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Abstract

Context: Mobile data traffic generated by video services increases daily. To address this situation,
telecommunication service providers must know the behavior of video traffic and thus adjust network
resources to meet and maintain the quality levels required by users. Traffic characterization studies in
4G networks for Live Video Streaming (LVS) services are scarce, and those available are obtained from
simulation scenarios in which the real operating conditions of these types of networks are not considered.

Method: This work focuses on finding a model that characterizes traffic from the probability density
functions of LVS services under the adaptive streaming DASH technique in LTE networks. The traces
analyzed to carry out the modeling study were acquired in real emulation scenarios considering the ope-
rating conditions frequently presented in the actual provision of the service, for which five test scenarios
were defined.

Results: Based on the parameterization of a number of probability density functions found, a description
of different traffic models of the service under study is presented, as well as for each of the pre-established
test scenarios in a 4G-LTE network.

Conclusions: From the results, it is concluded that the traffic model depends on the conditions of each
scenario, and that there is no single model that describes the general behavior of LVS services under the
adaptive streaming DASH technique in an emulated LTE network.
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/ Resumen \

Contexto: El trafico de datos mdviles generado por los servicios de video aumenta a diario. Para enfren-
tar dicha situacion, los proveedores de servicios de telecomunicaciones deben conocer el comportamien-
to del trafico de video y asi ajustar los recursos de la red que permitan satisfacer y mantener los niveles
de calidad requeridos por los usuarios. Los estudios de caracterizacién de trafico en redes 4G para el
servicio Live Video Streaming (LVS) son escasos y los disponibles son obtenidos a partir de escenarios
de simulacién en los cuales no se consideran las condiciones reales de funcionamiento de este tipo de
redes.

Método: Este trabajo se centra en encontrar un modelado que caracterice el trafico a partir de las
funciones de densidad de probabilidad del servicio LVS bajo la técnica de streaming adaptativo DASH
en redes LTE. Las trazas analizadas para realizar el estudio del modelado fueron adquiridas en escenarios
reales de emulacién considerando las condiciones de funcionamiento frecuentemente presentadas en la
prestacion real del servicio, para lo cual se definieron cinco escenarios de prueba.

Resultados: Se presenta la descripcidn, a partir de la parametrizacién de algunas funciones de densidad
de probabilidad encontradas, de diferentes modelos de trafico del servicio bajo estudio y para cada uno
de los escenarios de prueba preestablecidos en una red 4G-LTE.

Conclusiones: A partir de los resultados, se concluye que el modelo de tridfico depende de las condi-
ciones de cada escenario y que no existe un modelo tnico que describa el comportamiento general del
servicio LVS bajo la técnica de streaming adaptativo DASH en una la red LTE emulada.

Palabras clave: LTE, funcién de densidad de probabilidad, video streaming en vivo, modelo de trafico
Agradecimientos: Universidad Politécnica de Cartagena - Espafia, Universidad del Quindio - Colombia.
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1. Introduction

The current growth of user subscriptions and video streaming services has generated an exponen-
tial increase in traffic in mobile cellphone networks. By late 2020, and according to [ 1], 8,1 billion
users of mobile wireless networks were registered worldwide, with an expected growth of up to 8,9
billion by 2025. Out of this number of users, 50 % will use the LTE wireless access technology,
25 % will use access technologies proposed by 5G, and 25 % will use other technologies (WCD-
MA/HSPA, GSM/EDGE, etc.). The generated mobile data traffic is estimated at 164 Exabytes by
2025, of which 76 % corresponds to video services [ ].

Currently, deployment has begun globally of the 5G network infrastructure. This migration has
been defined by the 3GPP from 3GPP TR 21.915 V15.0.0 (2019-09) [2], which defines two pos-
sible configurations: independent and non-independent. The independent configuration uses only
one radio access technology, whereas the non-independent configuration combines multiple ones.
Due to the above, in the Latin American landscape, it is believed that the option to be adopted
by the operators, given its economic benefits, capacity expansion, use of frequency bands, and in-
troduction of the technology, is the non-independent configuration (option 3) [Z], which uses core
LTE (EPC), an evolved node B (eNB) that acts as master and a 5G base station (en-gNB) or NR,
which acts as secondary node. The user station would have dual connectivity with the master and
secondary nodes, as illustrated in Fig. 1.
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Figure 1. 3GPP non-independent architecture, option 3 [2]

Within this context, user traffic under this migration configuration continues to completely or
partially circulate through the LTE access and always through the LTE core, which is why it is of
vital importance to deploy the 5G network in developing countries and analyze the traffic behavior
prevalent in the network, such as live video streaming (LVS) to keep the LTE core from becoming
the bottleneck in the migration process, thus allowing to determine, together with user behaviors,
the implementation times of new phases in the 5G start-up process.

The streaming technique used to support video services, specifically video on demand (VoD) and
LVS, use the Hypertext Transfer (HTTP) protocol [3]. HTTP streaming is improved by using adap-
tive streaming techniques. The most popular of these include the HTTP Smooth Streaming (HSS)
protocol [4], HTTP2 Live Streaming — HLS [5], HTTP Dynamic Streaming — HDS [6], and the Dy-
namic Adaptive Streaming protocol over HTTP (DASH), the latter being the international standard
ISO/IEC 23009-1:2012 adopted for LTE networks [7].

Regarding the aforementioned, and due to the high level of video traffic in wireless networks, it
is necessary for telecommunication operators to make decisions that guarantee minimum condi-
tions in the quality of the services offered to users. Hence, in network and resource management
and administration activities, it is of paramount importance to have tools such as traffic models
that characterize the behavior of the networks. Although there are mathematical models and simu-
lation environments that allow characterizing data traffic in wireless networks, these lack truthful
information of the real conditions of the environment [8]. In response to this situation, there is
currently great interest by the academic and scientific communities in the use and development of
test platforms of communication systems that consider real operating conditions. Within this con-
text, traffic models obtained from real operating environments have a high degree of acceptance,
and they allow characterizing traffic behavior in the networks without affecting the operation of
current systems. [9] presents different approaches to studying traffic modeling, which consider test
benches, simulation, emulation environments, and mathematical models. Among these, emulation
environments are a hybrid between simulation approaches and test bench that seeks to improve the
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disadvantages of one with the advantages of the other. Currently, this type of approach has a high
degree of acceptance.

Within the context of the emulation scenario approach to conducting traffic characterization stu-
dies, in [10], the authors present the traffic characterization of a VoD service in an IPTV network
and use a lexical analyzer designed for this activity to facilitate the study. In [11], the authors
perform a traffic characterization for the VoD service on HFC networks using the RTMP proto-
col. In [12], the researchers study and characterize the VoD traffic for IPTV networks, propose an
optimization problem, and present its solution through a sub-optimal model. The authors in [13]
study, analyze, and model the traffic generated by the interactive services of a Virtual Academic
Community (VAC), with high-quality audio and video content typical of the IPTV environment,
where the main service is that of VoD supported on IPTV technology. In [14], the authors explore
some aspects of the IPTV streaming modeling and present general studies involving generators of
synthetic video traces. In addition, they conclude that it is important to study the IPTV parameters
before implementing the service in order to evaluate architecture alternatives to configure the net-
work that allows obtaining the best performance. [15] presents the techniques to model and predict
video traffic statistically, which is highly useful in the development of this work, but it focuses only
on modeling the data traffic with ARIMA time series, specifically with the SARIMA model. Furt-
hermore, the authors argue that it is the most precise form to describe IPTV traffic. The previous
works focus on characterizing traffic over IPTV networks. [16] presents an approach to an analytic
traffic model of the HTTP adaptive video streaming service, which corresponds to the first model
reported in the literature for this type of service. The analytic model proposed is comprised of three
components: a video server model, a model for the IP network between the client and the server,
and a client model for video playback. To obtain the analytic model, the simulation approach is
used, where a model of nested queues is assumed in order to simulate the whole system. Moreover,
it is assumed that the traffic of packages presents a binomial distribution. As an additional contribu-
tion, this work sought to find the traffic model from an emulation environment, which employs real
elements and the consumption of the service in real time, where many of the assumptions given in
the simulations are diminished.

According to the above, the characterization process of data traffic includes generation proces-
ses of the conceptual model of the service, traffic capture, audio identification, video frames that
constitute the traffic under study, and the identification of the PDF that describes its behavior [13].
In this context, the video codecs use the image structure (frames) called Group of Pictures (GoP),
which consists of a reference slice coded independently (slice 1), followed by a sequence of slices P
and B, in which there are only changes of movement with respect to the reference previously coded
slice. In addition to these slices, there is the audio information [17]. Due to the degree of difficulty
involved in capture, identification, filtering, and exportation activities of each of the slices that ma-
ke up the video streaming services, which also allow characterizing traffic, it is necessary to use
tools such as lexical or syntactic analyzers [ 1 0], which permit speeding up these types of processes.

This work sought to characterize LVS traffic in an emulated LTE network that uses the DASH
adaptive streaming technique. The principal contributions of this work are the following: (i) desig-
ning a syntactic analyzer that facilitates the traffic characterization tasks of the service under study;
(i1) providing network operators and the scientific community with a tool that describes the traffic
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of the LVS service in an LTE network and uses the DASH adaptive streaming technique, which can
be used in activities involving the management and administration of networks and resources; and
(iii) studying the behavior of the proposed traffic based on traces obtained from a real LTE network,
without depending on assumptions or studies from other particular research scenarios.

This article is organized as follows: section 2 presents the methodology used in this research;
section 3 shows the results and their discussion; and section 4 presents the conclusions.

2. Methodology

To conduct the study that allows characterizing the traffic from LVS services in an emulated
LTE network, the DASH adaptive streaming technique is used, as well as the emulation scenario
presented in Fig. 2, adapted from [!8] and validated by the authors in [19], [20]. The emulation
scenario is made up of a real video server, an LTE network constructed through the NS3 tool, and a
client (User Equipment, UE). An overview of the equipment and software used in the test bench is
shown in Table 1. This scenario uses five test environments. In the first environment, a static UE is
located at 30 m from the eNB; in the second, third, and fourth environments, the UE moves away
from the evolved Node B (eNB) with rates of 1, 2, and 3 mps in a direction that follows a straight
line y = x; and, in the fifth environment, the UE moves around the eNB with random direction and
rate. For all the test environments, four video categories were selected for transmission: interview
(category A), cartoons (categories B and D), football match (category C), and movie (category
E), which are adjusted to the spatial-temporal characteristics defined in Annex I, from the ITU-
T 910 recommendation [21]. For each type of video, 10 tests are carried out, each lasting 180 s,
which is consumed by a client. Upon reproducing the video, the traffic traces are extracted in the
receptor (client). These traces are then captured with the Wireshark traffic analysis software [22].
Thereafter, to obtain the traffic mathematical model, it is necessary to extract the audio and video
frames from the traffic traces, specifically the arrival times, image sizes, and types of slices. Next,
through statistical analysis, the PDF that describes the behavior of each of the components of the
service, which corresponds to the mathematical model, is identified.

LVS Video
Server Ly I £ Client

s :,,r” =
i
SGP/PGW @ HIL M=

Simulation NS3 PC3

Figure 2. Emulated scenario
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Table I. Characteristics of the PCs used in the emulation system
PC Characteristics Operative system Software

Intel Core 2 at 2.13

PC -1 ; Linux Ubuntu 14.04
LTE emulated in N§3 OL2 With4 GBof g NS3.26
RAM
PC -2 Intel Core 17-3612QM v, 4 \ws 7 Profes-  Wowza streaming
Server CPU at 2.1GHz, 8 GB sional engine Wireshark
of RAM &
PC -3 Intel Core 2 Duo CPU  Windows 7 Xtacmai Adanti
) at 2.1GHzx2, 4 GB of  Professional or Linux . ptive
Customer media player
RAM Ubuntu ]
Wireshark

Fig. 3 shows the functional scheme used in the traffic characterization process. To speed up the
process of extraction of parameters from the traffic traces, the proposed syntactic analyzer was

used.

Input Sem antic
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Capture
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Capture
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Figure 3. Functional scheme of the traffic characterization process

2.1. Emulation scenario

Fig. 2 presents a diagram of the implemented emulated scenario. PC1 is used to simulate the LTE
network with NS3.26 on Linux Ubuntu. The other two PCs act as Client-Servers and connect to PC1
through the Ethernet. PC2 uses the Wowza Streaming Engine software [23] as a video server. The
Wowza server is compatible with adaptive streaming technologies. For which it employs files from
the Synchronized Multimedia Integration Language (SMIL), which allows using flows of various
rates of bits in groups for transmission of bitrate-adaptive HTTP. PC3 implements a web-based
video reproduction application developed with Apache HTTP [24]. In both PC2 and PC3, the open-
access traffic analysis software and Wireshark protocols were installed [22]. PC1 hosts the LTE
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network simulated with the LENA tool over NS3 [25]. The LTE network is composed of various
nodes: a remote host node, a Serving Gateway/Packet Data Network Gateway (SGW/PGW), an
eNB node, and a user equipment (UE) node that acquires the role of mobile device. Thus, real video
traffic arrives at the UE node injected into the system through the real LVS server from the simulated
LTE network. To allow communication between PC2-Host-Remote and UE-PC3, a Hardware in
the Loop (HIL) tool is used, which allows using PC1 as a black box with virtual components. This
black box receives and delivers data to the extreme real systems, PC2 and PC3 [18]. Tables II and
[1T show the initial configuration parameters and adjustments for the emulation tool constructed in
the test environment.

Table II. LTE network setup
Parameter Description
eNB operating power 50 dBm
OFDMA, FDD, Band 7, Freq. DL= 2,644 MHz, Freq.
Physical layer configuration UL=2,535, BW cell UL=DL=10 MHz, Nro RB:
DL=UL=50.Mod. QPSK

Type of Antenna Cosine, height 1,5 m

Propagation Model Nakagami (m=5)

UE Configuration 26 dBm, height 1,5m, 1-900m from eNB
Figure of noise eNB 2dB

Figure of noise UE 7 dB

Transmission mode SISO

Table III. Coding setup

Parameter Description
Video coding
Encoder H.264/MPEG-4 AVC: Baseline Profile (BP)

240p (426x240); 360p (640x360); 480p (854x480);
720p(1280x720); 1080p (1920x1080).

528 for 240p; 878 for 360p; 1128 for 480p; 2628
for 720p;4628 for 1080p

Resolution (px)

Bit encoding rate (Kbps)

Frames per second 30

Audio coding

Encoder AAC

Channels Stereo

Bits rate (Kbps) 96 for 240p; 128 for 360p, 480p; 192 for 720p, 1080p
Sample frequency 44.100

2.2. Live video service

To carry out this study, the Wowza Streaming Engine video server was used, which uses the
H.264/MPEG-4 AVC as encoder; the LVS service in LTE networks uses the Baseline Profile (BP)
[26]. In the process of encoding a video frame under the H.264 standard, it must be considered
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that it is divided into two main layers: a first layer called video coding layer (VCL), where the
video coding process takes place (Fig. 4); and a second layer called network abstraction layer
(NAL), which is in charge of adapting the information that the VCL delivers towards a diverse
number of technologies for storage and transport of compressed contents. After the VCL, the video
is organized into a ‘NAL Unit’, comprised of a heading, where the type of data from the NAL is
indicated, and another bigger part of the unprocessed byte stream payload (RBSP). NAL units may
be classified according to their information: possibly VCL NAL units, if these refer to data from
the video slice; and non-VCL units, when these are only for control, which, in turn, could be a set
that can be applied to various VCL NAL.

[nput o| Coder
‘.l1deo " Control
Signal T 1 Control
— ly T~ ————=———~— * Dat
i ] .___',-r\ n Transform/ . Quant.
"hf v Scal./Quant. l I'r'éﬂsf'.{}oeffs.\
"""""""""""""" [ [ e
Split into Decoder | [ Scaling & Inv. \
Macroblocks | — b _¥_ _ — Transform. :
16x 16 pixeles | I v \
A A ...C} _—
- 11 np}r .
: : r Coding I
I Deblocking Yy
| O [Dtraframe Filter
Prediction i Output
| v
\'\0‘- . i Video
I e | i .
Motion- g i Signal
& i =
T ‘l i
. | ;
:7"""""""""""".""r..“"“ ........................................ 4 Motion
| > Data
- Motion -

Estimation

Figure 4. Scheme of the H.264 encoder

2.3. Syntactic analyzer

Due to the high volumes of traffic present in a live video service, among the activities requiring
the greatest time and work for characterization is the identification of audio and video slices, spe-
cifically of the type of video slice (I, P, or B), arrival times, and size. These slices are delivered
to the network in an interlaced manner, which makes the data identification and extraction process
a complex task. The proposed syntactic analyzer speeds up these activities, automating the slice
type identification process through a Matlab® script, automatically delivering the information re-
quired for later analysis. For an idea of the high volume of traffic manipulated by the LVS service,
Fig. 5 shows, by means of a curve, the packages captured in 60 s for a particular test lasting 180 s.
Audio (red) and video (blue) traffic is observed in the form of bars obtained with the Wireshark tool.
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The information presented in this format from Fig. 5 allows visualizing the substantial differences
between the video and audio throughputs. Additionally, at package level, it could be intuitively
stated that the size of the audio shows a uniform behavior, which must be confirmed by obtaining
the PDF for this type of slice. However, when the video is made up of the GOP (I, P, B), it needs
a more granular analysis, that is, it is necessary to identify the video components and the PDF that
represents its behavior. At this point, the proposed syntactic analyzer contrib- utes to automatically
identifying, separating, and exporting information on the video and audio slices from the real traffic
traces obtained from the experimental scenario.

07 F
10 F
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10000

1000 |

Packets/1 sec

100 T ————_ = s — .
- . ( \ 1 .f/\\
10
1 | |
0.1 | |
0.01 | |
0.001 | |
0,0001 |

|

10 [

0 10 20 30

Toenn £

Figure 5. Total packages captured in a test with Wireshark

The tokens are the inputs of a syntactic analyzer, which, in this case, are the traffic traces acqui-
red with Wireshark in plain text format. In the first place, the analyzer identifies, through the Word
variable, if it is an audio or video slice; if it corresponds to an audio slice, the arrival time and size
are identified. If, on the contrary, it is a video slice, the GOP type must also be identified. Fig. 6
shows the flow diagram of the proposed syntactic analyzer.

While identifying the type of GOP for the video slices, the GOP initiation key word is searched. In
this case, and considering the international standard ISO/IEC 13818-1 [27] and what was presented
by [28] and [29], this key is defined as ‘00 00 00 01°’. When this identification sequence of the GOP
is found, the two bytes located after this identifier are analyzed; of these two bytes, the last one,
which is hexadecimally encoded, contains information on the type of slice. To extract information
from this byte, the least significant bit must be selected from the first hexadecimal character, as well
as the most significant bit from the second hexadecimal character. According to [17], the type of
slice is coded in the following manner: 00 = P, 01= B, and 10 = I. Fig. 7 presents an example of this,
where the Word variable defines that it is dealing with a video slice. Additionally, the slice arrival ti-
me and size are observed, in addition to identifying the reassembled TCP segments. After the word
identifying the GOP, the following two bytes appear: 00 O1. To identify the type of slice, the third
and fourth hexadecimally coded characters coded are used: 01H (0000 0001). The bits that enco-
de are highlighted in bold. In binary, the type of slice, for this case 00, corresponds to a type P slice.
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Figure 6. Flow diagram of the proposed syntactic analyzer
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Figure 7. Screenshot of traffic trace with Wireshark
Finally, the output of the syntactic generator delivers the corresponding identification information

of the slices (audio and video), type of slice (I, P, or B), arrival times, and size. With this informa-
tion, and with help from the Matlab dfittool tools [30] and the R statistical analysis software [31], a
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subsequent statistical analysis is conducted by typing the probability density functions (PDFs) that
describe the behavior under study.

JFrom the results delivered by the syntactic analyzer, the R statistical analysis software is used
for prior data analysis. For this task, the data provided by the syntactic analyzer are loaded and
the box-whisker plot tool is used, which is a visual representation that describes the dispersion and
symmetry of the data to be analyzed; the information is observed in a box-whisker plot (Fig. 8).
Thus, 1) the median is represented by the box line; ii) the interquartile range box distance between
the first and third quartiles, Q3-Q1, represents 50 % intermediate of the data; and iii) the whis-
kers, which extend from any side of the box, represent the ranges of 25 % of the data values from
the lower part and 25 % from the upper part, excluding the outlier values. The asymmetry of the
diagram indicates that the data may not be distributed normally. Atypical data (extreme and mild)
are eliminated, which, according to the Tukey test, are the extreme outliers, while the mild outlier
values are kept for this analysis [32].

o
-

208 ¢

ELL

Diferencia.Tramas P
20

o -

Figure 8. Box-whisker plot

2.4. Null hypothesis (H,)

The null hypothesis (Hy) is selected with dfitfool, which is an application by Matlab capable
of interactively adjusting the probability density distributions of data imported from Workspace
and has 22 PDF available for analysis. With dfittool, it is possible to visualize the set of stored data
through a histogram, which is overlaid by a PDF trying to fit it. The curve that best fits the histogram
is the null hypothesis. This null hypothesis is validated through the Kolmogorov-Smirnov (K-S)
goodness-of-fit test [33], for which a script was developed in Matlab, which allowed measuring the
degree of correlation existing between the distribution of the set of practical data and the theoretical
distribution (null hypothesis). With the dfittool tool, the evaluate function is used. This function
allows creating vectors with the cumulative distribution function (CDF), size or arrival times of
each set of plots, from which the goodness-of-fit test was performed, which takes this CDF and the
set of samples from the traffic as input parameters. To calculate the contrast variable (D), with a
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95 % confidence interval, Equation (1) is used, as well as for the K-S test with a 0,05 significance
level and is applied for values above 50 samples.

1,36
Dos = Ny (1

where N is the number of samples.

Thereafter, the cumulative probability observed (CPO) of the samples of each slice is calculated,
which corresponds with the CDF of the practical data. The cumulative probability expected (CPE)
of the null hypothesis corresponds to the CDF generated with the evaluate function of difittool from
theoretical data. The value of the estimator or contrast variable of the test (D)) corresponds to the
maximum value of the absolute difference from CPO and CPE. D is compared with the value of the
contrast variable (D,,), and it is determined, by means of Equation (2), whether the null hypothesis
is accepted or rejected.

if D <Dyos — Accept Hy 2)
’Lf D > D0’05 — Reject H,

The value of the D estimator from the K-S test, besides determining whether to accept or reject
the hypothesis, is also used as a PDF selection criterion. The PDF parameters of the data analyzed
are calculated by using maximum likelihood estimators (MLE) [34].

3. Results and discussion

On carrying out the traffic analysis, for a particular scenario, the response of the proposed analy-
zer provides organized information on the difference between arrival times, slice size for video,
and audio types I and P. Subsequently, the histogram is generated from the dfittool, and the null
hypothesis (H,) is checked. Fig. 9 shows the histogram of the slices of the time difference of the P
frames and the PDFs of the possible null hypotheses (/) to be validated with the K-S goodness-
of-fit test. Fig. 10 shows the CPO of the time difference slices and the CPE of the different null
hypotheses to be validated.

Table IV shows the calculated values of the test statistic (1)) and their comparison with the con-
trast value (Dy5) for the possible null hypotheses shown in Fig. 9 and 10. By analyzing this
information, it is obtained that only the null hypothesis, which states that the analyzed data fit an
‘Inverse Gaussian’ PDF is valid. The parameters for the PDF found are shown in Fig. 11, where the
type of distribution, the mean, and the variance calculated with the maximum likelihood estimator
are presented. Additionally, the parameters that define the distribution are shown along with their
statistical error.

Tables V and VI present the results obtained from the PDF that describe the behavior of each type
of frame, video, and audio for the size and relative time between slices of the four video categories
(interview: category A; cartoons: categories B and D; football match: category C; and movie: ca-
tegory E) used in all the test environments already described in the methodology. Moreover, the D
estimator is shown for the K-S test, and it is lower than the contrast variable (D 5) for all cases,
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Figure 10. POA of slices of time difference and the probability expected cumulative (PEA) of the H

where Dy o5 shows values between 0,2104 and 0,163, which correspond to the amount of samples
used. All scenarios used between 60 and 100 samples. Due to the profile of the encoder used, the
Baseline Profile (B P) of the H.264/MPEG-4 AVC only detects type I and P video slices. Table VII
shows the PDF used and the parameters that define it.
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Table IV. Results of the K-S test for different proposed null hypotheses
Contrast value Statistical

PDF Null Hypothesis H 0 D 0,05 value D Result
Birnbaum-Saunders 0,0775 0,0799  Hypothesis rejected
Burr 0,0775 0,1073 Hypothesis rejected
Gamma 0,0775 0,112 Hypothesis rejected
Generalized Extreme Value 0,0775 0,1015 Hypothesis rejected
Inverse Gaussian 0,0775 0,0623 Hypothesis accepted
Log-Logistic 0,0775 0,1004  Hypothesis rejected
Lognormal 0,0775 0,0799  Hypothesis rejected
Rayleigh 0,0775 0,1613  Hypothesis rejected
t Location-Scale 0,0775 0,1164  Hypothesis rejected
Weibull 0,0775 0,1123 Hypothesis rejected

Results:

Distribution: Inverse Gaussian
Log likelihood: -636.095

Domain: 0 < y < Inf
Mean: 6.08484
Variance: 16.8464

Parameter Estimate Std. Err.
mu 6.08484 0.260632
lambda 13.3733 1.20096

Figure 11. Parameters of the Inverse Gaussian distribution function obtained with dfittool

The following explains a particular case, which is highlighted in Tables IV and V, where a UE
reproduces a C category live video (football match), and the user moves away from the eNB at an
average rate of 3 mps (7,2 km/h).

In accordance with the results shown for the sizes and arrival times of slices in Tables IV and V,
the type of traffic characterized by this scenario can be modelled by the following PDF:

394

e The sizes of type I slices are described through a PDF Extreme Value with p = 156931 and
o = 13736. Through the K-S test, it is possible to obtain a D estimator = 0,1405, which is
lower than the contrast variable (D o5 = 0,1948), which corresponds to N = 70 samples (see
Equation (1)).

e The sizes of type P slices are described through a Weibull-type PDF o = 102749 and b =
6,555. Through the K-S test, it is possible to obtain a D estimator = 0,0781, which is lower
than the contrast variable with a 0,05 significance level (Dg g5 = 0,2104) for N = 60 samples.

e The sizes of the audio slices are described through a tLocationScale-type PDF with o =
1549,17, 0 =34,56, and v = 1,716. Through the K-S test, it is possible to obtain a D estimator
= 0,0243, which is lower than the contrast variable with a 0,05 significance level 0,05 (Dy 5
=0,1934) for N =71 samples.
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Table V. PDF for the slice size from different categories and test scenarios

PDF P

Audio PDF

wblpdf(x, 174806, 5,05487)

logpdf(x, 81669,5, 10730,6)

D= 0,0682, Dy 05=0,1948

D =0,0733, Dy 05=0,1948

normpdf(x, 180567, 43370,1)

evpdf(x, 1662,36, 149,224)

D= 0,0789, Dy 45=0,18

D =0,02259, Dy 05=0,1789

wblpdf(x, 109828, 6,54957)

D = 0,0884, Dy 05=0,1743

sblpdf(x, 0,660443, 0,367676, 64,5148, 1547,7);

D =0,01817, Dy 05=0,1781

gevpdf(x, 0,549922, 5068,72, 136880)

logpdfi(x, 1580,03, 85,7946)

D = 0,2092, Dy,05=0,2104

D =0,02146, Dy 05=0,1727

logpdf(x, 156675, 21441,5)

gevpdf(x, -0,394584, 195,314, 1534,98)

D = 0,0774, Dy 05=0,1822

D =0,02544, Dy 05=0,1727

ricpdf(x, 180069, 38366,8)

logpdf(x, 1573,24, 83,5492)

D =0,0573, Dg,05=0,1718

D =0,01717, D 05=0,1638

bspdf(x, 99134.,9, 0,175149)

tlspdf(x, 1548,31, 41,4081, 1,38915)

D =0,0751, Dy 05=0,1737

D =0,01656, Dy 05=0,1708

gevpdf(x, -0,226822, 6219,98, 144528),

D = 0,2085, Dy,05=0,2104

logpdf(x, 1583,14, 92,3756 )

D =0,02390, Dy 05=0,1708

evpdf(x, 178374, 38897,7)

ricpdf(1585,31, 176,483)

D =0,0661, Dy 05=0,1869

D =0,02357, Dy,05=0,1833

igpdf(x, 189547, 3,76263)

logpdfi(x, 1569,12, 78,5542)

D =0,0731, Dg,05=0,1948

D =0,02314, D 05=0,1663

wblpdf(x, 102749, 6,55645)

tlspdfi(x, 1549,17, 34,561, 1,7167)

D = 0,0781, Dg,05=0,2104

D =0,02436, Dy 05=0,1934

evpdf(x, 153810, 6038,86)

logpdf(x, 1581,57, 91,8112)

D =0,2057, Dg,05=0,2070

D =0,1735, Dy,05=0,1948

logpdf(x, 150553, 19685,1)

ricpdf(1586,53, 170,343)

D =0,0634, Dy,05=0,1869

D =0,02338, Dy,05=0,1920

evpdf(x, 208111, 34260,3)

wblpdf(x, 1640,76, 10,4471)

D = 0,0746, Dy 05=0,1845

D =0,02136, Dy 05=0,1811

bspdf(x, 94934.,9, 0,180549)

tlspdf(x, 1553,72, 33,8986, 1,48929)

D =0,0741, Dy 05=0,1767

D =0,09316, Dy 05=0,1727

wblpdf(x, 136581, 44,5408)

logpdfi(x, 1577,88, 90,6407)

D =0,2093, Dy 05=0,2104

D =0,02418, Dy 05=0,1811

evpdf(x, 177815, 42231,3)

ricpdf(x, 1589,22, 175,14)

D = 10,0650, Dy 95=0,1867

D =0,02345, Dy 05=0,1708

gevpdf(x, -0,466414, 42209,4, 179640)

D = 0,0718, Dg,05=0,1699

logpdfi(x, 1574,92, 82,6043)

D =0,01689, Dy 05=0,163

bspdfi(x, 97137,1, 0,18759)

tlspdf(x, 1542,92, 44,6058, 1,2018)

D = 0,0835, Dy,05=0,1789

D =0,02326, Dy 05=0,1718

gevpdf(x,0,205751, 1716,02, 133083)

tlspdf(x, 1539,41, 52,6267, 1,03931)

Esc. Video cat. PDF I
A logLpdf(x,6,61739, 0,00329778)
D=0,1697, Dy 05=0,2104
Band D tspdfi(x, 289580, 14004,1, 2,10368)
| D =0,1754, Dy 45=0,2070
c evpdf(x, 164886, 17471,6)
D =0,1355, Dg 05=0,22053
normpdf(x, 94504,1, 17939,1)
E D =0,0436, Dy ¢5=0,2037
A logpdf(x, 747,977, 2,49471)
D= 0,1723, Dy 5=0,2104
nakpdf(x, 18,9699, 9,40673)
Band D D =0,2045, Dy 05=0,2104
c evpdf(x, 101217, 65510,5)
D =0,1251, Dy 05=0,1948
E nakpdf(x, 7,79266, 102403)
D =0,0612, Dy 05=0,1991
A wblpdf(x, 749,614, 1276,56)
D =0,2072, Dy 05=0,2104
Band D igpdf(x, 302550, 3,12167)
3 D =0,1535, Dy 05=0,2104
c evpdf(x, 156931, 13736)
D =0,1405, Dy 95=0,1948
gevpdfi(x, -0,582838, 22267,5, 92197,7)
E D =0,0209, Dy 45=0,1976
A wblpdf(x, 749,52, 1098,41)
D =0,1970, Dy 45=0,2104
Band D nakpdf(x, 136,718, 8,04495)
4 D =0,1978, Dy 05=0,2104
c logpdf(x, 52398,5, 36906)
D =0,1150, Dy 05=0,1962
E lognpdf(x, 11,489, 0,182723)
D = 10,0555, Dg,05=0,2037
A wblpdf(x, 749,638, 1200,59)
D =0,1928, Dy ¢5=0,2070
Band D evpdf(x, 289061, 11910,9)
s D =0,1715, Dg 05=0,1822
c evpdf(x, 161471, 15329,2)
D =0,1290, Dy ¢5=0,1822
E gampdf(x, 28,9585, 3472,41)

D =0,0703, Dy 5=0,1833

D = 0,1543, Dy05=0,1690

D =0,02273, Dy 05=0,1869
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Table VI. PDF for the relative time between slices from different categories and test scenarios

Esc. Video cat. PDF I PDF P Audio PDF
A normpdf(x, 3,04151, 0,579948)  evpdf(x, 0,575861, 0,32636) normpdf(x, 4,98928e-05, 2,04313e-05)
D =0,0760, Dy 05=0,1976 D= 0,1204, Dy 5=0,1845 D= 0,0226, Dy 5=0,2053
B and D ricpdf(x, 2,98132, 0,598063) evpdf(x, 0,597608, 0,313581) gevpdf(x, -0,0874135, 2,3439¢-05, 4,0658¢-05),
) D =0,0748, D 05=0,2053 D =0,1223, Dy 05=0,1857 D =0,02245, Dy 05=0,1786
ricpdf(x, 2,94971, 0,58046) evpdf(x, 0,570071, 0,363482) logpdf(x, 5,29828e-05, 1,24337e-05)
C D =0,1330, Dy 95=0,1948 D =0,1309, Dg,05=0,1737 D =0,02106, Dy 5=0,1778
E ricpdf(x, 3,01304, 0,603692) evpdf(x, 0,573382, 0,306633)  sblpdf(x, 1,18627, -0,422653, 8,01472e-06, 5,723e-05),
D =0,0750, Dg,95=0,1991 D =0,1304, Dy,95=0,1845 D =0,0218, Dy, 95=0,174
A normpdf(x, 3,02754, 0,573583)  logpdf(x, 0,463678, 0,201116) logpdf(x, 5,37621e-05, 1,04931e-05)
D= 0,0718, Dy 05=0,1948 D =0,0756, Dy 05=0,1822 D =0,02441, Dy 05=0,1681
logpdf(x, 2,94899, 0,377475) evpdf(x, 0,580057, 0,291987) ricpdf(x, 4,50961e-05, 2,01485¢-05)
Band D D =0,07566, Dy ¢5=0,1991 D =0,1216, Dy ¢5=0,1789 D =0,01199, Dy ¢5=0,1757
normpdf(x, 3,03274, 0,560896) evpdf(x, 0,0256111, 0,0429848) sblpdf(x, 1,10562, -0,374936, 7,45368e-06, 5,679¢-05),
C D =0,1311, Dg05=0,2053 D =0,02061, Dy 95=0,1690 D =0,0263, Dg,05=0,178
E ricpdf(x, 3,01304, 0,603692) evpdf(x, 0,453385, 0,363379) logpdf(x, 5,43433e-05, 1,06324e-05)
D =0,1210, Dy ¢5=0,1976 D =0,1521, Dy ¢5=0,1621 D =0,02412, Dy ¢5=0,1811
A ricpdf(x, 2,97072, 0,578128) evpdf(x, 0,634157,0,310141)  sblpdf(x, 1,21001, -0,460126, 8,67883e-06, 5,675¢-05,
D =0,0718, D 05=0,1976 D =0,1308, Dg,05=0,1718 D =0,0239, Dy,95=0,1962
normpdf(x, 3,06832, 0,54597)  evpdf(x, 0,599063, 0,327254)  sblpdf(x, 1,14607, -0,452062, 9,96966e-06, 5,383e-05),
Band D D =0,0802, Dy ¢5=0,1934 D =0,1223, Dy 05=0,1811 D =0,0165, Dy 5=0,176
ricpdf(x, 2,8844, 0,604877) evpdf(x, 0,45935, 0,313379) sblpdf(x, 0,917028, -0,198, 6,99932¢-06, 5,45¢-05)
C D =0,0718, Dg,95=0,1948 D =0,1340, Dy ¢5=0,2021 D =0,02437, Dy ¢5=0,1767
E ricpdf(x, 2,91076, 0,606291) evpdf(x, 0,453385, 0,363379) wblpdf(x, 5,66215e-05, 2,84341)
D =0,0718, Dy 5=0,12021 D =0,1521, Dg,95=0,1882 D =0,02590, Dy 5=0,1907
A ricpdf(3,05515, 0,543689) evpdf(x, 0,646653, 0,332341) logpdf(x, 5,36445e-05, 1,10432e-05)
D =0,0750, Dg,05=0,2087 D =0,1152, Dg,¢5=0,1778 D =0,02264, Dy 45=0,1690
normpdf(x, 3,01676, 0,582742)  evpdf(x, 0,57168, 0,295165) wblpdf(x, 5,79899¢-05, 2,21516)
Band D D =0,0762, Dy ,95=0,1991 D =0,1323, Dy,95=0,1920 D =0,02337, Dy 05=0,1822
c logpdf(x, 2,94427, 0,365664) evpdf(x, 0,467442, 0,352899) evpdf(x, 6,59684e-05, 3,56448e-05)
D =0,0721, Dg,¢5=0,2037 D =0,1493, Dy ¢5=0,1869 D =0,09331, Dy 5=0,1655
E ricpdf(x, 3,01699, 0,559062) evpdf(x, 0,395388, 0,313032) normpdf(x, 5,22776e-05, 2,031e-05)
D =0,1468, Dy ¢5=0,1991 D =0,1860, Dy,95=0,2006 D =0,02512, D 05=0,1699
A ricpdf(3,01304, 0,603692) evpdf(x, 0,573382, 0,306633) ricpdf(x, 4,60229¢-05, 2,20583e-05)
D =0,0751, Dg,95=0,2037 D =0,1294, Dy ¢5=0,1767 D =0,02408, Dy 05=0,1655
ricpdf(x, 2,92523, 0,581191)  logpdf(x, 0,418901, 0,216675) logpdf(x, 5,27064e-05, 1,09349¢-05)
Band D D =0,1329, Dy ¢5=0,2021 D =0,1330, Dy,¢5=0,1767 D =0,02406, Dy 95=0,1690
c logpdf(x, 2,94427, 0,365664) evpdf(x, 0,467442, 0,352899) logpdf(x, 5,40897e-05, 1,08668e-05)
D =0,0716, Dy 05=0,2006 D =0,0723, Dy,05=0,1811 D =0,02068, Dy 5=0,1681
E normpdf(x, 3,00284, 0,565114)  evpdfi(x, 0,344883, 0,27107) sblpdf(x, 1,187, -0,373033, 8,51082e-06, 5,694¢-05),

D= 0,0714, D0105=0,2070

D= 0,1714, D0.05=0,1681 D= 0,0232, D0?05=0,l65
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Table VII. PDF and parameters

Name Input parameters Representation
BIRNBAUMSAUNDERS B scale ~: shape bspdf(x, 3, )
EXTREME VALUE 2 location r o:scaler evpdf(x,u, o)
GAMMA a: shape b: scale gampdf(x, a,b)
GENERALIZED EXTREME VALUE k: shape o: scale w: location  gevpdf(x, k, o, 1)
HALFNORMAL w2 location o: scale hnpdf(x, u, o)
INVERSEGAUSSIAN L2 scale A: shape igpdf(x, p, \)
LOGISTIC (4 mean o: scale logpdf(x, u, o)
LOGLOGISTIC w: log mean o: log scale logLpdf(x, u, o)
LOGNORMAL w: log mean o:log éta.ndard lognpdf(x, u, o)

deviation
NAKAGAMI (42 shape w: scale nakpdf(x, u, w)
NORMAL (42 mean 7 sta.nd'ard de- normpdf(x, p, o)
viation

RICIAN s: noncentrality o: scale ricpdf(s, o)
TLOCATIONSCALE w: location o: scale p v: shape  tlspdf(x, u, o, v)
UNIFORM a:lowerend-  b: upper end- unifpdf(x,a,b)

point point
DISCRETE UNIFORM n: Maximum ob= 4 dt(x,n)

servable value

WEIBULL a: scale b: shape wblpdf(x,a,b)

e The arrival times within type I slices are described through a Rician PDF with s = 2,884 and
o =0,60487. Through the K-S test, it is possible to obtain a D estimator = 0,0718, which is
lower than the contrast variable (D o5 = 0,1948), which corresponds to N = 70 samples.

e The arrival times within type P slices are described through an Extreme Value PDF with p
= 0,45935 and o = 0,31337. Through the K-S test, it is possible to obtain a D estimator =
0,1340, which is lower than the contrast variable (D o5 = 0,2021), which corresponds to N =

65 samples.

e The arrival times within the audio slices are described through an Extreme Value PDF with
1 =0,45935 and o = 0,31337. Through the K-S test, it is possible to obtain a D estimator =
0,1340, which is lower than the contrast variable (D o5 = 0,1948), which corresponds to N =

85 samples.

It can be evidenced, for all scenarios presented in Tables V and VI, that the value of the D esti-
mator from the K-S test is lower than the contrast variable (D o5), which validates all the proposed

hypotheses.

4. Conclusions

According to the results and for the conditions pre-established in the different experimental sce-
narios, in order to implement LVS services in an LTE network, the following observations can be

made:
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i) Statistical traffic modeling is presented for the audio and video components that constitute
the LVS service of an emulated LTE network. The model is developed from real traffic traces.

i1) Tt is observed that the traffic modeling of the LVS service shows a very particular description
for each of the test scenarios defined. It can be stated that the model found depends on the
conditions of each scenario and that there is no single model to describe the general traffic
behavior of LVS services in emulated LTE networks. This represents a significant contribu-
tion since, for the design and planning of the networks by the operators, it is necessary to
characterize the different operating environments in which the end users are normally found.
The traffic models that must be taken into account in order to correctly dimension the network
depend on this characterization.

i11) From the traffic models found for each emulated scenario, it is possible to use the defined
PDFs to generate traffic in simulation systems that lead to validating other parameters for
this type of networks, such as the number of users, interference study, the performance of
resource planners, power management, among others, since it is based on a validated model
with a behavior that is statistically equivalent to a real system.

iv) The studies presented in this work are a tool that will allow network designers and planners
to have more inputs for a performance analysis focused on QoS parameters from which deci-
sions can be made on resizing the resources assigned to current LTE networks. This ensures
that end users of the service obtain a higher degree of satisfaction.
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