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Abstract: In this paper, we present the main key indicators for an enhanced quality of service for the 5G network. In addition, we present the main 
characteristics of network virtualization in enabling a service-based network. The quality-of-service model in 5G is presented then we give our proposal 
which consists of an enhancement of a previous proposal. We give a smart downlink scheduler that profits from network slicing in order to enhance the 
overall QoS experienced by the 5G network. An adaptive metric rule for the three main services: eMBB, URLLC, and MTC is proposed and evaluated. 
 
Index Terms: 5G, Downlink, Scheduling, Quality of Service, Virtualization, SDN/NFV, Slicing, metrics, Priorities, evaluation.   
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1 INTRODUCTION 
The telecom industry can now provide networks with 
guaranteed quality of experience (QoE) thanks to network 
virtualization and softwarization. Software defined networking 
(SDN) is a programmable network that allows control and data 
planes to be separated in a structured interface [1]. A 
centralized controller is in charge of centralizing network 
control procedures and controlling network resources. SDN 
describes an additional application plane on top of application 
plane [1], in addition to data and control planes. Control, data, 
and application planes are all linked via standardized 
interfaces, allowing new services to be deployed without 
having to update the network infrastructure. 5G offers 
innovative new ways to communicate while still posing 
significant challenges. The IMT-2020 usage cases are divided 
into three main classes which are the enhanced mobile 
broadband (eMBB), massive machine type communication 
(MTC) and essential communication of ultra-reliable low 
latency communications (URLLCs) [2]. 5G links a large 
number of devices that send MTC (non-delay sensitive data) 
without delay. Although MTC data is of low volume, the large 
number of connected devices can cause the network to 
become congested. The URLLC service, as its name implies, 
must be extremely reliable and delivered with minimal latency.  
Despite the evolution of the modern wireless 
telecommunication technologies and the variety of the 
provided services, there remain major challenges associated 
with the cellular networks. In particular, the limited frequency 
band is among the stingiest constraints that operators have to 
manage. The available radio resources must be allocated to 
the variety of connected devices in a manner that ensures the 
best system efficiency in term of the total network capacity and 
guaranteed quality of service (QoS) which is the main goal of 
the packet scheduler which is a key to a successful radio 
resource management procedure.  
 
 
 
 
 
 
 
 
 
 
 

The multi-user diversity is the nature of the 5G network. 
Connected devices are intelligently selected by the packet 
scheduler. All the coming traffic and especially the time-
sensitive data must be served within the tolerated delay. The 
aim of the packet scheduler is mainly to ensure an efficient 
distribution of e radio resources are and that QoS 
requirements are guaranteed. Scheduling is performed in both 
the uplink and the downlink levels. However, efficient downlink 
schedulers are more required than the uplink ones. Moreover, 
an efficient downlink scheduler is required to enhance the 
quality of the uplink layer. Indeed, by scheduling the waiting 
data, the network become able to receive more data from the 
uplink. In addition, there is no need to a good uplink scheduler 
if the downlink one is unable to guarantee a successful 
delivery of the data to their final destinations. The downlink 
scheduler computes a priority metric according to which radio 
resources are allocated to the different connected users. 
Metric computation is done based on various criteria detailed 
in this paper. In this paper, we study resource allocation for the 
new services: eMBB, URLLC, and MIoT under the inclusion of 
network slicing provided by the emergent SDN/NFV 
technologies. In addition, we extend our previous proposal for 
metric scheduling in order to enhance the QoE of the whole 
network. The rest of this paper is organized as follows: in 
section 2 we study the main key requirements of the 5G 
network. Section 3 describes network virtualization and slicing 
isolation. In section 4 we detail the QoS model in 5G and then 
in section 5 we present downlink scheduling and main 
consideration for guaranteed QoS. Section 6 is dedicated to 
detail the proposed enhanced smart downlink scheduler. 
Section 7 gives a performance evaluation of the proposed 
metric rule computation and section 8 concludes this paper.  
 

2. KEY REQUIREMENTS FOR 5G NETWORK 

The target of the 5G is to accomplish and exceed the ITU 
requirements. Simultaneously, 5G must be well-matched with 
previous telecommunication equipment’s. In addition, it must 
share the same frequency bands with previous cellular 
generations. In an aim to respond to the modern cellular 
requesters, 5G adopts a variety of advanced techniques. To 
guarantee an enhanced service, 5G was conceived with basic 
requirements which enhance the features of the 4G systems 
along with new features designed for the modern 
requirements. We present below the main key enablers and 
targets of the 5G network. 
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2.1. Capacity 
It is expressed by the maximum number of users that can be 
simultaneously supported by a cell and is mainly dependent 
with the available radio resources. The average user's 
throughput is related with the network capacity. It can be 
expressed by the ratio of capacity and the total number of 
users.  
 
2.2. Peak data rate 
When all assignable radio resources for the corresponding link 
direction are used, the peak data rate is the greatest 
achievable data rate. In order to compete the ITU 
requirements, the 5G network targets a peak data rate equal 
to 20Gbps for downlink and 10Gbps for uplink [3]. 
 
2.3. Latency 
In 5G, Latency is composed by the latencies of the Control 
Plane (CP) and the User Plane (UP) latencies. The time 
required by a packet to transit from a battery-saving state to an 
active state. CP latency should be equal -to 10 milliseconds. 
The time required to successfully deliver packet across the 
radio interface. The user plane latency target for URLLC 
should be 0.5ms for UL and 0.5ms for DL. The user plane 
latency target for eMBB should be 4ms for UL and 4ms for DL. 
 
2.4. Mobility 
The highest user speed at which a given QoS can be 
accomplished is referred to as mobility.  5G must support a 
high mobility that reach up to 500km/h. 
Table 1 summarizes the main key performance indicators 
(KPI) of the 5G network from [3]. 

 

Table 1. Summary ok KPI in 5G [3] 

 
KPI Description Target Value 
Peak data 
rate 

the greatest achievable data 
rate  

Downlink: 20Gbps  
Uplink: 10Gbps 

Peak Spectral 
efficiency 

The greatest theoretical data 
rate 

30bps/Hz for 
downlink and 
15bps/Hz for uplink. 

Control plane 
latency 

time to start an active session 10ms. 

User plane 
latency 

required time it to effectively 
transmit a packet 

Uplink: 0.5ms 
Downlink: 0.5ms  

Mobility 
interruption 
time 

The lowest amount of time 
during which a device cannot 
transmit data 

0ms. 

Reliability URLLC: 1-10
-5
 for 32 bytes  

V”X: 1-10
-5
,  

 

Coverage MaxCL that separate a  device 
from a  Base Station site  

164dB 

Extreme 
Coverage 

Maximum network coverage - 

UE battery 
life 

The time that a device battery 
stay without recharge 

Beyond 10 years for 
iot device 

Area traffic 
capacity 

whole network throughput in a 
specific geographic zone 
expressed in Mbit/s/m

2
 

density multiplied by  
bandwidth multiplied 
by the spectrum 
efficiency  

User 
experienced 
data rate 

5% of the spectrum efficiency 
multiplied by the network 
bandwidth 

1GHz  
 

Connection 
density 

 Maximum number of devices 
that can be connected in a 
specific zone 

1 000 000 
device/km

2
 in  

 
Mobility Highest achievable speed with 

QoS guarantee 
 500km/h. 

 

3. NETWORK VIRTUALIZATION IN 5G 

The 5G System architecture is designed to enable separation 
between data and user plane, allowing deployments to take 
advantages of technologies mainly Network Function 
Virtualization (NFV) and Software Defined Networking (SDN). 
Wherever possible, the 5G network architecture can make use 
of connections between Control Plane (CP) Network Functions 
using services. The following are some main concepts and 
principles: Isolate UP and CP functions to allow for 
autonomous usability, development, and configurations, such 
as centralized or distributed sites. In addition, it allows to 
adjust the function structure so provide more useful and 
effective network slicing, as instance. Moreover, if necessary, 
allow Network Function to communicate directly or indirectly 
with other NFs and their Services through a Service 
Communication Relay. A further intermediate feature may be 
used to support path Network Control messages if possible. 
Network virtualization permits to decrease the Access 
Network's (AN) and Core Network's (CN) interconnections 
(CN) where the main architecture is characterized by a fully 
integrated CN with a specific AN-CN framework that 
incorporates various connection forms. The user's means of 
connecting to 5G CN is known as network access. In the 
following, we present features included in network access 
control. 
 
3.1. Network selection 
The UE executes network selection to establish 
network registration. Public land mobile network (PLMN) 
selection and network access are the two key aspects of the 
network selection process. TS 22.011 [4] specifies the 
specifications for PLMN collection, while TS 23.122 [5] details 
the procedures. TS 36.30 specifies the communication 
network selection component for 3GPP access networks. The 
E-UTRAN access network selection part is defined in TS 
36.300 [6] and the NR access network selection part is 
specified in TS 38.300 [7]. 
 
3.2. Identification and authentication 
Throughout any technique starting a NAS signaling procedure 
with the UE, the network can authenticate the UE. TS 33.501 
[8] specifies the security architecture. With 5G-EIR, the system 
will potentially conduct a PEI test. 
 
3.3. Authorization 
When the user was being recognized and authenticated, the 
authorization for the subscriber's connection to the 5GC, as 
well as the authorization for the services allowed for a 
legitimate user.   
 
3.4. Network slicing 
Network provider can have customized networks using network 
slicing. As an instance, diverse functional requirements may 
occur, as well as different technical specifications. They may also 
serve only specific users. A network slice could provide full 
network capabilities, including radio access network functions, 
core network functions (from many providers, for example), and 
IMS functions where one or more network slices may be 
supported by a single network [9]. The main advantage of network 
slicing provided by SDN/NFV is the isolation between slices. In 
fact, any degradation in the quality of service in one slice cannot 
affect QoS in the other slices. In the following section, we present 
the QoS model in the 5G network. 
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4. QOS MODEL IN 5G 
Quality of service (QoS) includes the assessment of a 
service's overall efficiency as perceived by network customers 
including data bit rate, throughput, propagation error, 
availability, jitter, and other facets of service known to 
quantitatively calculate QoS packet loss. QoS Flows are the 
base of the 5G QoS model. The 5G QoS model accepts both 
guaranteed flow bit rate (GBR QoS Flows) and non-
guaranteed flow bit rate (non-GBR QoS Flows) QoS Flows 
(Non-GBR QoS Flows), also, reflective QoS is also supported 
by the 5G QoS model [9]. In a PDU Session, the QoS flow is 
the highest level of QoS distinction where the 5G system uses 
a QoS Flow ID (QFI) to recognize a QoS Flow and user plane 
traffic with equivalent QFI are treated the same such as 
scheduling, admission control… In table 2, we summarize QoS 
profile parameters. 
 
QoS Profile QoS parameters 

All QoS Flow 
-5G QoS Identifier (5QI) 
-Allocation and Retention Priority 
(ARP). 

for Non-GBR QoS Flow only -Reflective QoS Attribute (RQA). 

For GBR QoS Flow only 
-Guaranteed Flow Bit Rate 
(GFBR) 
-Maximum Flow Bit Rate (MFBR) 

GBR QoS Flow only 
-Notification control 
-Maximum Packet Loss Rate 

 
4.1. 5G QoS Parameters 
A 5QI is a constant applied to a 5G QoS characteristics that 
regulates QoS propagation procedure for a specific QoS flow 
such as scheduling decisions, admission control, queue 
management thresholds, link layer protocol configuration and 
so many other functionalities. The priority level, pre-emption 
functionality, and pre-emption vulnerability are all included in 
the QoS parameter ARP. In the event of resource constraints, 
this allows determining if a QoS Flow establishment / 
modification / handover should be approved or must be 
declined and could also be used to decide which established 
QoS flows should be prioritized. The Reflective QoS Attribute 
(RQA) is an optional parameter that implies which Reflective 
QoS relates to a certain traffic carried on a QoS flow.  
 
4.2. QoS Flow mapping 
Figure 1 presents standardized QoS flow mapping procedure  

 

 
Fig 1. QoS Flow mapping [9] 

 

As fig.1 reports, received data packets are clustered by the 
UPF in the order of their priority depending on the Packet 
Filter Sets of the DL PDRs then via N3 (and N9), user Plane 
traffic using a QFI is classified where the UPF expresses the 
designation of User Plane traffic belonging to a QoS Flow. 
QoS Flows are bound to AN resource by the AN responsible 
for establishing and releasing the appropriate AN infrastructure 
to which QoS Flows could be mapped. Whenever the AN 
resource onto which a QoS Flow is mapped are published, the 
AN must notify the SMF. 
 

5. DOWNLINK SCHEDULING IN 5G 
The scheduling strategy computes a metric for each flow in 
order to effectively schedule the packets. The strategy then 
applies available radio services to the flows with the maximum 
metrics depending on the calculated metrics. A number of 
factors must be considered when calculating the metrics. The 
metric computation, method, considerations, and core aspects 
of the downlink scheduling policies are detailed in the following 
sections. 
 
5.1. Metric Computation 
The distribution of resources to connected devices is 
performed by comparing per-RB metrics [10]. A basic metric is 
calculated in schedulers for each scheduling periodicity based 
on which flows are planned. The state of transmission queues, 
where the connected devices have queues of defined sizes, is 
used to compute metrics. UEs with the highest pending data 
must be given higher metrics (higher throughput=higher 
metric). Resource allocation history: users with bad previous 
reservations must have higher metrics. Buffer status: each 
receiver possesses a buffer. The more its buffer is empty, the 
higher its metric must be. Quality of buffer requirement: as 
mentioned in the first chapter, the QCI value permits the 
packet scheduler to select the best MCS to be used. 
 
5.2. Key Aspects of Scheduling Strategy 
A set of crucial considerations must be preserved when 
developing a scheduling strategy. Complexity and scalability: 
Allocation strategies must adhere to basic requirements such 
as computing time and memory usage. In terms of 
computational cost and time, the right decision making through 
a dynamic and non-linear optimal solution or an exhaustive 
search of all possible combinations would be too costly [11]. A 
packet approach should not be "stupid" in view of spectral 
efficiency. It means that it should guarantee that RBs are 
evenly distributed among the associated devices. The packet 
scheduler could accomplish this using various forms of 
performance criteria, such as optimizing the number of 
connected devices by    providing the highest channel quality 
to subscribers. Fairness: Increasing throughput could enhance 
the whole system spectral performance. However, this can 
have a negative effect on fairness. In reality, devices with bad 
channel quality may encounter a RB starvation. If fairness is 
assured, cell-edge clients will be satisfied. The packet 
scheduling methods meet this requirement by including a 
measure of historical quality service in the metric calculation. 
In view of QoS optimization, all-IP platforms include one major 
advantage over the other telecommunications technology: 
QoS provisioning. Each stream should be mapped to a 
specific bearer dependent on its 5QI.  A minimum bit rate, a 
maximum delivering delay, and a maximum packet loss ratio 
(PLR) are all assured by every bearer.  
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6. PROPOSED SMART DOWNLINK SCHEDULER BASED ON 

SLICES ISOLATION 
As mentioned above, among the main advantages of network 
slicing is the isolation between slices. Thus, degradation in 
QoS in one slice cannot affect QoS in other slices. This is 
adopted by our smart scheduler which perform scheduling 
based on services clustering.  
 
6.1. Proposed architecture 
In this proposal, we propose three main clusters for 
respectively eMBB, URLLC and MTC services. 
 

 
Fig. 2. Proposed architecture 

 

As fig.2 presents, our proposed architecture supports SDN 

which is composed by a centralized controller responsible for 

carrying all the control functions, including packet scheduling. 

The centralized controller is responsible of traffic clustering, 

when a new service arrives, the SDN controller cluster the 

service in one of the three main clusters. 

 

6.2. METRIC COMPUTATION STRATEGY 

 

 
Fig. 3. Centralized metric computation 

 
 

fig. 3. shows how metric computation is performed, traffic is 
clustered in the adequate slice, then for each slice, a special 
metric computation rule is specified. the centralized controller 
performs computations and forwards scheduling decision to 
the gNB which assigns required RBs for traffic with highest 
metrics. As eMBB traffic requires good reliability and low 
latencies, we will adapt our metric computation proposal 
published in [12] which succeeds to enhance the overall 
system spectral efficiency. Scheduling metric is composed by 
two sub-metrics as defined by eq.1: 

 
MetriceMBB= M1eMBB+M2eMBB                                   (1) 

 
M1eMBB aims to enhance the system spectral efficiency, 
defined by algorithm 4 form [12], and M2eMBB      aims to 
decrease delay, so latencies for this traffic type computed 
using eq.2. 
                                                                               

                    
 
It refers to the report between the average delay experienced 
by all the traffic pending and the budget delay (τi) for this traffic 
class. Budget values can be found in Table 5.7.4-1 [9]. for 
URLLC traffic we propose to serve traffic prioritized by their 
delays. in fact, this service type requires ultra-low delays 
hence it is crucial to decrease pending delays in order to 
decrease the overall latency. However, for MTC traffic, since 
they require energy efficient algorithms, we proposed to 
schedule them by guaranteeing fairness among them. We will 
apply eq. 3 for metric computation for this class of traffic.  

 
Nnrt is the number of pending MTC traffic. Whenever the 
average PLR experienced by the MTDC traffic increase, the 
traffic metric increases too. This aims to guarantee successful 
delivery of the MTC traffic.  A report between the experienced 
PLR and the PLR budget (δ), can be found in in Table 5.7.4-1 
[9].   
 

7. PERFORMANCE EVALUATION 
In this section, we evaluate our metric computation rule. we 
start by metric specified by for the eMBB traffic which mainly 
aim to enhance the overall reliability and decrease the latency. 

(2) 

(3) 
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Fig. 4. Metric evaluation for eMBB traffic 
 
We can see, as shown by fig. 4, that the four traffic does not 
possess the same metrics. this is experienced by the variance 
in QoS experienced by each of them. in fact, traffic with higher 
waiting delay and lower throughout must be prioritized so they 
will have the highest metrics. We can see also, that metrics of 
one traffic are some times high and other times low. In fact, 
whenever the QoS of the selected traffic degrades, its metric is 
maximized then it will be prioritized and the SDN controller 
send an order to the gNB to serve it which enhances its 
experienced QoS and so its metric decreases to prioritize 
other traffic with lower QoS (higher metrics)  
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FIG. 5. METRIC EVALUATION FOR URLLC TRAFFIC 
 
fig.5.  reports the metric for four different URLLC traffic. Thew 
budget delay for this traffic class is equal to 10 ms (5QI =82). It 
is clearly shown that the average delay varies among different 
traffic. what we recommend here is to prioritize URLLC traffic 
and serve pending traffic with the highest delay. In addition, we 
recommend to fully prioritize this service type by instant 
serving new arrived packet since they require ultra-low latency 
as key enabler for the QoS.  
 
 

8. CONCLUSION 
In this paper we give a study of the downlink packet 
scheduling in 5G networks. We presented the QoS 
requirements as well as the key enablers for an enhanced 
system capacity. Then We presented the advantages of 
virtualization in 5G network which allow a full separation 
between UP and CP which allows a centralized control of the 
whole network by the SDN Controller. We proposed our 
enhanced downlink scheduler which is based on traffic 
clustering into three main classes: eMBB, URLLC and MTC. 
An adequate metric computation rule is dedicated for each 
class of service. In addition, a main other advantage of this 
proposal is the full isolation between slices provided by the 
SDN/NFV. In fact, this may allow the separation in QoS and 
degradation in one slice cannot affect QoS in other classes 
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