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The present invention is a radio communication system having quality measurement
means configured to execute quality measurement to a service quality in
communication between a radio terminal and a radio station, and information
collection means configured to collect information related to a location of the radio

[57] | Abstract:

terminal to be a target for the quality measurement, the radio communication system
comprising: means configured to associate the information related to the location of
the radio terminal when a predetermined condition is satisfied in an execution period
of the quality measurement with results of the quality measurement.
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[TITLE OF INVENTION] RADIO COMMUNICATION SYSTEM, RADIO STATION,
RADIO TERMINAL, NETWORK OPERATION MANAGEMENT APPARATUS, AK)

COMMUNICATION QUALITY CONFIRMATION METHOD s/
sy,

[TECENICAL FIELD]

collect the measurement information.
[BACKGROUND ART]

In the 3GPP (3rd Generation Partnership Project), in order to reduce operation expense
(OPEX) incurred in a drive-test by an operator, utilization of a radio terminal for measurement
and report of information that has been collected by the drivé-test or information similar thereto
is under study (Non Patent Literature 1). An ultimate object of the above-mentioned study is
the minimization of execution of the drive-tests, and the technology related to this study is.
collectively called “MDT” (Minimization of Drive-Tests). An application target of MDT is
both UMTS (Universal Mobile Telecommunication System) and LTE (Long Term Evolution),
which are cellular systems defined in 3GPP. The term “measurement” herein also includes

“detecting” a certain specific situation.

In MDT, thé following two methods are defined as a method for obtaining and reporting

" measurement information by a radio terminal.

1. Immediate MDT: The methodAthat instructs a radio terminal to obtain and report

measurement information in an active state. It is also abbreviated as “IMM MDT”

2. Logged MDT: The method that instructs a radio terminal to obtain measurement

information in an idle state, and report the obtained measurement information in an active state.
It is also abbreviated to as “LOG MDT”.
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In the study of MDT, making a determination which radio terminal is instructed to obtain

and report measurement information in the network side, that is, control of obtaining~and

reporting measurement information by a radio terminal initiated by the network is a basic

fovensts

principle, and the following two methods are defined in Non Patent Literature 2. o
A. Management based MDT: The method that firstly specifies an area to be a targexf.'J for
collection of measurement information in MDT, and then selects any radio terminal from tﬁ'ﬁio

terminals staying in the area. It is also called as Area based MDT. -

,,,,,,,

B. Signaling based MDT: The method that selects a specific radio terminal based 'ozxijan
individual identifier (Identity: ID) of the radio terminal.

Hereinafter, as an example of MDT defined in 3GPP, management-based Immediate MDT
will be described with reference to FIG. 15. A LTE system assumed herein includes a radio
terminal UE (User Equipment: UE), a radio base station (evolved NodeB: eNB), a mobility
management apparatus (Mobility Management Entity: MME)/a home subscriber management
server (Home Subscriber Server: HSS) of a radio terminal, a network operation management
apparatus (Element Manager: EM), and an information collection server (Trace Collection
Entity: TCE). Hereinafter, each step of the management-based Immediate MDT will be

described.

Step‘ 1) The EM notifies an eNB of a MDT Activation message including configuration
information (MDT measurement configuration) measured by a radio terminal (UE) of MDT,
target location information of MDT (Area Scope), trace basic information (TR: Trace Reference,
TRSR: Trace Recording Session Reference) and the like, as information necessary for executing

the management-based Immediate MDT.

Step 2) The eNB confirms a user agreement (User Consent) with respect to a report of
location information of the UE belonging to the eNB (User consent information retrieval) with
an Evolved Packet Core (EPC) (In particular, HSS). Note that such confirmation by the User
consent is performed through each interface from the eNB to the MME, and from the MME to
the HSS, but in FIG. 15, it is described as an interface (or message) from the eNB to the EPC
(MME/HSS), instead of sequentially indicating an interface (or message) between the eNB and



10

15

20

25

30

3
the MME, and an interface (or message) between the MME and the HSS. Also, in FIG. 15,a

§
4
L)

user agrees (Consent) and it is assumed to select the UE of the user as UE to be instructed the”,

Immediate MDT.

Step3) The eNB starts a trace session (Starting Trace Session) for collecting UE '"
measurement information of MDT, and transmits configuration information measured by the UE
for the Immediate MDT to the UE (Measurement configuration (IMM MDT)). Here, the ‘
configuration information includes, for example, a measurement target and a measurement [
period, or instructions to report location information. =~
iy

Step 4) The UE executes measurement at an instructed period and reports ::t]he

measurement results and location information to the eNB.

Step 5) The eNB notifies the EPC (MME) of an identifier of the trace session (that is, TR
or TRSR) after collecting (or, in the process of collecting) the UE measurement information of a

predetermined MDT.

Step 6) The EPC (MME) reports corresponding type information of the UE (TAC: Type
Allocation Code) and an identifier (that is, TR or TRSR) to the TCE.

Step 7) The eNB reports to the TCE, a trace record that records the collected UE

measurement information of MDT.

Here, the measurement information obtained by a radio terminal is a cell ID (Physical Cell
Identity: PCI or, E-UTRAN Cell Global Identity: ECGI) of a cell where the radio terminal stays,
or of a neighboring cell, received power (RS Received Power: RSRP) of reference signals
(Reference Signal: RS) which are downlink known signals traﬁsmitted in each cell (Non-Patent
Literature 3). The information including a cell ID and the received power may also be called as
“RF Fingerprint”.  Further, in the case of Logged MDT, a radio terminal also stores time
information (relative time from absolute time that is notified when receiving configuration of

Logged MDT) upon storing the results of the measurement information.

Further, when a radio terminal obtains detailed location information with no relation to

MDT while obtaining measurement information, the radio terminal also stores the detailed
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location information therewith and reports such information to a radio base station. .- The
detailed location information is for example location information obtained with a GNSS (Global
Navigation Satellite System) typified by a GPS (Global Positioning System), or loe;;tlon
information obtained with a location information service (Location Service: LCS) by a netwerk

- Using the terminal measurement of MDT as described above, it is possible to perform
coverage mapping that indicates received quality of a target area on the network side, Yvitheilt a
manual drive test (or with reduction of executing a drive test). In particular, it is possib-i'“e to
perform the coverage mapping more accurately in the case that a report accompanied by debaﬂed
location information increases. Further, it is expected to realize a self-optimization of coverage

1L

which is studied in SON (Self-Organizing Network), based on the coverage mapping. o

[CITATION LIST)

[NON-PATENT LITERATURE]

[0020]

[NON PATENT LITERATURE 1]

3GPP TS37.320v10.3.0

(Internet<URL> http:www.3gpp.org/ftp/Specs/html-info/37320.htm)
[NON PATENT LITERATURE 2]

3GPP TS32.422v10.5.0

(Internet<URL> http:www.3gpp.org/ftp/Specs/html-info/32422 htm)
[NON PATENT LITERATURE 3]

3GPP TS36.331v10.3.0

(Internet<URL> http:www.3 gpp.org/ftp/Specs/htmi-info/36331.htm)

[SUMMARRY OF INVENTION]}

[TECHNICAL PROBLEM]

Analysis of the related art by the present invention is described below.

In MDT defined in 3GPP listed as the related art, meéasurement results of a radio terminal
and measured location information are corresponded one-to-one. That is, on the network side

(e.g. TCE), it is possible to easily understand at which point the measurement results are
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conceivable that a subject to execute the quality measurement is a radio station, or a radio
terminal, the case in which the radio station performs will be described as an example. When
the radio station executes quality measurement related to a communication quality with one rgaio
terminal, it is important which location the UE is staying with the quality. In some cases, as to
a location where the radio terminal stays, the information on a cell level may be enough, th;if]is,
the information as to which cell the radio terminal stays, but in other cases, the information 'o%x a
more detailed level may be necessary, that is, the information as to where the radio terminal stays
inacell. As described above, there is a purpose of using the MDT as an alternative for a drive
test, so that it is required to collect location information at a more detailed level than a cell level.
Therefore, when executing the quality measurement related to the QoS in the MDT, it is

necessary to collect the location information at a more detailed level than a cell level.

At present, although it is not defined how quality measurement related to the QoS is
performed in the MDT, consider that it is assumed to use the Immediate MDT described above.
Firstly, a radio station gives instructions of the Inmediate MDT to a radio terminal, for example,
instructions to execute periodical measurement of received quality (e.g. RSRP or RSRQ) and
obtain location information, and to report the measurement results of the received quality and the
location information. In accordance with the instructions, the radio terminal periodically
reports the measurement results of the received quality and the obtained location information to
the radio station. At this time, the radio station executes quality measurement of
communication between the radio station and the radio terminal in parallel with the Immediate
MDT. Note that, as an example of the quality measurement, throughput measurement is
conceivable. Then, the radio station reports each of UE measurement information collected in
Immediate MDT (that is, measurement results of received quality and location information) and
the quality measurement results (e.g. throughput) to the information collection server (TCE) of
MDT, independently. It is conceivable to assume values at a time point where the radio
terminal stayed, using the quality measurement results (e.g. throughput) and the location
information of the radio terminal which is collected at a time point that is close to a time point

where the quality measurement results were obtained. For example, a distribution map
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related to the QoS such as throughput and collection of the location information by the o
Immediate MDT independently, the TCE cannot precisely determine the quality measurement-as
to where a radio terminal actually stayed, because it takes a period of time (from several seconds

Lo
to several minutes) to execute the quality measurement related to the QoS such as throughput:

e

[

In such a case, only with the location information when a radio terminal moves in a period
of the quality measurement and the measurement results are obtained (e.g. predetem;{;;led
calculation is finished), a problem is caused that it is difficult to make effective use of the results
of the quality measurement. For example, in mapping generation of throughput described
above, a mapping accuracy is inferior to what it is expected. This becomes more of a problem
as a period of the quality measurement is longer, or a moving speed of a radio terminal is faster.
For example, when a radio terminal with 30 kilometers per hour performs communication for 30
seconds, the distance that the radio terminal moves in a period of throughpilt measuremeént is
about 240 meters. Also, when a rapidly moving radio terminal with 100 kilometers per hour
performs communication for 20 seconds, the movement distance is about 550 meters. Taking
into consideration that an accuracy of GPS location information is from several meters to several

ten meters, it is impossible to think that the radio terminal stays in almost the same location in

the mapping of throughput

Further, this problem causes a large influence in multivendor environments in which a
plurality of radio stations by different vendors are mixed within the same radio communication
system. That is, when the radio stations for each vendor executes quality measurement and
collects location information at any time point in their unique way, it is difficult for the TCE to

perform calculations, taking the differences in each vendor into consideration.

Therefore, the problem to be solved in the present invention is that when executing quality

measurement related to a service quality (e.g. QoS) in MDT, it is necessary to provide a method

for associating results of the quality measurement with location information of a radio terminal

to be a target for the quality measurement.
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[SOLUTION TO PROBLEM] _ @

The present invention is a radio communication system having quality measurement

oo

(an)

means configured to execute quality measurement related to a service quality in communication

Ill

between a radio terminal and a radio station, and 1nformat1on collection means configured to
[—.

collect information related to a location of the radio terminal to be a target for the quality

measurement, the radio communication system comprising: means configured to associaterthe

i

information related to the locatlon of the radio terminal when a predetermined condltlon is

satisfied in an execution period of the quality measurement with results of the quahty
o]

measurement. w1
e

The present invention is a radio terminal in a radio communication system that executes

quality measurement related to a service quality in communication between the radio terminal

and a radio station, the radio terminal comprising: location information report means coﬁﬁgured

to obtain information related to the radio terminal when a predetermined condition is satisfied in

an execution period of the quality measurement and report the obtained information related to

the location to the radio station.

The present invention is a radio station in a radio communication system thatexecutes
quality measurement related to a service quality in communication between a radio terminal and
the radio station, the radio station comprising: means configured to instruct the radio terminal to
be a target for the quality measurement to obtain one or more than one information related to a .
location when a predetermined condition is satisfied; |
; and means configured to associate the information related to the location of the radio terminal

with results of the quality measurement.

The present invention is a network operation management apparatus in a radio
communication system that executes quality measurement related to a service quality in
communication between a radio terminal and a radio station, the network operation management
apparatus comprising: means configured to instruct the radio station to execute the quality
measurement; instruct the radio terminal to be a target for the quality measurement to obtain one
or more than one information related to a location when a predetermined condition is satisfied, in

an execution period of the quality measurement; and transmit the information related to the
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location of the radio terminal in association with results of the quality measurement. .,

The present invention is a communication quality confirmation method, comprising: .
executing quality measurement related to a service quality in communication between a radi(');,
terminal and a radio station; obtaining information related to a location of the radio terminal ...
when a predetermined condition is satisfied; and associating the information related to the
location of the radio terminal when the predetermined condition is satisfied with results of th¢L*

quality measurement.

)
-l

[ADVANTAGEOUS EFFECT OF INVENTION]

According to the present invention, in a network apparatus such as the TCE, as to the
results of quality measurement related to a QoS collected in MDT, it is possible to easily
understand where a radio terminal stays at a time point the results are avallable thereby being

able to effectively confirm whether a desired QoS is achleved
[BRIEF DESCRIPTION OF DRAWINGS]

FIG.lisa sequence.diagram illustrating operations of a radio station and a radio terminal
in accordance with a first embodiment of the present invention,;

FIG. 2 is a sequence diagram illustrating operations of a radio station and a radio terminal
in accordance with the first embodiment of the present invention;

FIG. 3 is a sequence diagram illustrating operations of a radio station and a radio terminal
in accordance with a second embodiment of the present invention;

FIG. 4 is a sequence diagram illustrating operations of a radio station and a radio terminal
in accordance with the second embodiment of the present invention;

FIG. 5 is a configuration diagram of a first radio communication system applied to the
present invention; |

FIG. 6 is a block diagram of a radio terminal (UE) and a radio base station (eNB) in
accordance with the first radio communication system;

FIG. 7 is a block diagram of a radio network (MME/HSS/EM) in accordance with the first

radio communication system; .

FIG. 8 is a block diagram of an information collection server (TCE) in accordance with the
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FIG. 9 is a sequence diagram illustrating operations of the radio base station (eNB) and the

radio terminal (UE) in accordance with a third embodiment of the present invention; -

it

the radio terminal (UE) in accordance with a fourth embodiment of the present invention; -
FIG. 11 is a sequence diagram illustrating operations of the radio base station (eNB)-and
the radio terminal (UE) in accordance with a fifth embodiment of the present invention; =
FIG. 12 is a sequence diagram illustrating operations of each node of the first itgdio
communication system in accordance with a sixth embodiment of the present invention; =
FIG. 13 is a configuration diagram of a second radio communication system applied tothe
present invention; 1:
FIG. 14 is a sequence diagram illustrating operations of each node of the second radio
communication system in accordance with a seventh embodiment of the present invention; and
FIG. 15isa sequence diagram illustrating an example of Inmediate MDT in a LTE system

related to the present invention.
[Description of Embodiments]

<Description of Configuration>
Embodiments of the present invention will be described in detail with reference to the
drawings, using an example of a radio communication system including radio stations (e.g. radio

base station and base station control station) and radio terminals as a configuration element.

In one embodiment of the present invention, a radio station or a radio terminal has a
function to execute quality measurement related to a service quality in communication between
the radio station and the radio terminal, the radio station has a function to instruct the radio
terminal to obtain and report information related to a location (location related information) of
the radio terminal, and the radio terminal has a function to obtain information related to a
location of the radio terminal and report it to the radio station. Note that the service quality is
also called as QoS (Quality of Service). In such a radio communication system, the radio
station associates information related to a location of the radio terminal when a predetermined
condition is satisfied with results of quality measurement, in an execution period of the quality

measurement related to the service quality (e.g. QoS). As means for realizing this, the radio
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station instructs the radio termmal to be a target for the quality measurement related to the
service quality (e.g. QoS) to obtain one or more than one information related to a location Q_f the
radio terminal when a predetermined condition is satisfied in an execution period of the quahty
measurement and to report the information related to the location, and associates the mformipon
related to the location collected from the radio terminal with the results of the quality
measurement. Note that, as an association method, for example, the information related to *lthe
location collected from the radio terminal and the results of the quality measurement may be a
pair of information, or the information related to the location collected from the radio termiinal
may be associated with the results of the quality measurement by associating each of the
information related to the location collected from the radio terminal and the results of the qug%lty

measurement with identification information of the radio terminal. oot

Here, it is conceivable that “information related to a location (location related information)”
is, for example,

detailed location information obtained with GNSS (Global Navigation Satellite System)
typified by GPS (Global Positioning System),

detailed location information that is obtained, based on an arrival timing difference of
signals from a plurality of radio stations in one radio terminal, known as OTDOA (Observed
Time Difference Of Arrival), and

received power (or received quality) of downlink signals (e.g. pilot signals and reference
signals) of an staying area (e.g. cell) and a neighboring area (e.g. cell) of the radio terminal, and
an identifier of the area, but it is not limited thereto. Note that, it is conceivable that a radio
terminal reports an accuracy of detailed location information (that is, positioning accuracy)
together with the detailed location information. Meanwhile, it is conceivable that quality
measurement related to the service quality is performed by either a radio station, or a radio

terminal.

Further, it is conceivable that “a period of quality measurement” is, for example,

from the start to the end of quality measurement,

from a preparation period before the start of quality measurement to the end thereof,

from the start of quality measurement to a post-processing period after the end thereof, and

from a preparation period before start of quality measurement to a post-processing period
after the end thereof, but it is not limited thereto. Note that a post-processing period after the

end of quality measurement indicates a period that is required until a radio terminal obtains
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information related to a location after the end of quality measurement, for example, in thercase

that the end of the quality measurement is a predetermined condition. Here, it is conceivable

that an example of quality measurement related to a service quality (e.g. QoS) is, for exalnpig,‘
throughput measurement, ,
a packet loss rate, co
a packet discard rate, -
a packet (or transport block) error rate,
a packet (or transport block) retransmission rate, o
a call setup delay, and o
a handover delay, but it is not limited thereto. Here, it is conceivable that a call sEItup
delay is a time from after confirmation of a first access (or, after completion of a first ag;ess
process) until completion of each network establishment, when one radio terminal performs a
radio link establishment, or a network connection establishment with a radio station. Further, it
is conceivable that a handover delay is a time from a time point at which a radio terminal
performs a measurement report for handover until completion of handover. Note that, it is
conceivable that completion of handover is until a radio terminal completes handover, or until a

source radio station is notified of information, from a target radio station, indicating that

handover of the radio terminal is completed.

On the other hand, it is conceivable that “information related to a location of a radio
terminal when a predetermined condition is satisfied” is, for example,

information related to a location that is stored by a radio terminal when a radio station
gives instructions to the radio terminal when deciding whether a predetermined condition is
satisfied and when the radio terminal receives the instructions from the radio station,

information related to a location that is obtained (or in the middle of obtainment) by a
radio terminal when a radio station gives instructions to the radio terminal when deciding
whether a predetermined condition is satisfied and when the radio terminal receives the
instructions from the radio station,

information related to a location that is stored by a radio terminal when a radio terminal
decides that a predetermined condition is satisfied, and

information related to a location that is obtained (or in the middle of obtainment) by a
radio terminal when a radio terminal decides whether a predetermined condition is satisfied, but

it is not limited thereto.
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Further, it is conceivable that “predetermined condition” is, for example, -

the start or the end (at least either of them) of quality measurement related to a seryice

quality (e.g. QoS),
the start and the end of quality measurement related to a service quality (e.g. QoS), P”_’ '

D

a predetermined period, o
detailed location information by GPS or OTDOA is obtained (or updated), ot
a trigger for handover is initiated,
a call disconnection (also referred to as Radio Link Failure: RLF) occurs, and [

received quality of a serving cell (that is, a stay cell) is changed by a predetermined

amount, but it is not limited thereto. ]

[

o

Here, when using “the start or the end of quality measurement” as a condition, it is
possible to make clear correspondence between information related to a location of a radio
terminal and results of quality measurement by deciding as a rule that the information related to
the location of the radio terminal at, at least, either a start point or an end point is. collected.
Further, when using “the start and the end of quality measurement” as a condition, it is possible
to obtain information such as how much a radio terminal moves, or how much received quality
changes during a period of quality measurement, in addition to making clear correspondence
between the information related to a location of a radio terminal and the results of quality

measurement.

Here, it is conceivable that “the start of quality measurement” is, for example,

the start of a session to be a target for quality measurement,

the transmission of first data in a session to be a target for quality measurement,

the reception of first data in a session to be a target for quality measurement,

a time point that data belonging to a predetermined QoS (or, QoS group, QCI: Qos Class
Indicator) in a session to be a target for quality measurement is generated, and

the transmission of data belonging to a predetermined QoS (or, QoS group, QCI) in a

session to be a target for quality measurement, but it is not limited thereto.

Further, it is conceivable that “the end of quality measurement” is, for example,
the end of a session to be a target for quality measurement,
the decision of end of a session to be a target for quality measurement,

the transmission of last data in a session to be a target for quality measurement,
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the reception of last data in a session to be a target for quality measurement, WJ
the completion of transmitting last data in a session to be a target for quality measurement,
the completion of receiving last data in a session to be a target for quality measurefii%nt,
and
a time point that data belonging to a predetermined QoS (or, QoS group, QCI) in a se;;;ion

to be a target for quality measurement is empty but it is not limited thereto. -

On the other hand, when using “predetermined period” as a condition, it is concei\}f;ble
that a radio terminal periodically obtains information related to a location from the start of
quality measurement. Therefore, when a radio terminal moves greatly during a peri&&} of
quality measurement, or when the received quality fluctuates greatly, it is possible to uﬂderg%;nd

a detailed movement path or a fluctuation state of the received quality.

Further, “a trigger for handover is initiated,” is, for example, to satisfy a preliminary
indicated condition related to a measurement report of received quality, or to receive or transmit
handover instructions. Therefore, even when the quality measurement is disrupted due to
handover to be performed by a radio terminal during a period of the quality measurement, that is,
in the middle of the quality measurement, it is possible to collect the results of quality
measurement up to a time point of the handover (that is, interim results), or information related
to a location at the time point of the handover, Further, not only a single predetermined
condition is used, but a plurality of predetermined conditions can also be used. For example, a
predetermined condition to be judged in a radio station and another predetermined condition to
be decided in a radio terminal may be used in combination, or a plurality of predetermined

conditions may be used in combination in the radio station, or the radio terminal.

Here, as a method for the use of collected information related to a location, when
collecting information related to locations at a plurality of time points, for example, at the start
and the end of quality measurement, it is conceivable that such information is processed by
linear interpolation to estimate a point where a radio terminal stays, and associated quality
measurement results are mapped to the point where the radio terminal stays. On the other hand,
when collecting only information related to a location at a predetermined time point, it is
conceivable that the associated quality measurement results are mapped to the point where the
radio terminal stays at the predetermined time point. However, a method for the use of the

collected information related to a location is not limited thereto, but various usage embodiments
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are possible. oy

FIGs. 1 to 4 are sequence diagrams illustrating basic operations of a radio station afad a
radio terminal in a radio communication system of the present invention. Here, FIG. 1 andrl;“IG
2 show an example that a radio station executes quality measurement related to a service q&;ﬁty
(e.g. QoS), and FIG. 3 and FIG. 4 show an example that a radio terminal executes the qu&}ity

measurement.
D]

<First Embodiment> =

In FIG. 1, by performing the following steps, a radio station 1 collects information reigied
to a location from a radio terminal 2, when executing quality measurement related to a seg:ice
quality (e.g. QoS). Firstly, the radio station 1 starts the quality measurement related to the
service quality (e.g. QoS) for the radio terminal 2 (Step 101). The radio station 1 decides
whether a predetermined condition is satisfied, and when the radio station 1 decides that the
predetermined condition is satisfied at a time point (Step 102), the radio station 1 instructs the
radio terminal 2 to report the information related to the location (Step 103).  When receiving the
instructions, the radio terminal 2 obtains the information related to the location (Step 104) and
reports the information related to the location obtained at a predetermined timing to the radio
station 1 (Step 105). Here, a predetermined timing may be notified from the radio station 1
when instructing the radio terminal 2 to report the information related to the location, or it may
be preliminarily notified to the radio terminal 2. Then, the radio station 1 finishes the quality
measurement related to the service quality (Step 106). The radio station 1 associates the
information related to the location of the radio terminal when a predetermined condition is
satisfied in a period of the quality measurement related to the service quality with the results of

the quality measurement (Step 107).

Similarly, In FIG. 2, by performing the following steps, the radio station 1 collects
information related to a location from the radio terminal when executing quality measurement
related to a service quality (e.g. QoS). The difference from FIG. 1 lies in that the radio terminal
2 decides whether a predetermined condition is satisfied. Firstly, the radio station 1 starts
quality measurement related to the service quality (e.g. QoS) for the radio terminal 2 (Step 111).
The radio station 1 instructs the radio terminal 2 to report information related to the location
(Step 112). A predetermined condition may be notified at this time, or it may preliminarily be

notified to the radio terminal 2. Further, a predetermined condition may preliminarily be
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defined in the specification. The radio terminal 2 decides whether the predetermined condition

is satisfied, and when the radio terminal 2 decides that the predetermined condition is satisfied at

a time point (Step 113), the radio terminal 2 obtains the information related to the location (Step

station 1 at a predetermined timing (Step 115). Here, a predetermined timing may be notified

from the radio station when instructing the radio terminal 2 to report the information relaté§ to

the location, or it may be preliminarily notified to the radio terminal 2. Then, then, the r_;g;dio

AAAAAA

quality with the results of the quality measurement (Step 117).

Here, when the quality measurement related the service quality (e.g. QoS) is finished, the
radio station 1 associates the results of the quality measurement with the information related to
the location collected from the radio terminal 2. “Association” herein means, for example,
storing of the results of quality measurement and information related to a location by generating
one information element (e.g. it may be referred to as QoS Information Element, or as' QoS
container), or storing of the results of quality measurement and information related to a location
by performing association with the use of a predetermined identifier. It is also conceivable that
the radio station 1 transmits the information element, or the associated quality measurement
results to an information collection server, or an upper network node. Further, the association
may be performed before the end of quality measurement, that is, during execution of the quality

measurement.

By the above-operations, when a radio station executes quality measurement related to a
service quality (e.g. QoS), it is possible to effectively collect information related to a location of
the radio terminal to be a target for quality measurement, and to clearly associate the results. of
the quality measurement with the information related to the location of the radio terminal.
Further, this enables an information collection server, which has collected the results of the.
quality measurement and the information related to the location of the radio terminal from the
radio station, to understand which results of the quality measurement are the results as to where
(that is, which location) the radio terminal stayed, thereby being able to use such information

effectively.
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<Second Embodiment> &
Next, an example in which a radio terminal executes quality measurement will: be

described.

In FIG. 3, by performing the following steps, the radio station 1 collects the results of
quality measurement related to a service quality (e.g. QoS) and information related to a looation_
from the radio terminal 2. Flrstly, the radio station 1 instructs the radio terminal 2 to execute
quality measurement related to the service quality (e.g. QoS) and report the results of the quahty
measurement, and obtain and report the information related to the location (Step 201). Note

Ll

that, it is conceivable that the instructions to execute the quality measurement inelude
information as to what, how, in which timing and in which period the quality measuremeg; 18
executed. The radio terminal 2 starts the quality measurement related to the service quality (e.g.
QoS) (Step202). Note that, it is conceivable that, as to a start timing for the quality
measurement, the timing is instructed from the radio station 1, or it is preliminarily notified to
the radio terminal 2, or the quality measurement to be a target (that is, to be executed) is decided
by something, in the instructions of the quality measurement (Step 201). The fadio terminal 2
decides whether a predetermined condition is satisfied during execution of the quality
measurement, and obtains the information related to the location (Step 204) when the
predetermined condition is satisfied (Step 203). At a predetermined timing, the radio terminal 2
reports the obtained information related to the location to the radio station 1 (Step 205). Here, a
predetermined timing may be notified from the radio station 1 when instructing the radio
terminal 2 to report the information related to the location (Step 201), or it may be preliminarily
notified to the radio terminal 2. Then, when the radio terminal 2 finishes the quality
measurement related to the service quality (Step 206), the radio terminal 2 reports the results of
the quality measurement to the radio station (Step 207). The radio station 1 associates the
information related to the location of the radio terminal when a predetermined condition is
satisfied in a period of the quality measurement related to the service quality with the results of

the quality measurement (Step 208).

Similarly, in FIG. 4, by performing the following steps, the radio station 1 collects the
results of quality measurement related to the service quality (e.g. QoS) and information related to
a location from the radio terminal 2. The difference from FIG. 3 lies in that the radio terminal 2
reports information related to a location together with the results of quality measurement. That -

is, when obtaining information related to a location (Step S214), the radio terminal 2 stores the
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predetermined condition is satisfied in a period of the quality measurement related to the sérvice
fremmdte

quality with the results of the quality measurement (Step 217). "

Here, when collecting the results of the quality measurement related to the service qiiahty
(e.g. QoS), the radio terminal 1 associates the results of the quality measurement Wlﬂi’ the
information related to the location collected from the radio terminal 2. “Association” hdrem
means, for example, storing of the results of quality measurement and information related 10 a
location by generating one information element (e.g. it may be referred to as QoS information
element), or storing of the results of quality measurement and information related to a location
by performing association with the use of a predetermined identifier. It is also conceivable that
the radio station 1 transmits the information element, or the associated quality measurement
results to an information collection server, or an upper network node. - Further, the association
may be performed before the end of quality measurement, that is, during execution of the quality

measurement.

By the above-operations, when the radio station 1 instructs the radio terminal 2 to execute
quality measurement related to a service quality (QoS) and report the results of the quality
measurement, it is possible to effectively collect information related to a location of the radio
terminal 2 to be a target for the quality measurement, and to clearly associate the results of the
quality measurement with the information related to the location of the radio terminal. Further,
this enables the information collection server, which has collected the resuits of the quality
measurement and the information related to the location of the radio terminal 2 from the radio
station 1, to understand which results of the quality measurement are the results as to where (that
is, which location) the radio terminal 2 stayed, thereby being able to use such information
effectively. Here, an advantage to instruct the radio terminal 2 to decide whether a
predetermined condition is satisfied lies in that it is possible to reduce a message for instructing
the radio terminal 2 to obtain information related to a location from the radio station 1, or reduce
a gap (that is, time difference) between a time point at which a predetermined condition is

satisfied and a timing for obtaining information related to a location.
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As other examples as to obtaining and reporting of information related to a location of the.
[

performed, the followings are conceivable as an example: -
A radio terminal periodically obtains and reports information related a location; =
A radio terminal periodically obtains information related a location, and reports when a.
predetermined report trigger is initiated; L
A radio terminal periodically obtains information related a location, and reports in the case.,

when moving more than a predetermined distance from the time of a previous obtainment or aJ
i

previous report; iy

A radio terminal periodically obtains information related a location, and reports in the case
when transmitting the predetermined number (or the predetermined amount) of packets (or, data)
from the time of a pre‘&ious obtainment or a previous report;

A radio terminal obtains information related to a location when a predetermined
obtainment trigger is initiated, and periodically reports; and

A radio terminal obtains information related to a location when a predetermined

obtainment trigger is initiated, and reports when a predetermined report trigger is initiated. .

Here, an obtainment period and a report period of information related to a location may be
the same or different. A predetermined report trigger may preliminarily be notified from the
radio station 1 to the radio terminal 2, or it may be notified when the radio terminal 2 receives
instructions to report information related to a location from the radio station 1. A
predetermined obtainment trigger may preliminarily be notified from the radio station 1 to the
radio terminal 2, or it may be notified when the radio terminal 2 receives instructions to obtain
information related to a location from the radio station 1. Further, when comparing information
related to a location with the time of a previous obtainment or a previous report (e.g. movement
distance, or the number of packets), the obtained information related to the location may be
reported not until after receiving instructions to obtain and report the information related to the
location. Note that these are only examples, so that it is not indispensable to be any of the

examples.

With use of one embodiment of the present invention described above, as to the results of
quality measurement related to a service quality (e.g. QoS), it is possible to easily understand

where a radio terminal stays when the results are available,, thereby being able to effectively
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confirm whether a desired QoS is achieved.

<Embodiment Assuming Radio Communication System of 3GPP> .

In the following, an embodiment of the present invention will be described in detail with
reference to the drawings, using LTE (Long Term Evolution) or UMTS (Universal I\%bile
Telecommunication System) which is a radio communication system of 3GPP (3rd GeneEtion
Partnership Project) as an example. ;,

iy

In one embodiment of the present invention, a radio station (radio base station eNB ofITE,
or base station control station RNC of UMTS or base station NB of UMTS), or a radio teri;iinal
has a function to execute quality measurement related to a service quality in communié%ion
between the radio station and the radio terminal, the radio station has a function to instruct the
radio terminal to obtain and report information related to a location of the radio terminal, and the
radio terminal has a function to obtain information related to a location of the radio terminal and
report it to the radio station. Note that the service quality is also called as QoS (Quality of
Service). In such a radio communication system, the radio station associates information
related to a location of the radio terminal when a predetermined condition is satisfied with results
of quality measurement, in an execution period of the quality measurement related to the service
quality (e.g. QoS). As means for realizing this, the radio station instructs the radio terminal to
be a target for quality measurement related to the service quality (e.g. QoS) to obtain one or
more than one information related to a location of the radio terminal when a predetermined
condition is satisfied in an execution period of the quality measurement and to report the
information related to the location, and associates the information related to the location
collected from the radio terminal with the results of the quality measurement to transmit to an
information collection server. Note that, as an association method, for example, the information
related to the location collected from the radio terminal and the results of the quality
measurement may be transmitted to the information collection server as a pair of information, or
the information related to the location collected from the radio terminal may be associated with
the results of the quality measurement by associating each of the information related to the
location collected from the radio terminal and the results of the quality measurement with
identification information of the radio terminal respectively, and then the information related to
the location collected from the radio terminal and the results of the quality measurement may

separately be transmitted to the information collection server.
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In one embodiment of the present invention, the radio terminal has a function to obtam
measurement information specified by the radio station and to report the obtained measunement

information to the radio station. In the following, as a method for realizing obtamment- and

report of measurement information or information related to a location by the radio tcnmna:l, itis
assumed “to obtain and report measurement information or information related to a location by
the radio terminal in “Minimization of Drive Test (MDT)” defined in 3GPP. However the
present invention is not limited thereto. Further, in the following, note that obtalnment of
measurement information or information related to a location by the radio terminal in MDYT is
referred to as “MDT measurement”, report of MDT measurement and measurement inforniation

et

or information related to a location obtained by the MDT measurement is referred to as “MDT
measurement reporting”, and logging (storing) of MDT measurement and measurement

information or information related to a location obtained by the MDT measurement is referred to

as “MDT measurement logging”.

Here, it is conceivable that “information related to a location” is, for example,

detailed location information obtained with GNSS (Global Navigation Satellite System)
typified by GPS, |

detailed location information obtained with a location information service (Location
Service: LCS) such as OTDOA

received power (e.g. RSRP, or received quality) of downlink signals (e.g. pilot signal or
reference signal) both of a serving cell of a radio terminal and a neighboring cell, and an ID of
the cell (e.g. PCI or PSC). The information related to a location by received power (or,
received quality) of downlink signals and a cell ID is also called as RF Fingerprint. Note that,
it is conceivable that a radio terminal reports an accuracy of detailed location information (that is,

positioning accuracy) together with the detailed location information.

Further, in the present invention, when executing quality measurement related to a service
quality (QoS), it is also conceivable to take information on a state of a radio network executing
the quality measurement into consideration. This is because, when executing the quality
measurement for communication between each radio terminal (UE) and a radio station (e.g. eNB
or RNC) located in adjacent areas, the meanings are different depending on when and under what
circumstances the results are obtained. For example, as to throughput per user in busy hours
and throughput per user in off-hours, throughput per user in busy hours tends to be reduced in

general. At this time, when deciding quality only with throughput values per user, without
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taking busy hours or off-hours into consideration, there is a problem that a meaning mf the

throughput is misinterpreted. It is conceivable that radio network information is, for example

core network load information,

radio access network load information, and @

radio bearer related information, ‘
but it is not limited thereto. The core network load information refers to the mformatlorx Such
as what level EPC (e.g. MME, S-GW) load or Core Network (CN) (e.g. SGSN, GGSN) load is in,
or whether it is overloaded. The radio access network load information refers toJ the
information such as what level RAN (e.g. eNB, NB, RNC) load (e.g. radio resource usage rate
(Physical Resource Block Usage)), hardware load, network load (Transport Network i%hyer
Load), and available capacity (Composite Available Capacity) are in, or whether it is overléaded,
whether an access is limited (Access Barring: AB, or Access Class Barring: ACB), the number of
activated radio terminals around cells (Number of Active UE), or the number of random access
preambles around cells (Number of Received Random Access Preambles), which is received in a
predetermined period. The radio bearer information refers to the information such as how
many radio bearers (Radio Bearer: RB) are used per cell, or how many radio access bearers
(Radio Access Bearer: RAB) are established per cell. Note that a radio bearer (RB) or a:radio
access bearer (RAB) may be the information per type such as GBR (Guaranteed Bit Rate),

Non-GBR.

Further, it is conceivable to take radio terminal information of each radio terminal UE into
consideration. It is conceivable that the radio terminal information is, for example,

terminal unique information, |

speed related information, and

radio link information,
but it is not limited thereto. The terminal unique information refers to the information such as
radio terminal capability (UE Capability), radio terminal category (UE Category), access class,
or terminal type (e.g. Type Allocation Code: TAC included in International Mobile Equipment
Identifier: IMEI that is a terminal identifier). The speed related information refers to the
information such as a speed of the radio terminal (UE) measured by the UE itself, a speed of the
UE estimated by the radio base station (eNB), a mobility state of the UE decided by the UE itself,
or a mobility state of the UE decided by the eNB. Note that a mobility state is the information
defined in multiple levels such as Normal, Low, Medium and High, for example, it is decided

based on how many times the radio terminal (UE) performs handover within a predetermined
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time, or how many times the UE performs cell reselections. The radio link information Tefers

to the information such as the number of radio bearers (Number of RB) simultaneously usé:gi:’, the

number of cells (Number of Serving Cell) simultaneously used, the number of comgppént

carriers (Number of Component Carrier) simultaneously used, or whether a plurality of;?« f’adid

bearers are used, whether a plurality of cells or component carriers are used, or channel qifality

(Channel Quality Indicator: CQI), or a policy (e.g. Proportional Fairness: PF, Round Robiri:::‘]RR)

in a scheduler of a radio station (e.g. eNB, NB, RNC). Note that a technique for the usﬁ:;of a
plurality of cells or component carrier is called as a carrier aggregation in LTE, and the technique
is expected to bring an improvement effect of throughput (that is, increase). Similarly, in
UMTS, a technique for the use of a plurality of cells is used.in combination with the usJé of
HSDPA (High Speed Downlink Packet Access), or HSUPA (High Speed Uplink Packet Acéess),
for example, when two cells are simultaneously used, it is called as dual cell HSDPA, or dual cell

HSUPA.

It is expected to make quality measurement more meaningful by adding such radio

network information or radio terminal information to the information to be reported to the TCE.

Further, in the present invention, it is conceivable that the radio station forcibly instructs
the radio terminal to execute obtainment of detailed location information using GPS or LCS, and
to report the detailed location information. Therefore, it is possible to effectively obtain the
detailed location information, thereby being able to expect to increase a mapping accuracy with
the results of quality measurement. However, in this case, the application of information may
be necessary, the information indicating whether a user who owns a radio terminal allows for
obtainment of detailed location information (e.g. what is similar to “User Consent” with respect
to a report of location information) in accordance with the instructions from a radio station. In
this case, the radio station can forcibly instruct the radio terminal to obtain and report the
detailed location information only when a user consents. Further, as another method, when the
radio terminal receives instructions to forcibly obtain and report the detailed location information
from the radio station, the radio terminal may be configured to reject the instructions. It is
conceivable as a rejection reason that a user rejects the instructions, or a battery amount of the

radio terminal is not sufficient, but it is not limited thereto.

<Embodiment of First Radio Communication System>

FIG. 5 is a diagram illustrating an example of the overall configuration of a first radio
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communication system in one embodiment of the present invention. The first cradio

communication system assumes 3GPP LTE is assumed in , and includes a radio terminal (UE) 10,
a radio base station (eNB) 11, a mobility management apparatus (MME)/a home subscriber

ot .
management server (HSS) 12 of a radio terminal, a network operation management appafatus

(EM) 13, and an information collection server (Trace Collection Entity: TCE) 14. g

)
FIG. 6 to FIG. 8 are function diagrams of the radio terminal (UE) and each radio netﬁork

node in the first radio communication system. ™

FIG. 6 is a block diagram of the radio terminal (UE) 10 and the radio base station (eI\JEB)
11. The radio terminal (UE) 10 includes a radio signal receiver 101 that receives radio sighals
from the radio base station (eNB) 11, a demodulator 102 that demodulates the received signals, a
control unit 103 that controls operations of the UE such as execution of measurement based on
demodulated information, a measurement unit 104 that executes measurement based on the
instructions from the control unit 103 or the received radio signals, a signal generation unit 105
that generates transmission signals from the measurement results or information data, and a radio

signal transmitter 106 that transmits transmission signals by radio, and the like.

The radio base station (eNB) 11 includes a radio signal receiver 111 that receives radio
signals from the radio terminal (UE) 10, a demodulator 112 that demodulates the received radio
signals, a measurement information storing unit 113 that stores demodulated measurement
information, a transmitter 114 that transmits uplink data or measurement information received
from the UE 10 to an upper station (e.g. MME, EM, or TCE), a receiver 115 that receives signals
from an upper station, a control unit 116 that controls generation of transmission signals to the
UE 10 or transmission of measurement information to an upper station, a signal generation unit
117 that generates transmission signals to the UE 10, a radio signal transmitter 118 that transmits
radio signals to the UE 10, and the like.

FIG. 7 is a block diagram of the mobility management apparatus (MME)/the home
subscriber management server (HSS) 12 of the radio terminal, and a block diagram of the EM 13.
The MME/HSS 12 includes a receiver 121 that receives signals from the radio base station
(eNB), a transmitter 122 that transmits signals to the eNB, a control unit 123 that controls
various functions, a radio terminal authentication unit 124 that authenticates the radio terminal

(UE) 10, a radio terminal mobility management unit 125 that performs mobility and management
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of the UE 10, a transmitter 126 that transmits signals to the network operation manaé%ment

apparatus (EM) 13 or the network (operator network or the Internet), a receiver 127 that recelves

signals from the network operation management apparatus (EM) 13 or the network (operator

P

network or the Internet), and the like. o

The network operation management apparatus (EM) 13 includes a receiver 13} that
receives signals from the radio base station (eNB) 11 or the MME/HSS 12, a transmitter 132J that
transmits signals to the radio base station (eNB) 11 or the MME/HSS 12, a MDT comréi] unit
133 that performs control related to MDT, and the like. Note that the MME/HSS: ...,12 is
described in the same block diagram in FIG. 7, but each of the MME and the HSS may be
described in a block diagram as an independent node, the present invention can be performed in

either case.

FIG. 8 is a block diagram of a trace information collection apparatus (TCE) 14. The TCE
14 includes a receiver 141 that receives signals from the radio base station (eNB) 11 or the upper
network node (MME/HSS 12 or EM 13), a transmitter 142 that transmits signals to the' eNB 11
or the upper network node, a radio terminal trace control unit 143 that performs tracing (tracing
management) of the radio terminal (UE) 10, a MDT measurement information collection unit

144 that collects MDT measurement results, and the like.

<Third Embodiment>

FIG. 9 is a sequence diagram illustrating operations of the radio base station (eNB) 11 and
the radio terminal (UE) 10 in accordance with the third embodiment of the present invention.
In the present embodiment, as quality measurement related to a service quality (e.g. QoS), it is
assumed to execute measurement of throughput per user of downlink data (hereinafter,
“throughput per user” will be referred to simply as “throughput”, unless especially described).
Note that a definition of throughput may be conceivable in various ways, but an application
scope of the present invention is not limited by the definition, and can be applied to anything.
At the start and the end of throughput measurement, the eNB 11 also instructs the UE 10 to
obtain information related to a location and report the obtained information related to the
location. Further, in FIG. 9, it is assumed that the eNB 11 receives instructions to perform

throughput measurement in MDT from an upper network (e.g. EM 13 or EPC 14).

InFIG. 9, the eNB 11 firstly acknowledges a reception of downlink data for the UE 10
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under control of the eNB 11 (Step 301: DL data arrival). Here, it is assumed that the UFIO is

already in an active state (that is, RRC Connected state). Next, the eNB 11 starts throd”"g}lput

[
et

oot

data)), and instructs the UE 10 to perform execution of MDT measurement reporting (that is,
measurement of received quality and obtainment of information related to location, and report
thereof) (Step 304: Measurement configuration (Immediate MDT)). In this case, for exariple,
the eNB 11 instruct the UE 10 to perform execution of MDT measurement reporting one 'Elme
In accordance with the instructions, the UE 10 performs MDT measurement (Step 305: MDT
Measurement), and reports the results of the MDT measurement to the eNB 11 (Step 306" MT
measurement report). The eNB 11 stores the results of the MDT measurement reported from
the UE 10 (Step 307: Store reported MDT measurement results). The eNB arbitrarily transmits
the remaining downlink data to the UE (Step 308: DL data). Then, when completing
transmission of last downlink data (Step 309: DL data (last piece of data), the eNB 11 instructs
the UE 10 to execute the MDT measurement again (S.tep 310: measurement configuration
(Immediate MDT)). In accordance with the instructions, the UE 10 executes the MDT
measurement (Step 311: MDT Measurement), and reports the results of the MDT measurement
to the eNB 11 (Step 312: MT measurement report). The eNB 11 stores the results of the MDT
measurement reported from the UE 10 (Step 313: Store reported MDT measurement results).
The eNB finishes the throughput measurement and stores the results. (Step 314: Finish QoS

measurement).

Hereafter, the eNB 11 adds a common identifier (e.g. Trace Reference ID) for associating
the throughput measurement results with the information related to the location of the UE 10, or
generates one information element including the throughput measurement results and the
information related to the location of the UE 10, or performs both addition and generation, and
transmits the throughput measurement results and the information related to the location of the
UE 10 to the TCE (not shown in FIGs). Further, it is conceivable that the eNB also transmits to
the TCE, QoS information (e.g. QoS Class Indicator: QCI) which was the target for quality
measurement, received quality of a serving cell or neighboring cells that is/are measured by the
UE 14 which was the target for quality measurement, and information related to a time at which

the received quality was (has been) measured.
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By the above-operations, when the radio base station (eNB) 11 executes ciﬁality
measurement (e.g. throughput measurement) related to a service quality (e.g. QoS), it is pdsslble
to effectively collect information related to a location of the radio terminal (UE) 10 to be aéérget
for the quality measurement, and to clearly associate the results of the quality measuremeni{}nith
the information related to the location of the radio terminal (UE) 10. Further, this enables the
information collection server (TCE) 14, which has collected the results of the q‘u'ahty
measurement and the information related to the location of the radio terminal (UE) 10 frox_[r:i the

radio base station (eNB) 11, to understand which results of the quality measurement are' the

)
o

e

to use such information effectlvely

Further, it is expected to make quality measurement more meaningful by reporting “the
radio network information”, or “the radio terminal information” described above in addition to
measurement values of throughput and the information related to the location collected from the
UE 10, and reporting them to the TCE 14. |

Note that, in the third embodiment, the information related to a location at both the start
and the end of throughput measurement is obtained and reported, however, the information at
either the start or the end may be reported. Further, although the information at both the start

and the end is obtained, but the information at either the start or the end may be reported.

Further, in the third embodiment, the example in which Immediate MDT is used is
described, but a UE in a RRC_Connected state may perform Logged MDT. For example, in the
third embodiment, the UE may obtain and report the information related to a location at both the
start and the end of throughput measurement, and report the information to the eNB 11

collectively later on.

Further, in the third embodiment, when the UE 10 to be a target for throughput
measurement performs handover during a period of throughput measurement, the UE 10 may
measure throughput up to an execution point of handover. At this time, as to the information
related to a location of the UE 10, the information which the UE 10 obtains at the start of
throughput measurement or at the time of handover is collected. Note that, it is conceivable
that “at the time of handover” refers to, for example, at a time point when the eNB 11 satisfying

the requirements of measurement report for performing handover transmits handover instructions
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(RRC Connection Reconfiguration, or Handover command), or at a time point when the UE 10

receives the handover instructions. On the other hand, the results of throughput may be

to an execution of handover. Similarly, when a call disconnection (Radio Link Failure: RLF)
o

occurs during a period of throughput measurement, the results of throughput may be transmiitted

to the TCE as invalid values. | '*J

Lo
Here, as a method for the use of the collected information related to a location,-it is

conceivable that detailed location information at the start and the end of quality measurement is
processed by linear interpolation, a point where a radio terminal stays during a period ofj the
quality measurement (in the third embodiment, during a period of throughput measuremerit) is
estimated, and the results of the quality measurement (that is, throughput values) are mapped to
the point where the radio terminal stays. On the other hand, as to the information related to a
location, it is conceivable that when collecting RF fingerprint, received power (or, received .
quality) of each cell during a period of quality measurement is averaged every predetenhi_ned
period, and the quality measurement results (that is, throughput values) are mapped to a coverage
map based on the averaged received power (or, received quality). However, it is not lifnited

thereto, but various usage embodiments are possible.

<Modification 1 of Third Embodiment>

In the third embodiment, it is assumed to perform throughput measurement as quality
measurement related to a service quality (e.g. QoS), and the radio terminal (UE) 10 obtains and
reports information related to a location at the start and the end of the throughput measurement,
but furthermore in the modification 1 of the third embodiment, when the radio terminal (UE) 10
obtains detailed location information by GPS or LCS, the UE reports such information. The
other operations are basically the same as those of the third embodiment, so that explanation

thereof will be omitted.

In the modification 1 of the third embodiment, when the radio base station (eNB) 11 firstly
receives downlink data to be transmitted to the radio terminal (UE) 10 under control of the radio
base station (eNB) 11, the radio base station (eNB) 11 starts throughput measurement for the UE
10 and instructs the UE 10 to obtain and report information related to a location. Further, the
eNB 11 instructs the UE 10 to report detailed location information when the UE 10 obtains the
detailed location information by GPS or LCS. Note that the instructions may be performed as
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instructions of execution of MDT measurement reporting of Immediate MDT, or performeé? ’
using another new message. When the UE 10 obtains the detailed location information di';iTr;ing
throughput measuremeut in the eNB 11, the UE 10 reports it to the eNB 11.  Note that the:iJE
may instruct to stop (or, cancel) corresponding instructions after finishing the throughput o
measurement.  Also, when using Logged MDT by the UE in a RRC_Connected state mstéald of
Immediate MDT, the UE 10 stores the obtained detailed location information, and reports 1tlto
the eNB 11 at a predetermined timing. Thereafter, the eNB 11 instructs the UE 10 to obtain the
information related to the location when finishing the throughput measurement, and the UE}O
reports the obtained information related to the location to the eNB 11 in accordance with theJ

instructions. v &=

Like this, not only the information related to the location of the UE 10 to be a target for
throughput measurement at the start and the end of the throughput measurement, the UE 10
collects detailed location information obtained by GPS or LCS during the throughput
measurement, thereby being able to perform, in greater detail, mapping of the throughput
measurement and the place where the targeted UE 10 stayed.

<Modification 2 of Third Embodiment>

In the third embodiment, it is assumed to perform throughput measurement as quality
measurement related to a service quality (e.g. QoS), information related to a location of the radio
terminal (UE) 10 at the start and the end of the throughput measurement is collected. Further,
in the modification 1 of the third embodiment, when obtaining detailed location information hy
GPS or LCS, such information is also collected. In the modification 2 of the third embodiment,
when the radio terminal (UE) 10 obtains the detailed location information by GPS or LCS while
the radio base station (eNB) 11 performs the throughput measurement, the radio base station
(eNB) 11 instructs the radio terminal (UE) 10 to report such information, and when the UE does
not obtain the detailed location information during the throughput measurement, the radio base
station (eNB) 11 instructs the UE to obtain and report the information related to a location at the
end of the throughput measurement. The other operations are basically the same as those of the

third embodiment, so that explanation thereof will be omitted.

In the modification 2 of the third embodiment, when the radio base station (eNB) 11 firstly
receives downlihk data to be transmitted to the radio terminal (UE) 10 under control of the radio
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base station (eNB) 11, the radio base station (eNB) 11 starts throughput measurement for the UE
10, and instructs the UE to report detailed location information when the UE obtains the detmled

location information by GPS or LCS. Note that the instructions may be performed as (j-_ '

instructions of execution of MDT measurement reporting of Immediate MDT, or perforrned;_':
using another new message. When the UE 10 obtains the detailed location information dusing
throughput measurement in the eNB 11, the UE 10 reports it to the eNB 11.  Note that the UFJ
10 does not necessarily acknowledge recognize that the throughput measurement is perfonnﬂi,
the eNB 11 may be configured to-stop (or, cancel) corresponding instructions after finishing the
throughput measurement. ~ Also, when using Logged MDT by the UE in a RRC Connectedi’i“
state instead of Immediate MDT, the UE 10 stores the obtained detailed location 1nformat10n .
and reports it to the eNB 11 at a predetermined timing. Then, after finishing the ﬂuoughpdt
measurement, the eNB 11 instructs the UE 10 to obtain the information related to the location
only when not receiving a report of the detailed location information from the UE 10 during the

throughput measurement, and the UE10 reports the obtained information related to the location

to the eNB 11 in accordance with the instructions.

Like this, the UE 10 collects detailed location information obtained by GPS or LCS during
throughput measurement, thereby being able to perform, in greater detail, mapping of the
throughput measurement and the place where the targeted UE 10 stayed. Further, even when
the UE 10 does not obtain the detailed location information and does not report it to the eNB 11,
the UE 10 collects information related to a location at the end of the throughput measurement,

thereby being able to understand throughput values as to where the UE lastly stayed.

Here, in another embodiment, when the UE 10 does not obtain detailed location
information in a predetermined period, the eNB11 may preliminarily instruct the UE 10 to obtain
and report information related to a location after the end of a predetermined period. Further, in
another embodiment, the eNB 11 may preliminarily instruct the radio terminal (UE) 10 to report
information related to a location at the start of throughput measurement, instead of that the eNB
11 may instruct the UE to obtain and report the information related to the location at the end of

the throughput measurement.

Note that, in the third embodiment and the modifications thereof, as the quality
measurement related to a service quality (e.g. QoS), (downlink) throughput is used as an

example, but it is obvious to be also applied to other quality measurements in a similar manner.
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< Fourth Embodiment> 4 'l_.’
FIG. 10 is a sequence diagram illustrating operations of the radio base station (eNB) 11
and the radio terminal (UE) 10 in accordance with a fourth embodiment of the present mveptwn
In the present embodiment, as quality measurement related to a service quality (e.g. QoSJ it is
assumed to perform the measurement of a packet loss rate and of a packet discard réig: of
downlink data. Note that a definition of a packet loss rate and of a packet discard rate mgy be
conceivable in various ways, but an application scope of the present invention is not limited by
the definition, and can be applied to anything. The eNB 11 also instructs the UE 10 to
periodically obtain and report information related to a location during the quality measmeéfjent,
that is, during the measurement of a packet loss rate and of a packet discard rate. Theri, the
eNB 11 reports to the information collection server (TCE) 14 of MDT, the measurement results
of a packet loss rate and of a packet discard rate and the information related to the location
reported from the UE. Note that “during the quality measurement” is not only from the start to
the end of quality measurement, but may include right before the start and right after the énd of
quality measurement. Further, in FIG. 10, it is assumed that the eNB 11 receives instructions to
execute measurement of a packet loss rate and of a packet discard rate by MDT from an upper

network (e.g. EM or EPC).

In FIG. 10, the eNB 11 firstly acknowledges a reception of downlink data for the UE 10
under control of the eNB 11 (Step 401: DL data arrival). Here, it is assumed that the UE10 is
already in an active state (that is, RRC_Connected State). Next, the eNB 11 starts measurement
of a packet loss rate and a packet discard rate of the downlink data for the UE 10, and starts a
trace session for information collection by MDT (Step 402: Start QoS measurement and Trace
Session). The eNB starts to transmit the downlink data (that is, packets) to the UE (Step 403:
DL data (first piece of data)), and instructs the UE to perform execution of MDT measurement
reporting (that is, measurement of received quality and obtainment of information related to

location, and report thereof) (Step 404: Measurement configuration (Immediate MDT)).

The UE 10 performs MDT measurement at a predetermined period specified by Step 404,
and reports the results of the received quality and the information related to the location to the
eNB 11, and the eNB 11 stores the reported results of MDT measurement (Step 405: MDT
measurement, report (UE) and Store (eNB11)). The eNB 11 continuously transmits the
downlink data (Step 406: DL data), and the UE 10 performs MDT measurement reporting at a
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predetermined period. (Step 407: MDT measurement, report (UE) and Store (eNB)). ‘When
completing transmission of the last downlink data (Step 408: DL data (last piece of daté;); the
eNB 11 finishes the measurement of a packet loss rate and a packet discard rate and storgs the
results (Step 409: Finish QoS measurement). Then, the eNB 11 stores the information on,MDT
measurement reporting transmitted from the UE right after the end of the quality mcasurgﬂlent

[

(Step 410: MDT measurement, report (UE) and Store (eNB)). ~
‘ -
Hereafter, the eNB 11 adds a common identifier (e.g. Trace Reference ID) for assocfiﬂting
the measurement results of a packet loss rate and a packet discard rate with the infonffétion
related to the location of the UE 10, or generates one information element includir{éj the
measurement results of a packet loss rate and a packet discard rate and the information related to
the location of the UE 10, or performs both addition and generation, and transmits the
measurement results of a packet loss rate and a packet discard rate and the information related to
the location of the UE 10 to the TCE 14 (not shown in FIGs). Note that the eNB 11 may
transmit to the TCE 14, MDT measurement reporting collected from the UE 10 right befﬁre the

end of the quality measurement, not right after the end thereof.

By the above-operations, when the radio base station (eNB) 11 executes quality
measurement (e.g. measurement of a packet loss rate and a packets discard rate) related to a
service quality (e.g. QoS), it is possible to effectively collect information related to a location of
the radio terminal (UE) 10 to be a target for the quality measurement, and to clearly associate the
results of the quality measurement with the information related to the location of the radio
terminal (UE) 10. Further, this enables the information collection server (TCE) 14, which has
collected the results of the quality measurement and the information related to the location of the
radio terminal (UE) 10 from the radio base station (eNB) 11, to understand which results of the
quality measurement are the results as to where (that is, which location) the radio terminal (UE)

10 stayed, thereby being able to use such information effectively.

Here, in the fourth embodiment, the example in which Immediate MDT is used is
described, but the UE in a RRC_Connected state may perform Logged MDT.  For example, in
the fourth embodiment, the eNB may instruct the UE to perform Logged MDT at the start of
measurement of a packet loss rate and a packet discard rate (or before the start), and to report at

the end thereof (or a predetermined timing before the end).
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Further, in the fourth embodiment, when the UE 10 to be a target for throughput
measurement performs handover during a period of measurement, the UE 10 may measure a
packet loss rate and a packet discard rate up to an execution point of handover. At this tlme as
to the information related to a location of the UE 10, the information which is already reperted
by the time of handover is reported to the TCE 14. Note that, it is conceivable that “at the tlme
of handover” refers to, for example, at a time point when the eNB 11 satisfying the requxre;lents
of measurement report for performing handover transmits handover instructions (RRC
Connection Reconfiguration, or ‘Handover command), or at a time point when the UE 10
receives the handover instructions. On the other hand, the results of a packet loss rate 'a-nd a
packet discard rate may be transmitted to the TCE 14 as invalid values, instead ofJ the
measurement results up to an execution point of handover. Similarly, when a call disconnéétion

(Radio Link Failure: RLF) occurs during a measurement period of a packet loss rate and a packet

discard rate, the measurement results may be transmitted to the TCE 14 as invalid values.

Further, as described in the third embodiment, even in the fourth ‘embodiment, it is
expected to make quality measurement more meaningful by reporting “the radio network
information” or “the radio terminal information” in addition to measurement values of a packet
loss rate and a packet discard rate and the information related to the location collected from the
UE, and reporting them to the TCE 14.

Here, as a method for the use of the collected information related to a location, it is
conceivable that detailed location information during a period of quality measurement is
processed by linear interpolation, a point where a radio terminal stays during a period of the
quality measurement (in the fourth embodiment, during a measurement period of a packet loss
rate and a packet discard rate) is estimated, and the results of the quality measurement (that is, a
packet loss rate and a packet discard rate) are mapped to the point where the radio terminal stays.

However, it is not limited thereto, but various usage embodiments are possible.

<Modification 1 of Fourth Embodiment>

In the fourth embodiment, it is assumed to execute measurement of a packet loss rate and a
packet discard rate as quality measurement related to a service quality (e.g. QoS), and the radio
terminal (UE) 10 periodically obtains and reports information related to a location during a
measurement period, and the radio base station (eNB) 11 transmits such information to the

information collection server (TCE) 14. But, in the modification 1 of the fourth embodiment,
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as to the information related to a location of the UE 10 which is transmitted from the eNﬁ,,'lll to

foud
the TCE 14, the eNB 11 selects necessary information from among the information collected

periodically. - b

fomnth

(eNB) 11 performs from the start to the end of measurement of a packet loss rate and a packet
discard rate, and the operations which the radio terminal (UE) 10 performs therefrom theret,‘c; are
basically the same as those of the fourth embodiment. Thereafter, the eNB 11 selects the -
information included in MDT measurement reporting with a predetermined period (e.g. a
predetermined period longer than that period), which is different from a period instructed totjhe
UE 10 by Immediate MDT, from among MDT measurement reporting collected during a -
measurement period of a packet loss rate and a packet discard rate, and transmits the selected
information together with the measurement results of a packet loss rate and a packet discard rate

to the TCE 14.

This is expected to bring effects, such as reduction of the amount of information to be
transmitted to the TCE 14, or reduction of processing for selecting necessary information in the
TCE 14, when it is difficult to estimate in advance how long a period of quality measurement
actually is, or when it is unknown (or unclear) how fast the radio terminal (UE) 10 moves. For
example, it is desired to precisely collect information related to a location to some extent, but
when it is unknown how fast the UE 10 moves, it is necessary to instruct the UE 10 to obtain and
report the information related to a location at a relatively short period. However, as a result of
actual information collection as to a location, when the UE 10 does not move enough, as to a
period of the information related to the location that is necessary (or, helpful) in the TCE 14, it is
assumed to be a relatively longer period than a collected period. In such a case, it is

conceivable that the operations of the embodiment are effective.

Note that the method for selecting information by the eNB 11 is not limited to other than a
periodical selection, it may be performed based on that how far the UE moves, or how much data
(that is, packet) the UE 10 transmits. For example, when making a selection based on the
movement of the UE 10, it is conceivable as a method to select the information other than the
one related to a location that is initially collected, whenéver the UE 10 moves for more than a
predetermined distance, or whenever received quality of a serving cell is changed more than a

predetermined value. Also, when making a selection based on the amount of data (that is,
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packet) transmission, it is conceivable as a method to select the information other than the one
related to a location that is initially collected, whenever a predetermined amount of data is

transmitted to the UE 10. _ e

<Modification 2 of Fourth Embodiment>

In modification 1 of the fourth embodimeﬁt, it is assumed to execute measurement.of a
packet loss rate and a packet discard rate as quality measurement related to a service quality:(e.g.
QoS), and the radio base station (eNB) 11 makes a selection from among the information r;ilated
to a location periodically collected from the radio terminal (UE) 10 during a perlod of
measurement, and transmits the selected information to the information collection server (TCE)
14. But, in the modification 2 of the fourth embodiment, the UE 10 makes such a selectlon
For example, it is conceivable as a method to report the information related to a location that the
eNB 11 notifies the UE 10 of information to be a basis for selection, and only when satisfying

the basis for the selection.

Note that, in the fourth embodiment and the modifications thereof, as the ‘quality
measurement related to a service quality (e.g. QoS), a packet loss rate and a packet discard rate
(of downlink) are used as an example, but it is obvious to be also applied to other quality

measurements in a similar manner.

< Firth Embodiment>

FIG. 11 is a sequence diagram illustrating operations of the radio base station (eNB) 11
and the radio terminal (UE) 10 in accordance with a fifth embodiment of the present invention.
In the present embodiment, as quality measurement related to a service quality (e.g. QoS), it is
assumed to perform throughput measurement of uplink data. Note that a definition of
throughput may be conceivable in various ways, but an application scope of the present
invention is not limited by the definition, and can be applied to anything. The eNB 11 also
instructs the UE 10 to obtain information related to a location and report the obtained
information related to the location at the start and the end of throughput measurement. Here, it

is conceivable that “at the start of measurement” is at the start of a session (at setup of Bearer) to

~ be a target for the quality measurement, or at the transmission and reception of first data of the

session (that is, transmission or reception by the eNB 11, or transmission or reception by the UE
10), or when data belonging to a predetermined QoS (or, QoS group, QCI) is generated, or when
data belonging to a predetermined QoS (or, QoS group, QCI) is transmitted, or when data is
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generated (that is, data is available) in a predeterminediogical channel group (Logical Ch:‘innel
Group: LCG), or when predetermined LCG data is transmitted, or the like. It i§-also
conceivable that “at the end of measurement” is at the end of a session or at the decision of end
of a session to be a target for the quality measurement, or when last data in a sessiﬂn is
transmitted (or received), at the time of completion of last data transmission (or, completitn of
last data reception), or when data belonging to a predetermined QoS (or, Qos group, QCI) 1s
gone, or wheri predetermined LCG data is gone (that is, empty), or the like. Further, in FI(} 11,
it is assumed that the eNB 11 receives instructions to perform throughput measurement (instruct

the UE 10 to execute measurement in the fifth embodiment) by MDT from an upper networgj(e.g.

1

EM 13 or EPC 14). -
y
In FIG. 9, the UE 10 recognizes a generation of uplink data (Step: UL data arrival) and
transmits a scheduling request for an uplink radio resource to the eNB 11 (Step 502: Scheduling
Request (Buffer status report)). Here, it is assumed that the UE 10 is already in an active state
(that is, RRC connected_ state) and a radio resource for transmitting a scheduling request is
already allocated. The UE 10 also performs a status report of transmission buffers (Buffer
status report: BSR) together with the scheduling request, but the UE 10 does not necessarily
perform the status report and the scheduling request in the same message or at the same timing,
the UE 10 may firstly transmit only the scheduling request. Next, the eNB 11 starts a trace
session for collecting information by MDT (Step 503: Start Trace Session), so as to instruct the
UE 10 to measure throughput measurement of uplink data of the UE 10, and instructs the UE 10
to execute MDT measurement reporting (that is, measurement of received quality, obtainment of
information related to a location and report of such measurement and information) (Step 504
Measurement configuration (Immediate MDT)). When receiving the instructions, the UE 10
starts throughput measurement of uplink data (Step 505: Start QoS measurement). The eNB 11
notifies the UE 10 of an uplink radio resource allocation (Step 506: UL scheduling grant), and
followed by the notification, the UE 10 starts transmission of the uplink data (Step 507: UL data
(first piece of data)). The UE 10 also executes MDT measurement, and reports the results of
received quality and the obtainment results of the information related to the location to the eNB
11 right after transmitting the first uplink data, and then the UE 10 stores the reported
information (Step 508: MDT measurement, report (UE) and Store (eNB)). Note that MDT
measurement may be executed right before transmission of the first uplink data or at the
transmission of the first uplink data, not right after transmission of the first uplink data.
Thereafter, the UE 10 continues transmission of the uplink data. (Step 509: UL data).
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Note that the steps of an uplink radio resource allocation of after the first transmissicm are
omitted in FIG .11. When completing transmission of the last uplink data (Step 510: UL data
(last piece of data)), the UE 10 performs throughput measurement of the uplink data (Stel;wS 11:
Finish QoS measurement). Then, the UE 10 executes MDT measurement, and reports the
results of the received quality, the obtainment results of the information related to the locatlon to

the eNB 11 and the throughput results to the eNB 11, and the eNB 11 stores the repmrted

- information (Step 512: MDT measurement, report w/ QoS measurement result (UE) and Store

(eNB)). Note that the UE 10 may execute right before transmission of last uplink data or at the
transmission of last uplink data, not right after completion of the last uplink data transm1ss1ox}l.m

Hereafter, the eNB 11 adds a common identifier (e.g. Trace Reference ID) for associating
the throughput measurement results with the information related to the location of the UE 10, or
generates one information element including the throughput measurement results and the
information related to the location of the UE 10 (or, performs both addtion and .generation), and
transmits the throughput measurement results and the information related to the location of the
UE 10 to the TCE 14 (not shown in FIGs). Further, it is conceivable that the eNB also
transmits to the TCE 14, QoS information (e.g. QoS Class Indicator: QCI) which was the to be a
target for quality measurement, received quality of a serving cell or neighboring cells that is/are
measured by the UE which was the target for quality measurement, and the information related

to a time at which the received quality was (has been) measured.

By the above-operations, when the radio base station (eNB) 11 instructs the UE 10 to
execute quality measurement (e.g. throughput measurement) related to a service quality (e.g.

QoS), it is possible to effectively collect information related to a location of the radio terminal

- (UE) 10 which executes the quality measurement, and to clearly associate the results of the

quality measurement with the information related to the location of the radio terminal (UE) 10.
Further, this enables the information collection server (TCE) 14, which has collected the results
of the quality measurement and the information related to the location of the radio terminal (UE)
10 from the radio base station (eNB) 11, to understand which results of the quality measurement
are the results as to where (that is, which location) the radio terminal (UE) 10 stayed, thereby

being able to use such information effectively.

Further, as in the third or the fourth embodiment, it is expected to make quality
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measurement more meaningful by reporting “the radio network information” or “the"' "radio

information related to the location collected from the UE 10, and reporting them to the TCEW;14.

[

Note that, in the fifth embodiment, the information related to a location at both timeijoints
(that is, at the start and the end of throughput measurement) is obtained and reported, ho;;jever
the information at either of both time points may be reported. Further, although the 1nfoxmat10n
at both time points is obtained, but the information at either of both time points may be reported.

Further, in the fifth embodiment, the example in which Immediate MDT is used is J
described, but the UE in a'RRC_Connected state may perform Logged MDT. For exampl'é? in
the fifth embodiment, the UE 10 may obtain and report the information related to a location at
both time points (that is, at the start and the end of throughput measurement), and report the

information to the eNB 11 collectively later on.

Further, in the fifth embodiment, when the UE 10 to be a target for throughput
measurement performs handover during a period of throughput measurement, the UE 10 may
measure throughput up to an execution point of handover. At this time, as to the information
related to a location of the UE 10, the information which the UE 10 obtains at the start of
throughput measurement or the time of handover is collected. Note that, it is conceivable that
“at the time of handover” refers to, for example, at a time point when the eNB 11 satisfying the
requirements of measurement report for performing handover transmits handover instructions
(RRC Connection Reconfiguration, or Handover command), or at a time point when the UE 10
receives the handover instructions. On the other hand, the results of throughput may be
transmitted to the TCE 14 as invalid values, instead of the results of throughput measurement up
to an execution point of handover. Similarly, when a call disconnection (Radio Link Failure:
RLF) occurs during a period of throughput measurement, the results of throughput may be
transmitted to the TCE as invalid values.

Here, as a method for the use of the collected information related to a location, it is
conceivable that detailed location information at the start and the end of quality measurement is
processed by linear interpolation, a point where a radio terminal stays during a period of quality
measurement (in the fifth embodiment, during a period of throughput measurement) is estimated,

and the results of the quality measurement (that is, throughput values) are mapped to the point
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where the radio terminal stays. However, it is not limited thereto, but various usage
Fold

embodiments are possible. ' ' i

<Sixth Embodiment> =

In the third to the fifth embodiments, the embodiments are described by focusmg on the
operations of the radio base station (eNB) 11 and the radio terminal (UE) 10 assuming a case of a
LTE system. FIG .12 is a sequence diagram, which includes other network nodes, 111ustnatmg
operations of each node in accordance with an embodiment of the present invention. Note that
it is assumed that the radio station (eNB) 11 executes quality measurement related to a sé?vxce
quality (e.g. QoS). Also, as a control method of MDT, Management based MDT (also referred

to as Area based MDT) is assumed.

In FIG. 12, the network operation management apparatus (EM) 13 notifies the radio base
station (eNB) 11 under the control of the EM 13 of a MDT Activation message including
configuration information (QoS measurement conﬁguratioh) of quality measurement related to a
service quality (e.g. QoS), in addition to configuration information of the radio terminal (UE)
measurement of MDT (MDT measurement configuration), target location information of MDT
(Area scope), trace basic information (Trace Reference: TR, Trace Recording Session Reference:
TRSR) and the like (Step 601: MDT Activation (QoS measurement configuration)). This
configuration information of the quality measurement indicates when, what, how is measured, or
how information related to a location is collected from the UE 10, as described from the third
embodiment to the fifth embodiment. For example, when there is the UE 10 that performs a
connection establishment to the eNB 11 (Step 602: Attach Procedure), the eNB 11 confirms the -
EPC (HSS) about a user agreement (User Consent) with respect to a report of location
information of the UE 10 (Step 603: User consent information retrieval). Note that
confirmation of the User consent is performed through each interface from the eNB 11 to the
MME, and from the MME to the HSS, but in FIG. 12, it is described as an interface (or message)
from the eNB 11 to the EPC (MME/HSS) 12, instead of sequentially indicating an interface (or
message) between the eNB 11 and the MME, and an interface (or message) between the MME
and the HSS. Note that, in FIG. 12, it is assumed that a user agrees (i.e. Consent) and it is
assumed to select the UE 10 of the user as the UE to be instructed to execute Immediate MDT.
After starting a trace session (Step 604: Start Trace Session) and performing a MDT preparation,
the eNB 11 starts executing quality measurement related to a service quality (e.g. QoS) (Step

605: Start QoS measurement). Note that, it is conceivable that the quality measurement is, for
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example, throughput, a packet loss rate or a packet discard rate, a packet error rate or a packei

retransmission rate, but it is not limited thereto. Then, the eNB 11 collects the infonnation':;_j

related to a location of the UE 10 to be a target (Step 606: Location information collection)., ", As

Q.

sy

Note that strictly speaking, it is not necessarily to perform collection during a period of qualiiy
measurement, it is conceivable to collect the information before the start of quality measureﬁiéant,

or after the end thereof, or the like. Then, when finishing the quality measurement (Step 607

Finish QoS measurement), the eNB 11 stores the results of the quality measurement and the ;;,1::3
collected information related to the location of the UE 10 (Step 608: Store to Trace Record).M
Thereafter, the eNB 11 notifies the EPC (MME) 12 of trace basic information (e.g. TR or TRSR)
of which a collection of measurement information is finished (Step 609: Cell Traffic Trace with
TR, TRSR). The EPC (MME) 12 reports the information related to the targeted UE 10 to the
TCE 14, based on the trace basic information notified from the eNB 11 (Step 610: Sending TAC,
TR, TRSR). Then, the eNB 11 reports the measurement information collected in MDT to the

TCE (Step 611: Trace Record Reporting (QoS measurement results)).

By the above-operations, when the radio base station (eNB) 11 executes quality
measurement related to a service quality (e.g. QoS), it is possible to effectively collect
information related to a location of the radio terminal (UE) 10 to be a target for the quality
measurement, and to clearly associate the results of the quality measurement with the
information related to the location of the radio terminal (UE) 10. Further, this enables the
information collection server (TCE) 14, which has collected the results of the quality
measurement and the information related to the location of the radio terminal (UE) 10 from the
radio base station (eNB) 11, to understand which results of the quality measurement are the
results as to where (that is, which location) the radio terminal (UE) 10 stayed, thereby being able
to use such information effectively.

Further, in the present invention, the radio base station (eNB) 11 ﬁaay measure or collect
“the radio network information” or “the radio terminal information” described above during a
period of quality measurement, and may report such information together with the results of the
quality measurement to the information collection server (TCE) 14. Herewith, it is expected to

make quality measurement more meaningful.
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Note that, in the sixth embodiment of the present invention described above, the ex'é_i;nple
in which the Management based MDT is used is described as a MDT method, but it is obvi§lué to
be able to use Signaling based MDT. . -

<Mode of Second Radio Communication System> |
FIG. 13 is a diagram illustrating an example of schematic configuration of a gadio

communication system of another embodiment of the present invention. This second radio

base station (NB), the base station control station (RNC) (hereinafter, NB/RNC 21), a sé};'ing
GPRS support node (SGSN) (also referred to as SGSN server), a mobile (communic;flion)
exchanger (MSC) (also referred to as MSC server), a home subscriber management server (HSS)
(hereinafter, SGSN/MSC/HSS22), the network operation management apparatus (EM) 23, and
the information collection server (TCE) 24.

The conﬁgﬁration of a function diagram of the radio terminal (UE) 20 and each radio
network node in the second radio communication system is similar to that of those in the first
radio communication system, so that the figures will be omitted. Note that the configuration of
NB/RNC 21 is similar to the one of the eNB 11 of the first radio communication system, and the
configuration of SGSN/MSC/HSS 22 is similar to the one of the MME/HSS 12 of the first radio
communication system.  There are minor differences such as that a physical interface exists
between the NB and the RNC, because the NB and the RNC are basically different nodes.

However, there is no much functional difference in application of the present invention.

<Seventh Embodiment>

FIG. 14 is a sequence diagram illustrating operations of each node of UMTS in accordance
with a seventh embodiment of the present invention. In the seventh embodiment, it is assumed
that the base station control station (RNC) 21 executes quality measurement related to a service
quality (e.g. QoS), and executes measurement of downlink throughput as an example of the
quality measurement. It is also assumed to collect information related to a location of the radio
terminal (UE) 20 at the start and the end of quality measurement. Note that, as a control
method of MDT, Management based MDT (also referred to as Area based MDT) is also

assumed.
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In FIG. 14, the network operation management apparatus (EM) 23 notifies the base s'f;tion
control station (RNC) under the control of the EM 23 of a MDT Activation message includiﬁg
configuration information (QoS measurement configuration) of quality measurement relatedto a
service quality (e.g. QoS), in addition to configuration information of the radio terminal (UE) |
measurement of MDT (MDT measurement configuration), target location information of MBT
(Area scope), trace basic information (Tface Reference: TR, Trace Recording Session Refefgilce:
TRSR) and the like (Step 701: MDT Activation (QoS measurement configuration)). In th1§
embodiment, the configuration information of this quality measurement indicates that the RNC
21 performs downlink throughput measurement, the UE 20 obtains information related to atJ
location at the start and the end of throughput measurement and collects such information. _}“ or
example, when there is the UE 20 that performs a connection establishment to the RNC 21 (Step
702: Attach Procedure), the RNC 21 confirms the CN (SGSN/MSC/HSS22) about a user
agreement (User Consent) with respect to a report of location information of the UE 20 (Step
703: User consent information retrieval). Note that confirmation of the User consent i§
performed through each interface from the RNC 21' to the SGSN or the MSC, and from the
SGSN or MSC to the HSS, but in FIG. 14, it is described as an interface (or message) from the
RNC 21 to the CN 22 (HSS/SGSN/MSC) instead of sequentially indicating an interface (or
message) between the RNC 21 and the SGSN or the MSC, and an interface (or message)
between the SGSN or the MSC and the HSS. Note that, in FIG. 14, it is assumed that a user
agrees (i.e. Consent) and it is assumed to select the UE 10 of the user as the UE to be instructed
to execute Immediate MDT. After starting a trace session (Step 704: Start Trace Session) and
performing a MDT preparation, the RNC 21 starts performing throughput measurement related
to a service quality (Step 705: Start QoS measurement). On the other hand, the CN 22 (SGSNj
arbitrarily transmits downlink data to the RNC 21 (Step 706: DL data), and the RNC 21
transmits the downlink data to the UE 20. Here, when the RNC 21 starts to transmit the first
data among the generated (that is, received from the CN 22) downlink data to the UE 20 (Step
707: DL data (first piece of data)), the RNC 21 instructs the UE 20 to execute MDT
measurement, obtain the information related to a location, and report i the obtained information
(Step 708: Measurement configuration (Immediate MDT)). The UE 20 executes MDT
measurement reporting in accordance with the instructions, and the RNC 21 stores MDT
measurement information including the reported information related to the location (Step 709:
MDT measurement, report (UE) and Store (RNC)). Thereafter, the RNC 21 continues
transmission of the downlink data to the UE 20 (Step 710: DL data), and when completing
transmission of last data (Step 711: DL data (last piece of data), the RNC 21 calculates
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throughput values, finishes the quality measurement process (Step 712: Finish of QoS

SRRt

Measurement), and instructs the UE 20 to execute MDT measurement, obtain the informati;n
related to the location, and report the obtained information (Step 713: Measurement I“."”J ‘
configuration (Immediate MDT)). The UE 20 executes the MDT measurement in accordance |
with the instructions, and the RNC 21 stores the MDT measurement information 1nclud1ng the
reported information related to the location (Step 714: MDT measurement, report (UE) and Store
(RNC)). Then, the RNC 21 reports the measurement information collected in MDT to thc:tl‘ CE
24 (Step 715: Trace Record Reporting (QoS measurement results)). h

LAl

By the above-operations, when the base station control station (RNC) 21 executes quahty
measurement related to a service quality (e.g. QoS), it is possible to effectively collect
information related to a location of the radio terminal (UE) 20 to be a target for the quality
measurement, and to clearly associate the results of the quality measurement with the
information related to the location of the radio terminal (UE) 20. Further, this enables the
information collection server (TCE) 24, which has collected the results of the quality
measurement and the information related to the location of the radio terminal (UE) 20 from the
base station control station (RNC) 21, to understand which results of the quality measurement
are the results as to where (that is, which location) the radio terminal (UE) 20 stayed, thereby

being able to use such information effectively.

Further, in the present invention, the base station control station (RNC) 21 may ndeasure or
collect “the radio network information” or “the radio terminal information” described above
during a period of quality measurement, and may report such information together with the
results of the quality measurement to the information collection server (TCE) 24. Herewith, it

is expected to make quality measurement more meaningful.

Note that, in the seventh embodiment of the present invention described above, the
example in which the Management based MDT is used is described as a MDT method, but it is
obvious to be able to use Signaling based MDT as well.  Similarly, the UE in a
RRC_Connected state may perform Logged MDT by instead of Immediate MDT.

In the above-described embodiments, 3GPP LTE or UMTS is assumed as a radio
communication system, however, the present invention is not limited thereto, it is possible to be

applied to GSM (Global System for Mobile communications)) WIMAX(Worldwide
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interoperability for Microwave Access), and the like.

As is apparent from the above-descriptions, each unit may be configured with hardware or

i)

may be realized by a computer program. In this case, the functions and operations similar to
each embodiment described above are realized by a processor under a program storer.Lin a
program memory. Only one part of the above-described functions of the embodiments cah be

realized with the computer program. i

Dy

One part or an entirety of the above embodiments can be described as the following

supplementary notes, but the present invention is not limited to the followings. ."tr-]

(Supplementary Note 1) A radio communication system having quality measurement
means configured to execute quality measurement related to a service quality in communication“
between a radio terminal and a radio station, and information collection means configured to
collect information related to a location of the radio terminal to a target for the quality
measurement, the radio communication system comprising: |

means configured to associate the information related to the location of the radio terminal
when a predetermined condition is satisfied in an execution period of the quality measurement

with results of the quality measurement.

(Supplementary Note 2) The radio communication system according to supplementary
note 1, wherein the predetermined condition is at least either one of the start and the end of the

quality measurement.

(Supplementary Note 3) The radio communication system according to supplementary
note 1 or 2, wherein the predetermined condition is the start and the end of the quality

measurement.

(Supplementary Note 4) The radio communication system according to any of
supplementary notes 1 to 3, wherein the radio station has means configured to instruct the radio
terminal to be a target for the quality measurement to obtain one or more than one the

information related to the location.

(Supplementary Note 5) The radio communication system according to any of
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supplementary notes 2 to 4, wherein the start of the quality measurement is any of @

the start of a session to be a target for the quality measurement,

the transmission of first data in a session to be a target for the quality measurement, ",

the reception of first data in a session to be a target for the quality measurement,  —.

a time point that data belonging to a predetermined QoS (Quality of Service) in a session
to be a target for the quality measurement is generated, 'J

the transmission of data belonging to a predetermined QoS in a session to be a target 1§or

the quality measurement,

a time point that data is generated in a predetermined LCG (Logical Channel Group) m a

session to be a target for the quality measurement, and o

i

the transmission of data of a predetermined LCG in a session to be a target for the quéﬁty

measurement.

(Supplementary Note 6) The radio communication system according to any of
supplementary notes 2 to 5, wherein the end of the quality measurement is any of

the end of a session to be a target for the quality measurement,

the decision of end of a sessidn to be a target for the quality measurement,

the transmission of last data in a session to be a target for the quality measurement,

the reception of last data in a session to be a target for the quality measurement,

the completion of transmitting last data in a session to be a target for the quality
measurement,

the completion of receiving last data in a session to be a target for the quality
measurement,

a time point that data belonging to a predétennined QoS in a session to be a target for the
quality measurement is empty, and

a time point that data of a predetermined LCG in a session to be a target for the quality

measurement is empty.

(Supplementary Note 7) The radio communication system according to any of
supplementary notes 1 to 6, wherein the predetermined condition is a predetermined period from
when the predetermined condition is received, and the information related to the location is

obtained at the predetermined period and reported to the radio station.

(Supplementary Note 8) The radio communication system according to any of
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supplementary notes 1 to 6, wherein the predetermined condition is a predetermined period from
[
when the predetermined condition is received, and the information related to the location is,
obtained at the predetermined period and the obtained information related to the location is.:__:) .

I

reported to the radio station at a predetermined timing. e

,,,,,

note 8, wherein the radio terminal reports the information related to the location, either when.a
distance for which the radio terminal moves from a previous report of the information rela‘u;:iJ to
the location is more than a predetermined value, or when the radio terminal receives more tI;aJ.n
the predetermined number of packets. 4_]
-

(Supplementary Note 10) The radio communication system according to supplementary
note 8 or 9, wherein the predetermined timing is at least any of

the start of the quality measurement,

the end of the quality measurement,

the start of a session to be a target for the quality measurement,

the start of transmission and reception of data to be a target for the quality measurement,

the end of a session to be a target for the quality measurement,

the end of transmission and reception of data to be a target for the quality measurement,
and

when instructions for reporting the information related to the location are received from

the radio station.

(Supplementary Note 11) The radio communication system according to any of
supplementary notes 1 to 10, wherein the predetermined condition is that the radio terminal

obtains or updates detailed location information.

(Supplementary Note 12) The radio communication system according to any of
supplementary notes 1 to 11, wherein the radio station instructs the radio terminal to obtain the

detailed location information.

(Supplementary Note 13) The radio communication system according to any of
supplementary notes 1 to 12, wherein the predetermined condition is to satisfy a preliminary

indicated condition related to a measurement report of received quality, or to transmit or receive
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handover instructions.

measurement performs handover, the radio station reports results of the quality measurement up
[.—qb.

to an initiation of the handover, or invalid values, together with information indicatinga ™

disruption caused by the handover, to an information collection server. b

(Supplementary Note 15) The radio communication system according to any of ,

supplementary notes 1 to 14, wherein when a call disconnection occurs in the radio tenmnal‘to '
be a target for the quality measurement, the radio station reports results of the quality -
measurement up to an initiation of the call disconnection (RLF), or invalid values, together with
information indicating a disruption caused by the call disconnection, to the information

collection server.

(Supplementary Note 16) The radio communication system according to any of
supplementary notes 1 to 15, wherein the radio station reports to the information collection
server, the information related to the location collected from the radio terminal and results of the

quality measurement as one QoS information element.

(Supplementary Note 17) The radio communication system according to aﬁy of
supplementary note 16, wherein the QoS information element includes at least one of

terminal unique information, |

core network load information,

radio access network load information,

speed related information of the radio terminal,

radio bearer related information of the radio terminal, and

radio link information.

(Supplementary Note 18) The radio communication system according to any of
supplementary notes 1 to 17, wherein the radio station receives instructions from an upper
network node to execute the quality measurement related to a service quality, and collects the

information related to a location of the radio terminal to be a target for the quality measurement.
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(Supplementary Note 19)  The radio communication system according to any of -

P

supplementary notes 1 to 17, wherein the radio terminal receives instructions from the radis
station, and executes the quality measurement related to a service quality. M

(Supplementary Note 20) The radio communication system according to any of
|--.-..'|.
supplementary notes 1 to 19, wherein the radio station decides whether the predetermined -
condition is satisfied, and instructs the radio terminal to be a target for the quality measuresient
)

to obtain one or more than one the information related to the location.

Lt

]

(Supplementary Note 21)  The radio communication system according to any of &

supplementary notes 1 to 19, wherein the radio terminal decides whether the predetermined

condition is satisfied, and obtains the information related to the location.

(Supplementary Note 22) A radio terminal in a radio communication system that
executes quality measurement related to a service quality in communication between the radio
terminal and a radio station, the radio terminal comprising: |

location information report means configured to obtain information related to the radio
terminal when a predetermined condition is satisfied in an execution period of the quality |
measurement, and report the obtained information related to the location to the radio station.

(Supplementary Note 23) The radio terminal according to supplementary note 22,
wherein the predetermined condition is at least either one of the start and the end of the quality

measurement.

(Supplementary Note 24) The radio terminal according to supplementary note 22 or 23,

wherein the predetermined condition is the start and the end of the quality measurement.

(Supplementary Note 25) The radio terminal according to any of supplementary notes 22
to 24, wherein the location information report means is configured to receive instructions to
obtain one or more than one the information related to the location, and obtain one or more than

one the information related to the location.

(Supplementary Note 26) The radio terminal according to any of supplementary notes 23

to 25, wherein the start of the quality measurement is any of
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the start of a session to be a target for the quality measurement,

the transmission of first data in a session to be a target for the quality measurement,

the reception of first data in a session to be a target for the quality measurement, b

a time point that data belonging to a predetermined QoS (Quality of Service) in a session
to be a target for the quality measurement is generated, >

the transmission of data belonging to a predetermined QoS in a session to be a target Ifap:
quality measurement, | | | | :

a time point that data is generated in a predetermined LCG (Logical Channel Group) ina

session to be a target for the quality measurement, and
the transmission of data of a predetermined LCG in a session to be a target for the quahty :

PN
s

measurement.

(Supplementary Note 27) The radio terminal according to any of supplementary notes 23
to 26, wherein the end of the quality measurement is any of

the end of a session to be a target for the quality measurement,

the decision of end of a session to be a target for the quality measurement,

the transmission of last data in a session to be a target for the quality measurement,

the reception of last data in a session to be a target for the quality measurement,

the completion of transmitting last data in a session to be a target for the quality
measurement,

the completion of receiving last data in a session to be a target for the quality
measurement,

a time point that data belonging to a predetermined QoS in a session to be a target for the
quality measurement is empty, and

a time point that data of a predetermined LCG in a session to bea target for the quality

measurement is empty.

(Supplementary Note 28) The radio terminal according to any of supplementary notes 22
to 27, wherein the predetermined condition is a predetermined period from when the
predetermined condition is received, and the location information report means is configured to
obtain the information related to the location at the predetermined period, and report the obtained

information to the radio station.

(Supplementary Note 29) The radio terminal according to any of supplementary notes 22
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[ 3]
to 27, wherein the predetermined condition is a predetermined period from when the
o)
predetermined condition is received, and the location information report means is configured to
obtain the information related to the location at the predetermined period, and report the obtained

information related to the location to the radio station at a predetermined timing. s

(Supplementary Note 30)  The radio terminal according to supplementary note 29, ™
wherein the location information report means is configured to report the information relatefd-fco
the location, either when a distance for which the radio terminal moves from a previous report of

the information related to the location is more than a predetermined value, or when the radié~

terminal receives more than the predetermined number of packets.

(Supplementary Note 31) The radio terminal according to supplementary note 29 or 30,
wherein the predetermined timing is at least any of

the start of the quality measurement, |

the end of the quality measurement,

the start of a session to be a target for the quality measurement,

the start of transmission and reception of data to be a target for the quality measurement,

the end of a session to be a target for the quality measurement, |

the end of transmission and reception of data to be a target for the quality measurement,
and

when instructions for reporting the information related to the location are received from the

radio station.

(Supplementary Note 32) The radio terminal according to any of supplementary notes 22
to 31, wherein the predetermined condition is that the radio terminal obtains or updates detailed

location information.

(Supplementary Note 33) The radio terminal according to any of supplementary notes 22

to 32, further comprising receiving instructions to obtain the detailed location information.

(Supplementary Note 34) The radio terminal according to any of supplementary notes 22
to 33, wherein the predetermined condition is to satisfy a preliininary indicated condition related

to a measurement report of received quality, or to transmit or receive handover instructions.
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(Supplementary Note 35) The radio terminal according to any of supplementary na%fes 22

(Supplementary Note 36) The radio terminal according to any of supplementary n&j@s 22
to 34, wherein the location information report means is configured to decide whether the .,

predetermined condition is satisfied, and obtain the information related to the location.

i

(Supplementary Note 37) The radio terminal according to any of supplementary notf,s 22

. . I"""":l
to 36, further comprising means configured to receive the instructions from the radio station, and

execute the quality measurement related to the service quality.

(Supplementary Note 38) A radio station in a radio communication system that executes
quality measurement related to a service quality in communication between a radio terminal and
the radio station, the radio station comprising:

means configured to instruct the radio terminal to be a target for the quality measurement
to obtain one or more than one information related to a location when a predetermined condition
is satisfied; and

means configured to associate the information related to the location of the radio terminal

with results of the quality measurement.

(Supplementary Note 39) A network operation management apparatus in a radio
communication system that executes quality measurement related to a service quality in
communication between a radio terminal and a radio station, the network operation management
apparatus comprising:

means configured to instruct the radio station to

execute the quality measurement;

instruct the radio terminal to be a target for the quality measurement to obtain one
or more than one information related to a location when a predetermined condition is satisfied, in
an execution period of the quality measurement; and

transmit the information related to the location of the radio terminal in association

with results of the quality measurement.
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.....

. : . . . . i o
executing quality measurement related to a service quality in communication between.a

radio terminal and a radio station; o

!

obtaining information related to a location of the radio terminal when a predetermined

}
"

condition is satisfied; and
.........

associating the information related to the location of the radio terminal whenthe .

predetermined condition is satisfied with results of the quality measurement. fa

Above, while the present invention has been particularly shown and described, ;with
reference to embodiments and exemplary embodiment, the present invention is not limited t9 the
above mentioned embodiments and exemplary embodiments. It will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present invention. In addition, an appropriate

combination of the embodiments or exemplary embodiments may be employed.

This application is based upon and claims the benefit of priority from Japanese patent
application No. 2012-9486, filed on Jan. 19, 2012, the disclosure of which is incorporated herein

in its entirety by reference.
[Reference Signs List]

1  Radio station

2  Radio terminal

10 Radio terminal (UE)

11 Radio base station (eNB)

12 Mobility management apparatus (MME)/Home subscriber management server (HSS)
13 Network operation management apparatus (EM)

14 Information collection server (Trace Collection Entity: TCE)
20 Radio terminal (UE)

21 Base station control station (RNC)

22 Home subscriber management server (HSS)

23 Network operation management apparatus (EM)

24 Information collection server (TCE)
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CLAIMS:

1. A radio communication system having at least a radio terminal and a radio statio%." =
wherein the radio station comprises:

fein

a first transmitter configured to transmit an instruction for the radio terminéftoOQ)
obtain one or more than one information related to a location; /7
at least one processor configured to: M7
execute quality measurement in communication with the radio terminal, ina / ~
predetermined execution period; and

collect information related to a location of the radio terminal, results of the &
quality measurement, information related to a time at which the quality
measurement is executed, and QoS information which is a target for the quality
measurement; and

a second transmitter configured to transmit the collected information to an
information collection apparatus,

wherein the radio terminal corﬁprises:

at least one processor configured to obtain a location of the radio terminal in

response to the instruction; and

a terminal transmitter configured to report the obtained information related to

the location to the radio station.

2. The radio communication system according to claim 1, wherein the QoS

information is a QoS Class Indicator (QCl).

3. The radio communication system according to claim 1 or 2, wherein the
information collection means collects detailed location information of the radio

terminal.
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4. The radio communication system according to claim 1, wherein the instruction is
to instruct the radio terminal to obtain the detailed location information by using a

Global Navigation Satellite System (GNSS).

5. The radio communication system according to claim 1, wherein the quality
measurement is at least any of throughput measurement, a packet loss rate, a
packet discard rate, an error rate of packets or transport blocks, a retransmission

rate of a packet or a transport block, a call setup delay, and a handover delay.

6. A radio station comprising;

a first transmitter configured to transmit an instruction for a radio terminal to
obtain one or more than one information related to a location;

at least one processor configured to execute quality measurement in
communication with the radio terminal, in a predetermined execution period; and

a second transmitter configured to transmit information related to a location of
the radio terminal, results of the quality measurement, information related to a time
at which the quality measurement is executed, and QoS information which is a target

for the quality measurement to an information collection apparatus.

7. The radio station according to claim 6, wherein the QoS information is a QoS Class

Indicator (QCI).

8. The radio station according to claim 6 or 7, further instructing the radio terminal

to obtain detailed location information by using a Global Navigation Satellite System

(GNSS).

9. The radio station according to claim 6, wherein at least any of throughput
measurement, a packet loss rate, a packet discard rate, an error rate of packets or
transport blocks, a retransmission rate of a packet or a transport block, a call setup

delay, and a handover delay is performed as the quality measurement.
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10. A radio terminal comprising:

receiver configured to receive an instruction from a radio station having a first
transmitter configured to transmit the instruction for the radio terminal to obtain
one or more information related to a location; and

at least one processor configured to obtain information related to the location in
response to the instruction,

wherein the radio station comprises at least one processor configured to execute
guality measurement in communication with the radio terminal in a predetermined
execution period, and a second transmitter configured to transmit information
related to a location of the radio terminal, results of the quality measurement,
information related to a time at which the quality measurement is executed, and
QoS information which is a target for the quality measurement to an information
collection apparatus,

wherein the radio terminal further comprises a terminal transmitter configured to
report at least information related to the location of the radio terminal to the radio

station to associate with the results of the quality measurement.

11. The radio terminal according to claim 10, wherein a report of the information
related to the location is performed after the radio terminal obtains or updates

detailed location information.

12. The radio terminal according to claim 10 or 11, wherein the instruction is to
instruct to obtain the detailed location information by using a Global Navigation
Satellite System (GNSS), and

further obtaining the detailed location information by using GNSS in accordance with

the instruction and reporting the detailed location information to the radio station.

13. The radio terminal according to claim 10, wherein the quality measurement is at

least any of throughput measurement, a packet loss rate, a packet discard rate, an
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error rate of packets or transport blocks, a retransmission rate of a packet or a

transport block, a call setup delay, and a handover delay.

14. A network operation management system in a radio communication system,
comprising:

at least one memory storing instructions; and

at least one processor configured to execute the instructions to:

instruct a radio station to execute quality measurement in communication with a
radio terminal, and report information related to a location of the radio terminal and
results of the quality measurement;

receiye, from the radio station, information related to the location of the radio
terminal, the results of the quality measurement executed in a predetermined
execution period, information related to a time at which the quality measurement is
executed, and QoS information which is a target for the quality measurement,
wherein the radio station is configured to give an instruction for the radio terminal

to obtain one or more than one information related to a location.

15. The network operation management system according to claim 14, wherein the
instruction for the radio terminal to obtain one or more than one information
related to the location is instruction for the radio terminal to obtain detailed location

information by using a Global Navigation Satellite System (GNSS).

16. The network operation management system according to claim 14 or 15,
wherein the quality measurement is at least any of throughput measurement, a
packet loss rate, a packet discard rate, an error rate of packets or transport blocks, a
retransmission rate of a packet or a transport block, a call setup delay, and a

handover delay.

17. A communication method in a radio station, comprising:
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giving an instruction for a radio terminal to obtain one or more than one
information related to a location;

executing quality measurement in communication with the radio terminalin a
predetermined execution period; and

transmitting information related to a location of the radio terminal, results of the
quality measurement, information related to a time at which the quality
measurement is executed, and QoS information which is a target for the quality

measurement to an information collection apparatus.

18. A communication method in a radio terminal, comprising:

receiving from a radio station that gives an instruction for the radio terminal to
obtain one or more than one of information related to a location, the instruction, the
radio station comprises means configured to execute quality measurement in
communication with the radio terminal in a predetermined execution period, and
means configured to transmit information related to a location of the radio terminal,
results of the quality measurement, information related to a time at which the
quality measurement is executed, and QoS information which is a target for the
guality measurement to an information collection apparatus;

obtaining information related to the location in response to the instruction; and

reporting at least information related to the location of the radio terminal to the

radio station to associate with the results of the quality measurement.

19. A communication method in a network operation management system,
comprising:

instructing a radio station to execute quality measurement in communication with
a radio terminal, and report information related to a location of the radio terminal
and results of the quality measurement; and

receiving from the radio station that gives an instruction for the radio terminal to
obtain one or more than one information related to a location, information related

to the location of the radio terminal, results of the quality measurement executed in
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a predetermined execution period, information related to a time at which the quality

measurement is executed, and QoS information which is a target for the quality

measurement.
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