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Abstract—This short paper presents a novel architecture for
energy-efficient offloading in the network function virtualization
(NFV)-enabled mobile edge computing (MEC) systems using
digital twin (DT). The NFV technology is integrated in the server
site, allowing each server to process various types of tasks. The
DT is used to estimate the status information of physical objects
including user equipment (UE) and edge servers, and supports
the global optimization decision-making. Based on these, we
finally formulate the optimization problem that minimize the total
energy consumption of system while guaranteeing the satisfaction
of QoS (i.e., deadlines). This framework potentially opens many
research directions regarding techniques to solve the optimization
problem and evaluation analysis of DT impact on the system
performance.

Index Terms—Mobile Edge Computing, Digital Twin, Network
Function Virtualization, Radio Access Network.

I. INTRODUCTION

Recently, mobile edge computing (MEC) has emerged as
a promising ubiquitous and pervasive computing solution for
IoT-connected user equipment (UE) to fulfill the requirements
of 5G mobile networks. Fundamentally, MEC supports to
provide the low-latency computing services by offloading
computation tasks to the nearby edge servers [1]. In addition,
when network function virtualization (NFV) is deployed in
the server site, the executing edge servers are able to process
various types of tasks. In other words, there is no restriction
on offloading a task to a predetermined server [2].

However, designing an optimal task offloading is still chal-
lenging in the large-scale MEC system with heterogeneity of
UEs and edge servers mainly due to the network size and
dynamics. In recent years, both the academia and industry
have shown great interest in developing and applying digital
twin (DT) technology for intelligent resource allocation and
network management in the MEC systems [3]. By integrating
DT in the MEC systems, the global network status informa-
tion can be monitored and estimated, thus allowing the task
offloading decision to be made in the centralized manner.

There are existing related works proposing the optimal
offloading in the MEC systems with the assistance of DT.
For example, the DT is used to provide the estimated states of
edge servers and training data to the centralized base station
to derive the optimal offloading solution that minimize the
offloading latency while maintaining the acceptable long-term
migration cost. In [4], the DT supports UEs to select high-
quality MEC servers, thus the offloading is efficient in term of
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energy consumption and latency. Similarly, the optimal server
selection is derived by the assistance of DT in [5] through a
set of iterative optimization processes.

Different from the aforementioned works, we examine a
novel architecture and scenario in this short paper. First, by
integrating the NFV-enabled servers, the selection of optimal
server for each task is closely related to the selection of
optimal routing path from UE generating the task to server.
Second, we consider partial offloading mode in which a
portion of task is processed locally and the rest is offloaded by
multiple edge servers; thus imposing optimal offloading factor
problem. Third, we evaluate the impact of DT on the efficiency
of offloading performance in terms of energy consumption and
QoS satisfaction.

II. SYSTEM MODEL
A. NFV-based MEC

We consider a MEC system in which a set U of X UEs
(U = {UE},...,UEXx}) request the offloading services to a
set E of Z MEC servers (E = {Ny, ..., Nz}) through a radio
access network (RAN) as shown in Fig. 1.
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Fig. 1: NFV-enabled MEC system

In addition, the centralized RAN includes a baseband unit
(BBU), which connects to a set R of Y RRHs (Remote Radio
Heads) (R = RRH;,..., RRHy) through a fronthaul link.
The BBU is deployed in a BBU pool that is a inter-connected
network of Z NFV-enabled nodes. Each node is comprised of
an execution server and a routing device. Each RRH equipped
with M antenna can serve a set K, of K, multiple EUs
simultaneously.

B. Offloading Model in NFV-based MEC

Assuming that at the beginning of each time slot, each
UE; generates a single task T; represented by a tuple T; =
(A;, B;, D;), where A; is the data size of task, B; is required
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CPU cycles to process the tasks, and D; is the deadline of task
execution. We consider partial offloading in which a part of
task is processed locally and the rest is offloaded by multiple
MEC servers. Denote «; and 3;; as the portions of task 7T;
which are processed locally by UE ¢ and offloaded by an
edge server N;. We have A; = o;A4; + ZjeN BijA; and
B, = a;B; + EjeN ﬁijBi’ where «; + ZjEN ﬂij =1 and
OgalglandOgﬂwgl

C. DT Model

We consider the DT models for the UEs and MEC servers.
Define D¥ = {f#, f;} and DS = {f¢, f;} as the DT models
for an UE 7 and an edge server IV;, where f;* and f; are CPU
frequency estimated by the DT models and fz , f ; are the
deviation between the real value and the estimation. The DT
models can be deployed in the power-rich resource nodes such
as an edger server or the BBU as the centralized management,
thus it can derive the global decision making.

D. Offloading Delay Model

The radio transmission delay of task 7; as transmitting the
data from UE; to RRHy, is T* = (1 — ;) A; /1, where 1,
is the achievable data rate and 7;;, = BW log,(1 + SINR;).
BW is the bandwidth of RAN and SINR;, the signal to
interference plus noise ratio of UFE;, can be achieved in
advanced [6].
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In this formulation, Ay ; is the channel vector between UE;
and RRHj. The sum of data rates of UEs served by RRH,
must be less than the capacity of its fronthaul link, i.e.,
ZiEKk ik < Bf;k,Vk e R.

Let C; = vB; (in cycles) denote the required computation
resource, where ~ is the complexity of the tasks in cycles/bit.
The estimated time required to execute the portion «; of task
T; locally is computed as T . The computing delay
gap between the real value and DT estimation is given by
oTle = _uGili

v filfi=£3)
computing at UE; can be achieved by T}¢ = §T'¢ + Tlc

The estimated latency of edge server Nj to execute the
portion [;; of task T; is given by le = ﬁ]’ﬁf The latency

gap between real value and DT estimation is calculated as
5Te — PirCify
k™ fe(f=T)
Bir of T; at the edge DT can be given by T}, = 6717 + T
Finally, for the task 7;, the total DT latency in the system

can be expressed by: T/ = T/ +maxyer THE +maxgen T,

Consequently, the actual time for local

The actual latency for executing the portion

III. PROBLEM FORMULATION

The total energy consumption of UFE; including the local
computation energy (E.°) and transmission energy (E”) is
given by F; = e+ B = a8 By(fi— F,)2+ 3 e i 2222,
where 6/2 is a constant expressing the average switched
capacitance and the average activity factor of UE; [7]. The

QoS constraint is to ensure that the total latency of task is

must be less than the deadline, ie., T/°" < D;,Vi € U.
The objective of system is to minimize the total energy
consumption of UEs based on optimizing offloading policies
(o, Bij), edge server selection (53;;), transmit power (p;), and
estimated CPU frequency of the UEs and MEC servers (f}",
Vi e U, fg, Vk € N).

IV. CONCLUSIONS AND FUTURE WORKS

This paper introduced the computation offloading model as-
sisted by the digital twin in the NFV-enabled MEC system. DT
allows the central base station estimating the status of nodes
in the network, just facilitating the modeling and optimizing
the resource allocation and management. Based on these, we
proposed the optimization framework to jointly optimizing the
transmit power of UEs, offloading policies, and edge server
selection to offload the computation tasks.

The proposed offloading model potentially exposes many
directions for future research works. First of all, the op-
timization problem is non-convexity. Therefore, to solve it
requires developing techniques to transform the problem into
convex-like form such as decomposing the problem into sub-
problems [6] or iterative methods [5]. Secondly, the simulation
environment should be modeled to evaluate the performance
of systems under the impact of DT technology.
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