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Abstract—Nowadays, the expansion of wireless technologies
and the development of new services have arisen new network
requirements that completely change the way that network
providers supply the resources to these new services. In this
context, this work includes a novel analysis based on the
L-moments statistical theory oriented to the understanding of
the 5G networks, specially in the situation when video streaming
applications are used. Our analysis involves computing and
representing the L-moment ratio diagram of the bitrate of both
uplink and downlink channel for three specific services, i.e.
the download of a large file and Netflix and Amazon Prime
video streaming. Obtained results show clear differences in the
statistical behaviour for all services when uplink and downlink,
mainly due the different objectives and characteristics of these
links. Results also show significant differences between the Netflix
and Amazon Prime video streaming services. However, interesting
and surprising similarities have also been detected, specially
between the Amazon Prime video streaming service and the
download of a large file. Conclusions obtained in this work
could be useful input to novel network management and resource
allocation algorithms in the next generation networks, being this
idea one of our future research lines.

Index Terms—L-moments, Network Traffic, bitrate, 5G,
Streaming applications

I. INTRODUCTION

The 5G and beyond (5G and B5G) technologies are de-
veloped to address various challenges encountered in the 4th
mobile generation. These networks are characterised by com-
plex architectures with high-density deployments and multiple
services with stringent requirements. Standards are designed
to facilitate a 1000-fold increase in connection density, 3-fold
improvement in spectrum efficiency, 10-fold enhancement in
data rate, and 10-fold boost in energy efficiency, among others
[1]. The achievement of these network capabilities is possible
through the integration of advanced technologies such as
virtualization, coexistence of traditional radio networks and
novel frequency bands with massive MIMO, network slicing,
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and network software-defined architecture. These paradigms
are centred on the capability of the network to facilitate data
sharing and information exchange among network entities
while also being able to adapt to the specific requirements of
each service or user in order to enhance the user experience in
terms of network speed, latency, reliability, and the deployment
of new services such as autonomous vehicles, the tactile
internet, and remote surgery [2].

In this context, the rapid increase in the use of multimedia
streaming services like YouTube, Netflix and Mobile TV on
smart devices has created new usage models which must
be managed by telecommunications companies and service
providers. The implementation of 5G and beyond technologies
could greatly improve the performance of these services,
which demand efficient handling of a high volume of con-
nections with fast data transfer speeds and minimal delay.
Moreover, in this challenging context, the usage of Analytical
Techniques and Artificial Intelligence for analysing network
information has the potential to enhance network performance,
the Quality of Service (QoS) offered by the network, and the
Quality of Experience (QoE) experienced by users by studying
their behaviour [3].

The monitoring of wireless networks presents several dif-
ficulties in comparison to the monitoring of wired networks.
The conventional techniques utilised for wired networks, such
as evaluating parameters once the data has been transmitted,
fail to provide an accurate representation of the current status
of the wireless network [4]. The analysis process can become
even more intricate when the mobile nodes moves from one
cell to other, which has a direct impact on the utilisation of
network resources. These circumstances complicate the data
analysis and network resources administration, two of the most
relevant tasks for the network providers.

This work introduces a new analytical methodology based
on L-moments [5] to analyse the usage of a 5G wireless
network when the mobile node uses video streaming services
and to categorise these services based on their attributes.
L-moments enable the use of higher-order statistical moments,
bypassing limitations related to the necessary amount of data
for the estimation process. This advantage, in combination
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Fig. 1: LmomRD for some common distributions [5].

with the low computational resources required, could even
real-time processing of data [6]. In this work, being one of
the first approaches to this kind of specific 5G data with
this methodology, the study is mainly related to determine
similarities and even differences between the video streaming
services and discuss possible network and channel causes, at
all time in the resource allocation and management context.

The remainder of this paper is organised as follows. Sec-
tion II describes the methodology used and the techniques
applied in this work. The results of the experiments conducted
applying the described methodology are introduced in Sec-
tion III. Section IV discusses some results obtained after the
application of the proposed methodology. Finally, Section V
contains our concluding remarks.

II. METHODOLOGY

This section describes the statistical tools, specifically the
L-moments statistical theory and the L-moment ratio diagram
(LmomRD), as well as the dataset used in this work.

A. L-moments and LmomRD

One of the common tools used to characterise data and to
summarise samples from a given data base are the statistical
moments. “Classical” or “conventional” moments, also known
in the literature as product moments, are just one of the
available alternatives. The L-moment theory [5] is one of
the possible and interesting alternatives, mainly due to the
direct result interpretation, the unbiased estimators, the outlier
robustness and the low sampling variability, all this even for
low sample size situations [5], [7]–[10]. Also, L-moments are
known to be suitable for data with large skew, large or long
tails or outliers [10], [11], characteristics fulfilled by multiple
variables measured for a network flows [6], [12].

L-moments are therefore a powerful tool in distributional
analysis, specially for data with large range, variation, skew-
ness and outliers. By definition, L-moments are linear combi-
nations of the expected values of order statistics [5]. And one
of the most relevant properties for the sake of this work is
the fact that L-moments are analogous to product moments in
terms of interpretation. That is: the first L-moment L-location
(λ1) is the mean of the distribution or average value of the
dataset; the second L-moment L-scale (λ2) gives insight into

the scale of dispersion; the third L-moment (λ3) is related to
the asymmetry; the fourth L-moment (λ4) gives insight about
the tails of a given distribution, and so on.

This theory also considers ratio moments that are defined
as τr = λr/λ2, for r ≥ 3. L-skewness (τ3) and L-kurtosis (τ4)
are specially useful as they give comparable information to the
conventional skewness and kurtosis. In addition, L-skewness
and L-kurtosis are both lower and upper-bounded by def-
inition, allowing therefore the direct comparison between
distributions or data samples, regardless their range. Readers
are referred to the primary references like [5] and subsequent
works for further details regarding the L-moments theory, such
as their formal definition as well as their basic properties,
estimators and proofs.

The LmomRD is a extremely useful graphical tool for ex-
ploratory analysis as well as for distribution selection tasks [5],
[11]. LmomRD plot tuples (usually pairs) of L-moment ratios,
being the most common considered pair the {τ3, τ4} one. It
is usual that LmomRD also include the theoretical L-moment
ratios as points, lines or regions for typical distributions, like
the ones included in Fig. 1.

In this work, we calculate sample L-moments and
L-moment ratios for a given feature from the considered
dataset for different scenarios in order to understand and in-
terpret the similarities and differences. And LmomRD is used
for visual result presentation, interpretation and comparison,
including in all figures as a visual guideline the theoretical
lines from Fig. 1 using also the same legend.

B. Dataset

The dataset considered in this work is a 5G dataset collected
from a major Irish mobile operator [13]. This dataset includes
multiple features covering from throughput to channel and
context information for 5G networks for two mobility patterns
and applications. The two mobility patterns are static and
driving a car, including therefore two of the most common mo-
bility situations for 5G network users. Also, the applications
considered for the dataset are the download of a large file
(>200MB) and Netflix and Amazon Prime video streaming
services, all three being standard and common 5G applications
with high quality and network resource requirements. Readers
are referred to the primary references like [13] and subsequent
works for further details regarding the dataset generation and
specific characteristics.

As stated in [13], data were collected using the version 18.7
of the G-NetTrack Pro application installed on a Samsung S10
5G Android device. The compete dataset includes 83 exper-
iments corresponding to more than 3100 minutes. For each
experiment, i.e. covering all possibilities of mobility pattern
and application combinations, a total of 80GB of data was
consumed. This value is determined by the mobile plan offered
by the operator when the experiments were performed. The
complete dataset includes not only information about the pack-
ets sent to the network, but also the information exchanged by
the mobile node which it is connected to a base station of the
network operator using the standard configuration (physical



and MAC configuration) provided by the network provider like
channel-related metrics, context-related metrics, cell-related
metrics and throughput information (uplink and downlink).

The metrics considered in this work are downlink and uplink
bitrates measured at the application layer, dataset features
DL_bitrate and UL_bitrate, respectively. The selection
of these metrics is based on their high impact in resource
allocation procedures, as well as on the fact that they directly
determine the quality of a service as perceived by users.
Therefore, considering the two mobility pattern, the three
applications and the two metric possible combinations, in this
work a total of 12 scenarios are analysed. The minimum
sample size for these scenarios is 11.5 × 103 samples, a
sufficient data amount to properly perform the L-moments
estimation.

III. RESULTS

This section includes the detailed description of the ob-
tained results, while the result discussion and interpretation
is included in the next section.

Figure 2 includes the LmomRD obtained for the 12 con-
sidered scenarios, dividing them in four different categories to
facilitate the visualisation of the figures and result comparison.
Specifically, the criteria used to criteria used to categorise are
the mobility pattern (static vs. driving a car, one for each sub-
figure column) and the link (uplink vs. downlink, one for each
sub-figure row). Among the sub-figures, a different marker is
used for each application: blue triangle for the download of a
large file; red square of the Netflix video streaming service
and; orange circle for the Amazon Prime video streaming
service. The different lines from these sub-figures are included
out of habit in state-of-the-art literature mainly because they
proved to be convenient for result comparison; these lines
follow the legend of Fig. 1.

The LmomRD represents the τ3 and τ4, i.e. the L-skewness
and L-kurtosis of the data, for each scenario. These figures are
obtained using n = 500 non-overlapping and temporarily or-
dered data samples for the estimation of each L-moment. The
considered n fulfils the minimum data samples to guarantee a
proper L-moment estimation with low estimation error [5], [7].
At the same time, with this n, multiple L-moment estimations
can be shown for each scenario, allowing a proper observation
of the statistical behaviour for each case [12].

Regarding the L-skewness, all 12 scenarios reveal positive
skewness, i.e. both mode and median are lower than the
average and the tail of the distribution is located at the right.
However, depending on the scenario, specific values give
more insight regarding the specific statistical behaviour. For
example, the Netflix video streaming service consistently has
τ3 > 0.65 for the four cases, revealing highly positive skewed
data, meaning that the measured bitrate is most of the
time on the lower part or the range. On the other hand, both
the download of a large file and the Amazon Prime video
streaming service show differences between the four cases,
revealing different statistic behaviour for the bitrate feature.
The discussion section includes several possible motivations

and interpretations of these differences, as well as potential
usages of this differences from the network management point
of view.

On the other hand, the L-kurtosis is positive for 11 sce-
narios, achieving some negative values for the Amazon Prime
video streaming service for the downlink in the static scenario.
Nevertheless, rather than the exact values it is more useful
to focus on the range of estimated τ4 as it reveals the
statistical behaviour and the stationary characteristic of the
bitrate. Therefore, scenarios with an estimated τ4 close to
0 reveal that the tails of the bitrate distribution are leaner,
i.e. there is a lower probability for outliers and the data
is more concentrated around the mean of the distribution.
And scenarios with heavy-tail distributions, i.e. high values
for the estimated τ4, show higher outlier probabilities. It
can be observed that for Netflix video streaming service the
L-kurtosis is bounded by 0.4 < τ4 < 0.75 for the four cases,
showing consistency in the statistical bitrate behaviour for both
downlink and uplink for the two mobility patterns.

L-moment ratio diagram are quite useful also when the
“cloud” of points is also observed. Cases when the points are
less scattered, like the ones obtained for the download of large
file scenario for example, reveal a higher stationarity as the
estimated τ3 and τ4 are more similar regardless of the n = 500
data samples used for the estimation. Moreover, as the data is
ordered on a temporary basis, this little scattering also shows
that the statistics of the considered feature are similar among
all the considered temporal range. On the other hand, cases
when the points are more scattered, like the ones obtained for
the Netflix video streaming service for example, reveal less
continuity in the statistical behaviour among the performed
experiments, at least in one of the considered L-moments.

IV. DISCUSSION

First of all, by using this analysis based on the L-moment
theory, the analysis is independent on the bitrate range
achieved for each scenario, allowing an in depth insight of the
statistical behaviour of this network feature. It has already been
shown that the download of a large file requires significant
higher bandwidth than the video streaming services [13]. And
by abstracting from the specific bitrate values we are able
to go beyond with the result interpretation, understand the
network behaviour and be able to propose more efficient and
customised network management techniques.

Starting with the download of a large file scenario, it is
clear that the LmomRD reveals significant statistical behaviour
between the uplink and downlink. These differences are ex-
pected, as both links are different in objective, characteristics
and resource utilisation: the uplink is mainly used for network
access and control, while the downlink is mainly used for the
actual data transmission. From Figure 2 we can identify that
the uplink bitrate can be modelled, with little inaccuracies,
using the Gumbel (τ3 = 0.1699; τ4 = 0.1504) or Normal
(τ3 = 0; τ4 = 0.1226) distributions for the static and with
the Exponential (τ3 = 1/3; τ4 = 1/6) distribution for driving
a car mobility patterns, respectively [5]. Besides validating
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<latexit sha1_base64="bD8DErqYOY0vE1U7b60PQ/t+AwI=">AAAB5HicbZDLSsNAFIZP6q3WW9SN4GawCK5CUrwtC25cVrQXaEOZTE/aoZMLMxOhhL6BrkTd+US+gG/jtGahrf/qm/P/A+c/QSq40q77ZZVWVtfWN8qbla3tnd09e/+gpZJMMmyyRCSyE1CFgsfY1FwL7KQSaRQIbAfjm5nffkSpeBI/6EmKfkSHMQ85o9qM7l3nom9XXcediyyDV0AVCjX69mdvkLAswlgzQZXqem6q/ZxKzZnAaaWXKUwpG9Mhdg3GNELl5/NVp+Q0TCTRIyTz9+9sTiOlJlFgMhHVI7XozYb/ed1Mh9d+zuM00xgzEzFemAmiEzJrTAZcItNiYoAyyc2WhI2opEybu1RMfW+x7DK0ao536Zzf1ar1o+IQZTiGEzgDD66gDrfQgCYwGMIzvMG7FVpP1ov1+hMtWcWfQ/gj6+MbQ4qKnQ==</latexit>

0.5
<latexit sha1_base64="/GkP81gHtFIF3oMh0THrDTX75k8=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUqS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G23YV/e1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRQiKng==</latexit>

0.6
<latexit sha1_base64="0Vr25lOz4mfxk8Pc2iQR7k6UCfw=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUsS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G33yr68q9eaJ8UhynAKZ3ABLjSgCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRoaKnw==</latexit>

0.7
<latexit sha1_base64="slbxGo1D+jJQsBmks1fpyEZ7bnA=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUkS7LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDhpexqMk1RgxEzFekAqiY7JoTEZcItNiZoAyyc2WhE2opEybu1RMfXe57Cp06rZ7ZV/e1WvNk+IQZTiFM7gAF66hCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbSASKoA==</latexit>

0.8
<latexit sha1_base64="Ci2s/qpTa9qAchMZPK8NYT6lBiw=">AAAB5HicbZDLSsNAFIZP6q3WW9SN4GawCK5CUsTLruDGZUV7gTaUyfSkHTq5MDMRSugb6ErUnU/kC/g2TmsW2vqvvjn/P3D+E6SCK+26X1ZpZXVtfaO8Wdna3tnds/cPWirJJMMmS0QiOwFVKHiMTc21wE4qkUaBwHYwvpn57UeUiifxg56k6Ed0GPOQM6rN6N51rvt21XXcucgyeAVUoVCjb3/2BgnLIow1E1Spruem2s+p1JwJnFZ6mcKUsjEdYtdgTCNUfj5fdUpOw0QSPUIyf//O5jRSahIFJhNRPVKL3mz4n9fNdHjl5zxOM40xMxHjhZkgOiGzxmTAJTItJgYok9xsSdiISsq0uUvF1PcWyy5Dq+Z4F875Xa1aPyoOUYZjOIEz8OAS6nALDWgCgyE8wxu8W6H1ZL1Yrz/RklX8OYQ/sj6+AUmCiqE=</latexit>

0.9
<latexit sha1_base64="JpxgIz66htnj3NeJUIO8/gMvZeE=">AAAB+HicbZC9TsMwFIWd8lfKXwAxsVi0SGWgSgoCxkosDAxFoj9SG0WOe9NadZzIdkAl6rvAhICN5+AFeBvc0gEKZ/p8z7F07wkSzpR2nE8rt7C4tLySXy2srW9sbtnbO00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVDC8nfusOpGKxuNWjBLyI9AULGSXajHx77/pYDeFegFK4XOpqkvonpSPfLjoVZyr8F9wZFNFMdd/+6PZimkYgNOVEqY7rJNrLiNSMchgXuqmChNAh6UPHoCARKC+brj/Gh2EssR4Anr5/ZjMSKTWKApOJiB6oeW8y/M/rpDq88DImklSDoCZivDDlWMd40gLuMQlU85EBQiUzW2I6IJJQbboqmPPd+WP/QrNacc8qpzfVYg3PisijfXSAyshF56iGrlAdNRBFGXpCr+jNerAerWfr5Tuas2Z/dtEvWe9fAv2R1A==</latexit>

L-skewness (⌧3)

<latexit sha1_base64="XFmrH8ScKAdkVXC4kblHyKQIcBk=">AAAB4nicbZDLSgNBEEVrfMb4iroR3DQGwVWYCaIuA25cJmAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nLX1jc2t7cJOcXdv/+CwdHTcMkmmBTZFohLdCbhBJWNskiSFnVQjjwKF7WB8N/fbj6iNTOIHmqToR3wYy1AKTnbUcPulsltxF2Kr4OVQhlz1fumzN0hEFmFMQnFjup6bkj/lmqRQOCv2MoMpF2M+xK7FmEdo/Oli0Rm7CBPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjrT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVyna+t5y2VVoVSvedeWqUS3XTvNDFOAMzuESPLiBGtxDHZogAOEZ3uDdGThPzovz+hNdc/I/J/BHzsc3ZXWKJg==</latexit>

0
<latexit sha1_base64="85BNeMvNX2xJIeloxs6c3zpOr9k=">AAAB5HicbZDNSsNAFIVv/K31r+pGcDNYBFchKaIuC25cVrQ/0IYymd60Q2eSMDMRSugb6ErUnU/kC/g2TmsW2npW39xzBu65YSq4Np735aysrq1vbJa2yts7u3v7lYPDlk4yxbDJEpGoTkg1Ch5j03AjsJMqpDIU2A7HNzO//YhK8yR+MJMUA0mHMY84o8aO7j3X71eqnuvNRZbBL6AKhRr9ymdvkLBMYmyYoFp3fS81QU6V4UzgtNzLNKaUjekQuxZjKlEH+XzVKTmLEkXMCMn8/TubU6n1RIY2I6kZ6UVvNvzP62Ymug5yHqeZwZjZiPWiTBCTkFljMuAKmRETC5QpbrckbEQVZcbepWzr+4tll6FVc/1L9+KuVq0fF4cowQmcwjn4cAV1uIUGNIHBEJ7hDd6dyHlyXpzXn+iKU/w5gj9yPr4BPZKKmQ==</latexit>

0.1
<latexit sha1_base64="G4loZqSBaGuXIrXysbvV34aR3Og=">AAAB5HicbZDNSsNAFIVv/K31r+pGcDNYBFchKaIuC25cVrQ/0IYymd60Q2eSMDMRSugb6ErUnU/kC/g2TmsW2npW39xzBu65YSq4Np735aysrq1vbJa2yts7u3v7lYPDlk4yxbDJEpGoTkg1Ch5j03AjsJMqpDIU2A7HNzO//YhK8yR+MJMUA0mHMY84o8aO7j231q9UPdebiyyDX0AVCjX6lc/eIGGZxNgwQbXu+l5qgpwqw5nAabmXaUwpG9Mhdi3GVKIO8vmqU3IWJYqYEZL5+3c2p1LriQxtRlIz0ovebPif181MdB3kPE4zgzGzEetFmSAmIbPGZMAVMiMmFihT3G5J2Igqyoy9S9nW9xfLLkOr5vqX7sVdrVo/Lg5RghM4hXPw4QrqcAsNaAKDITzDG7w7kfPkvDivP9EVp/hzBH/kfHwDPxCKmg==</latexit>

0.2
<latexit sha1_base64="GuH0HFtP+kqLi0Qro4szcxNyM88=">AAAB5HicbZDLSsNAFIZP6q3WW9SN4GawCK5CUkVdFty4rGgv0IYymZ60QycXZiZCCX0DXYm684l8Ad/Gac1CW//VN+f/B85/glRwpV33yyqtrK6tb5Q3K1vbO7t79v5BSyWZZNhkiUhkJ6AKBY+xqbkW2Ekl0igQ2A7GNzO//YhS8SR+0JMU/YgOYx5yRrUZ3bvOed+uuo47F1kGr4AqFGr07c/eIGFZhLFmgirV9dxU+zmVmjOB00ovU5hSNqZD7BqMaYTKz+erTslpmEiiR0jm79/ZnEZKTaLAZCKqR2rRmw3/87qZDq/9nMdppjFmJmK8MBNEJ2TWmAy4RKbFxABlkpstCRtRSZk2d6mY+t5i2WVo1Rzv0rm4q1XrR8UhynAMJ3AGHlxBHW6hAU1gMIRneIN3K7SerBfr9Sdasoo/h/BH1sc3QI6Kmw==</latexit>

0.3
<latexit sha1_base64="d9yVSzpH5iVC6OfnCUiD7YiY/Zc=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUoq6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G330m7c1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbQgyKnA==</latexit>

0.4
<latexit sha1_base64="bD8DErqYOY0vE1U7b60PQ/t+AwI=">AAAB5HicbZDLSsNAFIZP6q3WW9SN4GawCK5CUrwtC25cVrQXaEOZTE/aoZMLMxOhhL6BrkTd+US+gG/jtGahrf/qm/P/A+c/QSq40q77ZZVWVtfWN8qbla3tnd09e/+gpZJMMmyyRCSyE1CFgsfY1FwL7KQSaRQIbAfjm5nffkSpeBI/6EmKfkSHMQ85o9qM7l3nom9XXcediyyDV0AVCjX69mdvkLAswlgzQZXqem6q/ZxKzZnAaaWXKUwpG9Mhdg3GNELl5/NVp+Q0TCTRIyTz9+9sTiOlJlFgMhHVI7XozYb/ed1Mh9d+zuM00xgzEzFemAmiEzJrTAZcItNiYoAyyc2WhI2opEybu1RMfW+x7DK0ao536Zzf1ar1o+IQZTiGEzgDD66gDrfQgCYwGMIzvMG7FVpP1ov1+hMtWcWfQ/gj6+MbQ4qKnQ==</latexit>

0.5
<latexit sha1_base64="/GkP81gHtFIF3oMh0THrDTX75k8=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUqS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G23YV/e1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRQiKng==</latexit>

0.6
<latexit sha1_base64="0Vr25lOz4mfxk8Pc2iQR7k6UCfw=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUsS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G33yr68q9eaJ8UhynAKZ3ABLjSgCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRoaKnw==</latexit>

0.7
<latexit sha1_base64="slbxGo1D+jJQsBmks1fpyEZ7bnA=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUkS7LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDhpexqMk1RgxEzFekAqiY7JoTEZcItNiZoAyyc2WhE2opEybu1RMfXe57Cp06rZ7ZV/e1WvNk+IQZTiFM7gAF66hCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbSASKoA==</latexit>

0.8
<latexit sha1_base64="Ci2s/qpTa9qAchMZPK8NYT6lBiw=">AAAB5HicbZDLSsNAFIZP6q3WW9SN4GawCK5CUsTLruDGZUV7gTaUyfSkHTq5MDMRSugb6ErUnU/kC/g2TmsW2vqvvjn/P3D+E6SCK+26X1ZpZXVtfaO8Wdna3tnds/cPWirJJMMmS0QiOwFVKHiMTc21wE4qkUaBwHYwvpn57UeUiifxg56k6Ed0GPOQM6rN6N51rvt21XXcucgyeAVUoVCjb3/2BgnLIow1E1Spruem2s+p1JwJnFZ6mcKUsjEdYtdgTCNUfj5fdUpOw0QSPUIyf//O5jRSahIFJhNRPVKL3mz4n9fNdHjl5zxOM40xMxHjhZkgOiGzxmTAJTItJgYok9xsSdiISsq0uUvF1PcWyy5Dq+Z4F875Xa1aPyoOUYZjOIEz8OAS6nALDWgCgyE8wxu8W6H1ZL1Yrz/RklX8OYQ/sj6+AUmCiqE=</latexit>

0.9

<latexit sha1_base64="XFmrH8ScKAdkVXC4kblHyKQIcBk=">AAAB4nicbZDLSgNBEEVrfMb4iroR3DQGwVWYCaIuA25cJmAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nLX1jc2t7cJOcXdv/+CwdHTcMkmmBTZFohLdCbhBJWNskiSFnVQjjwKF7WB8N/fbj6iNTOIHmqToR3wYy1AKTnbUcPulsltxF2Kr4OVQhlz1fumzN0hEFmFMQnFjup6bkj/lmqRQOCv2MoMpF2M+xK7FmEdo/Oli0Rm7CBPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjrT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVyna+t5y2VVoVSvedeWqUS3XTvNDFOAMzuESPLiBGtxDHZogAOEZ3uDdGThPzovz+hNdc/I/J/BHzsc3ZXWKJg==</latexit>

0

<latexit sha1_base64="G4loZqSBaGuXIrXysbvV34aR3Og=">AAAB5HicbZDNSsNAFIVv/K31r+pGcDNYBFchKaIuC25cVrQ/0IYymd60Q2eSMDMRSugb6ErUnU/kC/g2TmsW2npW39xzBu65YSq4Np735aysrq1vbJa2yts7u3v7lYPDlk4yxbDJEpGoTkg1Ch5j03AjsJMqpDIU2A7HNzO//YhK8yR+MJMUA0mHMY84o8aO7j231q9UPdebiyyDX0AVCjX6lc/eIGGZxNgwQbXu+l5qgpwqw5nAabmXaUwpG9Mhdi3GVKIO8vmqU3IWJYqYEZL5+3c2p1LriQxtRlIz0ovebPif181MdB3kPE4zgzGzEetFmSAmIbPGZMAVMiMmFihT3G5J2Igqyoy9S9nW9xfLLkOr5vqX7sVdrVo/Lg5RghM4hXPw4QrqcAsNaAKDITzDG7w7kfPkvDivP9EVp/hzBH/kfHwDPxCKmg==</latexit>

0.2

<latexit sha1_base64="d9yVSzpH5iVC6OfnCUiD7YiY/Zc=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUoq6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G330m7c1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbQgyKnA==</latexit>

0.4

<latexit sha1_base64="/GkP81gHtFIF3oMh0THrDTX75k8=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUqS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G23YV/e1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRQiKng==</latexit>

0.6

<latexit sha1_base64="slbxGo1D+jJQsBmks1fpyEZ7bnA=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUkS7LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDhpexqMk1RgxEzFekAqiY7JoTEZcItNiZoAyyc2WhE2opEybu1RMfXe57Cp06rZ7ZV/e1WvNk+IQZTiFM7gAF66hCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbSASKoA==</latexit>

0.8

<latexit sha1_base64="FcjtjR/8U2kEm4agrjBHzuUOA6I=">AAAB+HicbZDNTgIxFIU7+If4N2pcuWkEE1xIZghRlyRuXLjARH4SmEw6pUBDZzpp75jghHfRlVF3Pocv4NtYcBYKntXXe06Te08QC67Bcb6s3Mrq2vpGfrOwtb2zu2fvH7S0TBRlTSqFVJ2AaCZ4xJrAQbBOrBgJA8Hawfh65rcfmNJcRvcwiZkXkmHEB5wSMCPfPro9HycKpOYal0s9IIlfK535dtGpOHPhZXAzKKJMDd/+7PUlTUIWARVE667rxOClRAGngk0LvUSzmNAxGbKuwYiETHvpfP0pPh1IhWHE8Pz9O5uSUOtJGJhMSGCkF73Z8D+vm8Dgykt5FCfAImoixhskAoPEsxZwnytGQUwMEKq42RLTEVGEgumqYM53F49dhla14l5UanfVYh1nReTRMTpBZeSiS1RHN6iBmoiiFD2jN/RuPVpP1ov1+hPNWdmfQ/RH1sc3HuSR5g==</latexit>
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<latexit sha1_base64="XFmrH8ScKAdkVXC4kblHyKQIcBk=">AAAB4nicbZDLSgNBEEVrfMb4iroR3DQGwVWYCaIuA25cJmAekAyhp1OTNOl50F0jhJAf0JWoOz/JH/Bv7MRZaOJdna57G+pWkCppyHW/nLX1jc2t7cJOcXdv/+CwdHTcMkmmBTZFohLdCbhBJWNskiSFnVQjjwKF7WB8N/fbj6iNTOIHmqToR3wYy1AKTnbUcPulsltxF2Kr4OVQhlz1fumzN0hEFmFMQnFjup6bkj/lmqRQOCv2MoMpF2M+xK7FmEdo/Oli0Rm7CBPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjrT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVyna+t5y2VVoVSvedeWqUS3XTvNDFOAMzuESPLiBGtxDHZogAOEZ3uDdGThPzovz+hNdc/I/J/BHzsc3ZXWKJg==</latexit>

0

<latexit sha1_base64="G4loZqSBaGuXIrXysbvV34aR3Og=">AAAB5HicbZDNSsNAFIVv/K31r+pGcDNYBFchKaIuC25cVrQ/0IYymd60Q2eSMDMRSugb6ErUnU/kC/g2TmsW2npW39xzBu65YSq4Np735aysrq1vbJa2yts7u3v7lYPDlk4yxbDJEpGoTkg1Ch5j03AjsJMqpDIU2A7HNzO//YhK8yR+MJMUA0mHMY84o8aO7j231q9UPdebiyyDX0AVCjX6lc/eIGGZxNgwQbXu+l5qgpwqw5nAabmXaUwpG9Mhdi3GVKIO8vmqU3IWJYqYEZL5+3c2p1LriQxtRlIz0ovebPif181MdB3kPE4zgzGzEetFmSAmIbPGZMAVMiMmFihT3G5J2Igqyoy9S9nW9xfLLkOr5vqX7sVdrVo/Lg5RghM4hXPw4QrqcAsNaAKDITzDG7w7kfPkvDivP9EVp/hzBH/kfHwDPxCKmg==</latexit>

0.2

<latexit sha1_base64="d9yVSzpH5iVC6OfnCUiD7YiY/Zc=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUoq6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G330m7c1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbQgyKnA==</latexit>

0.4

<latexit sha1_base64="/GkP81gHtFIF3oMh0THrDTX75k8=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUqS6LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDq69jEdJqjFiJmK8IBVEx2TRmIy4RKbFzABlkpstCZtQSZk2d6mY+u5y2VXo1G23YV/e1WvNk+IQZTiFM7gAF66gCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbRQiKng==</latexit>

0.6

<latexit sha1_base64="slbxGo1D+jJQsBmks1fpyEZ7bnA=">AAAB5HicbZDLSsNAFIZP6q3WW9WN4GawCK5CUkS7LLhxWdFeoA1lMj1ph04uzEyEEvoGuhJ15xP5Ar6N05iFtv6rb87/D5z/+IngSjvOl1VaW9/Y3CpvV3Z29/YPqodHHRWnkmGbxSKWPZ8qFDzCtuZaYC+RSENfYNef3iz87iNKxePoQc8S9EI6jnjAGdVmdO/YjWG15thOLrIKbgE1KNQaVj8Ho5ilIUaaCapU33US7WVUas4EziuDVGFC2ZSOsW8woiEqL8tXnZPzIJZET5Dk79/ZjIZKzULfZEKqJ2rZWwz/8/qpDhpexqMk1RgxEzFekAqiY7JoTEZcItNiZoAyyc2WhE2opEybu1RMfXe57Cp06rZ7ZV/e1WvNk+IQZTiFM7gAF66hCbfQgjYwGMMzvMG7FVhP1ov1+hMtWcWfY/gj6+MbSASKoA==</latexit>

0.8

<latexit sha1_base64="FcjtjR/8U2kEm4agrjBHzuUOA6I=">AAAB+HicbZDNTgIxFIU7+If4N2pcuWkEE1xIZghRlyRuXLjARH4SmEw6pUBDZzpp75jghHfRlVF3Pocv4NtYcBYKntXXe06Te08QC67Bcb6s3Mrq2vpGfrOwtb2zu2fvH7S0TBRlTSqFVJ2AaCZ4xJrAQbBOrBgJA8Hawfh65rcfmNJcRvcwiZkXkmHEB5wSMCPfPro9HycKpOYal0s9IIlfK535dtGpOHPhZXAzKKJMDd/+7PUlTUIWARVE667rxOClRAGngk0LvUSzmNAxGbKuwYiETHvpfP0pPh1IhWHE8Pz9O5uSUOtJGJhMSGCkF73Z8D+vm8Dgykt5FCfAImoixhskAoPEsxZwnytGQUwMEKq42RLTEVGEgumqYM53F49dhla14l5UanfVYh1nReTRMTpBZeSiS1RHN6iBmoiiFD2jN/RuPVpP1ov1+hPNWdmfQ/RH1sc3HuSR5g==</latexit>
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<latexit sha1_base64="oDLcnZjuOhuxkFgPbAVr6H8leKs=">AAAB+3icbVDLSgNBEJz1GeNr1YvgZTAInsJuEPUY0IPHCOYByRJ6J73JkNmdZWZWCSH+jJ5EvfkX/oB/4yTuQRPrVN1VDV0VpoJr43lfztLyyuraemGjuLm1vbPr7u03tMwUwzqTQqpWCBoFT7BuuBHYShVCHApshsOrqd68R6W5TO7MKMUghn7CI87A2FXXPbyWD4mQ0KMyokAFqD7SiAvsuiWv7M1AF4mfkxLJUeu6n52eZFmMiWECtG77XmqCMSjDmcBJsZNpTIENoY9tSxOIUQfjWYIJPYmkomaAdDb/9o4h1noUh9YTgxnoeW26/E9rZya6DMY8STODCbMWq0WZoEbSaRG0xxUyI0aWAFPcfknZABQwY+sq2vj+fNhF0qiU/fPy2W2lVKV5EQVyRI7JKfHJBamSG1IjdcLII3kmb+TdmThPzovz+mNdcvKbA/IHzsc3I1yTrg==</latexit>

Download of a large file
<latexit sha1_base64="rRpLR7TPTqklHBg7kGp2K8nSLGU=">AAAB+nicbVDLTgJBEJzFF+Jr1YMHLxOJiSeyS4x6JPHiyWAijwQ2ZHbohQmzj8z0EgnyM3oy6s3P8Af8G2dxDwrWqbqrOukqP5FCo+N8WYWV1bX1jeJmaWt7Z3fP3j9o6jhVHBo8lrFq+0yDFBE0UKCEdqKAhb6Elj+6zvTWGJQWcXSPkwS8kA0iEQjO0Kx69tEtYCDFAx2LPsRUY3YsokHPLjsVZw66TNyclEmOes/+7PZjnoYQIZdM647rJOhNmULBJcxK3VRDwviIDaBjaMRC0N50HmBGT4NYURwCnc+/vVMWaj0JfeMJGQ71opYt/9M6KQZX3lRESYoQcWMxWpBKijHNeqB9oYCjnBjCuBLmS8qHTDGOpq2Sie8uhl0mzWrFvaic31XLNZoXUSTH5IScEZdckhq5IXXSIJzMyDN5I+/Wo/VkvVivP9aCld8ckj+wPr4BjeWUBg==</latexit>

Netflix video streaming
<latexit sha1_base64="y4Bxj5Foh1km3mQU0yjREyYL1bM=">AAAB/3icbVDLTgIxFO3gC/E16lIXjcTEFZkhRl1i3LjERB4JTkinXKChj0nbIUHCQn9GV0bd+Q/+gH9jB1koeFbn3nNu03PihDNjg+DLyy0tr6yu5dcLG5tb2zv+7l7dqFRTqFHFlW7GxABnEmqWWQ7NRAMRMYdGPLjK9MYQtGFK3tpRApEgPcm6jBLrVm3/8FKQeyVxVTMBeMg6oLCx2QtM9tp+MSgFU+BFEs5IEc1Qbfufdx1FUwHSUk6MaYVBYqMx0ZZRDpPCXWogIXRAetByVBIBJhpPU0zwcVdpbPuAp/Nv75gIY0Yidh5BbN/Ma9nyP62V2u5FNGYySS1I6ixO66YcW4WzMnCHaaCWjxwhVDP3S0z7RBNqXWUFFz+cD7tI6uVSeFY6vSkXK3hWRB4doCN0gkJ0jiroGlVRDVH0iJ7RG3r3Hrwn78V7/bHmvNnNPvoD7+Mb7PmV4Q==</latexit>

Amazon Prime video streaming
<latexit sha1_base64="VZaKxsJzZVOtuLb1DV5IcHOrIZw=">AAAB/HicbVDLSgNBEJyNrxhfq57Ey2AQPIXdICqeAl48RjAPSJYwO+lNhsw+mOlVwhL9GT2JevMr/AH/xkncgybWqbqrepgqP5FCo+N8WYWl5ZXVteJ6aWNza3vH3t1r6jhVHBo8lrFq+0yDFBE0UKCEdqKAhb6Elj+6muqtO1BaxNEtjhPwQjaIRCA4Q7Pq2QcBMEwVXNJ+fB+ZV0bUF6gYQs8uOxVnBrpI3JyUSY56z/7s9mOehhAhl0zrjusk6GVMoeASJqVuqiFhfMQG0DE0YiFoL5tFmNDjIFYUh0Bn829vxkKtx6FvPCHDoZ7Xpsv/tE6KwYWXiShJESJuLEYLUkkxptMmaF8o4CjHhjCuhPkl5UOmGEfTV8nEd+fDLpJmteKeVU5vquUazYsokkNyRE6IS85JjVyTOmkQTh7JM3kj79aD9WS9WK8/1oKV3+yTP7A+vgEDSpTW</latexit>

feature: downlink bitrate
<latexit sha1_base64="6K3AhesJwXEQYbeuq5dpiXptvuE=">AAAB+3icbVDLSsNAFJ3UV62vqBvBzWARXJWkiIqrghuXFewD2lAm05t26OTBzI0QQv0ZXYm68y/8Af/Gac1CW8/q3HvOHeYcP5FCo+N8WaWV1bX1jfJmZWt7Z3fP3j9o6zhVHFo8lrHq+kyDFBG0UKCEbqKAhb6Ejj+5memdB1BaxNE9Zgl4IRtFIhCcoVkN7KMw9oUUmNGEIYKKrqlGo/GBXXVqzhx0mbgFqZICzYH92R/GPA0hQi6Z1j3XSdDLmTKPSZhW+qmGhPEJG0HP0IiFoL18nmBKT4NYURwDnc+/vTkLtc5C33hChmO9qM2W/2m9FIMrLxdRkiJE3FiMFqSSYkxnRdChUMBRZoYwroT5JeVjphg3LeiKie8uhl0m7XrNvaid39WrDVoUUSbH5IScEZdckga5JU3SIpw8kmfyRt6tqfVkvVivP9aSVdwckj+wPr4BY8qUfg==</latexit>

mobility pattern: static

<latexit sha1_base64="VZaKxsJzZVOtuLb1DV5IcHOrIZw=">AAAB/HicbVDLSgNBEJyNrxhfq57Ey2AQPIXdICqeAl48RjAPSJYwO+lNhsw+mOlVwhL9GT2JevMr/AH/xkncgybWqbqrepgqP5FCo+N8WYWl5ZXVteJ6aWNza3vH3t1r6jhVHBo8lrFq+0yDFBE0UKCEdqKAhb6Elj+6muqtO1BaxNEtjhPwQjaIRCA4Q7Pq2QcBMEwVXNJ+fB+ZV0bUF6gYQs8uOxVnBrpI3JyUSY56z/7s9mOehhAhl0zrjusk6GVMoeASJqVuqiFhfMQG0DE0YiFoL5tFmNDjIFYUh0Bn829vxkKtx6FvPCHDoZ7Xpsv/tE6KwYWXiShJESJuLEYLUkkxptMmaF8o4CjHhjCuhPkl5UOmGEfTV8nEd+fDLpJmteKeVU5vquUazYsokkNyRE6IS85JjVyTOmkQTh7JM3kj79aD9WS9WK8/1oKV3+yTP7A+vgEDSpTW</latexit>

feature: downlink bitrate
<latexit sha1_base64="veNEV3OXHFH7QSv7OqmCfj7Ndb4=">AAACAnicbVDLTgJBEJzFF+IL9ejBicTEE9klRo0nEi8eMZFHAoT0Dg1MmJ3dzPSaEOJNf0ZPRr35Cf6Af+OAHBSsU3VXddJVYaKkJd//8jJLyyura9n13Mbm1vZOfnevZuPUCKyKWMWmEYJFJTVWSZLCRmIQolBhPRxeTfT6HRorY31LowTbEfS17EkB5Fad/GEUh1JJGvEEiNDoS9418k7qPgcuwHTyBb/oT8EXSTAjBTZDpZP/bHVjkUaoSSiwthn4CbXHYEgKhfe5VmoxATGEPjYd1RChbY+nQe75cS82nAbIp/Nv7xgia0dR6DwR0MDOa5Plf1ozpd5Feyx1khJq4SxO66WKU8wnffCuNChIjRwBYaT7kosBGBCuDJtz8YP5sIukVioGZ8XTm1KhzGdFZNkBO2InLGDnrMyuWYVVmWCP7Jm9sXfvwXvyXrzXH2vGm93ssz/wPr4BDsGXBg==</latexit>

mobility pattern: driving a car

<latexit sha1_base64="kWhtRQ2fMXWekGyB4QSQHUIovxw=">AAAB+nicbVDLTsMwEHTKq5RXgAMHLhYVEqcqqRAgTpW4cCwSfUhtVDnuprXqOJG9QapKfwZOCLjxGfwAf4NbcoCWOc3uzMqeCVMpDHrel1NYWV1b3yhulra2d3b33P2DpkkyzaHBE5nodsgMSKGggQIltFMNLA4ltMLRzUxvPYA2IlH3OE4hiNlAiUhwhnbVc48iYJhpuKaZfU6NaChQM4SeW/Yq3hx0mfg5KZMc9Z772e0nPItBIZfMmI7vpRhMmEbBJUxL3cxAyviIDaBjqWIxmGAyDzClp1GiKQ6Bzuff3gmLjRnHofXEDIdmUZst/9M6GUZXwUSoNENQ3FqsFmWSYkJnPdC+0MBRji1hXAv7S8qHTDOOtq2Sje8vhl0mzWrFv6ic31XLNZoXUSTH5IScEZ9ckhq5JXXSIJxMyTN5I+/Oo/PkvDivP9aCk98ckj9wPr4Ba4KT7w==</latexit>

feature: uplink bitrate
<latexit sha1_base64="6K3AhesJwXEQYbeuq5dpiXptvuE=">AAAB+3icbVDLSsNAFJ3UV62vqBvBzWARXJWkiIqrghuXFewD2lAm05t26OTBzI0QQv0ZXYm68y/8Af/Gac1CW8/q3HvOHeYcP5FCo+N8WaWV1bX1jfJmZWt7Z3fP3j9o6zhVHFo8lrHq+kyDFBG0UKCEbqKAhb6Ejj+5memdB1BaxNE9Zgl4IRtFIhCcoVkN7KMw9oUUmNGEIYKKrqlGo/GBXXVqzhx0mbgFqZICzYH92R/GPA0hQi6Z1j3XSdDLmTKPSZhW+qmGhPEJG0HP0IiFoL18nmBKT4NYURwDnc+/vTkLtc5C33hChmO9qM2W/2m9FIMrLxdRkiJE3FiMFqSSYkxnRdChUMBRZoYwroT5JeVjphg3LeiKie8uhl0m7XrNvaid39WrDVoUUSbH5IScEZdckga5JU3SIpw8kmfyRt6tqfVkvVivP9aSVdwckj+wPr4BY8qUfg==</latexit>

mobility pattern: static

<latexit sha1_base64="kWhtRQ2fMXWekGyB4QSQHUIovxw=">AAAB+nicbVDLTsMwEHTKq5RXgAMHLhYVEqcqqRAgTpW4cCwSfUhtVDnuprXqOJG9QapKfwZOCLjxGfwAf4NbcoCWOc3uzMqeCVMpDHrel1NYWV1b3yhulra2d3b33P2DpkkyzaHBE5nodsgMSKGggQIltFMNLA4ltMLRzUxvPYA2IlH3OE4hiNlAiUhwhnbVc48iYJhpuKaZfU6NaChQM4SeW/Yq3hx0mfg5KZMc9Z772e0nPItBIZfMmI7vpRhMmEbBJUxL3cxAyviIDaBjqWIxmGAyDzClp1GiKQ6Bzuff3gmLjRnHofXEDIdmUZst/9M6GUZXwUSoNENQ3FqsFmWSYkJnPdC+0MBRji1hXAv7S8qHTDOOtq2Sje8vhl0mzWrFv6ic31XLNZoXUSTH5IScEZ9ckhq5JXXSIJxMyTN5I+/Oo/PkvDivP9aCk98ckj9wPr4Ba4KT7w==</latexit>

feature: uplink bitrate
<latexit sha1_base64="veNEV3OXHFH7QSv7OqmCfj7Ndb4=">AAACAnicbVDLTgJBEJzFF+IL9ejBicTEE9klRo0nEi8eMZFHAoT0Dg1MmJ3dzPSaEOJNf0ZPRr35Cf6Af+OAHBSsU3VXddJVYaKkJd//8jJLyyura9n13Mbm1vZOfnevZuPUCKyKWMWmEYJFJTVWSZLCRmIQolBhPRxeTfT6HRorY31LowTbEfS17EkB5Fad/GEUh1JJGvEEiNDoS9418k7qPgcuwHTyBb/oT8EXSTAjBTZDpZP/bHVjkUaoSSiwthn4CbXHYEgKhfe5VmoxATGEPjYd1RChbY+nQe75cS82nAbIp/Nv7xgia0dR6DwR0MDOa5Plf1ozpd5Feyx1khJq4SxO66WKU8wnffCuNChIjRwBYaT7kosBGBCuDJtz8YP5sIukVioGZ8XTm1KhzGdFZNkBO2InLGDnrMyuWYVVmWCP7Jm9sXfvwXvyXrzXH2vGm93ssz/wPr4BDsGXBg==</latexit>

mobility pattern: driving a car

Fig. 2: LmomRD. Downlink and uplink bitrate features are represented in the top and bottom row, respectively. The static
and driving a car mobility patterns are represented in the left and right column, respectively. The download of a large file and
Netflix and Amazon Prime video streaming services are represented using triangles, squares and circles, respectively.

this analysis method for this scenario, this information could
be highly useful for the modelling of the network access and
resource management algorithms for similar applications.

Next, regarding the driving a car mobility pattern for the
download of a large file scenario, both τ3 and τ4 increase,
although in the downlink case it is more apparent, revealing
a more challenging wireless channel. This difference between
the static and driving a car mobility patterns is also apparent
for the video streaming applications, specially for Amazon
Prime. There are clear differences between these mobility
patterns from channel propagation points of view [14], and
higher levels of fading, multi-path or Doppler effect are
expected at higher relative velocity between the mobile device
and the base station. And, as it can be seen, the LmomRD are
able to capture these different scenarios, therefore it can be a
useful tool for the network resource management algorithms
for any of the considered or similar services. Moreover, the
few computational resources that are required for the method
based in the L-moment theory used in this work is a further
advantage for any network management procedure [6].

Results for the Netflix video streaming service also leads
to interesting conclusions, as it can be observed that the
obtained LmomRD for all four cases are quite similar, with
even higher similarities comparing results from the same
link. Following the above reasoning, this results reveal highly
efficient resource management in terms of consistency with a
proper channel adaptation for this service, with independence
on the channel quality.

One of the most interesting conclusions obtained from the
results is the fact that, contrary to what one might think at first,
Amazon Prime video streaming service has more statistical
similarities for the downlink scenarios with the download
of large file service than with the Netflix video streaming
service. As analysed in [13], Netflix requires a significantly
higher bandwidth than Amazon prime video for both mobility
patterns because of the Open Connect mechanism imple-
mented by Netflix. This mechanism avoids the service single
point of failures and increases the QoS of the multimedia
transmission by installing Content Delivery Networks in the
Internet Services Providers to improve the QoE of the view.
With this mechanism the clients can receive the multimedia
content with higher throughput compared to other services
located in centralised datacenters. Furthermore, the streaming
clients usually implements a buffering mechanism which must
be filled prior to playback. The buffer mechanism employed by
the Netflix client is designed to store a substantial amount of
information prior to playback, in contrast to the continuous
buffer filling technique utilised by Amazon Prime Video.
These differing buffering techniques require distinct network
management, as each service has its own requirements.

Finally, the analysis presented in this work enables dis-
crimination between the network usage for both streaming
services and enables effective network management (both
Core and Radio) to meet the analysed requirements. Netflix
requires a burst channel to fill the buffer and play the content,
whereas Amazon Prime Video requires sustained network



resources throughout the multimedia session. These results
are consistent with previous works like [15] where strategy
and implementation differences between streaming services
are pointed out and analysed.

V. CONCLUSIONS

The advancement of next-generation networks, such as
5G and B5G, is facilitated by the utilisation of information
extracted from existing networks. This information allows for
the deployment of virtual functions, orchestration of physical
and virtual Radio Access Networks, modelling of spectrum
usage, and creation of flexible services within the network.
Within this context, in this work we analysed the bitrate
for the uplink and downlink in an actual 5G network with
methods from the L-moments statistical theory. A total of three
different services and two mobility patterns were considered,
i.e. the download of a large file and Netflix and Amazon
Prime video streaming services for the static and driving a car
settings. Results reveal evident statistical differences between
the uplink and downlink scenarios, clearly justified by the
inherent attributes of each link. Moreover, results show high
statistical similarities for the Netflix video streaming service
with independence of the link and the mobility pattern, reveal-
ing efficient resource allocation for the wide variety of channel
states expected for the considered scenarios. On the other
hand, differences between the two video streaming services
considered were observed, while the Amazon Prime service
has similarities with the download of a large file service.
These results and conclusions could lead to the optimisation
of network management and resource allocation algorithms,
that take into account the specific network requirements for
each considered service.

Results and conclusions obtained from this work lead to
multiple future works. For example, the insight obtained re-
garding the similarities and differences between the considered
scenarios should allow the work towards the proposal of
novel and more efficient network management and resource
allocation algorithms, even considering some level of service
customisation. For this purpose, we consider that also other
network flow and network state parameters should be con-
sidered in the analysis. We also consider that this analysis
could be extended to additional 5G services with different
requirements and specific conclusions could also contribute to
the improvement of the aforementioned network management
and resource allocation tasks. In addition, in order to approach
a similar analysis from the multimedia data and streaming
services point of view a even more detailed database would be
required, including details such as the specific video resolution
and quality.
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