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Abstract—Dynamic Adaptive Streaming over HTTP (DASH)
is currently a widely adopted technology for video delivery over
the Internet. DASH offers significant advantages, enabling users
to switch dynamically between different available video qualities
responding to variations in the current network conditions during
video playback. This is particularly interesting in wireless and
mobile access networks, which present unexpected and frequent
such variations. Moreover, mobile users in these networks share
a common radio access link and, thus, a common bottleneck
in case of congestion, which may cause user experience to
degrade. In this context, the Mobile Edge Computing (MEC)
emerging standard gives new opportunities to improve DASH
performance, by moving IT and cloud computing capabilities
down to the edge of the mobile network. In this paper, we propose
a novel architecture for adaptive HTTP video streaming tailored
to a MEC environment. The proposed architecture includes
an adaptation algorithm running as a MEC service, aiming
to relax network congestion while improving user experience.
Our mechanism is standards-compliant and compatible with
receiver-driven adaptive video delivery algorithms, with which
it cooperates in a transparent manner.
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I. INTRODUCTION

Video streaming is becoming one of the most popular
services for mobile consumers. In fact, mobile video traffic,
which accounted for 55% of the total mobile traffic in 2015,
will represent more than 70% in 2020 [1]. This significant
growth is accompanied by the wide adoption of Dynamic
Adaptive Streaming over HTTP (DASH) standards [2], [3],
particularly suitable for such network settings. DASH allows
clients to switch between different video qualities (and, thus,
bitrates) to improve viewing experience, matching current
network conditions and device capabilities. However, when
mobile clients share the same bottleneck link, as is often
the case for mobile networks, the DASH protocol can show
instabilities, unfairness and bandwidth underutilization [5].
Therefore, there is a need to be aware of the end-user device
context and network conditions to optimize video delivery.

The emerging ETSI standard on Mobile Edge Computing
(MEC) [6] may play an important role in this direction. MEC
allows leveraging the cloud computing power by deploying
application services at the edge of the mobile network. This
can facilitate content dissemination within the access network
and can offer new business opportunities by integrating Mobile
Network Operators (MNO) into the video delivery value chain.

A key component for enabling MEC are servers integrated

within the operator’s Radio Access Network (RAN) (e.g.,
3GPP, Wi-Fi or small cells). MEC opens the door for autho-
rized third parties, such as content providers (CP), to develop
their own applications hosted in the MEC servers. These
applications can add the flexibility to handle the traffic from/to
mobile users. Moreover, operators can expose their RAN edge
API to authorized third parties to provide them with radio
network information in a real-time manner.

We propose a novel architecture for adaptive HTTP video
streaming in a MEC context (Section III), introducing an
adaptation algorithm running on a MEC server, which aims
to reduce network congestion while offering Quality of Exe-
prience (QoE) improvements for mobile users. The main idea
is to dynamically control the video representations available
to clients based on the current network status, thus driving the
client-side video adaptation mechanism. To achieve this, we
exploit (i) the awareness of network-level information, which
could be retrieved via a MEC API exposed by the MNO, and
(ii) specific features of the DASH standard.

Our approach illustrates a use case for a mutually ben-
eficial CP-MNO collaboration over the MEC infrastructure:
We show (Section IV) that fairness among mobile users is
guaranteed, the overall perceived QoE is improved, and, by
responding to congestion, better network resource utilization
is achieved. Also, by actively involving the MNO in the video
delivery chain, our solution allows for compensating the loss
of MNO average revenue per user after the introduction of
flat rates. It is worth noting that the proposed mechanism is
standards-compliant and transparently coexists with client-side
bitrate adaptation algorithms. Indeed, the final quality level se-
lection decision is still made by the clients, which corresponds
to the current DASH client standard specifications.

II. BACKGROUND AND RELATED WORK

Dynamic Adaptive Streaming over HTTP, also known
as 3GP-DASH (3GPP) [3] or MPEG-DASH (MPEG
ISO/IEC) [2], is a popular standard for video streaming over
the Internet, allowing for improved user experience in the
presence of variable network conditions. DASH aims to avoid
playout interruptions, which are known to be harmful for the
perceived video quality [4]. DASH servers offer a variety of
quality levels (i.e., bitrates) for the same content. When a net-
work degradation (e.g., reduced available bandwidth, increased
latency) is identified by the video client, the latter can switch



to a lower video quality level (and, thus, lower bitrate) in
order to reduce the risk of playout interruptions. Similarly,
improved conditions allow switching to higher quality levels,
guaranteeing optimized resource management. Information on
the available video representations is found in the Media
Presentation Description (MPD) file, which is downloaded by
the client from the DASH server. Among others, the MPD file
stores bitrate, timing, structure, and format/codec information
for each representation of the video and the segments (i.e.,
chunks) therein.

Several works focus on improving the performance of
adaptive video streaming over HTTP. Cetinkaya et al. [7]
propose an SDN-based architecture for improving the perfor-
mance of scalable video streaming using DASH. The main
idea is to exploit path diversity when streaming the different
video layers. For improved scalability, the authors proposed
a modification of the MPD file to include the port to be
used for each video layer. Quinlan et al. [8] evaluate the
performance of DASH considering different metrics, such
as fairness, efficiency and quality. Their results show that
traffic shaping could reduce the number of stalls and quality
switches when the clients share the same bottleneck link. Lai et
al. [9] propose a buffer-aware HTTP live streaming approach
for SDN-enabled 5G wireless networks, which evaluates the
“weight” of each video chunk to determine its transmitting pri-
ority, while arranging the transmission path according to link
utilization and router/switch stability. However, since SDN is
based on a centralized controller to manage the network, issues
of scalability (as the number of clients increases) and resilience
are raised. The complexity of integrating these mechanisms
into the legacy mobile core network should also be evaluated.

Regarding performance over wireless networks, one solution
is to implement an HTTP Adaptive Streaming (HAS) video
proxy manager and a resource controller at the eNodeB
level [10], [11]. The manager can select the appropriate chan-
nel bandwidth and video quality levels at which to transmit
the video chunks. However, the bandwidth allocation scheme
considers the Channel Quality Indicator (CQI) reports received
from the mobile users, which may significantly increase the
signaling overhead. Pu et al. [12] propose a DASH proxy
(WiDASH) located between the Internet and the wireless
networks, responsible for adapting the video bitrate to improve
QoE. Nevertheless, this proxy is not access-network-aware,
and the complexity of the QoE optimization algorithm should
be evaluated under fast-changing network conditions. Fajardo
et al. [13] propose a network-assisted approach for adaptive
HTTP streaming with multi-layer encoding and Mobile Edge
Computing (MEC). They introduce a mobile edge-DASH
adaptation function (ME-DAF) located within the Cloud Radio
Access Network (C-RAN). However, their architecture still
considers the CQI for the selection strategy, which may entail
an important signaling overhead.

To the best of our knowledge, our work is the first scalable
solution which takes advantage of MEC without adding sig-
naling overhead when implementing the adaptation algorithm.
This approach is transparent from the point of view of clients

and is compliant with DASH specifications. The functionality
we introduce in the mobile network edge servers features quick
awareness and response to the mobile network conditions and
can modify on the fly the MPD file sent from the content
provider, in order to help end users in making a better decision
when selecting the appropriate video representation.

III. ARCHITECTURE DESCRIPTION

Our adaptive HTTP video streaming solution (Fig. 1) is
tailored to a MEC environment. A distinctive characteristic of
our approach is that the MEC end is an active component in
the video delivery chain. In particular, a special service located
at the mobile edge is responsible for dynamically controlling
the video representations available for delivery.

Fig. 1. An architecture for mobile adaptive HTTP streaming with MEC
assistance.

Our use-case scenario involves a level of cooperation be-
tween the CP and the MNO, and this is implemented through
the mobile edge: A CP hosts video descriptor files, potentially,
in its premises, while using content delivery networks (CDNs)
to host and distribute videos from the optimal locations. At the
same time, the CP deploys intelligent services at the mobile
edge infrastructure. These MEC services are controlled by the
CP but utilize network-level information provided by the ISP
using a MEC API to assist sophisticated mechanisms which
optimize video delivery. In our case, such a MEC-level service
assumes the role of a proxy/redirection node between the
end-user and the video servers. At its core, our mechanism
intercepts and appropriately modifies the MPEG-DASH video
description files (MPD) on the fly aiming to match current
bandwidth demand with the available mobile access network
resources and, consequently, to improve user experience.

A. Message flow

We assume that UEs are already attached to the mobile
network, and the MEC service is capable of periodically
retrieving radio statistics and other network-level information
from the network access node. Before downloading the video,
each end user accesses the video catalogue (potentially after a
registration/login process) and selects a file to view. The video



player then sends an HTTP request to retrieve the MPD file
from the CP’s server. This request is intercepted by the MEC
service. There are two alternative strategies to achieve this:

a) Redirect mode: In this mode (Fig. 2), when the CP
server receives the HTTP GET request from the UE for
downloading an MPD file, it pushes the original MPD file to
the MEC server and notifies UEs to download the MPD file
from the given MEC server by sending an HTTP REDIRECT
to the client. Then, following the redirect indication provided
by the CP, the UE sends another HTTP GET request for
the MPD file to the appropriate MEC server, which answers
directly to the client by providing the file, after appropriately
modifying it if necessary.

b) Proxy mode: In this mode (Fig. 3), the MEC appli-
cation operates as an HTTP proxy for all user traffic; if it
detects an HTTP request for an MPD file directed to a content
provider, it intercepts the response and modifies its content
appropriately, before sending it back to the UE.

In both modes, the same adaptation logic is applied by the
MEC service: Video representations are removed from/added
back to the original MPD content in response to changing
network conditions and demand, but also with the potential of
utilizing a wealth of other information, such as user profiles
and preferences.
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Fig. 2. Message sequence (redirect mode).

After receiving the (transformed) MPD file, UEs begin to
download video content chunk-by-chunk. Note that, in our
scheme, the MPD file needs to be refreshed periodically. There
are two standards-compliant options to achieve this. The first
is to configure its minimumUpdatePeriod attribute, which
instructs the video client to periodically request an up-to-date
version of the file. The other option is using an in-band event
(event message box mechanism, in the ISO Base Media File
Format (ISO BMFF) terminology) [14, subclause 5.10.3.3].
In this case, a special event box field is inserted in the media
segment at video preparation time by the content provider,
which can notify the client to refresh the MPD file at any
time. In our prototype, we opted for the first solution.
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Fig. 3. Message sequence (proxy mode).

B. Network-aware MEC-assisted video rate control

An MPD update event triggers a mechanism at the MEC
end which controls the available representations for each
requested video, exploiting awareness of the current network
conditions. As noted, this MEC (server)-side scheme is used in
combination with traditional receiver-driven bitrate adaptation
mechanisms.

We assume that there are n mobile DASH clients in the
same cell requesting video content, and each client has the
same service priority. To control the set of available video
representations, our adaptation mechanism needs to have ac-
cess to the following information, assumed to be available via
a MEC API exposed by the network operator:
• The number of UEs (n) currently active and accessing

the video service in the cell.
• The wireless access network bandwidth (BW ) avail-

able/allocated to the video streaming service.
• The network congestion state.
Each time a user requests the MPD file for a video item,

our mechanism decides which (if any) representations should
be removed from it. This decision is mainly guided by the
available network capacity. By simple intuition, since all
users have equal priorities, a reasonable choice would be to
disallow representations whose bitrate is more than BW

n . At
the same time, however, for practical reasons, there can be
users who, due to poor signal conditions, consume video at
a rate significantly lower than BW

n , leaving unused access
network capacity which could be exploited by other stations.
To address this issue, our scheme allows for representations
with higher bitrate than BW

n , but gradually removing them if
network congestion persists.

Let R denote the set of available representations for a
specific video, with rmax ∈ R being the one with the highest
bitrate in the original MPD file, and r∗max the one with the
highest bitrate in the transformed MPD file. Furthermore, the
service operator defines a bandwidth margin Bm which is
interpreted as follows: All representations whose bitrate is



more than Bm + BW
n are removed from the served MPD file.

This margin is successively decreased if the network keeps
being congested. The network state is expressed by the binary
variable Scongested (true in the case of congestion).

Our MEC-side adaptation mechanism (Algorithm 1) begins
by setting Scongestion = False and Bm = M , where M
is the maximum configured bandwidth margin. Each time a
request for an MPD file is received, the MEC-side application
retrieves the current number n of active UEs in its managed
cell, as well as the current values for BW and the network
state (isNetworkCongested() function) using the MEC
API. For each successive time the network is found to be
congested, the bandwidth margin is reduced by a step δ
and the getRepresentation() function is called to map
the per user Bm + BW

n bandwidth to the maximum bitrate
representation to be included in the transformed MPD file;
all representations with bitrate higher than that of r∗max are
removed. On the contrary, if the network is not found to
be congested, we set Scongestion = False, Bm = M , and
r∗max = rmax.

We consider two strategies with respect to congestion re-
porting. The reactive strategy (default) returns the network
congestion state after detecting a change in the available net-
work capacity and conditions. On the other hand, the proactive
strategy implies the existence of a prediction mechanism which
identifies congestion in advance. Although the details of such
a mechanism are outside the scope of this work, in Section IV
we assume that an accurate congestion prediction module is in
place and evaluate the performance improvements it can bring
about compared to the reactive strategy.

Algorithm 1 MEC-side adaptation algorithm
Initialization: Set Bm =M ; Set Scongested = False
Iteration:

1: Get n; Get BW ; Scongested = isNetworkCongested();
2: if Scongested = True then
3: Bm = max(0, Bm − δ);
4: r∗max = getRepresentation(Bm + BW

n );
5: else
6: Bm =M ;
7: r∗max = rmax;
8: end if
9: f ′ = f ; /* f ′: transformed MPD file */

10: for all r ∈ R|bitrate(r) > bitrate(r∗max) do
11: removeRepresentation(r, f ′);
12: end for
13: return f ′;

IV. PERFORMANCE EVALUATION

A. Experimental methodology and setup

To demonstrate the advantages of our MEC-assisted ap-
proach in terms of user experience, we developed a virtualized
testbed where we emulated our architecture and carried out a
set of measurements. Our setup is illustrated in Fig. 4. A VM
where the nginx [15] HTTP server runs represents the origin

video server managed by a content provider. A separate VM
stores the MPD files which are served by an Apache [16]
HTTP server. The MEC application is hosted in a third VM
and is aware of the current number of clients in the network
cell it serves, as well as the available bandwidth for the shared
link. Its role is to capture client requests for MPD files and,
given its network awareness and the current client demand,
to execute the adaptation algorithm, retrieving the requested
MPD file from the source and appropriately transforming it,
before serving it to clients.

Video player instances,1 each representing a single client,
are hosted in a separate VM which is connected to the MEC
VM via a virtual link. Using the netem Linux utility, we
shape the bandwidth of the virtual connection to emulate
congestion conditions on the shared wireless access link.

The above VMs are hosted on a single workstation and are
managed by the kvm [18] hypervisor.

Fig. 4. Testbed description.

Each client accesses a 9-minute video sequence. In particu-
lar, using ffmpeg, we created 5 different H.264/AVC represen-
tations of the Blender Foundation’s “Big Buck Bunny” [19]
open-source movie (with approximate bitrates of 128, 512,
1024, 2048, 4096 kbps) with a 1280×720 resolution, and
prepared them for DASH delivery using GPAC’s MP4Box
utility [17]. Each video segment has a duration of two seconds.
Importantly, we use the minimumUpdatePeriod MPD
directive to instruct each client to request an updated version
of the manifest file every 5 s.

B. Candidate strategies

We compare three adaptation strategies: (i) A purely user-
driven bitrate adaptation strategy, where each client uses the
measured chunk download times to decide weather to switch
to a more appropriate video representation (bitrate) to match
the available bandwidth. This is the default mechanism applied
by MP4Client, the video player we use in our tests. (ii) Our
proposed MEC-assisted reactive (default) strategy (see Sec-
tion III-B), in which the network congestion state is returned
by the MEC API as soon as the mobile edge proxy detects that
the bandwidth demand or network conditions have changed.
(iii) Our proposed MEC-assisted proactive strategy, which

1We use the MP4Client video player shipping with the open-source GPAC
framework [17], which we have appropriately modified to record video
interruption statistics. We have also modified the ffmpeg H.264 decoder library
to record picture quality data. We utilize these data for QoE assessment
purposes (see Section IV-C).



assumes that there is an accurate mechanism for predicting
congestion and the available bandwidth. Note that in cases
(ii) and (iii), the default bitrate adaptation scheme is still
used at the client side to select among the available video
representations present in the MPD file after the modifications
carried out by the MEC proxy.

C. Performance metrics

We evaluate our system in terms of the average achieved
QoE for all users at any time instant. The metric that expresses
QoE is the Mean Opinion Score (MOS), i.e., the expected
rating that a panel of users would give to the quality of the
transmitted video in the 1-5 (poor-excellent) scale.

QoE is subjective, and we estimate it using objective, mea-
surable video-service-level parameters (interruption statistics,
encoding parameters), which we translate to MOS estimates
using the Pseudo-Subjective Quality Assessment (PSQA) ap-
proach [20]. The PSQA methodology involves training a Ran-
dom Neural Network (RNN) using data from subjective tests,
where a set of parameters affecting quality is monitored and
the ratings of users are recorded. The trained RNN classifier
can then be applied to calculate the expected MOS for specific
values of the input parameters.

In this work, we use the PSQA tool developed by Singh
et al. [4] for H.264/AVC-encoded HTTP video quality esti-
mation. This tool produces a single QoE estimate for a 16-
second video window. During video playout, we maintain an
exponentially-weighted moving average of the instantaneous
MOS according to the following equation:

MOSi+1 = 0.2MOSi + 0.8si+1,

where MOSi is the moving average calculated up to window
i and si+1 is the MOS sample calculated for the (i + 1)-
th window. The input parameters (appropriately normalized;
see [4]) for the QoE estimation tool are the following:
• The number of interruptions in the 16-second window.
• The average and the maximum interruption duration.
• The average value of the Quantization Parameter (QP)

across all picture macroblocks in the measurement win-
dow. QP represents the transformation coefficients when
encoding the video and it controls the compression level.
The higher the QP value is, the more video information is
lost and the lower the video bitrate and quality become.
As per the H.264/AVC standard [21], QP values range
from 0 to 51.

According to various studies [22], [23], switching among
video representations also affects QoE. However, recent re-
sults [24], [25] indicate that the effects of frequent bitrate
switching are less pronounced compared to other factors. For
reasons of completeness, and since our PSQA model does
not account for this factor, we also present bitrate switching
statistics for each of the adaptation mechanisms we compare.

Finally, we evaluate our system in terms of fairness. One
desirable property is to have all users (with the same service
priority and with comparable signal conditions, as we assume
in our tests) enjoy approximately the same video quality levels.

TABLE I
INTERRUPTION AND BITRATE SWITCHING STATISTICS. EACH REPORTED

VALUE IS THE MEAN ACROSS ALL 10 CLIENTS AND AVERAGED OVER FIVE
EXPERIMENT ITERATIONS WHERE EACH CLIENT WATCHED THE FULL

9-MINUTE VIDEO.

Interruption Interruptions/m Switches/m
duration (s)

MEC-assisted (proactive) 0.58 1.04 6.27
MEC-assisted (default) 1.10 1.88 10.90

Default 1.26 4.01 22.45

Our fairness metric is Jain’s Fairness Index (JFI) [26], which
we measure at regular time intervals during our experiments.
In our context, JFI is given by the following formula:

Jt =
(
∑n

i=1
MOSi,t)

2

n
∑n

i=1
MOS2

i,t

, (1)

where MOSi,t is the QoE value calculated for the i−th user
at time t and n is the total number of users simultaneously
accessing the video service in a cell. Jt is bounded between
0 and 1; higher values indicate higher fairness.

D. Results

Each of our experiments starts with a period of 15 seconds
during which 10 users join the video service following a
Poisson distribution. We emulate the network load in two
distinct periods: (i) From t = 120 s to t = 240 s, when
the available bandwidth is limited to 10 Mbps, and (ii) from
t = 300 s to t = 420 s, when it is limited to 1.8 Mbps. We
repeat the experiment introducing load at the exact same time
instances for the three candidate strategies (see Section IV-B).
In the case of the proactive MEC-assisted strategy, we assume
that the mobile edge has predicted the decrease in the available
bandwidth 5 s in advance.

Fig. 5 presents the evolution of the average QoE achieved
across all users. Our scheme brings tangible performance
benefits, especially with the proactive MEC-assisted strategy.
In this case, QoE improvements reach up to approximately 1
point in the 1-5 MOS scale. Our approach also improves on
fairness, as Fig. 6 suggests. During the high-load period, the
proactive MEC-assisted strategy brings an up to 10% increase
in terms of JFI. Our improvements are mainly due to the fact
that our algorithm reduces the frequency and the duration of
playout interruptions (Table I): When applied proactively, our
MEC-assisted strategy leads to approximately 54% shorter and
four times less frequent interruptions compared to the default
client-driven adaptation mechanism. Note that our mechanism
also results in fewer bitrate switches, as shown in Table I. This
is also attributable to the fact that in view of congestion, after
our mechanism takes effect, there are fewer available video
representations to select from.

V. CONCLUSION

In this paper, we focused on enhancing the performance of
dynamic adaptive streaming over HTTP in a mobile network
environment. To address this challenge, we introduced a novel
architecture based on Mobile Edge Computing. The proposed
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adaptation mechanism, running as a MEC service, can modify
DASH video manifest files in real time, responding to network
congestion and dynamic demand, thus driving clients towards
selecting more appropriate quality/bitrate video representa-
tions. Experiments with our scheme on a virtualized testbed
demonstrate its QoE benefits compared to traditional, purely
client-driven, bitrate adaptation approaches; in the face of
congestion, our scheme notably improves both on the achieved
Mean Opinion Score and on fairness.
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