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(54) METHOD AND SYSTEM FOR AUTOMATING ASSESSMENT OF NETWORK QUALITY OF 
EXPERIENCE

(57) A method of automating assessment of a net-
work’s QoE comprising: receiving a first number of quality
of service, QoS, metrics, wherein the first number of QoS
metrics pertains to a QoS of the network at a first moment
in time; receiving, from a reference device subject to the
QoE of the network, a first number of quality of experi-
ence, QoE, metrics, wherein the first number of QoE met-
rics pertains to the QoE of the network at a second mo-

ment in time, wherein a time difference between the first
moment and the second moment is less than a prede-
termined time threshold; and based on the first number
of QoS metrics and the first number of QoE metrics, de-
termining a mapping relationship from at least a subset
of the first number of QoS metrics to at least a subset of
the first number of QoE metrics, using a machine learning
technique.
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Description

Field of Invention

[0001] The field of the invention relates to estimating
quality of experience (QoE). Particular embodiments re-
late to a method of, a computer program for, and a system
for automating assessment of QoE in a network.

Background

[0002] Wi-Fi technology has fueled the rapid develop-
ment of home networks and extended the number of ap-
plications used by end users. In order to tackle problems
that an end user might experience, service providers are
focusing on optimizing quality of service (QoS) by in-
specting network parameters acquired through some of
the available protocols (e.g. Broadband Forum technical
reports TR-98 and TR-181).
[0003] However, service providers intend to shift from
a network-centric approach focused on QoS to a user-
centric approach focused on quality of experience (QoE),
because QoE of a network is more important than QoS
of the network for an end user of the network.
[0004] Estimating QoE is sensitive and non-trivial, as
it requires capturing a subjective measure of user satis-
faction (i.e. assessing QoE).

Summary

[0005] A problem associated with estimating QoE is
that there are no well-defined objective mechanisms for
quantifying user satisfaction (i.e. QoE). Deriving conclu-
sions concerning QoE from inspecting the acquired QoS
is difficult and requires expert domain knowledge. Fur-
thermore, it is case-dependent and cannot be general-
ized to a particular service. Therefore, a user-centric ap-
proach requires insight into QoE, as experienced by an
end user.
[0006] Embodiments of the invention aim to provide a
more objective approach to estimating QoE, in at least
the sense that the QoE estimation corresponds more
closely to the end user’s experienced QoE.
[0007] According to a first aspect of the invention there
is provided a method of automating assessment of quality
of experience, QoE, of a network. The method comprises
the following steps performed by a computing device,
preferably at a management centre or the like. The meth-
od comprises receiving - for example from a gateway or
access point or the like of the network - a first number of
quality of service, QoS, metrics. The first number of QoS
metrics pertains to a QoS of the network at a first moment
in time. The method comprises receiving, from a refer-
ence device subject to the QoE of the network, a first
number of quality of experience, QoE, metrics. The first
number of QoE metrics pertains to the QoE of the network
at a second moment in time. A time difference between
the first moment in time and the second moment in time

is less than a predetermined time threshold. The method
comprises, based on the received first number of QoS
metrics and the received first number of QoE metrics,
determining a mapping relationship from at least a subset
of the received first number of QoS metrics to at least a
subset of the received first number of QoE metrics, using
a machine learning technique.
[0008] Embodiments of the invention are based inter
alia on the insight that using a reference device that is
subject to the QoE of the network under consideration
(e.g. by being connected to the network, and/or by ex-
periencing network traffic via the network) and that re-
ceiving the first number of QoS metrics and receiving the
first number of QoE metrics that are sufficiently near to
each other in time allows to learn a mapping relationship
from the first number of QoS metrics to the first number
of QoE metrics. The first number of QoE metrics may
have been obtained by the reference device of its own
accord, at the time of deployment or re-deployment of
the network or periodically, or on demand of an operator.
The learned mapping relationship allows to map, in fu-
ture, from newly acquired QoS metrics to corresponding
QoE metrics, without having to explicitly acquire those
QoE metrics from the network.
[0009] In a particular embodiment, the network may be
a home network, such as an end user’s in-house network,
or a company’s in-house network, or the like, connected
to a wide-area network (e.g. the internet) via e.g. a gate-
way. The gateway may be configured to obtain the first
number of QoS metrics, because the gateway can ana-
lyze network parameters relevant for QoS. The reference
device may be the gateway, but may alternatively be an-
other device, for example a dedicated reference device,
or may be a general computing device equipped with
purpose-built software, and may be configured for ac-
quiring the first number of QoE metrics. In a particular
exemplary embodiment, the reference device may pref-
erably be a mobile device loaded with an application con-
figured to allow a technician to acquire the first number
of QoE metrics, for example at a time of deployment or
re-deployment or maintenance of the network.
[0010] According to a preferred embodiment, the
method comprises receiving a second number of QoS
metrics. The second number of QoS metrics pertains to
the QoS of the network at a third moment in time different
from the first moment in time. The method further com-
prises mapping at least a subset of the received second
number of QoS metrics to a second number of QoE met-
rics, by means of the mapping relationship, in order to
assess QoE of the network - that is, in order to estimate
user satisfaction of the network.
[0011] In this way, the method may allow to automat-
ically assess QoE of the network.
[0012] According to a further developed embodiment,
the determining of the mapping relationship comprises
determining a correlation between the first number of
QoS metrics and the first number of QoE metrics. The
determining of the mapping relationship further compris-
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es, based on the determined correlation, selecting a sub-
set of the first number of QoS metrics as the subset from
which to map in the mapping relationship.
[0013] In this way, the method may take into account
especially or only those QoS metrics that contribute most
to (i.e. have most impact on) the QoE of the network.
[0014] According to another further developed embod-
iment, the selecting of the subset of the first number of
QoS metrics may preferably comprise selecting QoS
metrics from the first number of QoS metrics, for which
selected QoS metrics the determined correlation ex-
ceeds a predetermined threshold.
[0015] According to another preferred embodiment,
the determining of the mapping relationship comprises
selecting from at least the subset of the received first
number of QoS metrics a training subset for learning the
mapping relationship and a validation subset for evalu-
ating the learned mapping relationship. The determining
of the mapping relationship further comprises learning
the mapping relationship based on the selected training
subset. The determining of the mapping relationship fur-
ther comprises evaluating the learned mapping relation-
ship based on the selected validation subset.
[0016] In this way, overfitting may be avoided.
[0017] In a particular exemplary embodiment, the train-
ing subset and the validation subset may be entirely dis-
tinct, or there may be some overlap (for example, by using
cross-validation techniques, or the like).
[0018] According to another further developed embod-
iment, the selecting of the validation subset comprises
determining a variance for at least one QoS metric of the
received first number of QoS metrics; and, based on the
determined variance, selecting QoS metrics from the at
least one QoS metric as the validation subset.
[0019] In this way, the training subset and validation
subset may be chosen to statistically resemble the orig-
inal received first number of QoS metrics.
[0020] In a particular exemplary embodiment, the val-
idation subset may be selected by choosing those QoE
metrics for which the variance in the training subset is
highest.
[0021] According to another preferred embodiment,
the machine learning technique comprises estimating a
regression model for mapping from at least the subset
of the received first number of QoS metrics to at least
the subset of the received first number of QoE metrics.
In a specific further developed embodiment, the machine
learning technique may involve learning a decision tree
adapted for classifying QoE metrics into discrete cate-
gories. In this way, the mapping relationship may allow
for fast assessment of the QoE of the network.
[0022] According to another further developed embod-
iment, at least one of the first number of QoS metrics and
the second number of QoS metrics comprises any one
or more of the following metrics: retransmission rate; er-
ror rate; signal strength; channel utilization; activity fac-
tor; contention factor; discarded packets; transmit power;
signal-to-noise ratio (SNR); signal-to-noise plus interfer-

ence ratio (SINR); and queueing statistics
[0023] In this way, the method may take into account
easily determined network-oriented network parameters,
that may impact QoE of the network.
[0024] According to another further developed embod-
iment, at least one of the first number of QoE metrics and
the second number of QoE metrics comprises any one
or more of the following metrics: buffering ratio; rate of
buffering events; bitrate; streaming rate; burst streaming
rate; video quality; initial buffering time; stalling frequen-
cy; and average duration of stalls.
[0025] It will be understood that at least some of the
aforementioned QoE metrics may be referred to as "ap-
plication QoS metrics". Nonetheless, derivation of a QoE
metric mean opinion score (MOS) is straightforward for
the skilled person (using known models) from such ap-
plication QoS metrics, which may therefore be referred
to as QoE metrics.
[0026] In this way, the method may take into account
easily determined end user-oriented network parame-
ters, that may depend on QoS of the network.
[0027] According to a specific further developed em-
bodiment, the method may further comprise at least one
of the following, based on the assessment of the QoE of
the network: notifying the end user, optimizing a number
of settings of the network, or dispatching a truck roll.
[0028] According to another aspect of the invention,
computer program product comprising a computer-exe-
cutable program of instructions for performing, when ex-
ecuted on a computer, the steps of any one of the meth-
ods described hereinabove.
[0029] The features and advantages described here-
inabove for embodiments of the method may also apply,
rmrtntis mutandis, for corresponding embodiments of the
computer program product.
[0030] According to yet another aspect of the invention,
there is provided an apparatus for automating assess-
ment of quality of experience, QoE, of a network; the
apparatus comprising a processor configured for execut-
ing a computer-executable program of instructions for
performing the steps of any one of the methods described
hereinabove.
[0031] The features and advantages described here-
inabove for embodiments of the method may also apply,
mutatis mutandis, for corresponding embodiments of the
apparatus.
[0032] In a particular embodiment, the processor may
be configured for receiving a first number of quality of
service, QoS, metrics, wherein the first number of QoS
metrics pertains to a QoS of the network at a first moment
in time. The processor may further be configured for re-
ceiving, from a reference device subject to the QoE of
the network, a first number of quality of experience, QoE,
metrics, wherein the first number of QoE metrics pertains
to the QoE of the network at a second moment in time,
wherein a time difference between the first moment in
time and the second moment in time is less than a pre-
determined time threshold. The processor may further
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be configured for, based on the received first number of
QoS metrics and the received first number of QoE met-
rics, determining a mapping relationship from at least a
subset of the received first number of QoS metrics to at
least a subset of the received first number of QoE metrics,
using a machine learning technique.

Brief description of the figures

[0033] The accompanying drawings are used to illus-
trate presently preferred non-limiting exemplary embod-
iments of devices of the present invention. The above
and other advantages of the features and objects of the
invention will become more apparent and the invention
will be better understood from the following detailed de-
scription when read in conjunction with the accompany-
ing drawings, in which:

Figure 1 illustrates schematically a setup for an em-
bodiment of an apparatus according to the present
invention, for performing an embodiment of a method
according to the present invention;

Figure 2 illustrates schematically an embodiment of
a method according to the present invention, for ex-
ample the embodiment of Figure 1; and

Figure 3 illustrates schematically another embodi-
ment of a method according to the present invention,
for example a further development of the embodi-
ment of Figure 1.

Description of embodiments

[0034] Currently, service providers are estimating user
satisfaction by using "mean opinion score" (MOS), which
assigns a value between 1 and 5 reflecting the customer
experience scoring. This approach, however, has multi-
ple drawbacks:

Firstly, it involves user interaction. Some users do
not appreciate this, and it can be bias-sensitive. The
bias can be eliminated by averaging, but this requires
a large amount of data.

Secondly, in most of the cases, it refers to previous
(and therefore outdated) experience.

And thirdly, it is difficult to correlate a MOS with the
root cause embedded in quality of service (QoS) sta-
tistics.

[0035] Therefore, there is a need for a mechanism that
bridges the gap between QoS and QoE (quality of expe-
rience) related statistics in networks, in particular home
network. This mechanism may be applied especially ad-
vantageously in the context of video streaming applica-
tions, as these consume more then half of the total inter-

net traffic.
[0036] Figure 1 illustrates schematically a setup for an
embodiment of an apparatus 1 according to the present
invention, for performing an embodiment of a method
according to the present invention. The figure shows ap-
paratus 1, which may be a computing device situated at
a management centre of an operator providing network
access to network 2), connected via wide area network
5 (e.g. the internet) to network 2 (e.g. a home network).
Network 2 may comprise gateway 3, via which it is con-
nected to wide area network 5. Network 2 may further
comprise reference device 4, or reference device 4 may
be subject to quality of experience (QoE) of network 2,
allowing reference device 4 to acquire QoE metrics per-
taining to network 2.
[0037] Figure 1 further shows that, in operation S10,
apparatus 1 receives a first number of quality of service,
QoS, metrics, indicated in the figure as an arrow deliv-
ering data item QoS1 to apparatus 1. The first number
of QoS metrics QoS 1 pertains to a QoS of network 2 at
a first moment in time. In a first embodiment, the first
number of QoS metrics QoS1 may pertain to the QoS of
network 2 at the moment in time that they are sent for
the receiving. In a second embodiment, the first number
of QoS metrics QoS1 may pertain to the QoS of network
2 at a moment in time prior to the moment in time that
they are sent for the receiving. The first number of QoS
metrics QoS1 may be determined (i.e. measured or es-
timated) by gateway 3, or by another suitably configured
device situated in or connected to network 2. The first
number of QoS metrics QoS1 may be periodically col-
lected by gateway 3 or the other suitably configured de-
vice, or may be collected once - and either of its own
accord, for example by having been programmed to do
so, or in response to a request, for example on-demand
on a command sent by e.g. apparatus 1.
[0038] The first number of QoS metrics QoS1 may
comprise metrics that are derived from network param-
eters that can be acquired via the Broadband Forum tech-
nical report TR-181 network protocol, or the like. The first
number of QoS metrics QoS1 may comprise such metrics
as the retransmission rate, the error rate, the signal
strength, the channel utilization, the activity factor, the
contention factor, the (number of) discarded packets, the
transmit power, the signal-to-noise ratio (SNR), the sig-
nal-to-noise plus interference ratio (SINR), and queueing
statistics. Such metrics can easily be determined and
collected, because they relate to network behaviour, and
are thus readily accessible for devices such as gateway
3.
[0039] Apparatus 1 may receive the first number of
QoS metrics QoS1 as such, or as part of a raw data set
and then may process at least part of that raw data set
in order to derive the first number of QoS metrics QoS1.
[0040] The first number of QoS metrics QoS1 may
comprise 1, 2, 3, 4, 5 or more metrics, e.g. 10 or 15 met-
rics.
[0041] Figure 1 further shows that, in operation S20,
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apparatus 1 receives a first number of quality of experi-
ence, QoE, metrics, indicated in the figure as an arrow
delivering data item QoE1 to apparatus 1. The first
number of QoE metrics QoE1 may be received from ref-
erence device 4, which is subject to the QoE of network
2 by virtue of being situated therein or being connected
thereto. The first number of QoE metrics QoE1 may be
transmitted via the connection between network 2 and
wide are network 5, or may be transmitted via another
route, for example via a direct connection (not shown)
between reference device 4 and apparatus 1, or via a
cellular data connection (not shown), or the like. The first
number of QoE metrics QoE1 pertains to the QoE of net-
work 2 at a second moment in time. In one embodiment,
the first number of QoE metrics QoE1 may pertain to the
QoE of network 2 at the moment in time that they are
sent by reference device 4. In another embodiment, the
first number of QoE metrics QoE1 may pertain to the QoE
of network 2 at a moment in time prior to the moment in
time that they are sent by reference device 4. The first
number of QoE metrics QoE1 may be determined (i.e.
measured or estimated) by reference device 4, or by an-
other suitably configured device situated in or connected
to network 2, in such a way as to be subject to the QoE
of network 2. The first number of QoE metrics QoE1 may
be periodically collected by reference device 3 or the oth-
er suitably configured device, or may be collected once
- and either of its own accord, for example by having been
programmed to do so, or in response to a request, for
example on-demand on a command sent by e.g. appa-
ratus 1, or in response to a request by the end user or
by a technician.
[0042] A time difference between the first moment in
time and the second moment in time is less than a pre-
determined time threshold. The predetermined time
threshold may for example be of the order of 10 ms, pref-
erably 1 s, or 60 s or 3600 s. By being situated near
enough to each other in time (which may for example be
guaranteed by comparing timestamps associated with
each respective metric), it can be presumed that first
number of QoS metrics QoS1 and the first number of
QoE metrics QoE1 allow to infer a relationship between
them.
[0043] The first number of QoE metrics QoE1 may
comprise metrics that relate to an end user’s experience
of network 2, and may for example comprise such metrics
as the buffering ratio, the rate of buffering events, the
bitrate, the streaming rate; the burst streaming rate; the
video quality; the initial buffering time, the stalling fre-
quency, the average duration of stalls, and the like, be-
cause such metrics may have appreciable impact on the
end user’s experience of network 2.
[0044] Apparatus 1 may receive the first number of
QoE metrics QoE1 as such, or as part of a raw data set
and then may process at least part of that raw data set
in order to derive the first number of QoE metrics QoE1.
[0045] The first number of QoE metrics QoE1 may
comprise 1, 2, 3, 4, 5 or more metrics, e.g. 10 or 15 met-

rics.
[0046] Figure 1 further shows that, in operation S30,
apparatus 1 determines a mapping relationship from at
least a subset of the received first number of QoS metrics
QoS1 to at least a subset of the received first number of
QoE metrics QoE1, based on the received first number
of QoS metrics QoS1 and the received first number of
QoE metrics QoE1. To this end, apparatus 1 may use a
machine learning technique. The determining of the map-
ping relationship may preferably occur offline, for exam-
ple when network 2 is first deployed or is re-deployed or
is subject to maintenance or troubleshooting.
[0047] In a particular exemplary embodiment, appara-
tus 1 may store the first number of QoS metrics QoS1 in
a vector QoS and may store the first number of QoE
metrics QoE1 in a vector QoE. Apparatus 1 may calculate
a correlation between vectors QoS and QoE. Apparatus
1 may select a subset of vector QoS, named QoSsub.
QoSsub may be selected to contain those QoS metrics
of the first number of QoS metrics QoS1 that have the
highest correlation index, that is, the highest impact on
quality of experience.
[0048] In another particular exemplary embodiment,
apparatus 1 may divide the initial data set, including QoS
(or QoSsub) and QoE into two subset: an estimation or
training subset, and a validation subset (cf. optional op-
eration S21 shown in Figure 3). The estimation or training
subset may be selected to have a variance as close as
possible to the initial data set, in order to have values
across many, preferably all possible states.
[0049] In a further particular exemplary embodiment,
apparatus 1 may determine the mapping relationship us-
ing such machine learning techniques as regression
learning with multiple variables, as a mapping relation-
ship M, from QoS (or QoSsub) to QoE.
[0050] In another particular exemplary embodiment,
apparatus 1 may validate the accuracy of the determined
mapping relationship M by evaluating its performance on
predicting QoE for the validation subset, in order to avoid
overfitting to the initial data set (cf. optional operation S23
shown in Figure 3).
[0051] Figure 1 further shows that, in operation S40,
apparatus 1 receives a second number of QoS metrics
TODO. The second number of QoS metrics QoS2 per-
tains to the QoS of the network at a third moment in time.
The third moment may differ from the first moment in
time, thus separating a training phase wherein the map-
ping relationship M was determined in order to automate
assessment of QoE of network 2, from a live phase
wherein QoE of network 2 may be automatically as-
sessed.
[0052] Figure 1 further shows that, in operation S50,
apparatus 1 maps at least a subset of the second number
of QoS metrics QoS2 to a second number of QoE metrics
QoE2, by means of the mapping relationship M, in order
to assess QoE of network 2.
[0053] In this way, the method allows to automatically
assess QoE of network 2 at a later moment in time (for
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example at or around the third moment in time) by re-
quiring only knowledge of the second number of QoS
metrics QoS2 at that time and by inferring in operation
S50 from the second number of QoS metrics QoS2 the
corresponding second number of QoE metrics QoE2 at
or around that time. The second number of QoE metrics
QoE2 may pertain to QoE of network 2 closer or farther
in time from the third moment in time, depending on how
close or far in time the first and second moment in time
were to or from each other.
[0054] In other words, the mapping relationship M is
determined in operation S30 and may be used in oper-
ation S50 to estimate the user-satisfaction (which is a
qualitative value) - for example for video streaming ap-
plications - as represented by the second number of QoE
metrics QoE2 (which are quantitative values), based on
the second number of QoS metrics QoS2.
[0055] Furthermore, the method may be advanta-
geous in the sense that QoE is assessed in a more ob-
jective manner, which reduces the chance of human bias
which might be introduced via user interaction (for exam-
ple in scoring MOS values). Moreover, the method may
be advantageous in the sense that it may identify those
QoS metrics that have the highest impact (in a statistical
sense) on the end user satisfaction. Moreover, the meth-
od may be advantageous in the sense that it may produce
a mapping relationship M that may be stored or copied
for reuse for other networks than network 2 which use
(largely) the same QoS metrics that were used for deter-
mining the mapping relationship M.
[0056] Figure 2 illustrates schematically an embodi-
ment of a method according to the present invention, for
example the embodiment of Figure 1, for example exe-
cuted by apparatus 1 of Figure 1. The illustrated method
may be suitable for automating assessment of quality of
experience, QoE, of a network, for example network 2 of
Figure 1. In particular, Figure 2 illustrates operations S10,
S20 and S30, and optional operations S40 and S50.
[0057] Operation S10 may comprise receiving a first
number of quality of service, QoS, metrics QoS1. The
first number of QoS metrics QoS1 may pertain to a QoS
of the network at a first moment in time.
[0058] Operation S20 may comprise receiving, from a
reference device (for example reference device 4 of Fig-
ure 1) subject to the QoE of the network, a first number
of quality of experience, QoE, metrics QoE1. The first
number of QoE metrics QoE1 pertains to the QoE of the
network at a second moment in time. A time difference
between the first moment in time and the second moment
in time may be less than a predetermined time threshold.
[0059] Operation S30 may comprise determining,
based on the received first number of QoS metrics QoS1
and the received first number of QoE metrics QoE1, a
mapping relationship from at least a subset of the re-
ceived first number of QoS metrics QoS 1 to at least a
subset of the received first number of QoE metrics QoE1,
using a machine learning technique.
[0060] After operation S30, the method may halt, hav-

ing produced the mapping relationship for further use.
[0061] In a further developed embodiment the method
may optionally comprise operations S40 and S50.
[0062] Operation S40 may comprise receiving a sec-
ond number of QoS metrics QoS2. The second number
of QoS metrics QoS2 pertains to the QoS of the network
at a third moment in time different from the first moment
in time.
[0063] Operation S50 may comprise mapping at least
a subset of the received second number of QoS metrics
QoS2 to a second number of QoE metrics QoE2, by
means of the mapping relationship, in order to assess
QoE of the network.
[0064] Figure 3 illustrates schematically another em-
bodiment of a method according to the present invention,
for example a further development of the embodiment of
Figure 1, for example executed by apparatus 1 of Figure
1.
[0065] Operations S10, S20 and S30 of the method
illustrated in Figure 3 correspond with the analogously
numbered operations of the method illustrated in Figure
2, and will therefore not be explained again.
[0066] In optional operation S1, the desired first
number of QoS metrics QoS1 and the desired first
number of QoE metrics QoE1 may be defined, for exam-
ple by apparatus 1 shown in Figure 1, for example based
on the available QoS and QoE metrics pertaining to the
network.
[0067] Optionally, the determining of the mapping re-
lationship may comprise the optional operations S21,
S22 and S23. Operation S21 may comprise selecting
from at least the subset of the received first number of
QoS metrics QoS1 a training subset for learning the map-
ping relationship and a validation subset for evaluating
the learned mapping relationship M. Operation S22 may
comprise learning the mapping relationship M based on
the selected training subset. Operation S23 may com-
prise evaluating the learned mapping relationship M
based on the selected validation subset.
[0068] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage
devices, e.g., digital data storage media, which are ma-
chine or computer readable and encode machine-exe-
cutable or computer-executable programs of instruc-
tions, wherein said instructions perform some or all of
the steps of said above-described methods. The program
storage devices may be, e.g., digital memories, magnetic
storage media such as a magnetic disks and magnetic
tapes, hard drives, or optically readable digital data stor-
age media. The program storage devices may be resi-
dent program storage devices or may be removable pro-
gram storage devices, such as smart cards. The embod-
iments are also intended to cover computers pro-
grammed to perform said steps of the above-described
methods.
[0069] The description and drawings merely illustrate
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the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its scope. Furthermore, all examples
recited herein are principally intended expressly to be
only for pedagogical purposes to aid the reader in under-
standing the principles of the invention and the concepts
contributed by the inventor(s) to furthering the art, and
are to be construed as being without limitation to such
specifically recited examples and conditions. Moreover,
all statements herein reciting principles, aspects, and
embodiments of the invention, as well as specific exam-
ples thereof, are intended to encompass equivalents
thereof.
[0070] The functions of the various elements shown in
the figures, including any functional blocks labelled as
"processors", may be provided through the use of dedi-
cated hardware as well as hardware capable of executing
software in association with appropriate software. When
provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to re-
fer exclusively to hardware capable of executing soft-
ware, and may implicitly include, without limitation, digital
signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field pro-
grammable gate array (FPGA), read only memory (ROM)
for storing software, random access memory (RAM), and
non volatile storage. Other hardware, conventional
and/or custom, may also be included. Similarly, any
switches shown in the figures are conceptual only. Their
function may be carried out through the operation of pro-
gram logic, through dedicated logic, through the interac-
tion of program control and dedicated logic, or even man-
ually, the particular technique being selectable by the
implementer as more specifically understood from the
context.
[0071] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in computer
readable medium and so executed by a computer.
[0072] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention and
that those skilled in the art will be able to design alterna-
tive embodiments without departing from the scope of
the appended claims. In the claims, any reference signs
placed between parentheses shall not be construed as
limiting the claim. The word "comprising" does not ex-
clude the presence of elements or steps not listed in a
claim. The word "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements.

The invention can be implemented by means of hardware
comprising several distinct elements and by means of a
suitably programmed computer. In claims enumerating
several means, several of these means can be embodied
by one and the same item of hardware. The usage of the
words "first", "second", "third", etc. does not indicate any
ordering. These words are to be interpreted as names
used for convenience.
[0073] Whilst the principles of the invention have been
set out above in connection with specific embodiments,
it is to be understood that this description is merely made
by way of example and not as a limitation of the scope
of protection which is determined by the appended
claims.

Claims

1. A method of automating assessment of quality of
experience, QoE, of a network; the method compris-
ing the following steps performed by a computing
device:

- receiving a first number of quality of service,
QoS, metrics, wherein the first number of QoS
metrics pertains to a QoS of the network at a
first moment in time;
- receiving, from a reference device subject to
the QoE of the network, a first number of quality
of experience, QoE, metrics, wherein the first
number of QoE metrics pertains to the QoE of
the network at a second moment in time, where-
in a time difference between the first moment in
time and the second moment in time is less than
a predetermined time threshold; and
- based on the received first number of QoS met-
rics and the received first number of QoE met-
rics, determining a mapping relationship from at
least a subset of the received first number of
QoS metrics to at least a subset of the received
first number of QoE metrics, using a machine
learning technique.

2. The method of claim 1, comprising:

- receiving a second number of QoS metrics,
wherein the second number of QoS metrics per-
tains to the QoS of the network at a third moment
in time different from the first moment in time;
and
- mapping at least a subset of the received sec-
ond number of QoS metrics to a second number
of QoE metrics, by means of the mapping rela-
tionship, in order to assess QoE of the network.

3. The method of any one of the previous claims,
wherein the determining of the mapping relationship
comprises:
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- determining a correlation between the first
number of QoS metrics and the first number of
QoE metrics; and
- based on the determined correlation, selecting
a subset of the first number of QoS metrics as
the subset from which to map in the mapping
relationship; and

wherein the selecting of the subset of the first number
of QoS metrics preferably comprises selecting QoS
metrics from the first number of QoS metrics, for
which selected QoS metrics the determined corre-
lation exceeds a predetermined threshold.

4. The method of any one of the previous claims,
wherein the determining of the mapping relationship
comprises:

- selecting from at least the subset of the re-
ceived first number of QoS metrics a training
subset for learning the mapping relationship and
a validation subset for evaluating the learned
mapping relationship;
- learning the mapping relationship based on the
selected training subset; and
- evaluating the learned mapping relationship
based on the selected validation subset.

5. The method of claim 4, wherein the selecting of the
validation subset comprises:

- determining a variance for at least one QoS
metric of the received first number of QoS met-
rics; and
- based on the determined variance, selecting
QoS metrics from the at least one QoS metric
as the validation subset.

6. The method of any one of the previous claims,
wherein the machine learning technique comprises
estimating a regression model for mapping from at
least the subset of the received first number of QoS
metrics to at least the subset of the received first
number of QoE metrics.

7. The method of any one of the previous claims,
wherein at least one of the first number of QoS met-
rics and the second number of QoS metrics compris-
es any one or more of the following metrics: retrans-
mission rate; error rate; signal strength; channel uti-
lization; activity factor; contention factor; discarded
packets; transmit power; signal-to-noise ratio, SNR;
signal-to-noise plus interference ratio, SINR; and
queueing statistics.

8. The method of any one of the previous claims,
wherein at least one of the first number of QoE met-
rics and the second number of QoE metrics compris-

es any one or more of the following metrics: buffering
ratio; rate of buffering events; bitrate; streaming rate;
burst streaming rate; video quality; initial buffering
time; stalling frequency; and average duration of
stalls.

9. A computer program product comprising a compu-
ter-executable program of instructions for perform-
ing, when executed on a computer, the steps of the
method of any one of claims 1-8.

10. An apparatus for automating assessment of quality
of experience, QoE, of a network; the apparatus
comprising a processor configured for executing a
computer-executable program of instructions for
performing the following:

- receiving a first number of quality of service,
QoS, metrics, wherein the first number of QoS
metrics pertains to a QoS of the network at a
first moment in time;
- receiving, from a reference device subject to
the QoE of the network, a first number of quality
of experience, QoE, metrics, wherein the first
number of QoE metrics pertains to the QoE of
the network at a second moment in time, where-
in a time difference between the first moment in
time and the second moment in time is less than
a predetermined time threshold; and
- based on the received first number of QoS met-
rics and the received first number of QoE met-
rics, determining a mapping relationship from at
least a subset of the received first number of
QoS metrics to at least a subset of the received
first number of QoE metrics, using a machine
learning technique.

11. The apparatus of claim 10, wherein the processor is
further configured for:

- receiving a second number of QoS metrics,
wherein the second number of QoS metrics per-
tains to the QoS of the network at a third moment
in time different from the first moment in time;
and
- mapping at least a subset of the received sec-
ond number of QoS metrics to a second number
of QoE metrics, by means of the mapping rela-
tionship, in order to assess QoE of the network.

12. The apparatus of any one of the claims 10-11, where-
in the processor is further configured for:

- determining a correlation between the first
number of QoS metrics and the first number of
QoE metrics; and
- based on the determined correlation, selecting
a subset of the first number of QoS metrics as
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the subset from which to map in the mapping
relationship; and

wherein the selecting of the subset of the first number
of QoS metrics preferably comprises selecting QoS
metrics from the first number of QoS metrics, for
which selected QoS metrics the determined corre-
lation exceeds a predetermined threshold.

13. The apparatus of any one of the claims 10-12, where-
in the processor is further configured for:

- selecting from at least the subset of the re-
ceived first number of QoS metrics a training
subset for learning the mapping relationship and
a validation subset for evaluating the learned
mapping relationship;
- learning the mapping relationship based on the
selected training subset; and
- evaluating the learned mapping relationship
based on the selected validation subset.

14. The apparatus of claim 13, wherein the processor is
further configured for:

- determining a variance for at least one QoS
metric of the received first number of QoS met-
rics; and
- based on the determined variance, selecting
QoS metrics from the at least one QoS metric
as the validation subset.

15. The apparatus of any one of the claims 10-14, where-
in the processor is configured for performing the ma-
chine learning technique by estimating a regression
model for mapping from at least the subset of the
received first number of QoS metrics to at least the
subset of the received first number of QoE metrics.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of automating assessment of quality of
experience, QoE, of a network (2); the method com-
prising the following steps performed by a computing
device (1):

- receiving (S10) a first number of quality of serv-
ice, QoS, metrics (QoS1), wherein the first
number of QoS metrics pertains to a QoS of the
network at a first moment in time;
- receiving (S20), from a reference device (4)
subject to the QoE of the network, a first number
of quality of experience, QoE, metrics (QoE1),
wherein the first number of QoE metrics pertains
to the QoE of the network at a second moment
in time, wherein a time difference between the

first moment in time and the second moment in
time is less than a predetermined time threshold;
and
- based on the received first number of QoS met-
rics and the received first number of QoE met-
rics, determining (S30) a mapping relationship
(M) from at least a subset of the received first
number of QoS metrics to at least a subset of
the received first number of QoE metrics, using
a machine learning technique.

2. The method of claim 1, comprising:

- receiving (S40) a second number of QoS met-
rics (QoS2), wherein the second number of QoS
metrics pertains to the QoS of the network at a
third moment in time different from the first mo-
ment in time; and
- mapping (S50) at least a subset of the received
second number of QoS metrics to a second
number of QoE metrics (QoE2), by means of the
mapping relationship, in order to assess QoE of
the network.

3. The method of any one of the previous claims,
wherein the determining of the mapping relationship
comprises:

- determining a correlation between the first
number of QoS metrics and the first number of
QoE metrics; and
- based on the determined correlation, selecting
a subset of the first number of QoS metrics as
the subset from which to map in the mapping
relationship; and

wherein the selecting of the subset of the first number
of QoS metrics preferably comprises selecting QoS
metrics from the first number of QoS metrics, for
which selected QoS metrics the determined corre-
lation exceeds a predetermined threshold.

4. The method of any one of the previous claims,
wherein the determining of the mapping relationship
comprises:

- selecting (S21) from at least the subset of the
received first number of QoS metrics a training
subset for learning the mapping relationship and
a validation subset for evaluating the learned
mapping relationship;
- learning (S22) the mapping relationship based
on the selected training subset; and
- evaluating (S23) the learned mapping relation-
ship based on the selected validation subset.

5. The method of claim 4, wherein the selecting of the
validation subset comprises:
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- determining a variance of at least one QoS
metric of the received first number of QoS met-
rics; and
- based on the determined variance, selecting
QoS metrics from the at least one QoS metric
as the validation subset.

6. The method of any one of the previous claims,
wherein the machine learning technique comprises
estimating a regression model for mapping from at
least the subset of the received first number of QoS
metrics to at least the subset of the received first
number of QoE metrics.

7. The method of any one of the previous claims,
wherein at least one of the first number of QoS met-
rics and the second number of QoS metrics compris-
es any one or more of the following metrics: retrans-
mission rate; error rate; signal strength; channel uti-
lization; activity factor; contention factor; discarded
packets; transmit power; signal-to-noise ratio, SNR;
signal-to-noise plus interference ratio, SINR; and
queueing statistics.

8. The method of any one of the previous claims,
wherein at least one of the first number of QoE met-
rics and the second number of QoE metrics compris-
es any one or more of the following metrics: buffering
ratio; rate of buffering events; bitrate; streaming rate;
burst streaming rate; video quality; initial buffering
time; stalling frequency; and average duration of
stalls.

9. A computer program product comprising a compu-
ter-executable program of instructions for perform-
ing, when executed on a computer, the steps of the
method of any one of claims 1-8.

10. An apparatus (1) for automating assessment of qual-
ity of experience, QoE, of a network (2); the appa-
ratus comprising a processor configured for execut-
ing a computer-executable program of instructions
for performing the following:

- receiving a first number of quality of service,
QoS, metrics (QoS1), wherein the first number
of QoS metrics pertains to a QoS of the network
at a first moment in time;
- receiving, from a reference device (4) subject
to the QoE of the network, a first number of qual-
ity of experience, QoE, metrics (QoE1), wherein
the first number of QoE metrics pertains to the
QoE of the network at a second moment in time,
wherein a time difference between the first mo-
ment in time and the second moment in time is
less than a predetermined time threshold; and
- based on the received first number of QoS met-
rics and the received first number of QoE met-

rics, determining a mapping relationship (M)
from at least a subset of the received first
number of QoS metrics to at least a subset of
the received first number of QoE metrics, using
a machine learning technique.

11. The apparatus of claim 10, wherein the processor is
further configured for:

- receiving a second number of QoS metrics
(QoS2), wherein the second number of QoS
metrics pertains to the QoS of the network at a
third moment in time different from the first mo-
ment in time; and
- mapping at least a subset of the received sec-
ond number of QoS metrics to a second number
of QoE metrics (QoE2), by means of the map-
ping relationship, in order to assess QoE of the
network.

12. The apparatus of any one of the claims 10-11, where-
in the processor is further configured for:

- determining a correlation between the first
number of QoS metrics and the first number of
QoE metrics; and
- based on the determined correlation, selecting
a subset of the first number of QoS metrics as
the subset from which to map in the mapping
relationship; and

wherein the selecting of the subset of the first number
of QoS metrics preferably comprises selecting QoS
metrics from the first number of QoS metrics, for
which selected QoS metrics the determined corre-
lation exceeds a predetermined threshold.

13. The apparatus of any one of the claims 10-12, where-
in the processor is further configured for:

- selecting from at least the subset of the re-
ceived first number of QoS metrics a training
subset for learning the mapping relationship and
a validation subset for evaluating the learned
mapping relationship;
- learning the mapping relationship based on the
selected training subset; and
- evaluating the learned mapping relationship
based on the selected validation subset.

14. The apparatus of claim 13, wherein the processor is
further configured for:

- determining a variance of at least one QoS
metric of the received first number of QoS met-
rics; and
- based on the determined variance, selecting
QoS metrics from the at least one QoS metric
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as the validation subset.

15. The apparatus of any one of the claims 10-14, where-
in the processor is configured for performing the ma-
chine learning technique by estimating a regression
model for mapping from at least the subset of the
received first number of QoS metrics to at least the
subset of the received first number of QoE metrics.
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