compared
with that of the local computation only scheme (5.935s). In addition, the convergence of the mobile edge computing
system in this paper is also ensured, which gradually starts to converge gradually at the number of iterations of 5
(t=0.1988s) at C=500, N=4. The scalability analysis of the smart city construction application platform designed
based on the optimized mobile edge computing system reveals that when the number of users is less than 20, the
frame response latency is low and similar (106.79-109.14ms) for all users due to the availability of sufficient PRBs
in the wireless resource pool of the base station.

The research in this paper provides a solution to the problems of low spectrum utilization and high energy
consumption of traditional mobile edge computing systems. In future work, the performance of mobile edge
computing systems can be considered to be studied in dynamic user scenarios, which are more in line with practical
application scenarios.

References

[11 Lv,Y.,& Tan, W.. (2022). Infrastructure smart service system based on microservice architecture from the perspective of informatization.
Mobile information systems, 2022(Pt.14), 1344720.1-1344720.11.

[2] Hu L., Wen,J., Yu H., Zhu, Y., & Du, Y. . (2017). Research on Public Satisfaction Index Model of Urban Management
Informatization. 2017 International Conference on Advanced Materials Science and Civil Engineering (AMSCE 2017).

[3] Wang, G., & Fen, L. .. (2020). Construction of new smart city powered by informatization —effects and thinking of covid-19 epidemic
on urban development. Bulletin of Chinese Academy of Sciences, 35(8), 1024-1031.

[4] Zheng, C., Yuan,J., Zhu, L., Zhang, Y., & Shao, Q.. (2020). From digital to sustainable: a scientometric review of smart city
literature between 1990 and 2019. Journal of Cleaner Production, 258, 120689.

[5] Zhao,Z.,& Zhang,Y.. (2020). Impact of smart city planning and construction on economic and social benefits based on big data analysis.
Complexity, 2020(4), 1-11.

[6] Yang,J., Lee, T.Y.,& Zhang, W..(2021). Smart cities in china: a brief overview. IT Professional, 23(3), 89-94.

[71 Peng,Y., Wang, X., Shen,D., Yan,W., Fu, Y., & Deng, Q.. (2018). Design and modeling of survivable network planning for
software - defined data center networks in smart city. International Journal of Communication Systems, 31(16), €3509.1-e3509.14.

[8] LvZhihan, QiaoLiang, Singhamit, K., & WangQingjun. (2021). Ai-empowered iot security for smart cities. ACM Transactions on Internet

Technology.
[9] Li,C., Liu, X., Dai, Z.,& Zhao, Z..(2019). Smart city: a shareable framework and its applications in china. Sustainability, 11(16),
4346.

3288



fa

A Performance Optimization Approach for 5G Network-Based Mobile Edge Computing in Smart City Construction

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

(28]

[26]

Zhao, H., Wang, Y., & Liu, X. . (2021). The evaluation of smart city construction readiness in china using critic-g1 method and the
bonferroni operator. IEEE Access, PP(99), 1-1.

Hajisami, Abolfazl, Tran, Tuyen, X., & Pandey, et al. (2017). Collaborative mobile edge computing in 5g networks: new paradigms,
scenarios, and challenges. IEEE Communications Magazine Articles News & Events of Interest to Communications Engineers.

Zhou, F., Hu, R.Q., Li, Z , & Wang, Y.. (2020). Mobile edge computing in unmanned aerial vehicle networks. IEEE Wireless
Communications, PP(99), 1-7.

Ma, B., Guo, W., & Zhang, J. . (2020). A survey of online data-driven proactive 5g network optimisation using machine learning. IEEE
Access, PP(99), 1-1.

Qi, B., Kang, L., & Banerjee, S.. (2017). A vehicle-based edge computing platform for transit and human mobility analytics. ACM, 1-
14.

Tang, B., Chen, Z., Hefferman, G., Pei,S., Wei, T., & He, H., etal. (2017). Incorporating intelligence in fog computing for big
data analysis in smart cities. IEEE Transactions on Industrial Informatics, 13(5), 2140-2150.

Pan,Y., Da,X.,& Hu,R.Z. H..(2020). Efficient design optimisation for uav-enabled mobile edge computing in cognitive radio networks.
IET communications, 14(15), 2509-2515.

Fu, Q., & Yang, T.. (2024). Enhancing service offloading for dense networks based on optimal stopping theory in virtual mobile edge
computing. Journal of Grid Computing, 22(2).

Jaiswal, K., Sobhanayak, S., Turuk, A. K., Sahoo, B., & Jena, D. . (2020). Container-based task scheduling for edge computing
in iot-cloud environment using improved hbf optimisation algorithm. International Journal of Embedded Systems, 13(1).

Song, P.C., Pan,J.S.,& Chao,S. C.. (2023). Collaborative hotspot data collection with drones and 5g edge computing in smart city.
ACM Transactions on Internet Technology, 23(4).

Yao,A., Pal,S., Li,X., Zhang, Z., Dong, C., & Jiang, F., etal. (2024). A privacy-preserving location data collection framework
for intelligent systems in edge computing. Ad Hoc Networks, 161.

Liu, Z. R. . (2023). A multi-joint optimisation method for distributed edge computing resources in iot-based smart cities. Journal of grid
computing, 21(4).

Gyana Ranjan Mati & Susmita Das. (2024). Orthonormal pilot-based channel estimation with low complexity phase shift optimization and
coverage enhancement for IRS-assisted B5G communication. Physical Communication102286-.

Yongqi Hu & Gen Ge. (2024). Response of Gaussian white noise excited oscillators with inertia nonlinearity based on the RBFNN method.
Probabilistic Engineering Mechanics103637-103637.

Mihai Bucataru & Liviu Marin. (2024). FDM-based alternating iterative algorithms for inverse BVPs in 2D steady-state anisotropic heat
conduction with heat sources. Journal of Computational and Applied Mathematics116051-116051.

Princewill Kum Kumson,Mahmoud Aldababsa,Khalid Yahya,Mahmoud Obaid & Allam Abu Mwais. (2023). Performance analysis of
majority-based transmit antenna selection and maximal ratio combining in MIMO-NOMA networks. Annals of Telecommunications(7-
8),567-576.

Alessandra F. Picango,Anténio C. Zambroni de Souza & Andressa Pereira Oliveira. (2024). Natural logarithm particle swarm optimization
for loss reduction in an island power system. MethodsX102924-102924.

3289



