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DESCRI PTI ON
TITLE

APPARATUS, MOBILE TERM NAL, AND METHOD TO
ESTI MATE QUALITY OF EXPERI ENCE OF APPL| CATI ON

TECHNI CAL  FI ELD

The disclosure relates to a technology to
estimate a QE (Quality of Experience) of
application software (hereinafter sinply referred to
as "application") between a nobile termnal and an
application server.

BACKGROUND ART

Unl ess otherwi se indicated herein, the
approaches described in this section are not prior
art to the clainms in this application and are not
admtted to be prior art by inclusion in this
section .

A nobile termnal may use an application
to receive services of the application from an

application server. For exanple, the application
may be related to e-mail, IP (Internet Protocol)
tel ephony, |P audio and/or video distribution or

broadcasting, video conferencing, map searching, etc.
The nobile termnal may observe a status of radio
wave reception from a network provider or a wreless
LAN (Local Area Network), for exanple, in order to
ascertain a bandwidth currently available to the
mobil e termnal. A user (or operator) of the nobile
termnal may determne whether to use the
application based on the radio wave reception status.
However, wth the observation of the radio
wave reception status of the nobile termnal, it may
not be possible to ascertain the QE of the
application between the nobile termnal and the
application server providing the services of the
appl i cation.
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The QE nmay sonetinmes also be referred to

as "quality of user experience", and is a subjective
and/ or objective neasure of a user's (or custoner's)
experiences wth a service. The QOE may be related

to Quality of Service (QS), but differs from the
QS.

SUMVARY

One aspect of the enbodinent nmay provide a
technology for estimating the QE of application
between a nobile termnal and an application server.

According to another aspect of the
enbodi nent, an apparatus conmunicatable wth an
application server and a nobile termnal, may
include a first neasuring unit configured to neasure
a first Qo (Quality of Experience) for an
application between the apparatus and the nobile
termnal based on information related to the
application; and an estimating unit configured to
estimate, based on the first QE for the application
and a second QE for the application between the
apparatus and the application server that provides
services of the application, a third QE for the
application between the nobile termnal and the
application server.

According to still another aspect of the
enbodi rent, a nobile termnal comunicatable wth a
base station, may include a transmtter /receiver
configured to send information related to a
plurality of applications that are executable in the
mobile termnal to the base station and to receive
from the base station QEs (Quality of Experiences)
for the plurality of applications between the nobile
termnal and a plurality of application servers that
provide services of the plurality of applications; a
display wunit configured to display the QEs for the
plurality of applications received by the
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transmtter/receiver; and a control wunit configured
to control the transmitter /receiver in order to
periodically send the information related to the
plurality of applications to the base station.
According to a further aspect of the
enbodi nent, a nmethod of notifying estimted QEs
(Quality of Experiences) for a plurality of
applications between a nobile termnal and a
plurality of application servers that provide
services of the plurality of applications, may
include neasuring first QoEs for the plurality of
applications between the apparatus and the nobile
termnal; neasuring second QOEs for the plurality of
applications between the apparatus and the
application server; estimating the estimted QEs
for the plurality of applications, based on the
first QoEs for the plurality of applications and the
second QoEs for the plurality of applications; and
notifying the estimated QEs to the nobile termnal.

The foregoing summary is illustrative only
and is not intended to be in any way limting. In
addition to the illustrative aspects, enbodinents,
and features described above, further aspects,
enbodi nents, and further features will be apparent

fromthe followng detailed description when read in
conjunction with the acconpanying draw ngs.

BRI EF DESCRI PTI ON OF DRAW NGS5

Subject matter is particularly pointed out
and distinctly claimed in the concluding portion of
the specification. The foregoing and other features
of the present disclosure wll becone nore fully
apparent from the following detailed description and
appended clains, taken in conjunction wth the
acconpanyi ng draw ngs. Under st andi ng that these
drawi ngs depict only several enbodinents in
accordance with the disclosure and are, therefore,
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not to be considered |imting of its scope, the
di sclosure wll be described wth additional
specificity an detail through use of the
acconpanying draw ngs .

FIG 1 is a block diagram illustrating an
exanpl e of a comunication system in an enbodi nent;

FIG 2 is a block diagram illustrating an
exanpl e of an application server;

FIG 3 is a block diagram illustrating an

exanpl e of a base station;

FIG 4 is a block diagram illustrating an
exanple of a nobile termnal;

FIG 5 is a functional block diagram
illustrating an exanple of the base station;

FIG 6 is a functional block diagram
illustrating an exanple of the nobile termnal;

FIG 7 is a diagram for explaining an
exanple of a video distribution provided by an
application; and

FIG 8 is a diagram illustrating an
exanple of a display of QoEs on the nobile termnal,
all arranged in accordance wth the present
di scl osure .

DETAI LED DESCRI PTI ON

In the following detailed description,
reference is nmade to the acconpanying draw ngs,

which form a part hereof. In the drawings, simlar
synbols typically identify simlar conponents,
unl ess context dictates otherw se. The illustrative

exanpl es or enbodinents described in the detailed
description, drawings, and clains are not neant to
be limting. O her exanples or enbodinents nmay be
utilized, and other changes nmay be nade, w thout
departing from the spirit or scope of the subject
matter presented here. It may be readily understood
that aspects of this disclosure, as generally
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described herein, and illustrated in the Figures,

may be arranged, substituted, conbined, and designed
in a wwde variety of different configurations, all
of which are explicitly contenplated and nake part
of this disclosure.

This disclosure is drawn, inter alia, to
apparatuses, nobile termnals, and nethods related
to estimating the QE (Quality of Experience) of
application between a nobile termnal and an
application server.

Briefly stated, techniques are generally
described herein for QoE estination.

FIG 1 is a block diagram illustrating an
exanpl e of a conmunication system in an enbodi nent.
The comunication system illustrated in FIG 1 may

include a plurality of application servers 1-1

through 1-N (N is a natural nunber greater than or
equal to 2), a base station 11, and a plurality of
mobile termnals 21-1 through 21-M (M is a natural

nunber greater than or equal to 2). Each

application server 1-i (i = 1, ..., N) may provide
services of at |least one arbitrary application. For
exanple, the application may be related to e-nuail,

| P tel ephony, 1P audio and/or video distribution or

broadcasting, video conferencing, map searching, etc.
The base station 11 and each application server 1-i
may comrunicate via a network 5. The network 5 may
include a cable network, a wireless network, or a
conbi nation of cable and wirel ess networks. In
addition, the network 5 nmay include the Internet.

The base station 11 and each nobile termnal 21—+ ¢
=1, ..., M) may comunicate via a wireless network
15.

The base station 11 nay communicate wth a
cloud conputing system including the plurality of
application servers 1-1 through 1-N that provide the
services of a plurality of applications.
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FIG 2 is a block diagram illustrating an
exanple of the application server. The application
server 1-i illustrated in FIG 2 may include a CPU

(Central Processing Unit) 101 as an exanple of a
processor, a storage unit 102, an input unit 103, a
display wunit 104, and a transmitter and receiver
(hereinafter "transmitter/receiver") 105 that are

connected via a bus 106. Instead of using the bus
106, the CPU 101 nmay be connected directly to
anot her part of the application server 1-i, such as

the input unit 103 and the display unit 104.
The CPU 101 may control operations of the

application server 1-i, including an operation to
provi de services of the application provided by the
application server 1-i, by executing prograns.

For exanple, the storage unit 102 may be
formed by a sem conductor nenory device, a drive
unit, and the like, in order to store the progranms
to be executed the CPU 101 and various data,
including paraneters and internmediate data obtained
when operations are performed by the CPU 101. The
drive unit may include or, be detachably |oaded wth
a recording nmedium such as a disk nedium For
exanple, the disk medium may be fornmed by a magnetic
di sk, an optical disk or, a nagneto-optical di sk.

The input unit 103 may be forned by a
keyboard, a mouse, or the like, in order to input
data and instructions to the CPU 101. The displ ay
unit 104 may be formed by a LCD (Liquid Crystal
Display) or the like, in order to display nessages,
the QOE of the applications, and the Iike. The
input unit 103 and the display unit 104 nay be
formed integrally, by a touch-screen panel, for
exanpl e .

The transmitter/receiver 105 includes a
function to transmt data to and receive data from
the network 5.
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FIG 3 is a block diagram illustrating an
exanple of the base station. The base station 11

illustrated in FIG 3 may include a CPU 111 as an
exanple of a processor, a storage unit 112, an input
unit 113, a display unit 114, and a

transmtter /receiver 115 that are connected via a
bus 116. Instead of using the bus 116, the CPU 111
may be connected directly to another part of the
base station 11, such as the input unit 113 and the
di splay unit 114.

The CPU 111 may control operations of the
base station 11, including at |least an operation to
nmeasure the QoE of the application between the base
station 11 and the application server 1-i providing
services of the application, an operation to
communicate wth the application servers 1-1 through
1-N, and an operation to conmunicate wth the nobile
termnals 21-1 through 21-M, by executing prograns.
The CPU 111 may control an operation to neasure the
QQE of the application between the base station 11
and the nobile termnal 21-j that may use the
application, by executing a program The CPU 111
may control an operation to estinmate the QE of the
application between the nobile termnal 21-j that
may use the application and the application server
1-i providing services of the application, by
executing a program

For exanple, the storage unit 112 may be
formed by a sem conductor nenory device, a drive
unit, and the like, in order to store the prograns
to be executed the CPU 111 and various data,
including a list of applications, paranmeters and
internediate data obtained when operations are
performed by the CPU 111. The input unit 113 may be
formed by a keyboard, a nouse, or the Ilike. The
display wunit 114 may be fornmed by a LCD or the Iike.
The input unit 113 and the display unit 114 may be
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formed integrally, by a touch-screen panel, for
exanpl e .

The transmtter/receiver 115 includes a
function to transmt data to and receive data from
the network 5, and to transmt data to and receive
data from the network 15.

FIG 4 is a block diagram illustrating an
exanple of the nobile termnal. The nobile term nal
21-j illustrated in FIG 4 may include a CPU 211 as

an exanple of a processor, a storage unit 212, an
input wunit 213, a display unit 214, and a
transmtter /receiver 215 that are connected via a
bus 216. Instead of using the bus 216, the CPU 211
may be connected directly to another part of the
mobile termnal 21-j, such as the input unit 213 and
the display unit 214.

The CPU 211 may control operations of the
mobile termnal 21-j, including at |east an
operation to communicate wth the base station 11,
by executing a program The CPU 211 may control an
operation to notify the list of applications that
may be used (or are usable) by the nobile term nal
21-j, to the base station 11, by executing a program
The CPU 211 may control an operation to neasure the
QE of the application, that my be used by the
nmobile termnal 21-j, between the nobile termnal
21-j and the base station 11, by executing a program
The CPU 211 may control operations to acquire the
QQE of the application, that my be used by the
mobile termnal 21-j, between the base station 11
and the application server 1-i providing services of
the application, and to estimate the QE of the
application between the nobile termnal 21-j and the
application server 1-i, by executing a program

For exanple, the storage unit 212 may be
formed by a sem conductor nenory device, a drive
unit, and the like, in order to store the prograns
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to be executed the CPU 211 and various data,
paraneters and internediate data obtained when
operations are perforned by the CPU 211. The
storage unit 212 may store the list of applications
that may be used by the nobile termnal 21-5. The
input unit 213 may be forned by a keyboard, a nouse,
or the Iike. The display unit 214 may be forned by
a LCD (Liquid Crystal Display) or the like, in order
to display nessages for a user (or operator) of the

mobile termnal 21-j, including the QE of the
application, that nmay be used by the nobile term nal
21-j, between the nobile termnal 21-j and the

application server 1-i providing services of the
application. The input unit 213 and the display
unit 214 may be forned integrally, by a touch-screen
panel, for exanple.

The transmitter/receiver 215 includes a
function to transmt data to and receive data from
t he network 15.

FIG 5 is a functional block di agram
illustrating an exanple of the base station. FIG 5
illustrates the functional structure of the base
station 11 for an exanple in which the base station
11 perforns a process including the following steps
si) through s3) .

Step si) Measuring the QE of the application,
that may be used by the nobile termnal 21-j,
between the base station 11 and the application
server 1-i providing services of the application;

Step s2) Measuring the QoE of the application,
that may be used by the nobile termnal 21-j,
between the base station 11 and the nobile term nal
21-j ; and

Step s3) Estimating the QE of the application,
that may be used by the nobile termnal 21-j,
between the nobile termnal 21-j and the application
server 1-i providing services of the application.
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For exanple, the estimated QE having a
| evel or value greater than a predeterm ned value
may indicate that the nobile termnal 21-j may
receive the service with a high quality. On the
other hand, the estimated QE having a |evel or
value less than or equal to the predeterm ned value
may indicate that the nobile termnal 21-j nmay only
receive the service with a low quality. In a case
in which the application provides video distribution,
for exanple, the video information nmay be viewed at
the nobile termnal 21-j with a high quality (or
high frame rate) when the level of the estimated QE
is high, and only with a low quality (or |low frane
rate) when the level of the estimated QE is |ow

The base station 11 illustrated in FIG 5
may include an access unit (or nodule) 51, an
application list 52, a QoE neasuring unit (or
nodul e) 53, a QOE neasuring unit (or nodule) 54, and
a QE estimating wunit (or nodule) 55. For exanpl e,
the access unit 51 nmay be formed by the
transmtter /receiver 115, and the application |ist

52 may be stored in the storage unit 112. The QE
measuring wunits 53 and 54, and the QE estimting
unit 55 may be forned by the CPU 111.

The access unit 51 may receive, from the
mobile termnal 21-j, a notification indicating the
application that may be used by the nobile term nal
21-j or, a list of applications that may be used by
the nobile termnal 21-j. For exanple, the nobile
termnal 21-j may send the notification to the base
station 11 when the nobile termnal 21-j enters a

coverage area of the base station 11. In addition,
the nobile termnal 21-j may send the notification
periodically to the base station 11. The access

unit 51 may store the application or the |ist of
applications indicated by the notification from the
mobile termnal 21-j, in the application |list 52,
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In a case in which the applications that
may be used by the nobile terminal 21-j are known in
advance, for exanple, the list of applications that
may be used by the nobile termnal 21-j may be
prestored in the application [list 52. In this case,
the notification from the nobile termnal 21-j may
be unnecessary.

The QoE neasuring unit 53 neasures, for
each application in the application list 52, the QE
between the base station 11 and each application
server 1-i providing the services of each
application. The QOE neasuring wunit 53 nmay neasure
the QOE periodically, for exanple. The QE
measuring unit 53 may actually download at least a
part of each application and/or use each application
or, send a test packet or the like for performance
nmeasurement, by communicating wth each application
server 1-i providing the services of each
application via the access unit 51 and the network 5.
In addition, the QE nmeasuring unit 53 rmay neasure
at least one of a bandwidth, a tinme delay, a jitter,
and a loss of the application between the base
station 11 and each application server 1-i. The QE
nmeasured by the QoE neasuring unit 53 may be stored
in the storage unit 112, for exanple.

On the other hand, the QE neasuring wunit
54 neasures, for each application in the application
list 52, the QOE between the base station 11 and the
nmobile termnal 21-j that may use each application.
The QOE neasuring unit 54 may neasure the QE
periodically, for exanple. The QE neasuring wunit
54 may actually download at least a part of each
application and/or use each application or, send a
test packet or the like for performance mneasurenent,
by communicating wth each application server 1-i
providing the services of each application via the
access unit 51 and the network 5, and by
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communi eating with the nobile termnal 21-5 via the
networ k 15. In addition, the QE neasuring unit 54
may neasure at |east one of a bandwidth, a tine
delay, a jitter, and a loss of the application
between the base station 11 and the nobile termnal
21-j . The QE neasured by the QE neasuring unit 54
may be stored in the storage unit 112, for exanple.

The QOE neasuring wunits 53 and 54 may form
a single QE neasuring unit in order to elimnate a
redundant process of the QE neasuring units 53 and
54 that actually downloads at |least a part of each
application and/or uses each application or, send a
test packet or the like for performance neasurenent,
by communicating wth each application server 1-i
providing the services of each application via the
access unit 51 and the network 5. Alternatively,
the QOE neasuring unit 54 may utilize at least a
part of each application actually downl oaded by the
QQE neasuring wunit 53 or, utilize the test packet or
the like sent for performance neasurenent by the QE
measuring wunit 53, in order to neasure at |east one
of the bandw dth, the tinme delay, the jitter, and
the loss of the application between the base station
11 and the nobile termnal 21-5.

The QOE estimating unit 55 estimates the
QE of each application between the nobile term nal
21-j and the application server 1-i providing the
services of each application, based on the QEs
nmeasured by the QoE neasuring units 53 and 54, and
notifies the estimated QE to the nobile termn nal
21-j via the access unit 51. The QE estimting
unit 55 may store the estimated QE in the storage
unit 112, for exanple. The nobile termnal 21-j may
display on the display unit 214 thereof the
estimated QE of each application between the nobile
termnal 21-j and the application server 1-i
providing the services of each application, notified
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from the base station 11.

Wien estinmating the QoE based on the
bandw dths, the QE estimating unit 55 nay estimte
the QOE based on a |ower one of the QoEs neasured in
the QOE neasuring units 53 and 54. When neasuri ng
the bandwidth as the QE the QOE estimating unit 55
may estimate the QOE based on a snmaller one of the
QQEs neasured in the QoE neasuring units 53 and 54.
When neasuring the any one or a conbination of the
time delay, the jitter, and the loss of the
application as the QE, the QE estimating unit 55
may estimate the QOE based on a sum of the QoEs
neasured in the QOE neasuring units 53 and 54. Wen
neasuring the jitter as the QE, the QE estimting
unit 55 nay estimte the QOE based on a convol ution
of jitter distributions neasured as the QoEs in the
(QQE neasuring units 53 and 54.

In a case in which the nobile termnal 21-
j nmeasures the QE of each application between the
nmobile termnal 21—+ and the base station 11, the
QQE neasuring unit 54 of the base station 11 may be
omtted. In this case, the nobile termnal 21-j my
notify at an arbitrary timng or, periodically, the
QQE of each application between the nobile termnal
21-j and the base station 11 to the base station 11.

In a case in which the nmobile term nal 21-
j nmeasures the QE of each application between the
nobile termnal 21-j and the base station 11 and
also estimates the QE of each application between
the nobile termnal 21-j and the application server
1-i providing the services of each application, the
Q@E neasuring unit 54 and the QOE estimating unit 55
of the base station 11 may be omitted. In this case,
the QOE neasuring unit 53 of the base station 11 nmay
notify at an arbitrary timng or, periodically, the
QQE between the base station 11 and the application
server 1-i providing the services of each
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application to the nmobile termnal 21-5 via the
access unit 51. Further, the nobile termnal 21-3
may display on the display unit 214 thereof the
estimted QE of each application between the nobile
termnal 21— and the application server 1-i
providing the services of each application,
estimated in the nobile termnal 21-5 using the QoE
between the base station 11 and the application
server 1-i providing the services of each
application, notified from the base station 11.

FIG 6 is a functional block diagram

illustrating an exanple of the nobile termnal. FI G
6 illustrates the functional structure of the nobile
termnal 21-j for an exanple in which the nobile

termnal 21-j perforns a process including the
following steps sll) through sl3).

Step sll) Acquiring from the base station 11
the QoE of the application, that may be used by the
nmobile termnal 21-j, between the base station 11
and the application server 1-i providing services of
the application;

Step sl?2) Measuring the QE of the application,
that may be used by the nobile termnal 21-j,
between the nobile termnal 21-j and the base
station 11; and

Step sl 3) Estimating the QE of the
application, that may be used by the nobile term nal
21-j, between the nobile termnal 21-j and the
application server 1-i providing services of the
appl i cation.

The nobile termnal 21-j illustrated in
FIG 6 may include an access unit (or nodule) 21, a
QQE table 22, a QoE neasuring unit (or nodule) 23, a
QQE estimating wunit (or nodule) 24, and the display
unit 204. For exanple, the access unit 21 may be
formed by the transmitter /receiver 215, and the QE
table 22 may be stored in the storage unit 212. The
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QQE neasuring unit 23 and the (QE estimating wunit 24
may be formed by the CPU 211. A process perforned
by the QE neasuring unit 23 corresponds to that
performed by the QoE neasuring unit 54 of the base
station 11, and a process perforned by the QE
estimating unit 24 corresponds to that perfornmed by
the QOE estimating unit 55 of the base station 11.

The access unit 21 may receive, from the
base station 11, a notification indicating the QE
of each application that may be used by the nobile
termnal 21-j or, a list of applications that may be
used by the nobile termnal 21-j, between the base
station 11 and the application server 1-i providing
the services of each application. For exanmple, the
base station 11 may send the notification to the
mobile termnal 21-j when the nobile termnal 21-j
enters the coverage area of the base station 11. In
addition, the base station 11 may send the
notification periodically to the nobile termnal 21-
] . The access unit 21 may store the QE of each
application or the QoEs of the list of applications
indicated by the notification from the base station
11, in the QE table 22

In a case in which the applications that
may be used by the nobile termnal 21-j are known in
advance, for exanple, the list of applications that
may be used by the nobile termnal 21-j may be
prestored as an application |list. This application
list may be prestored in the QE table 22 In this
case, the QE notified from the base station 11 may
be stored in the QoE table 22 in correspondence wth
the application |ist prestored therein. Of course,
the QOE table 22 and the application list may be
stored separately in the storage unit 212, for
exanpl e.

The QOE neasuring unit 23 nmeasures, for
each application in the application Ilist, the QE
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between the nobile termnal 21-j and the base
station 11. The QE neasuring unit 23 may neasure
the QoE periodically, for exanple. The QE
nmeasuring unit 23 may actually download at |east a
part of each application and/or use each application
or, send a test packet or the like for performance
neasurenent, by conmunicating w th each application
server 1-i providing the services of each
application via the base station 11, by
communi cating with the base station 11 via the
access unit 21 and the network 15. In addition, the
QQE neasuring wunit 23 rmay neasure at |east one of a
bandwi dth, a tinme delay, a jitter, and a loss of the
application between the nobile termnal 21-j and the
base station 11. The QE neasured by the QE
nmeasuring unit 23 nmay be stored in the storage unit
212, for exanple.

The QOE estimating unit 24 estinates the
QQE of each application between the nobile term nal
21-j and the application server 1-i providing the
services of each application, based on the QE
notified from the base station 11 and the QE
measured by the QOE neasuring unit 23, and notifies
the estimated QE to the display unit 204 to be
di spl ayed thereon. The QOE estimating unit 24 nmay
store the estimated QE in the storage unit 212, for
exanpl e. For exanple, the display unit 214 may
display the level of the estimted QE of each
application between the nobile termnal 21-j and the
application server 1-i providing the services of
each application, in a manner distinguishable by at
| east one of nutually different colors representing
the QoEs, mutually different colors of icons
representing the plurality of applications, nutually
different sizes of icons representing the plurality
of applications, and mutually different nptions of
icons representing the plurality of applications.
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In a case in which the base station 11
neasures the QoE of each application between base
station 11 and the nobile termnal 21-j, the QE
nmeasuring unit 23 of the nobile termnal 21-j nmay be
omtted. In this case, the nobile terminal 21-j my
receive at an arbitrary timng or, periodically, the
QQE of each application between the base station 11
and the nobile termnal 21-j, from the base station
11.

In a case in which the base station 11
neasures the QE of each application between base
station 11 and the nobile termnal 21-j and also
estimates the QE of each application between the
nobile termnal 21-j and the application server 1-i
providing the services of each application, the QE
nmeasuring unit 23 and the QE estimating unit 24 of
the nobile termnal 21-j may be onitted. In this
case, the access unit 21 of the nobile termnal 21-j
may receive at an arbitrary timng or, periodically,
the estimated QE between the nobile terminal 21-]
and the application server 1-i providing the
services of each application from the base station
11. Further, the nobile termnal 21-j may display
on the display unit 214 thereof the estimted QE of
each application between the nobile termnal 21-j
and the application server 1-i providing the
services of each application, received from the base
station 11.

Next, a description will be given of
exanples of the methods of neasuring the QoE For
the sake of convenience, a description wll be given

of the nmethods of nmeasuring the QOE in the QE
neasuring unit 53 of the base station 11. However,
the nethods of nmeasuring the QE in the QE
nmeasuring unit 54 of the base station 11 and the
net hods of neasuring the QoE in the QE neasuring
unit 23 of the nobile termnal 21-j may be simlar
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to that in the QOE neasuring wunit 53 of the base
station 11, and a description thereof wll be
omtted .

The QE neasuring wunit 53 may actually
downl oad at least a part of each application (or at
| east a part of the services of each application)
and/or use each application or, send a test packet
or the like for performance neasurenent, by
communi cating wth each application server 1-i
providing the services of each application via the
network 5. In addition, the QE neasuring unit 53
may neasure at |east one of a bandwidth, a tine
delay, a jitter, and a loss of the application
between the nobile termnal 21-j and the base
station 11.

As a first exanple, the QE neasuring unit
53 may perform a process including the follow ng
steps s21) through s23)

Step s21) Sending a request for receiving a
service of the application or, a request for
downl oading at least a part of the application, to
the application server 1-i providing this service or,
to the cloud conputing system including at |east the
application server 1-i providing this service.

Step s22) Receiving the service of the
application or at least a part of the application,
from the application server 1-i or, from the cloud
computing system

Step s23) Measuring the QE based on the
received service of the application or the received

part of the application. The QOE may be based on at
| east one of a bandwidth, a tinme delay, a jitter,
and a loss of the service or the application. For

exanple, the tine delay may be a transfer tinme of
the service or the part of the application received
from the application server 1-i or the cloud
computing system from a tine when the request is
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sent from the base station 11. For exanple, the
loss may be a packet |oss rate of packets related to
the service or the part of the application received
from the application server 1-i or the cloud
conmputing system

The QE neasuring unit 54 nmay neasure the
QE of the application between the base station 11
and the nmobile termnal 21-j basically in the sane
manner as that of the QOE neasuring wunit 53.
However, the base station 11 and the nobile terninal
21-j may nonitor a wireless comunication rate
t her ebet ween. In this case, the QE neasuring unit
54 may neasure the (QE based on the tine delay
detected from the wireless commnication rate that
is nonitored by the base station 11 when the
wireless comunication rate is varied. Further, the
QQE neasuring unit 54 may neasure the (QE based on
the bandwi dth detected from the highest wreless
communi cation rate that is nonitored by the base
station 11 when the wireless comunication rate is
vari ed. Simlarly, the QE neasuring unit 23 of the
nmobile termnal 21-j nmay neasure the QOE based on
the tine delay or the bandwi dth detected from the
W reless comunication rate nonitored by the nobile
termnal 21-j when the wireless conmunication rate
i s varied.

FIG 7 is a diagram for explaining an
exanple of the video distribution provided by the
application. In FIG 7, the illustration of the
network 5 is omtted for the sake of convenience.

In this case, the step s21) sends a
request for viewing video for testing to a cloud
conmputing system 1000 including at |east the
application server 1-i providing this video testing
servi ce. The cloud conputing system 1000 provides
the service to distribute video data (or contents)
including the video for testing (or a part of the
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contents) . The step s22) receives the video for
testing, responsive to the request for viewing the
video for testing, from the cloud conputing system
1000. The step s23) neasures the QoE based on the
video for testing received from the cloud conputing
system 1000. For exanple, the steps s21) through
s23) may be perfornmed periodically. The QOE may be
based on at |east one of a bandwidth, a tinme delay,
a jitter, and a loss of the service or the

appl i cation. For exanple, the tinme delay may be a
transfer time of the video for testing received from
the cloud conputing system 1000, from a tinme when
the request for viewwng the video for testing is
sent from the base station 11. For exanple, the
loss may be a packet |oss rate of packets related to
the video for testing received from the cloud
computing system 1000.

As a second exanple, the QE neasuring
unit 53 may perform a process including the
followng steps s31) through s33), in a manner
simlar to the process proposed in a United States
Patent No.7,929,450, for exanple.

Step s31) Sending a test packet or the Iike
for performance measurenent, such as a ping conmand,
to the application server 1-i providing this service
or, to the cloud computing system including at |east
the application server 1-i providing this service.

Step s32) Receiving a response to the test
packet or the like for performance neasurenent, from
the application server 1-i or, from the cloud
computing system

Step s33) Measuring the QoE based on the
received response from the application server 1-i or,
from the cloud conputing system The QOE may be
based on at least one of a bandwidth, a tinme delay,
a jitter, and a loss of the received response. For
exanple, the tinme delay may be a transfer tinme of
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the received response from the application server 1-
i or the cloud conputing system from a tinme when
the test packet or the |ike for performance
measurenent is sent from the base station 11. For
exanple, the loss nmay be a packet |oss rate of
packets in the response received from the
application server 1-i or the cloud conmputing system
Of course, the nmethod of nmeasuring the QE

is not limted to the nmethods described above, and
various other nethods may be enpl oyed.
FIG 8 is a diagram illustrating an

exanple of a display of QEs on the nobile termnal.
The display unit 214 of the nobile termnal 21-j may
display levels of the QOEs for the plurality of
applications in a manner distinguishable by at |east
one of nutually different colors representing the
QEs, nutually different colors of icons

representing the plurality of applications, nutually
different sizes of icons representing the plurality
of applications, and nutually different notions of
icons representing the plurality of applications.

FIG 8 illustrates the exanmple in which
the levels of the QoEs for a plurality of
applications APLI through APL7 are displayed in a
manner di stinguishable by mutually different colors
representing the QoEs or, mutually different colors
of icons representing the plurality of applications
or, mutually different sizes of icons representing
the plurality of applications. For exanple, blue
(B, green (o9 , yellow (vy, red (R , and gray (GY)
icons or application nanes displayed in such colors
may respectively represent very good, good, fair,
bad, and unavailable Ilevels of the QoEs for the
applications APLI through APL7. In addition, the
icons displayed with larger sizes may represent
hi gher levels of the QoEs for the applications APLI
t hrough APL7, for exanple. Further, the icons
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di splayed with the sane color but with |arger sizes
may represent higher levels of the QoEs for the
applications anong the applications represented by
the icons displayed with the sanme color, for exanple,
in order to represent a relatively large nunber of

| evel s of the QoEs.

The required quality of comunication my
vary depending on the applications. Hence, when the
|l evels of the QoEs for the applications are
di splayed in a distinguishable manner on the display
of the nobile termnal, the user of the nobile
termnal may easily select a desired application
based on the available levels of the QEs for the
applications

When the QoE neasuring unit 53 of the base
station 11 estimates the QoE of the application
between the base station 11 and the application
server 1-i or the cloud conputing system providing
services of the application, the nmeasured QE nmay be
stored in the storage unit 112 and used in commobn by
a plurality of nobile termnals that may use the
same application and are located in the coverage
area of the base station 11. In this case, the
operation of neasuring the QoE may be reduced
consi derably when conpared to a case in which the
QE of the application between the base station 11
and the application server 1-i or the cloud
conputing system is neasured for one nobile term nal
even if the QoE of this application between the base
station 11 and the application server 1-i or the
cloud conputing system has already been neasured for
another nobile termnal within the same coverage
area of the base station 11. The effect of
elimnating the need to neasure the QE of the sane
application between the base station 11 and the
application server 1-i or the cloud conputing system
separately for each of the nobile termnals |ocated
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within the coverage area of the base station 11 may
be large, because the neasurenent of the QoE between
the base station 11 and the application server 1-i
or the cloud conputing system is nore conplex and

ti me-consum ng conpared the neasurenent of the QE
between the base station 11 and each nobile termnal,
and the distance between the base station 11 and the
application server 1-i or the cloud conputing system
is long conpared to the distance between the base
station 11 and each of the nobile terminals |ocated
within the coverage area of the base station 11.

In addition, the base station 11 may
notify the QoEs estimated by the QE estimating unit
55 for each of the applications that nay be used by
the nobile termnals located within the coverage
area of the base station 11, to each of these nobile
termnals located within the coverage area of the
base station 11. Hence, each of the nobile
terminals located within the coverage area of the
base station 11 nmay dynamically and efficiently
ascertain the QEs of the individual applications
that may be used thereby.

References made in this disclosure to the

term "responsive to" or "in response to" are not
limted to responsiveness to a particular feature
and/or structure. A feature may also be responsive

to another feature and/or structure and also be
|l ocated within that feature and/or structure.
Mor eover, when terns or phrases such as "coupled" or

"responsive" or "in response to" or "in
comunication wth", etc. are used herein or in the
clainms that follow, these terns should be
interpreted broadly. For exanple, the phrase

"coupled to" nmay refer to being comunicatively,
electrically and/or operatively coupled as
appropriate for the context in which the phrase is
used .
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Those skilled in the art will recognize
that it is cormon within the art to describe devices
and/or processes in the fashion set forth herein,
and thereafter use engineering practices to
integrate such described devices (e.g., transmtters,
receivers, wreless devices, conputing platforns,
conmputing devices, etc.) and/or nethods into data
processing systens. That is, at least a portion of
the devices and/or nethods described herein can be
integrated into a data processing system via a
reasonabl e anount of experinmentation. Those havi ng
skill in the art will recognize that a typical data
processing system generally includes one or nore of
a system unit housing, a video display device, a
menory such as volatile and non-volatile nenory,
processors such as microprocessors and digital
signal processors, conputational entities such as
operating systens, drivers, graphical user
interfaces, and applications prograns, one or nore
interaction devices, such as a touch pad or screen,
and/or control systens including feedback |oops and
control notors (e.g., feedback for sensing position
and/or velocity; control nmotors for noving and/or
adj usting conponents and/or quantities) . A typical
data processing system nay be inplenmented utilizing
any suitable commercially available conmponent, such
as those typically found in data conputing/-
comuni cat ion and/or network conputing/conmuni cation
systens .

The herein described subject matter

sonetinmes illustrates different conponents or
el ements contained within, or connected wth,
different other conponents or elenents. It is to be

understood that such depicted architectures are
nerely exanples, and that in fact many other
architectures can be inplenmented which achieve the
same functionality. In a conceptual sense, any
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arrangenent of conponents to achieve the sane
functionality is effectively "associated" such that
the desired functionality is achieved. Hence, any
two conponents herein conbined to achieve a

5 particular functionality can be seen as "associ ated
wi th" each other such that the desired functionality

is achieved, irrespective of architectures or

i nternmedi al conponents. Li kewi se, any two

conponents so associated can also be viewed as being
10 "operably connected", or "operably coupled”, to each

other to achieve the desired functionality, and any
two conponents capable of being so associated can

al so be viewed as being "operably couplable", to
each other to achieve the desired functionality.

15 Specific exanples of operably couplable include but
are not limted to physically mateable and/or
physically interacting conponents and/or wrelessly
interactable and/or wrelessly interacting
conponents and/or logically interacting and/or

20 logically interactable conponents.

Wth respect to the use of substantially
any plural and/or singular terns herein, those
having skill in the art can translate from the
plural to the singular and/or from the singular to

25 the plural as is appropriate to the context and/or
appl i cation. The various singular/plural
pernutations nmay be expressly set forth herein for
sake of clarity.

It will be understood by those within the

30 art that, in general, ternms used herein, and
especially in the appended clains (e.g., bodies of
the appended clains) are generally intended as
"open" terns (e.g., the term "including" should be

interpreted as "including but not limted to, " the
35 term "having" should be interpreted as "having at
| east,” the term "includes" should be interpreted as

"includes but is not limted to," etc.) . It wll be



WO 2013/095480 PCT/US2011/066702

10

15

20

25

30

35

-26-

further understood by those within the art that if a
speci fic nunber of an introduced claim recitation is

i ntended, such an intent will be explicitly recited
in the claim and in the absence of such recitation
no such intent is present. For exanple, as an aid

to understanding, the follow ng appended clains my
contain usage of the introductory phrases "at | east
one" and "one or nore" to introduce claim
recitations. However, the use of such phrases
shoul d not be construed to inply that the
introduction of a claimrecitation by the indefinite
articles "a" or "an" limts any particular claim
containing such introduced claim recitation to
inventions containing only one such recitation, even
when the same claim includes the introductory
phrases "one or nore" or "at |east one" and
indefinite articles such as "a" or "an" (e.g.,
and/or "an" should typically be interpreted to nean
"at | east one" or "one or nore"); the sanme hol ds
true for the use of definite articles used to
introduce claim recitations. In addition, even if a
speci fic nunber of an introduced claim recitation is
explicitly recited, those skilled in the art wll
recogni ze that such recitation should typically be
interpreted to nean at |east the recited nunber
(e.g., the bare recitation of "two recitations,"”

W thout other nodifiers, typically neans at | east
two recitations, or two or nore recitations)
Furthernore, in those instances where a convention
anal ogous to "at least one of A, B, and c, etc." is
used, in general such a construction is intended in
the sense one having skill in the art would
understand the convention (e.g., "a system having at
| east one of A, B, and C" would include but not be
limted to systens that have A alone, B alone, C
alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In

a
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those instances where a convention analogous to "at
| east one of A, B, or C, etc." is used, in general
such a construction is intended in the sense one
having skill in the art would understand the
convention (e.g., "a system having at |east one of A,
B, or C" would include but not be linited to systens
that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or
A, B, and C together, etc.). It will be further
understood by those within the art that virtually
any disjunctive word and/or phrase presenting two or
nore alternative terns, whether in the description,
clains, or drawings, should be understood to
contenplate the possibilities of including one of
the terms, either of the terns, or both terns. For
exanple, the phrase "A or B" will be understood to
include the possibilities of "A" or "B" or "A and
B "

Wil e various aspects and enbodi ments have
been disclosed herein, other aspects and enbodi nents

will be apparent to those skilled in the art. The
vari ous aspects and enbodi nents disclosed herein are
for purposes of illustration and are not intended to

be limting, with the true scope and spirit being
indicated by the follow ng clains.
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CLAI M5

1. An apparatus communi cat able with an
application server and a nobile termnal,
conpri si ng:

a first measuring unit configured to neasure a
first QOE (Quality of Experience) for an application
between the apparatus and the nobile term nal based
on information related to the application; and

an estimating unit configured to estinmate,
based on the first QoE for the application and a
second QE for the application between the apparatus
and the application server that provides services of
the application, a third QE for the application
between the nobile termnal and the application
server .

2. The apparatus as claimed in claim 1,
further conprising:
a second neasuring unit configured to neasure
the second QoE for the application.

3. The apparatus as clainmed in claim 2,
further conprising:
a storage configured to store the information
related to the application

4. The apparatus as clainmed in claim 3,

further conprising:

an access unit configured to conmmunicate wth
the nobile term nal,

wherein the access unit receives the
information related to the application fromthe
mobile termnal and stores the information in the
st or age.

5. The apparatus as clainmed in claim 4,
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wherein the second neasuring unit periodically
measures the second QOE for the application based on
the information related to the application.

6. The apparatus as clained in claim 4,
wherein the access unit sends the third QE for the
application to the nobile termnal.

7. The apparatus as clained in claim 2,
wherein the first and second neasuring units
respectively neasure the first QoE and the second
QE for the application, based on at |east one of a
bandwi dth, a tinme delay, a jitter, and a |oss
between the apparatus and the nobile termnal and
between the apparatus and the application server,
respectively .

8. The apparatus as clainmed in claim 7,
wherein the estimating unit estimates the third QE
for the application by conparing the first and
second QoEs for the application and obtaining a
| ower one of the first and second QoEs as the third

QuE.

9. The apparatus as clainmed in claim 2,
wherein the second neasuring unit communicates wth
a cloud conputing system including a plurality of
application servers that provide services of a
plurality of applications.

10. The apparatus as clainmed in claim o,
wherein
the first neasuring unit neasures the first QoE
for each of the plurality of applications;
the second neasuring unit neasures the second
QE for each of the plurality of applications;
the estimating unit estimates the third QE for
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each of the plurality of applications; and
the access unit sends the third QE for each of
the plurality of applications to the nobile term nal.

11. A nobile termnal comunicatable wth
a base station, conprising:

a transmtter/receiver configured to send
information related to a plurality of applications
that are executable in the nobile termnal to the
base station and to receive from the base station
QEs (Quality of Experiences) for the plurality of
applications between the nobile termnal and a
plurality of application servers that provide
services of the plurality of applications;

a display unit configured to display the QoEs
for the plurality of applications received by the
transmtter /receiver ; and

a control wunit configured to control the
transmtter /receiver in order to periodically send
the information related to the plurality of
applications to the base station.

12.  The nobile terminal as clainmed in
claim 11, wherein the QEs for the plurality of
applications received from the base station are
based on at |east one of a bandwidth, a tinme delay,
a jitter, and a loss between the nobile termnal and
the base station and between the base station and
the plurality of application servers.

13. The nmobile termnal as clained in
claim 11, wherein the display unit displays |evels
of the QoEs for the plurality of applications in a
manner di stingui shable by at |east one of:

mutually different colors representing the
QOEs;

mutually different colors of icons representing
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the plurality of applications;

mutual ly different sizes of icons representing
the plurality of applications; and

mutual ly different notions of icons
representing the plurality of applications.

14. A nethod of notifying estinmted QoEs

(Quality of Experiences) for a plurality of
applications between a nobile terminal and a
plurality of application servers that provide
services of the plurality of applications,
conpri sing :

nmeasuring first QoEs for the plurality of
applications between the apparatus and the nobile
term nal ;

nmeasuring second QEs for the plurality of
applications between the apparatus and the
application server; ,

estimating the estimted QoEs for the plurality
of applications, based on the first QoEs for the
plurality of applications and the second QEs for
the plurality of applications; and

notifying the estimated QEs to the nobile
term nal

15. The nmethod as clainmed in claim 14,

wherein

the nmeasuring first QoEs nmeasures the first
QEs in the base station based on information
related to the plurality of applications received
fromthe nobile termnal;

the measuring second QoEs neasures the second
QEs in the base station based on the infornation
related to the plurality of applications received
fromthe nobile termnal;

the estimating estinates the estimted QEs in
the base station; and
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the notifying notifies the estimated QEs to
the nobile termnal from the base station.

16. The method as clainmed in claim 14,

wherein

the measuring first QoEs measures the first
QEs in the nobile termnal;

the measuring second QOEs neasures the second
QEs in the base station based on information
related to the plurality of applications;

the estimating estimates the estinmated QEs in
the nobile termnal based on the first QoEs neasured
in the nobile termnal and the second QoEs neasured
in and notified from the base station; and

the notifying notifies the estimated QEs to
the nobile termnal in order to trigger a display of
the estimated QoEs on a display unit of the nobile
t erm nal

17. The nmethod as clainmed in claim 15,
wherein the information related to the plurality of
applications is stored in a storage of the base
station .

18. The nmethod as clainmed in claim 15,
further conprising:
periodically sending the infornmation related to
the plurality of applications from the nobile
termnal to the base station.

19. The nmethod as clainmed in claim 14,
wherein the neasuring second QEs neasures the
second QoEs periodically.

20. The nmethod as clained in claim 14,
further conprising:
di splaying, on a display unit of the nobile
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termnal, levels of the estimated QoEs for the
plurality of applications in a manner
di stingui shable by at |east one of:

mutual ly different colors representing the
estimated QOEs;

mutual ly different colors of icons representing
the plurality of applications;

mutually different sizes of icons representing
the plurality of applications; and

mutual ly different notions of icons
representing the plurality of applications.
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