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The service based architecture of 5G core network allows network
services to flexibly and automatically scale up and down according to
user traffic. Cloud-based implementation of 5G core network functions is
a promising approach for serving increasing 5G user devices. However,
allocating cloud resources for scaling 5G core network functions is an
NP-hard problem due to the diversity of user demands and multiple
criteria from both service providers and users’ requirements of service
quality. At present, the deployment of 5G network function on cloud is
still limited. It is crucial to investigate the cloud-based approach for
ensure full deployment effective and efficient in the near future. This
study proposed two algorithms, Load-Balance and Energy-Saving, for
cloud resource allocation to automatically scale up and down the 5G UPF
instances. A simulation software is developed to model an Infrastructure-
as-a-Service cloud and implement these resource allocation algorithms.
Numerical results indicate that Energy-Saving can lead to better resource
utilization and reduce over 33% energy consumption, while Load-
Balance assures cloud server to not overloaded.
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TU KHOA

Mang 161 5G

Thanh phin mang UPF
Phan bo tai nguyén

Cén bang tai
Tiét kiém nang lugng

Kién trac dua trén dich vu cua mang 16i 5G cho phép cac dich vu mang
tang giam quy mo linh hoat va ty dong theo luu lugng nguoi dung. Viéc
trién khai cac chire ning mang 156i 5G dya trén ddm may 1a mot phuong
phap diy hira hen dé phuc vu sé lwong thiét bi nguoi dung 5G ngay
cang tang. Tuy nhién, vin dé phan b tai nguyén dam may dé mé rong
quy md cac chirc ning mang 16i 5G 1a mot bai toan phuc tap do nhiéu
yéu ciu va tiéu chi tir ca nha cung cap dich vu ciing nhu yéu cau cua
ngudi dung vé chat luong dich vu. Hién tai, viéc trién khai chirc ning
mang 5G trén ddm may van con han ché. Nghién ctru cach tiép can dua
trén dam may rat quan trong dé dam bao trién khai ddy du hiéu qua va
hi¢u qua trong tuong lai gan. Nghién ciru nay dé xuat hai thuat toan Can
bing tai va Tiét kiém ning luong cho phan bd tai nguyén dam may
nham ty dong ting va giam quy mo phién ban 5G UPF. Mot phan mém
md phong duoc viét ¢& mo hinh hoa dam may TaaS va trién khai cac
thuat toan phan b tai nguyén nay. Cac két qua sb hoc chi ra rang Tiét
kiém nang lugng c6 thé dan dén viéc st dung tai nguyén tét hon va
giam hon 33% muc tiéu thy ning luong, trong khi Can bang tai dam
bao may chi dam may khong bi qua tai.
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1. Introduction

The 5th generation mobile network (5G network for short) has been the state-of-the-art
technology and infrastructure of today mobile network. With a distributed and diverse
architecture, the research on resource allocation and use for 5G network deployment has attracted
great interest of researchers and businesses around the world [1] — [5]. In its architecture, an
access network (NG-RAN), a collection of distributed base stations, is responsible for radio
spectrum or radio access network management to meet the quality of service (QoS) required by
users while a core network (NG-Core) provides Internet connectivity for both voice and data
services, controls and ensures this connection to meet QoS requirements [6], [7].

The 5G core network achieves a significant improvement over the previous generation
network with its service-based architecture; in which, components are network service software
that can flexibly initialize, launch, scale up/down according to user traffic [4]. UPF (User Plane
Function) is a major network service component of the 5G core and responsible for managing
and maintaining Packet Data Unit (PDU) session which is an abstract data path between a user
and a data network. UPF instances can run on virtual machines or as containerized software in
containers (using packaging and package management technologies like Docker, Kubernetes,
etc.) in cloud centers.

With the rapid increase in the number of 5G users, auto-scaling UPF to ensure connectivity
between users and data networks plays an important role in service quality assurance. Therefore,
the issue of allocating computing resources for scaling UPF instances has attracted researchers’
attention increasingly. The problem is relatively new and open for new solutions. The authors of
[8] proposed an automatic resource allocation solution for the virtual network function based on
the resource computation pattern. In study [9], the authors proposed a queuing model to study the
automatic scaling of UPF instances based on the threshold of the number of available UPFs.

Running the 5G core network efficiently and saving energy has always been an important goal
for network operators. Therefore, this study explores the requirements for UPF implementation
and implements algorithms to allocate resources for UPF scaling efficiently.

The paper is organized in what follows. Section 2 briefly explains the 5G core network, how
to implement its components, and the proposed resource allocation algorithms for UPF instances.
Section 3 presents the results and analysis on the efficiency of the resource allocation algorithms.
The conclusion of the paper is given in Section 4.

2. Background and Research methodology
2.1. The 5G core network
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Figure 1. A model of the 5G core network components
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A user equipment (UE) is connected to a Radio Access Network (RAN) via a 5G base station
(gNB), which in turn connects to the 5G core network for data routing and forwarding between
the UE and a data network [4]. In 5G networks, the connection between UE and a data network
(Data center) is done through the establishment of a Packet Data Unit (PDU) session, which is an
abstract data path and managed by a 5G core network.

The 5G core network consists of a set of functions that can run as micro-services. Each
network function component provides one or more services to others through service-based
interfaces as illustrated in Figure 1 [4]. These network functions can be classified into the control
plane or the data plane.

2.1.1. Data plane

Base stations (gNB) and User Plane Function (UPF) instances perform data plane tasks.
They provide the essential procedures for data transfer between UE and a data network. Before
data transfer happens, an abstract data path - the PDU session- must be established and
managed by the UPF. The UE initiates the PDU session establishment process by sending a
request to the 5G core network. The request includes information about the type of service that
the UE needs to use and the type of traffic. Once the PDU session has been established, the UE
can use it to send and receive data. The UPF instance is responsible for maintaining PDU
connectivity, transmitting packets and ensuring that the network is used efficiently and that the
UE receives the appropriate QoS.

2.1.2. Control plane

The control plane of 5G systems has two main components involved in establishing and
maintaining the connection between the UE and the data network: The Access and Mobility
Management Function (AMF) and the Session Management Function (SMF). The AMF manages
user authentication, establishes the data connection between the UE and the data network, and
performs the necessary procedures to handle UE mobility. The SMF is responsible for user
session management, assigning a session PDU to an appropriate UPF component.

2.2. UPF instance management and scaling

In practice, there are three implementations of the service components of the 5G core
network: a dedicated hardware; software versions running on specialized hardware; or as
virtualized/cloud-based software-as-a-service that is initialized and running on a cloud
infrastructure platform.

As the number of users joining the 5G network increases, the number of PDU sessions being
established increases. Therefore the number of UPF services also needs to be scaled up to
maintain the connection of PDU sessions and manage transmission quality.. Therefore, deploying
UPF instances in the form of cloud service is the main trend to satisfy the growth in 5G network
users. The option of using UPF instances or other network functional services in the form of
cloud service means that the cloud infrastructure will run virtualized components such as virtual
machines (VMs) or containers (which are virtualized computing units that run independently and
can run the application without being affected by system environment) [10].

When deploying UPF instances as cloud service, scaling up/down of UPF or more is easily
done automatically by initializing/stopping a virtualized compute unit (VM, container). The
management and allocation of cloud resource usage is done automatically at the cloud
infrastructure. In the next part of the article, the author will present some considered algorithms
to evaluate the performance of using computing resources to run UPF network services.
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2.3. System modeling and Resource allocation for UPF instances
2.3.1. System modelling

Considering a 5G core network model is a computing system consisting of a set of S
commercial-off-the-shelf (COTS) servers the Standard Performance Evaluation Corporation -
SPEC (Standard Performance Evaluation Corporation) [11].

Each servers (s =1, 2, ... ,S) is characterized by N (the number of CPUs) and R is the amount
of main memory (RAM) of the computer in Gigabytes (GB).

Assume that the core network deploys cloud infrastructure services in the form of virtual
machines (VMs). Each VM is provided with 1 CPU and 1GB of RAM. Each host s has M virtual
machines: M = min(N,R). We assume that each VM is capable to run an UPF instance.
Therefore, each server is capable of running M UPF instances. For simplification, we also assume
that each UPF instance can maintain and manage a PDU session between an UE and a data
network. The system hence can simultaneously run § x M virtual machines to maintain PDU
sessions. To perform VM allocation to UPF instances automatically, the scheduler needs to
determine the appropriate VM to launch the 5G UPF service. The resource allocation for UPF
instances is presented in what follows.

2.3.2. Resource allocation algorithms for UPF instances

The problem of resource allocation is always a challenging topic in all computing systems,
including cloud computing. The reasonable and effective allocation should pay attention to
ensuring the QoS for users and the efficient use of resources to reduce operating costs for the
service provider.

For a straightforward establishment of the PDU session when requested, the cloud needs to
ensure the UPF service availability. This means, there is always at least one UPF service running
and ready to establish a new PDU session.

Let vm(s) be the number of virtual machines that can be launched on the server s (s = 1,2,...S;
vm(s) < M). When a new request to establish a PDU session arrives, the SMF will first select an
available UPF instance to perform the setup. The scheduler will then consider launching a VM to
run the new UPF for service availability. In the event that no UPF is available to establish a PDU
session upon the user's request, the request will be blocked.

This paper examines two algorithms for scheduling and allocating cloud resources to UPF
instances called Load-Balance algorithm and Energy-Saving policy.

Load-Balance algorithm (Alg. 1): The Load-Balance (LB) algorithm aims to balance the
workload handled in different servers to avoid having some machines overloaded while the other
machines are under loaded. The LB algorithm does the scheduling task as the following: First, it
routes the PDU session establishment request to a ready UPF. The scheduler then launches a new
UPF in a new initiated VM. To select a VM for UPF, the scheduler first calculates the utilization
of cloud servers. If server s has load lower than the hard threshold 0, the scheduler will launch a
new VM on server s and a UPF service will be made available on s. If all servers have load
higher than 0, the lowest load server will be selected. In case there is none available UPF, the
user’s request will be blocked.

Alg. 1. Load-Balance allocation algorithm

for a new request of PDU session establishment do
if FOUND an available UPF then
ESTABLISH the PDU session by the UPF

else

BLOCK user request
end if
for each server s do

http://jst.tnu.edu.vn 99 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(15): 96 - 103

CALCULATE load of server s: load(s) (s = 1,2,..S)
if (load(s) < 8 and vm(s) > 0) then
LAUNCH a new VM and INITIATE a new UPF on server s
STOP the algorithm
end if
end for
if load of all servers is higher than 6 then
CHOOSE server with the lowest load
end if
end for

Energy-Saving algorithm (Alg. 2): Energy-Saving (ES) algorithm for scheduling aims to lessen
the operation energy consumption of the system by reducing the active servers in alignment to user
traffic and applying dynamic power management (DPM) technique. Applying the ES algorithm, the
scheduler first sends the PDU session establishment to the available UPF instance. Then it seeks in
sequence and selects a server that can launch a new VM but remains the lowest free resource.
Afterward, a new UPF instance will be launched inside the selected server.

Alg. 2. Energy-Saving algorithm
for a new request of PDU session establishment do
if FOUND an available UPF then
ESTABLISH the PDU session by the UPF
else
BLOCK user request
end if
for each server s in system do
if (vm(s) > 0 and vm(s) is the smallest) then
LAUNCH a new UPF instance on server s
DECREMENT vm(s)
STOP the algorithm
end if
end for
end for

2.3.3. Simulation inputs and metrics

To evaluate the two aforementioned scheduling policies, a simulation written in C language is
used to model the cloud system and the implementation of scheduling policies.

A system of S = 40 homogeneous COTS servers, of which each has 64 cores, 128 GBytes of
RAM, and the full-load active power consumption of 269W [12]. Assuming that each server
dedicates 2 cores for system operation task. The number of virtual machines per server is
min(62,128)., i.e. 62. Assuming that the average service rate of user requests is 1
request/second. Hence, the system is capable to process in average of 40 x 62 = 2480 requests per
second. We examine the system performance at diverse arrival rates (denoted by 1) ranging from
in average 700 to 2200 incoming requests per second. Note that users’ requests arrive the system
following Poisson distribution and the service time of the system is exponentially distributed. For
Load-Balance algorithm, the load threshold is 0.7.

The average load of each cloud server during the operation time is used as the performance
metric to compare the studied algorithms.

Another metric considered in the evaluation is the average energy consumed by the system to
run and manage an UPF instance during its operation time.
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Let t is the operation time of the system that have completed to run and manange J UPF
instances (jobs). Let t; and Ps be the total active time (t; < t ) and the power consumption in the
active state of the server s. We assume that a free server can be powered off for energy saving
and powered on when it is needed without a cost of delay. Let AE denote the average energy
consumption per job. The AE is calculated as follows:

1 40
AE :FZPS *t, @)

s=1

Table 1 gives the list of notations used in the work.

Table 1. List of notations

Notations Description
S The number of servers in considered system
N The number of cores of aservers(s=1, 2, ..., S)
R The RAM capacity of a server s
M The maximum virtual machine launched simultaneously in a server s

J The total number of completed jobs

Ps The total power consumption in the active state of the server s
ts The total active time of a server s

AE The average energy consumption per job (Ws/job)
A The arrival rate of requests to the system

3. Results and discussion

To compare the two policies in their affect to system efficiency, we use the metric called the
average load of cloud servers, which directly indicates how servers are utilized. The less busy
servers, the less energy consumes. The reason is that idle servers can be powered off by DPM
technique for energy saving.

Figure 2 and Figure 3 present the average load of cloud servers during operation when Load-
Balance and Energy-Saving are applied, respectively.
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Figure 2. The average load of cloud servers with Load-Balance algorithm
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Figure 3. The average load of cloud servers with Energy-Saving algorithm

It can be observed that user requests of PDU establishment are distributed more evenly across

cloud servers with Load-Balance (LB) as shown i

n Figure 2.

Figure 3 shows that at the low and medium traffic intensity there are a number of unutilized
servers with the implementation of Energy-Saving (ES) policy, which is the condition for
applying dynamic switching off technique to save energy.

For instance, with the traffic intensity of 700 requests/second, the number of servers in use is
14 and 19 with ES and LB policy, respectively. When the intensity increases up to 1500
requests/second on the average, 37 of 40 servers are in use if LB policy is applied while only 26
servers are busy if ES algorithm is implemented. That means those free servers can be switched

off for energy saving.
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Figure 4. The average energy consumption (W.s/job) with different arrival rates
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Figure 4 presents the average energy consumed by the system to run and manage an UPF
instance. It can be observed that ES policy can save over 33% energy in comparison to LB at low
to moderate workload intensity. The savings decrease and become insignificant at high workload
rate, which we can observe only a reduction of roughly 5.5% in energy consumption.

4. Conclusion

Service-based architecture of 5G core network is a promising solution for rapidly growing
numbers of 5G devices and the future 6G network. This study investigates the issue of allocating
cloud resources for the most scalable service instance of the 5G core — the UPF instance.

We examine two algorithms called Load-Balance and Energy-Saving and evaluate their
impact on the system resource utilization. Numerical results show that Energy-Saving yields
better resource efficiency and can save energy in comparison to Load-Balance algorithm.
However, other factors of system performance (e.g. data latency, throughput, etc.) should be
involved in the consideration to have more sufficient view of system in future study.
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