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Abstract

Introduction— Next-generation mobile networks need to be
scalable, and dynamically adaptable to services. Software-de-
fined networking (SDN) technology contributes to satisfy the-
se needs through the softwarization of network functions and
network slicing in favor of Quality of Service (QoS). However,
there is a research gap on the behavior of QoS metrics for vi-
deo streaming service in network slicing environments.

Objective— To analyze the behavior of QoS metrics in the vi-
deo streaming service supported by the DASH protocol in ne-
twork slicing scenarios.

Method- For the development of this paper, 3 phases were
defined to show the research gap, the experiments and the
analysis of results.

Results— Four experiments were built, each with three sce-
narios where the bitrate of the videostreaming service and
the congestion of the communications channel were varied. In
each case, throughput, inter-packet delay, jitter and packet
loss percentage metrics were obtained. In addition, the perfor-
mance of each metric was analyzed with respect to the impact
of variations and with respect to the recommended levels to
guarantee QoS.

Conclusions- For each metric, it was determined whether it
complies with the recommended values, identifying that the
most sensitive metric is jitter, followed by packet loss percen-
tage. Similarly, although the throughput and inter-packet de-
lay metrics are affected by variations, they comply with the
established values.

Key Words— Quality of service; Mobile Network; Network
Slicing; Video streaming.

Resumen

Introducciéon- Las redes moviles de préxima generacion re-
quieren ser escalables y adaptables a los servicios de forma
dinamica. Las redes definidas por software contribuyen a sa-
tisfacer estas necesidades mediante la “softwarizacion” de las
funciones de red y la segmentaciéon de red, en pro de la calidad
de servicio (QoS). Sin embargo, existe una brecha investiga-
tiva sobre el comportamiento de las métricas de QoS para el
servicio de videostreaming en entornos de segmentacién de
red.

Objetivo— Analizar el comportamiento de las métricas de
QoS, en el servicio de videostreaming soportado en el protoco-
lo DASH, en escenarios de segmentos de red.

Metodologia— Para el desarrollo del presente articulo se de-
finieron 3 fases que muestran la brecha investigativa, los ex-
perimentos y el analisis de resultados

Resultados— Se construyeron 4 experimentos cada uno con
3 escenarios donde se varié la tasa de bit del servicio de vi-
deostreaming y la congestion del canal de comunicaciones. En
cada caso se obtuvieron las métricas de rendimiento, retardo
entre paquetes, variacion del retardo y porcentaje de paquetes
perdidos. Ademas, se analiz6 el comportamiento de cada mé-
trica referente al impacto de las variaciones y respecto a los
niveles recomendados para garantizar la QoS.
Conclusiones— Para cada métrica se determina si cumple o
no con los valores recomendados, identificando que la métrica
mas sensible es la variacion del retardo, en segundo lugar, el
porcentaje de pérdida de paquetes. Ademas, aunque las métri-
cas de rendimiento y retardo entre paquetes se ven afectadas
por las diferentes variaciones, cumplen con los valores esta-
blecidos.

Palabras clave- Calidad de servicio, red moévil, segmenta-
cién de red; videostreaming.
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I. INTRODUCTION

The continued growth in Internet adoption and proliferation of smart devices, combined with
the growing market for multimedia applications, has brought with it a significant increase in
traffic over data networks [1]—[3]. In the case of mobile networks, by 2026, global data traffic will
reach a run rate of 229 exabytes/month, 6.7 times more than in 2019. The main protagonist will
be video traffic, which will represent 78 % of total mobile data traffic [2].

This explosive growth in information traffic is creating a significant load on existing cellular
networks, which may need to deliver 100 to 1000 times the capacity of current cellular systems,
making network management and operation increasingly complex [4]. In recent decades, mobile
networks have transformed to satisfy user needs, such that mobile bandwidth requirements have
evolved from hundreds of Kbps for voice calls and text messages to tens of Mbps for ultra-high-de-
finition video and virtual and augmented reality applications [5]. Thus, the wide variety of con-
tent-rich applications and services viewed by next-generation networks, led by video applications,
are expected to dominate mobile network traffic in the 5G era [1].

In this sense, it is expected that 5G networks can support a wide variety of services and new
use cases with heterogeneous performance requirements [6], [7]. Thus, 5G mobile networks are
not only intended to overcome the problems related to high information rate, capacity, reliability,
and Quality of Service (QoS) assurance of previous generations, but also to support a wide and
heterogeneous set of devices and use cases simultaneously. In this respect, 5G networks are flexible,
scalable, programmable, and dynamically adaptable to different requirements. Software-defined
networking (SDN) technology contributes to satisfying these needs through the softwareization of
network functions and facilitates the implementation of network slicing and bandwidth resource
segmentation, that is, the creation of multiple, virtually independent logical networks that can be
configured to provide specific capabilities tailored to the needs of a service or group of users as an
1solated environment within a common network infrastructure [8].

Network slicing enables efficient QoS management in customized services, facilitating the
creation of networks with optimized characteristics to serve a particular purpose or service category.
This technology provides a network-as-a-service model that offers the flexibility and versatility
needed to support the diverse and complex communication scenarios in 5G. However, since it
1s still a relatively new technology, there are research gaps on how to determine the resources
for different services to achieve the desired trade-off between high resource utilization and QoS
management. Therefore, an analysis of QoS behavior is important to generate a knowledge base
to guide the creation of different mechanisms, techniques and/or algorithms for dynamic resource
allocation.

The streaming methods used by video servers have an impact both on the quality of the
presentation of multimedia content to clients and also on the total data traffic over the networks
[3], [9]. For this research the video streaming service is supported using the Dynamic Adaptive
Streaming over HTTP (DASH), ISO/IEC 23009-1:2012 standard, for Adaptive Streaming developed
by Moving Picture Experts Group (MPEG) [10] and used for the delivery of video services over
wireless mobile networks [11]. DASH uses different versions of the same multimedia content to
dynamically adapt to the available bandwidth. Given its operation, it allows a video stream to
switch between different bitrates, continuously, based on network performance, to maintain the
playback of a video [12].

According to the above, in this paper we present as a contribution the analysis of the behavior of
QoS parameters in the video streaming service supported by the DASH protocol, in network slicing
scenarios and the segmentation of bandwidth resources, based on different resource allocation
policies. The above, on an experimental environment of a mobile cellular network that allows
migration to 5G Non-Stand Alone (5G-NSA) networks, which incorporates the SDN paradigm,
a technological pillar for the implementation of next-generation networks and Software Defined
Radio (SDR) technology. The experimental environment integrates general purpose hardware
such as the Universal Software Radio Peripheral (USRP) and open-source software for the
implementation of the Core Network (CN) and the Software Defined Radio Access Network (SD-
RAN), as well as for network monitoring.

The rest of the paper is organized in the following sections: Section 2 presents the related
work. Section 3 describes the methodology considered for this research. In Section 4, the process
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of network slicing construction, the experimentation scenarios, and the analysis of QoS metrics
are presented. Section 5 presents the discussion of the results and finally, Section 6 presents the
conclusions and future work.

II. RELATED WORKS

5G networks promise to support a wide variety of use cases. Their scope incorporates the
transformation of the mobile network ecosystem into a heterogeneous service environment using
a single infrastructure [6]. The softwareization of networks through SDN has become a pillar to
provide and implement new capabilities and solutions that enable the control and management of
networks, making them adaptable, programmable, and cost-effective [13]—[16].

In [17]-[22] it is shown how Network Slicing technology is at the heart of 5G and plays an im-
portant role in providing the flexibility needed to offer communication services to multiple appli-
cations with different performance and QoS requirements. This new paradigm is the technical
means to enable the coexistence of different vertical services over the same network infrastructu-
re [23]. In this sense, flexible video optimization schemes are shown as an alternative that allows
high scalability and prioritization in flow control, automatically adapting the quality of video
streams depending on the state of the network [24].

One of the challenges of network slicing is to establish which specific resources provide the
necessary QoS for users with heterogeneous traffic profiles. To address this, a framework for
network segment negotiation through the estimation of Key Quality Indicators (KQI) for video
streaming is presented in [25]. This paper shows how a reliable estimation of the quality perceived
by users is required for an adequate allocation of network resources to satisfy QoS levels. On the
other hand, a management, control, and orchestration framework for the adoption of vertical
services based on Network Slices 1s proposed in [26]. Here, Network Slicing with QoS guarantees
1s based on the scheduling of the data plane of each virtual network using traffic engineering
techniques. Similarly, MEC (Multi-access Edge Computing) platforms are used to reduce latency
in the delivery of video services and alleviate the processing load on the core network (CN) [27].

Another practical approach that emerges as a solution to the problem of division and allocation
of radio resources with QoS guarantees in Network Slicing, is the use of Machine Learning (ML)
techniques for mapping performance requirements based on service-level agreement (SLA) and
network attributes. In [28] a methodology for QoS provisioning for differentiated services is
proposed. This, based on performance models built for different services using ML to facilitate
the mapping of SLAs with the radio resource, thus allowing an optimal bandwidth allocation,
dynamically adjusted according to the network load conditions, enabling an optimization of the
same for delay-sensitive services.

Resource allocation has played an important role in ensuring QoS in mobile networks. For
fifth generation mobile networks this challenge has shifted to the implementation of Network
Slicing technology, in which resources must be managed to be shared among multiple service
providers while ensuring isolation and allowing customization of the functionality of each service.
The implementation of Network Slicing in the RAN domain, with support for different levels
of QoS, is still an open problem as evidenced in Table 1. This table presents works related to
resource allocation, resource planning algorithms used in 5G networks with Network Slicing and
the identified gaps, which were considered for the development of this paper.

According to the review presented in this section, it is highlighted that the experimental
research evidence for practical implementations of SDN, Network Slicing and resource scheduling
algorithms is carried out in simulation scenarios with controlled environments or in proprietary
systems. Unlike this paper where we propose and use a validated experimentation environment
consisting of a mobile cellular network that incorporates the SDN paradigm, SDR technology and
resource segmentation functionalities in the RAN domain [34], which allows the consumption
of real video streaming services through real user terminal equipment and the management of
bandwidth resources.
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TaBLE 1.

RESOURCE PLANNING RESEARCH ON MOBILE NETWORKS BASED ON NETWORK SLICING.

Resource planning

for 5G Network Slice
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Network Sli-
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scheme based on amount of]

traffic.
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Title Technology algorithm Environment Gap
The resource allocation is not|
. 5G based on scheduling algori-
Pox Controller based Network Sli- thms.
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Systems-Network Sli- one allocation) Simulated sed on the actual consumption
. + SDN-Contro- . . . .
cing [29]. Year 2020 lador Pox of services possible in mobile

networks through SDR tech-
nology.
SDN technology is not consi-
dered.
Resource allocation is not ba-
sed on planning algorithms.
A Method of Dynamic/* 5G None. Implements a dyna- QoS metrics are not used to
Resource Adjustment{* SDN mic resource adjustment] evaluate network performan-
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The experiments are not ba-
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of services possible in mobile
networks through SDR tech-
nology.

Hierarchical Radio
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for Network Slicing],
in Fog Radio Access|,

5G

SDN
Fog-RAN
Network Sli-

Not specified

Simulated

Does not implement intra-Sli-
ce resource scheduling algori-
thms.

The experiments are not ba-
sed on the actual consumption|

Networks [31]. Year . of services possible in mobile
2019. cng networks through SDR tech-
nology.
Do not use throughput or jitter
Quality of servicel* 5G metrics to evaluate network
evaluation based on|* SDN performance.
network slicing for] Flood-lightNone (uses static resourceq. 1o The experiments are not ba-
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systems [32]. Year]* Network Sli- of services possible in mobile
2018. cing networks through SDR tech-

nology.

Evaluation of Schedu-
ling Algorithms for 5G
Mobile Systems [33].
Year 2018.

LTE-Advanced
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Rate (proposed)
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Proportional Fair
Maximun Rate
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emulation en-
vironment

FPGA-based|,

Does not use Network Slicing.
Does not use QoS metrics to
evaluate performance.

The experiments are not ba-
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networks through SDR tech-
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Source: own elaboration
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III. METHODOLOGY

For the development of this research, an adaptation of the methodology considered in [34] was
carried out, where 3 methodological phases were defined, which are shown in Figure 1. In the first
phase, based on related works, research gaps are identified, focusing in this paper on the analysis of
QoS metrics in mobile networks based on SD-RAN. The second phase presents the construction of the
network slicing and the experiments developed, including variation of the conditions of the consumed
video by varying its bitrates and congesting the channel through background and synthetic traffic. Fi-
nally, the third phase presents the results and analysis of throughput, inter-packet delay, jitter, and
packet loss percentage, when the parameters of phase II are varied and combined.

__________ Fasell ., . Fasell
___Fasel . | i [ Network slicing ] i i Results \
[ Related ]E E E i L 41
quks i E[ Experiments developed J E i r Analysis ]

[
| |
|
Throughput % Packet loss
Inter-packet delay ]

Fig. 1. Methodology considered
Source: own elaboration.
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IV. RESULTS

This section presents as a contribution the network slicing construction process, the experiments
and the analysis of results for each of the QoS metrics.

Construction of Network slicing

It is worth mentioning that the Mosaic5G platform with OpenAirInterface (OAI) and FlexRAN [34]
was selected for the experimental environment [34]. OAI provides software implementations of the
CN (OAI-CN) and RAN (OAI-RAN) of a cellular mobile network based on the Evolved Packet System
(EPS) architecture and of the RAN based on 5G-NSA. For its part, FlexRAN is a flexible and pro-
grammable platform for SD-RAN that enables the implementation of the SDN paradigm in the RAN
domain, in the mobile cellular network, allows the creation of multiple virtually independent logical
networks with bandwidth resource allocation policies. The scheduler used by default in each logical
network implements the Round Robin algorithm for the equal distribution of the allocated bandwidth
[36]. With this, the separation of the data and control plane is achieved, allowing flexible scheduling
and coordination of the RAN from a logically centralized controller node, which has a generalized view
of the RAN (SD-RAN), also allowing to dynamically manage the available radio resources at runtime.

The cellular mobile network was implemented with a total bandwidth of 50RB (10MHz) for each
channel: UL and DL. Under the scenario of network segmentation into virtually independent logical
networks, the radio resource allocation focuses on the distribution for each logical network of the RBs
available for UL (50RB) and the Resource Block Group (RBG) available for DL (17RBG). The above,
considering that the system, in terms of resource planning, operates under the 3GPP TS 36.213 ver-
sion 17.1.0 specification, using the resource allocation scheme type 0, which specifies how the schedu-
ler allocates resource blocks for each transmission [37]. Thus, for a bandwidth of 50RB, the resources
are grouped 1n consecutive blocks of 3RB, for a total of 17RBG. In the OAI system the RBs and RBGs
are indexed starting from zero. Thus, the RB range is 0-49 and the RBG range is 0-16. OAI reserves
RBG-0 for PDCCH (Physical Downlink Control Channel).

87



QoS ANALYSIS FOR VIDEO STREAMING SERVICE IMPLEMENTING NETWORK SLICING OVER A MOBILE...

The procedure for the creation and configuration of virtually independent logical networks, as well
as their verification, is performed through JSON configuration files and HTTP requests executed
through FlexRAN. The process of configuring and creating a pair of logical downlink networks, inclu-
ding resource allocation policies, is exemplified below. For this case, a scenario is created with two
slices whose resource allocation is 80% for Slice-0 and 20% for Slice-2.

The first step is to create a configuration file in JSON format called ran-sharing.json (see Figure 2).
This configuration example creates two logical networks for a bandwidth of 50RB where 17 RBGs are
available for DL. In UL no segmentation is done and 50RB are allocated. In DL two logical networks
are created: the one identified with “id”: 0 is assigned the RBGs from 1 to 13 and for the one identified
with “1d”: 2 the RBGs from 14 to 16, for an allocation of 80% and 20% of the resources, respectively.
In each logical network a scheduler is configured: “round_robin_dl”. In the RBG allocation, the para-
meters: “posLow” and “posHigh” refer to the index of the first and last resource block allocated to each
logical network.

{ "dl": { "algorithm": "Static", "sllces": [ { "1id": 0, "scheduler":
"round robin d1™; "static": { "poslow": 1, "posHigh": 13 } }; {4 "a": Z,
"static": { "posLow": 14, "posHigh": 16 } } ] }, "ul": { "algorithm":
"None" } }

Fig. 2. Creation of logical networks.
Source: own elaboration.

Once the configuration file is created, the request is sent via HTTP to the controller to perform

the network segmentation (see Figure 3). The IP address and port shown are those configured for the
SDN-FlexRAN controller.

curl -X POST http://127.0.0.1:9999/sl1ice/enb/-1 --data-binary "@ran-
sharing.json" # envia solicitud HTTP al agente para crear/configurar una red
l6gica en RAN.

Fig. 3. Sending HTTP request.
Source: own elaboration.

Figure 4 shows the result obtained for the configuration performed, which allows validating that
the procedure was performed correctly.

w slices:
v 0:
id: e
label: "default
scheduler: ‘round robin d1*
w static:
poslLow: 1

posHigh: 13

id: 2
scheduler: "round robin d1"
w static:
posLow: 14
posHigh: 16
v ul:
algorithm: "None"

scheduler: "round robin ul"

Fig. 4. Validation of logical network configuration.
Source: own elaboration.

After the logical networks have been created, it is necessary to associate one or several user termi-

nal equipment to one or each of them, specifying the channel: DL or UL. This, considering that a user
may be assigned one resource segment for the uplink and another for the downlink. The configuration
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in JSON format and the HTTP request are shown in Figure 5. This configuration example associates
the user equipment (UE) with IMSI 208950000000001 to the logical network identified with ID-0:
“dISliceld”: 0. The configuration file created is named: @ue-association.json.”

{ "ueConfig": [ { "imsi": 208950000000001, "dlsSliceId”: O } ] }
curl -X POST http://127.0.0.1:9999/ue slice assoc/enb/-1 --data-binary "@ue
association.json" # asociar un ue a una red l6gica o segmento de recursos.

Fig. 5. Configuration in JSON format and HTTP request.
Source: own elaboration.

This completes the process of segmenting bandwidth resources in the RAN domain, thus constitu-
ting the creation of virtually independent logical networks managed from the SDN controller.

Experimental scenario

The resource allocation scenarios selected for experimentation are shown in Table 2. Accordingly,
three experimentation scenarios were created, each with two resource segments called Slice-0 and
Slice-2. The UEs connected to the network are associated to Slice-0, which is assigned in the first
scenario 90% of the available RBGs for the downlink (14 RBGs), while Slice-2 is assigned only 10% of
the RBGs (2 RBGs). In scenario two, both segments are assigned 50% of the available RBGs (8 RBGs).
Finally, in scenario three, Slice-0 is allocated 10% of the available downlink RBGs, while Slice-2 is
allocated 90% of the available RBGs. It is important to mention that when two or more UEs are asso-
ciated to the same segment, the radio resource scheduler by default distributes the available resour-
ces based on the Round Robin algorithm. Figure 6 shows the functional landscape of the implemented
experimentation environment.

TABLE 2.
SELECTED RESOURCE ALLOCATION SCENARIOS FOR EXPERIMENTATION

RBG assignment in DL
Scenario Slice-0 Slice-2
Number of | RBG Range| Number of RBG | RBG Range
RBG
1 14 90% 1-14 2 10% 15-16
8 50% 1-8 8 50% 9-16
3 2 10% 1-2 14 90% 3-16

Source: own elaboration.

—— O &

---IndustryI Forum | 3 i
Monitorizacion N
Servidor Web Controlador flexran
Videostreaming SDN Protocol ’@’ .
SGi Interfaz Radio =
((&)) Banda 7 Smartphones
Tréfico FlasRAN Agant Red Logica 1 (NS-0) |)
«—— ————>
S1-MME

" (_f7\\__Red Lgica2 (N5-2) |)
eNB RBG Segments

e AR

Fig. 6. RAN-Slicing experimentation env1r0nment for v1deo streamlng service consumption.
Source: own elaboration.

QoS Metrics Obtained for the Video Streaming Service
In order to analyze the behavior of the QoS metrics for the video streaming service supported by
DASH, 4 experiments were carried out to observe how the following metrics are impacted: throughput,

inter-packet delay, jitter and packet loss percentage when faced with variations in the amount of allo-
cated bandwidth resources (RBG), the bitrate (BR) of the video consumed and the background traffic
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(TF) generated. Background traffic was implemented to saturate the communication channel
in the different network slicing scenarios. This traffic was generated in two ways: first by con-
suming video on demand from the UE’s YouTube application that at the same time consumes
the videos treaming service supported in DASH. The second way was by generating synthetic
traffic through the Iperf application. For this purpose, a local server was placed on the CN side
of the mobile network, which sends packets to the UE at the maximum rate achieved by the
communication channel in each network slicing scenario. This, taking as a reference the results
presented in Table 3.

TABLE 3.
MAXIMUM AND AVERAGE THROUGHPUT METRICS OBTAINED THROUGH DOWNLINK IPERF
TESTS.
Downlink throughput (DL)
Scenario (RBG) Maximum throughput (Mbps) Average throughput (Mbps)

90% 30,91 28,19

50% 17,47 16,71

10% 4,67 4,16

Source: own elaboration.

For the two UE connection case, the available bandwidth resources segmented on the
downlink were allocated on a shared basis. These resources are distributed among the UEs by
the radio resource scheduler based on the Round Robin algorithm. In this case, one of the UE
1s in charge of consuming the video streaming service supported in DASH, while the other one
does it through YouTube in order to congest the communication channel. In the uplink, both UEs
share the entire available bandwidth (50RB), also distributed using the Round Robin algorithm.
The video streaming service supported in DASH was consumed in time windows of 100 seconds
in each experiment, encoded at rates of: 507Kbps (BR1), 1254Kbps (BR2) and 3134Kbps (BR3),
at 180P, 360P and 576P resolution, respectively. This, using the DASH client provided by DASH
Industry Forum [38]. The latter was accessed through the Mozilla Firefox browser, using the
URL of the video streaming server: https://dash.akamaized.net/akamai/bbb_30fps.

In the experiments the acronym CC indicates the number of cell phones connected to the
network, BR indicates the video bitrate consumed and TF refers to the background traffic
generated on the communication channel (TFa: YouTube 480P; TFd: YouTube 1080P, and TFiperf:
packets sent at the maximum bitrate reached per channel). For all experiments regardless of
QoS metric or bitrate, each of the bars over the different scenarios is called an observation, so
that there are experiments, scenarios, and observations.

Experiment 1 considers the connection of a single UE, which consumes video at three different
bitrates: BR1: 507 Kbps, BR2: 1254 Kbps and BR3: 3134 Kbps. Experiment 2 consumes video
with BR3 (3134Kbps) and background traffic which corresponds to the traffic generated after
consuming video on demand, from the YouTube application at 480P and 1080P resolution (TFa
and TFd, respectively). The TFa background traffic is consumed from the UE that at the same
time consumes the video streaming service supported in DASH (CC1-BR3-TFa), while the TFd
traffic i1s consumed by a second UE connected to the network (CC2-BR3-TFd). The latter shares
the same channel and allocated bandwidth resources with the first UE. Experiment 3 consumes
video at a bitrate of 1254 kbps (BR2) and background traffic (TFa and TFd) consuming YouTube
videos from the UE that at the same time consumes the video streaming service - DASH. In this
case, an additional experiment was introduced, where synthetic traffic generated with Iperf
(TFiperf) is included. The UE consuming the video streaming - DASH service, while acting as a
client in the Iperf tests, receives packets at the maximum bitrate reached in each network slice
(see Table 3), in order to congest the communication channel and observe the behavior of the QoS
metrics. In experiment 4, video is consumed at a bitrate of 507 Kbps (BR1) and TFa background
traffic 1s introduced, which is produced when video with 480P resolution is consumed from the

YouTube application on the UE that at the same time consumes the video streaming service -
DASH.
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Analysis of quality of service (QoS) metrics

A. Throughput

Figure 7 shows the throughput behavior for each of the experiments in each of the network slicing
scenarios and with each of the bitrates or observations.

For experiment 1, the throughput results show a statistically significant decrease for BR3 as the
percentage of available RBG is reduced. Thus, in scenario 2 there is a decrease of 16.1% and in sce-
nario 3 of 53.53% with respect to the throughput obtained in scenario 1. For BR1 and BR2, the throu-
ghput does not show a statistically significant difference between scenarios 1 and 2, but there is a
significant decrease of 33.6% for scenario 3 with respect to the two previous scenarios. Regarding each
network slicing scenario, it is possible to show that the throughput is higher for higher video bitrates.
Thus, for example, in scenario 1 the average throughput for BR3 is 6.09Mbps, for BR2 1s 2.87 Mbps
and for BR1 1s 1.27 Mbps.

Throughput Throughput
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&
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Fig. 7. Throughput behavior in the different experiments, scenarios and observations.
Source: own elaboration.

For experiment 2, the average throughput for scenario 1 obtained values of 6.09 Mbps, 5.46 Mbps
and 5.60 Mbps in the observations CC1-BR3 (reference observation), CC1-BR3-TFa and CC2-BR3-
TFd, respectively (see Figure 7, experiment 2). Therefore, it is possible to observe an average decrease
of approximately 9% with respect to the throughput value obtained in the reference observation, i.e.,
CC1-BR3 when TFa and TFd background traffic is introduced. The impact produced by one and the
other experiment (CC1-BR3-TFa and CC2-BR3-TFd) is statistically similar since the average value of
both fits between their confidence intervals. For scenario 2, the average throughput values obtained in
the reference observation CC1-BR3 and in CC1-BR3-TFa and CC2-BR3-TFd are 5.11 Mbps, 5.09 Mbps
and 4.96 Mbps respectively. Thus, it is possible to establish that the background traffic produced does
not generate a statistically significant impact for scenario 2 with respect to the reference observation,
that is, the throughput obtained in CC1-BR3. For scenario 3, the average throughput took values of
2.83 Mbps, 2.76 Mbps and 1.82 Mbps for the observations CC1-BR3, CC1-BR3-TFa and CC2-BR3-TFd
respectively. Thus, according to the confidence intervals, both CC1-BR3-TFa and CC2-BR3-TFd show
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a statistically significant impact with respect to the throughput obtained in the reference observation,
generating a decrease in its average value of 2.47% and 35.7%, respectively. A greater impact is ob-
served in CC2-BR3-TFd.

Thus, when comparing the scenarios of experiment 2 with respect to their counterparts of experi-
ment 1, it is possible to state that for scenario 3 in observation 3 (CC2-BR3-TFd versus BR3) there is
a reduction of more than 1 Mbps in the bitrate caused by background traffic, while for the other obser-
vations on each scenario the behavior is statistically similar.

For experiment 3, the throughput results when synthetic traffic (CC1-BR2-TFiperf) is introdu-
ced in the communication channel for each network slicing scenario show a statistically significant
decrease in its metrics, with respect to experiments 1 and 2 and also with respect to the reference
observation 2 (CC1-BR2) (see Figure 7, experiment 3), so that the maximum value reached is presen-
ted in scenario 1 (90% of RBG) with a maximum value of 1.24 Mbps, being statistically similar to the
throughput reached in scenario 3 of experiment 1 (10% of RBG). The impact on this QoS metric is
more pronounced in the CC1-BR2-TFiperf observation, where the throughput decreases by approxi-
mately 57%, 71% and 93%, compared to the reference observation 2 (CC1-BR2), in scenarios 1, 2 and
3 respectively. Comparing the scenarios of experiment 3 with their counterparts of experiment 1, it is
possible to state that the observations 1 to 3 on each scenario are statistically similar, decreasing with
the background traffic TFa and TFd.

For experiment 4 the average throughput obtains values between 1 Mbps in scenario 3 CC1-BR1-
TFa and 1.28 Mbps in scenario 2 CC1-BR1. Comparing the scenarios of experiment 4 with their
counterparts of experiment 1, it is possible to state that the observations 1 to 3 on each scenario are
statistically similar.

Therefore, according to the values obtained, the throughput achieved for each experiment, scena-
rio, and observation, satisfies the bitrate of each of the video streaming flows even when background
and synthetic traffic is added.
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B. Inter Packet Delay

Figure 8 shows the results for this metric, where for the 4 experiments it is possible to see that
the values achieved by this parameter are below the limit of 240 ms presented in [12] for inter-packet
delay. It can also be observed that when introducing background traffic in the different bitrates of
each of the experiments, the value increases. The maximum value is reached when synthetic traffic is
introduced in experiment 3, scenario 3, observation 4, obtaining a value of 72 ms (< 240 ms).

C. Jitter

Figure 9 shows the results for this metric. In experiment 1 for the three scenarios in observation
3 (BR1), the average values obtained exceed the established limit of 50 ms [12], so it does not comply
with the recommendation, while for the other observations it does. In experiment 2 (with BR3), when
background traffic is introduced, the jitter increases in each of the scenarios with respect to experi-
ment 1. The maximum value of 15 ms is reached in scenario 1 for CC1-BR3-TFa. What is important
1s that even this maximum value is below the 50 ms limit presented in [12]. In experiment 3 it is
observed that for observation 4, that is CC1-BR2-TFiperf in scenarios 1 and 3, the value accepted in
[12] and [39] 1s not met as values of 57ms and 111 ms are reached respectively, while in scenario 2 the
same observation is at the limit with 50 ms. On the other hand, for the other observations (CC1-BR2,
CC1-BR2-TFa and CC1-BR2-TFd) in the three scenarios increase their value, but always being below
40 ms, so that they comply with the accepted values for jitter by being less than 50 ms. For experiment
4, 1t does not comply with any of the scenarios as it exceeds the established value of 50 ms.
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Fig. 9. Jitter behavior in different experiments, scenarios and observations
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D. Packet loss
Figure 9 shows the results for this metric whose acceptable percentage is 3% [36], it should also be

noted that the video streaming service is consumed through the standard adopted for mobile networ-
ks DASH which works at layer 4 of the OSI model, therefore, those packets that in principle can be
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discarded in the path, are always forwarded thanks to the acknowledgement method. Thus, for expe-
riment 1 in the three scenarios the proposed value is met, and when the bitrate (BR1) is consumed,
there is an inversely proportional behavior between this metric and the amount of RBG assigned,
while for the other two bitrates (BR2 and BR3) their behavior is statistically similar. In experiment 2,
scenario 3, observation 3, the proposed value is not met since it reaches the maximum value of 4.2%.
In experiment 3, when synthetic traffic is included (observation 4), the value of 3% is exceeded in all
scenarios, and in scenario 2, observation 3, the value of 4.39% is not met either. Thus, experiment 4
does not comply for scenario 3 observation 2 (C1-BR1-TFa). In all other cases it complies.

A5 Packet Loss ) ) 5. Packet Loss .
It 3 | [ cC1-BR3
N sitrate 2 I CC1-BR3-TFa
3 | earate 1 | - 5 | | cc2-BR3-TFd | |
4,29
25+ 2.35 —
= i — £y
£ F
g 2
= 1,56 43
- 1.49 T
i 1.26 [
2 .
& &

1.34
2
i+ 1
1.34
056 o4 1.22
0.5 | 0.4 { iy 0.73
l . 0.33 I D.56 0.55 0.51 04 056 II
| [] - | il
2 3

1 1 z 3
Scenarios Scenarios
Experiment 1 Experiment 2

o8 | Packet Loss ) ) 5 ) Packet Loss
I CC1-8R2 ' BN CCl-ER1 |
I CC1-BR2-TFa I CCL-ERL-TFa |
T ccl-BR2-TRd 5|

20 | | CC1-BR2-TFiperf | |

S

15 13.4
345 12.75

10} |
7.43
1.56 1.49
s| 4.39 | 1.26 1.19
1 |
237 25

| | |
. il casfill| S Em | | _
2 3 2

1 1
Scenarios Scenanos

Packel Loss (%)
Packet Loss (%)
(A1
T

B

3.04
2-35 I
3

Fig. 7. % Packet Loss behavior in different experiments, scenarios and observations.
Source: self-made

Experiment 3 Experiment 4

TABLE 4.

SUMMARY OF EXPERIMENTS, SCENARIOS, AND OBSERVATIONS FOR QOS METRICS
Conventions: Inter- Experiment 1 Experiment 2 Experiment 3 Experiment 4
packet delay (IPD),

Jitter (JI), packet loss Observations
(PL%).
1 2 3 1 2 3 1 2 3 4 1 2
Escenario IPD v e e e e v v v v e Ng e
1
I v v X v v v v v v X X X
PL% v v v v v v v vi| v X v v
Escenario IPD v e e e e v v I g g e
2
JI v v X v v v v Vi v X X X
PL% v v v v v v v v X X v v
Escenario IPD e e e e e v v v v e N v
3
I v v X v v v v v v X X X
PL% v v v v v X v v v X e X

Source: own elaboration.
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Finally, Table 4 presents a summary of which experiments, scenarios and observations meet the
Inter-packet delay, Jitter, and packet loss percentage metrics. The throughput as shown above is sa-
tisfactory for all observations.

Conventions: Inter-packet delay (IPD), Jitter (JI), packet loss (PL%).

V. CONCLUSIONS

This paper analyzes the behavior of video streaming service QoS metrics under network slicing
scenarios, as a function of bandwidth resource allocation and background traffic, which constitutes a
fundamental contribution to the management of these metrics in SDN-based mobile networks. The
analysis of the QoS metrics in the video streaming service showed that these are impacted by the
variation of the RBGs available in the downlink, as well as by the background traffic present in the
communication channel and the number of connected UE.

Regarding the throughput in the DASH video streaming service, it was found that there is a signi-
ficant decrease in its value as the bandwidth available for the consumption of this service is reduced,
this 1s a difference of 53.53% between the best and worst case, which is presented for experiment
1 with BR3 between scenarios 1 and 3. The trend is the same when incorporating background and
synthetic traffic, reaching a difference of more than 90% in experiment 3 with BR2 between scenario
1 and 3 with synthetic traffic. In spite of the above, it is important to highlight that according to the
values obtained (associated to their bitrates) the throughput achieved for each experiment, scenario
and observation satisfies the bitrate of each of the video streaming flows, even when background and
synthetic traffic is added.

It was possible to establish that synthetic traffic has the greatest impact on the values of each of
the metrics; however, it 1s important to note that in all experiments the inter-packet delay did not
exceed the recommended limit values. Likewise, the most sensitive parameter was jitter, since 12 of
the 36 observations did not fulfill the recommended value, while packet loss percentage did not fulfill
the recommended value in only 6 of the 36 observations.

As future work, we intend to contribute to the implementation of network slicing, supported by
artificial intelligence-based planning algorithms, for the autonomous management and optimization
of the use of available radio resources and their impact on the quality of experience (QoE).
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