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Abstract— This paper summarizes some of the initial research
findings obtained in the SERMON project, funded by
Wireless@KTH. The main focus of this paper is on video
streaming transmission and the quantification of how much can
be gained, in terms of user satisfaction and network resource
utilization, by exploiting this semantic knowledge at network
level. For this purpose, different QoE-centric RRM strategies are
proposed and their performances evaluated in respect to a
“classical” agnostic scheme, in a scenario where users have
different QoE requirements for different content types and as a
function of the device screen resolution during a live video
streaming transmission..

I.

INTRODUCTION

Predictions for future needs for wireless communication vary
widely from 1 to 3 orders of magnitude increase in the next 10
years. However, most predictions seem to agree with an
almost exponential increase in the growth of mobile services
and applications (apps), for the same period. More base
stations, data caps or limiting the access to some mobile
services are not the only answer to this challenge. There is a
clear need for novel and disruptive end to end considerations
of the wireless eco system, which will enable and sustain the
next generation of mobile services and user experience. In
particular, wireless networks are currently agnostic and non
convergent. Although QoE depends in large measure on the
end to end QoS, the knowledge separation between the service
designer/builder, service provider, delivery network, terminals
OS and wireless networks, are producing substantial resource
optimization deficiencies and discontinuities (spectrum and
energy included). Further, the wireless networks have no
knowledge on the type and characteristics of the specific
mobile
services
they
are
providing
(they
are
agnostic). Moreover, mobile service models are getting more
apps oriented and that in itself represents a relevant expansion
of the mobile service model. There is also an expectation for
the proliferation of continuous mobile services and connected
devices with very specific models of real time wireless
connectivity requirements. Thus, an effective way to optimize
the utilization and sustainability of future mobile services and
networks might consists of including semantic knowledge,
describing the models of resource utilization related to a

desired QoE for a class of mobile services/apps, in the
resource management schemes of cellular systems.
With the previous considerations, the project described in this
paper develops a first approach to the role of QoE evaluation
in mobile networks scenario and its impact over the resource
allocation. In the initial part, this problem is analyzed in a
basic scenario in order to understand how the QoE might be
introduced in a resource management scheme so that users and
operators may be benefited in a long term. In this paper, novel
approaches for resource allocation based on the evaluation of
the QoE (Proportional fair based on QoE and user with the
lowest QoE so far) are proposed and compared with the
Carrier to Interference (C/I) criteria. Later, the impact over the
general QoE average in the network is measured.
The rest of the paper is organized as follows. The problem
statement with a brief description of the motivation of this
paper is discussed in section II. The system model and its
explanations are addressed in section III. The mechanism
implemented in this project is shown in section IV. Section V
presents the simulation model and the experimental results.
Conclusions and future work are drawn in the last section.
II.

PROBLEM STATEMENT

The transition from traditional voice services to data services
with heterogeneous requirements necessitates a review of the
radio resource management schemes. Resource management
must consider the impact of error prone transmission medium,
heterogeneity of application requirements, and issues related to
fairness among users. Also, there is a need to differentiate users
based on the amount of revenue they are willing to pay and
their expectations from the services. In that sense, the
identification of the effect of QoE parameters on the radio
resource management and the consequences of that in user´s
satisfaction is an important research challenge.
The majority of the research in the resource allocation field
considers the resource allocation from the QoS perspective
where improving spectral efficiency, service latency, delay
variation (jitter), etc., is the way to provide a good service to
the users. However, minor attention has been paid to the
satisfaction of the subjective quality requirements from human

users. With the project COSEM [8], research about the
relationship between QoS and QoE is starting. The idea is use
network context and user context information to improve the
user experience.
This motivates to develop the first approach of QoE evaluation
in mobile networks scenario and its impact over the resource
allocation in a wireless network as element to decide which
user will receive the resources during a wireless
communication. To do this, it is considered a video streaming
service in which it seeks to develop a QoE-aware scheme for it.
Video transmission is one of the most used applications over
the network around the world. With this, the effect of the QoE
of users with this service will be important in the value chain of
telcos. Now, the point is to determine the way in that QoE and
semantic knowledge will be incorporated as key factors in the
radio resource allocation. At the same time, it will be necessary
to evaluate the impact of this new model in the user’s
perception regarding a specific kind of service and the
improvement achieved with the incorporation of this criterion.
III. SYSTEM MODEL
This project has a basic scenario consisting of a single Base
Station (BS) and N-users interested in receiving each a “live”
video stream. The users are classified in function of two types
of video content: high or low movement videos. The former
type requires much higher rates than the latter, in order for the
user perception to be associated to high Mean Opinion Score
(MOS) values. Model focused on the downlink transmission
slots. These slots (with a duration of 2ms according to the
HSDPA standard), are allocated to different users. Channels
assigned have two possible states: bad (with data rate from 50
to 150 kbps) or good (with data rate from 500 kbps to 2Mbps).
Each state has different probabilities as is shown in Figure 1.
In this scenario the MOS performances are evaluated for three
different resource allocation schedulers: one based on C/I
(Scheme 1), one adopting a proportional fair QoE-aware
method (Scheme 2), and one serving the users currently with
lowest instantaneous QoE (Scheme 3). The mapping between
the instantaneous data rate and the perceived QoE (Vq, Video
Quality Metric used as estimation for the MOS values) is
computed considering the parametric model for perceptual
video quality estimation proposed in [13] and expressed in (1).
This model also includes various display formats (SD, VGA,
CIF, QCIF) and different Codec Factors (MPEG-2 or H.264).

Fig 1. Channel states

Where Vq corresponds to the Video Quality Metric used as
estimation for the MOS values. MOS values goes from 1 for
bad quality to 5 for high quality evaluation. In this formula, b is
the bit rate expressed in Mb/s; a is a value related to the display
format (SD, VGA, CIF, QCIF); and k expresses the Codec
Enhancement Factor (MPEG-2 or H.264). Parameters used in
the model are defined in [13]. These values are presented in
tables I, II and III
TABLE I
K1 AND K2 PARAMETERS VALUES

k =1 forMPEG-2.
for H.264.
k1= 1.36, k2= 1.93
TABLE II
V4 AND V5 PARAMETERS VALUES

Movement

Optimal v4

Optimal v5

Low Movement

0.366

1.32

High Movement

1.088

1.56

TABLE III
BEST VALUES FOR a

Display format

Value for a

SD

1

VGA

1.4

CIF

3.2

QCIF

10.8

For the test using factors for H.264 video codec and as display
formats values for SD and QCIF were considered, in order to
compare different resolution values as shown in table III.
According to the model, all the clips have better perceived
quality for higher bit rates, as can be expected. However, at
low bit rates there are high differences in the perceived quality
for identical coding conditions, depending on video content.
This is shown in Figure 2.

on the evaluation of the QoE for both classes of users. Figure 4
describes this scheme.

Fig 2. Perceived Quality as a function of the Bit Rate.

IV.

QOE AWARE RADIO RESOURCE MANAGEMENT

Three resource allocation schemes were considered during the
project. In all cases QoE evaluation model was considered. In
the first case (Scheme 1), as a parameter to evaluate the service
quality offered after the slot allocation. In second and third
cases (Scheme 2 and 3), QoE evaluation model was used as a
factor to allocate the resources. However the criteria to use
QoE factor is different in each case. The following describes in
detail each scheme.
A. C/I Scheme (RRM1)
In this scheme, user with the highest data rate (highest signal
quality) will receive the slot of time to transmit during the time
slot n. After the resource allocation, the QoE of all users is
evaluated, measuring the QoE average by kind of user (for each
individual user). Figure 3 describes this scheme.

Fig 4. Resource allocation based on Proportional fair QoE

C. Serving the user with the lowest QoE so far
Last scheme considered the evaluation of the QoE for each user
during the previous period of time. The objective of this
mechanism is finding the user with the lowest QoE; assign the
slot to this user in order to improve the average QoE in the
network. Figure 5 describes this scheme.

Fig 5. Resource allocation based on lowest QoE criterion

V.

Fig 3. C/I scheme description

B. Proportional fair based on QoE
Using this scheme, the first step includes the evaluation of the
QoE in the next time slot (t+1), considering the allocation and
the no allocation of the user in time (t+1). After this, the
difference between the QoE values in different situations is
calculated. Time slot is assigned to the user with the maximum
delta value, in order to maintain the average QoE in the
network. In this scenario, the resource allocation is done based

SIMULATION MODEL

To validate the proposed model, we conducted extensive
simulation experiments. We evaluate the performance of the
proposed schemes. For simplicity, the simulation considers
only a single cell. It was assumed that all N users can be
classified considering two types of videos: High movement and
slow movement videos. Simulation ran considering a snapshot
of the system during 5 minutes. The simulations were run for
different numbers of users in the cell, between 4 and 20, with
0.75 and 0.95 probability of get access to a good channel
conditions.

A. Performance Measures
To assess the performance achievable with the proposed
schemes, the performance measure selected for analyzing the
behavior of the proposed schemes is the average delta QoE
(∆QoE). ∆QoE evaluates the percentage of improvement or
deterioration in the QoE establishing a relation between the
new resource allocation scheme and the classical resource
allocation scheme and is computed as

Where
represents the average Video Quality Metric for the
scheme 2 or 3 (Proportional fair based on QoE or Serving the
represents the
user with the lowest QoE so far) and
average Video Quality Metric for the C/I scheme. This average
corresponds to the evaluation of QoE using (1) for both low
movement videos and high movement videos, with different
number of users connected to the BS and different channel
conditions.

Fig 7. Illustration of the QoE results comparison among different
allocation schemes, with 50% of users receiving High Movement Videos
(HC) and 50% of users receiving Low Movement Videos (LC). No of users:
12. Display Format QCIF (a=10.8) and H.264 (k1= 1.36, k2= 1.93).
(Probability good channel= 0.75), T duration= 5 min.

VI. RESULTS
Figure 6, 7 and 8 show the different results of the QoE
evaluated with different number of users and conditions of
channel, display and percentages of users receiving High and
low movement videos (30/70; 50/50; 70/30).

Fig 8. Illustration of the QoE results comparison among different
allocation schemes, with 30% of users receiving High Movement Videos
(HC) and 70% of users receiving Low Movement Videos (LC). No of users:
20. Display Format QCIF (a=10.8) and H.264 (k1= 1.36, k2= 1.93).
(Probability good channel= 0.75), T duration= 5 min.

Fig 6. Illustration of the QoE results comparison among different
allocation schemes, with 70% of users receiving High Movement Videos
(HC) and 30% of users receiving Low Movement Videos (LC). No of users:
6. Display Format SD (a=1) and H.264 (k1= 1.36, k2= 1.93). (Probability
good channel= 0.75), T duration= 5 min.

Results obtained shows a difference between the QoE
perceived in MOS terms by users interested on Low movement
videos compared with users interested on High movement
videos. This behavior is the result of the characteristic of the
video. Low movement content videos are less demanding in
terms of resource allocation and quality perceived by users. In
all cases, the first group of users has a grade over 4, which in
MOS terms is associated to a good QoE. The use of the scheme
based on the RRM2 shows and improvement in the QoE
perceived by users in the network as shown figures 6, 7 and 8.
Also, figures 9 and 10 show in more detail the grade of
improvement/reduction in the average QoE by kind of user
when number of users connected to a BS is increasing showing
∆QoE.
In the same figures is possible to note the reduction in the QoE
perceived by both types of users when the RRM3 scheme is
applied. The explanation of this phenomenon is associated to
the resources allocation always to user with the minimum
calculated QoE, or in other words, to users with bad channel
conditions. This generates as a result that user with low
conditions end up having more resources limiting the overall
performance of the system. About users expecting High

movement videos, results showed a QoE below the acceptable
value for a MOS evaluation. The effect of the variation in the
probability to get a good conditions channel over the general
QoE average is low.

Figure 10. Illustration of the relation of average QoE using RRM1 compared
with the average QoE using RRM2. Also, it is represented the relation between
average QoE using RRM1 and RRM3. This average corresponds to the
evaluation of QoE for High Movement Videos.

Although the parameters are the same, it is remarkable the fact
of the improvement in the QoE average from the inclusion of
this parameter as a factor to distribute the access during the slot
time. Noteworthy is the QoE increase between the two
scenarios (RRM1 and RRM 2) in the case of users who receive
video with high movement content. However, criteria applied
until this moment does not allow increasing the QoE average
for this kind of users in a value equal to or greater than MOS
defined as fair to the quality perceived by the user.

CONCLUSIONS AND FUTURE WORK
In this paper, a first approach to a QoE based allocation scheme
is proposed. We provided an insight to the effect of QoE as a
parameter to define the resource allocation in a wireless
network. Variation of user satisfaction criteria has been
simulated in order to understand more about the incidence of
the QoE as a factor to provide video streaming service.

Figure 9. Illustration of the relation of average QoE using RRM1
compared with the average QoE using RRM2. Also, it is represented the
relation between average QoE using RRM1 and RRM3. This average
corresponds to the evaluation of QoE for Low Movement Videos.

In the case of Low movement videos, although there is a
reduction in the QoE average between RRM1 and RRM2,
figure 9 show the level of reduction around 5%. However, the
application of the scheme shows that this reduction of 5% is
compensated by an improvement between 60% and 140% in
the QoE evaluation of the high movement videos, depending
on the number of users.

It can be seen that including QoE information in the resource
schedulers (Scheme 2) can lead to an improvement in MOS
between 60% and 140%, as compared to standard C/I (Scheme
1) solutions, for the more demanding content type. At the same
time, the loss in MOS for the users interested in the other
content type is very limited. This indicates that the inclusion of
semantic information, e.g. on video quality and/or device
screen types, can support the network operator in investing its
radio resources where they are more needed and/or where they
can impact the most the user service appreciation. However, it
is necessary to look for new ways to reach a higher level of
QoE considering high movement content and low movement
content videos. For the future of the research work, new aspects
(i.e. handoff, QoE based policies of access) should be
considered. Another interesting topic is the consideration of
new types of content in the model definition.
In the initial part we analyze this problem with a basic scenario
to get insight of how the QoE might be introduced in a resource
management scheme so that users and operators may be
benefited in a long term. The results obtained so far allow us to
identify an interesting research area, where the definition of
SLA based on QoE could be supported.
The stage shown in this paper includes the identification of a
model to establish a relation between the bitrate and the MOS
results in order to quantify how much is the QoE improved
using as a factor to allocate the resources in a wireless network.
The proposed scheme for the resource allocation shows that it
is possible to use the QoE factor as a new key element in the
improvement of the performance in a network. As part of
future work, it is necessary to look for new ways to reach a
higher level of QoE for both kinds of users. At the same time, it
will be necessary to evaluate the resource allocation schemes
presented in this paper in a scenario with more BS and
considering the effect of handoff.
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