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METHODS AND APPARATUS FOR REPORTING MEASUREMENT
INFORMATION

Some embodliments of the present invention relate to methocds and

apparatus and in particular but not exclusively to methods and

apparatus for the reporting of measurement information.

A communication system can be seen as a facility that enables
communication sessions between two or more entities such as user

terminals, base stations and/or other nodes by providing carriers

between the various entities involved in the communications path.

A communication system can be provided for example by means of
a communication network and one or more compatible communication

devices. The communications may comprise, for example, com-

munication of data for carrying communications such as voice,

electronicmail (email), text message, multimedia and/or content

data and so on. Non-limiting examples of services provided

include two-way or multi-way calls, data communication or
multimedia services and access to a data network system, such as

the Internet.

In a wireless communication system at least a part of commu-

nications between at least two stations occurs over a wireless

link. Examples of wireless systems include public land mobile

networks (PLMN}, satellite based communication systems and

different wireless local networks, for example wireless local

area networks (WLAN). The wireless systems can typically be

dlvided 1into cells, and are therefore often referred to as

cellular systems.

A user can access the communication system by means of an
approprlate communication device or terminal. A communication

device of a user is often referred to as user equipment (UE). A

communication device 1s provided with an appropriate signal
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receiving and transmitting apparatus for enabling communications,

for example enabling access to a communication network or

communications directly with other users. The communilication

d

5 a base station of a cell, and transmit and/or receive commu-

evice may access a carrier provided by a station, for example

nications on the carrier.

The communication system and associated devices typically
operate in accordance with a given standard or specification
10 which sets out what the variocus entities associated with the
system are permitted to do and how that should be achieved. For
example, 1t can be defined 1f carrier aggregation 1is used.
Communication protocols and/or parameters which shall be used for

the connection are also typically defined. An example of attempts

15 to solve the problems associated with the increased demands for
capacity 1s an architecture that is known as the long~term

evolution (LTE) of the Universal WMobile Telecommunications

System (UMTS) radic-access technology. The LTE 1is being
standardized by the 3™ Generation Partnership Project (3GPP).

20  The various development stages of the 3GPP L'TE specifications are
referred to as releases. The aim of the standardization is to

achieve a communication system with, inter alia, reduced latency,

higher user data rates, improved system capacity and coverage,

and reduced cost for the operator. A further development of the

25 LTE 1s referred to as LTE-Advanced (LTE-A). The LTE-Advanced aims

Lo provide further enhanced services by means of even higher data

rates and lower latency with reduced cost.

According to an embodiment, there is provided a method comprising

#

30 causing a plurality of measurements to be performed by a user

egquipment to provide measurement information; causing a message

to be sent from the user equipment to a network element indicating

that measurement 1nformation 1s available; and responsive to a

message from sald network element requesting said measurement

35 information, causing a response to be sent from the user equipment
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=l

to said network element with only some of said measurement

information and information indicating that further measurement

information i1is available.

According to another embodiment, there 1s provided a method

comprising receliving a message from a user equipment at a network

element indicating that measurement information is available;
responsive to sald message, sending a request for at least some

measurement i1nformation; and receiving a further message from

sald user equipment with only some of said measurement in-

formation and information indicating that further measurement

information i1is available.

According to a further embodiment , there is provided an
apparatus comprising at least one processor and at least one
memory comprising computer program code, the at least one memory

and the computer program code configured, with the at least one

processor to cause the apparatus to: cause a plurality of

measurements e be pertformed by a user equipment to provide

measurement 1nformation; cause a message to be sent from the user

equipment to a network element indicating that measurement

information is available; and responsive to a message from said

Il

etwork element requesting said measurement information, cause
a response to be sent from the user eguipment to said network
element with only some of said measurement information and

information indicating that further measurement information is

avallable.

According to a further embodiment, there is provided an apparatus

comprising at least one processor and at least one memory

comprilsing computer program code, the at least one merory and the

computer program code configured, with the at least one processor

Lo cause the apparatus to: receive a message from a user egquipment

at a network element indicating that measurement information is

avallable; responsive to said message, send a request for at least
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some measurement 1nformation; and receilve a further message

from said user equipment with only some of said measurement
information and 1nformation 1ndicating that further measurement

information 1s available.

According to another embodiment, there 1s provided an apparatus
comprising means for recelving a message from a user equilpment
at a network element 1ncicating that measurement nformation 1s
avallable; responsive to sald message, means for sending a
request for at least some measurement information; and means
for receiving a furthcr message from sald user egulpment with
only some of said measurement 1nformation and informaltion

indicatirnrg that further measurement i1nformation 1s avallable.

According to another embodiment, there is provided an apparatus
comprising means for causing a plurality of measurements to be
performed Dy a user equlpment to provide measurement
information; means for causing a messade to be sent from the
user eqgulipment to a network element 1ndilcating that measurement
information 1s avallable; and means, responsive Lo a message
from said network element requesting sald measurement
information, for causing a response to be sent from the user
equipment to sailid network element with only some of said
measurement 1nformation ana 1nformation 1ndilcating that further

measurement 1nformation 1s avallable.

According to another embodiment, there 1s provided a method
comprising causing a plurality of measurements to be performed

by a user equipment to provide logged measurement i1information;

causing a message to be sent from the user equipment to a
network element 1indicatling that logged measurement 1nformation
1s avallapble; and responsive to a message from salid network

element requesting said logged measurement 1nformation, causing

CA 2803210 2017-06-12
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a response to be sent from the user egquipment to salid network

elerment with only some of said logged measurement 1nformation
and with an availlability 1ndicator 1ndicating that further

logged measurement informaticn 1s available.

According to another embodiment, there 1is provided a method
comprising recelving a message from a user eguipment at a
network element 1ndicaling thatl logged measurement information
15 avallable; responsive to said message, sending a request for
at least some logged measurement 1nformation; and receiving a
further message from said user equipment with only some of said
logged measurement 1nformation and with an availability
indicator indicating Chat further logged measurement

information 1s availlable.

According to another embodiment, there is provided an apparatus
comprising at least one processor and at least one memory
comprising computer program code, the at least one memory and
the computer program code configurcd, with the at least one
processor, to cause the apparatus to: cause a plurality of
mcasurements to be performed by the apparatus to provide logged
measurement i1nformation; cause a message to be sent from the
apparatus to a network element 1indicating that logged
measurement 1nformation I1s available; and responsive to a
message from saild network element requesting said measurement
information, cause a response to be sent from tnhe apparatus to
sald network element with only some of said logged measurement
information and with an availability indicator indicating that

further logged measurement information is available.

4a

CA 2803210 2017-06-12
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According to another embodiment, there 1s provided an apparatus
comprising at Least one processor and at least one memory
comprising computer programwr code, the at least one memory and
the computer program code configured, with the at least one
processor, to cause the apparatus to: recelve a message from a
user equlpment at the apparatus 1ndicating that logged
measurement 1nformaltion 1s available; responsive to said
message, send a reqguest for at least some logged measurement
information; and rccecive a further message from sald user
equipment with cnly some of said logged measurement information
and with an availlability 1ndicator 1indicating theat further

logged measurement 1nformation 1s avallable.

According to ancther embodiment, lLhere 1s provided an apparatus
comprising means for recelving a message from a user equlipment
at a network element 1ndicating that logged measurement
information 1s avallable; responsive to sald message, means for
sending a request for at least some logged measurement
information; and means for receiving a further message from
sald user equipment with c¢only some of sald logged measurement
information and an availlability 1ndicator indicating that

further logged measurement 1nformatlicn 1s avallable.

According to another embodiment, there is provided an apparatus
comprising means for causing a plurality of measurements to be
performed by a user equlpment to provide logged measurement
information; means for causing a message to be sent from the
user equipment to a network element indicating that logged
meaéurement information 1s availlable; and.means, responsive to
a message from said network element requesting said logged

measurement informatiocn, for causing a response to be sent from

the user equipment to sald network element with only some of

4b

CA 2803210 2017-06-12
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said logged measurement information and an availability

indicator indicating that further logged measurement

information 1s avallable.

Some embodiments will now be described, by way of example only,

with reference to the followling examples and accompanylng

drawings 1n which:

Figure 1 shows an example of a communication system 1n

which some embodiments of the present 1nvention may be

1mplemented;

Figure 2 shows an example of a communication device;

]

Figure 3 shows a first signal flow between a UE and a base

station embodying the present 1nvention;

4¢

CA 2803210 2017-06-12
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Figure 4 shows a second signal flow between a UE and a base

station embodying the present invention;
Figure 5 schematically shows a base station; and

Figure 6 shows a flow diagram of a method embodying the

present invention.

In the following description certain exemplifying embodiments
are explained with reference to wireless or mobile communication

systems serving moblle communication devices. A wireless

communication system and mebile communication device are briefly

eXplained with reference to Figures 1 and 2.

A communication device can be used for accessing various services
and/or applications provided via a communication system. In
wireless or mobile communication systems the access is provided
via a wireless access interface between mobile communication
devices 1 and an appropriate access system 10. A mobile device
1 can typically access wirelessly a communication system via an

access node such as at least one base station 12 or similar

wireless transmitter and/or receiver node of the access system.

A base station site typically provides one or more cells of a

cellular system. In the figure 1 example the base station 12 is

configured to provide a cell, but could provide, for example,

three sectors, each sector providing a cell. Each mobile device

1 and base station may have one or more radio channels open at

the same time and may receive signals from more than one source.

A base station is typically controlled by at least one appropriate

controllexr so as to enable coperation thereof and management of
mobile communication devices in communication with the base
station. The control entity can be interconnected with other
control entities. In Figure 1 the controller is shown to be

provided by block 13. An appropriate controller apparatus may

comprise at least one memory, at least one data processing unit

and an input/output interface. The controller may be provided
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wlith memory capacity and at least one data processor. It shall

be understeood that the control functions may be distributed

between a plurality of controller units. The controller apparatus

for a base station may be configured to execute an appropriate

software code to provide the control functions as explained below

in more detail.

In the example shown i1n Figure 1, the base station node 12 is

connected to a data network 20 via an appropriate gateway 15. A
gateway function between the access system and another network
such as a packet data network may be provided by means of any

appropriate gateway node, for example a packet data gateway

and/or an access gateway. A communication system may thus be

provided by one or more interconnect networks and the elements

thereof, and one or more gateway nodes may be provided for

lnterconnecting various networks. In some embodiments the base

station node is an eNodeB.

A communication device can be used for accessing various services

and/or applications. The communication devices can access the

communication system based on various access techniques, such as
code division multiple access (CDMA), or wideband CDMA (WCDMA) .
The latter technique is used by communication systems based on
the third Generation Partnership Project (3GPP) specifications.

Other examples include time division multiple access (TDMA),

frequency division multiple access (FDMA), space division
multiplie access (SDMA) and soon. Anon-limiting example of mobile

architectures where the herein described principles may be

applied is known as the Evolved Universal Terrestrial Radio

Access Network (E-UTRAN).

Non-limiting examples of appropriate access nodes are a base

station of a cellular system, for example what is known as NodeBR

Oor enhanced NodeB (eNB) in the wvocabulary of the 3GPP speci-

fications. The eNBs may provide E-~UTRAN features such as user
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plane Radio Link Control/Medium Access Control/Physical laver
protocol (RLC/MAC/PHY) and control plane Radio Resource Control

(RRC) protocol terminations towards mobile communication devices.

F

Other examples ilnclude base stations of systems that are based

on technologies such as wireless local area network (WLAN) and/or

WiMax (Worldwide Interoperablility for Microwave Access).

rigure 2 shows a schematic, partially sectioned view of a

communication device 1 that can be used for communication on

carrier 11 with at least one other wireless station. An ap-

propriate mobile communication device may be provided by any

pu—

device capable of sending and receiving radio signals. Such a

communication device may be referred to as a user equipment UE.

Non-limiting examples include a mobile station (MS) such as a

moblile pnone or smart phone, a portable computer provided with

a wireless interface card or other wireless interface facility,

personal data assistant (PDA) provided with wireless commu-

nication capabilities, or any combinations of these or the like.

The communication device or UE may in some embodiments be

stationary and generally fixed in position.

A mobille communication device may be used for voice and video

calls, for accessing service applications provided via a data

network. The mobile device 1 may receive signals via appropriate

apparatus for receilving and transmitting radio signals on

wireless carriers, or radio bearers. In Figure 2 a transceiver
is designated schematically by block 7. The transceiver may be

provided for example by means of a radio part and associated

antenna arrangement. The antenna arrangement may be arranged
internally or externally to the mobile device. A mobile device
is also typically provided with at least one data processing
entity 3, at least one memeory 4 and other possible components 9

for use 1n tasks it is designed to perform. The data processing,

storage and other entities can be provided on an appropriate

circuit board and/or in chipsets. This feature is denoted by
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reference 6. The user may control the operation of the mobile

device by means of a suiltable user interface such as key pad 2,
volce commands, touch sensitive screen or pad, combinations

thereof or the like. A display 5, a speaker and a microphone are

also typically provided. Furthermore, a mobile device may

comprise appropriate connectors (either wired or wireless) to

other devices and/or for connecting external accessories, for

example hands-free equipment, thereto.

Scme embodiments of the present invention may be implemented in

an LTE system, for example the LTE-A system. Of course other

y—

embodiments of the present invention may be used with other

releases cof the LTE standard. Yet further embodiments of the

present invention may be used with the standards other than the

LTE standard.

Minimizing drive tests (MDT) has been proposed in 3GPP RAN Working

Groups. In some embodiments of the invention, automatic col-

= UE measurements may be defined. In some embodiments

lection o3

of the invention, this may enable easier monitoring of network

performance and may replace expensive drive-tests performed by

operators manually. This functionality requires relevant input

from the terminal or UE.

Currently, 1n 3GPP two MDT reporting approaches have been agreed

and accepted. One approach is Immediate MDT reporting. Immediate

MDT reporting means that a UE needs to report MDT measurements

immediately to a base station right after MDT measurement has been

macde.

Another approach is Logged MDT reporting. In Logged MDT reporting,

a UE in an idle mode will make some MDT measurement results, and

the UF willl report these measurements to the network when the UE
connects agaln to the network. The idle mode occurs when the UE

1s switched on and nct actively connected to the network. An

8
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active connection occurs, for example, when the UE is on a call

or has an active data connection to, for example, the Internet.

The measurements made by the UE when in the idle mode relate to
the serving cell and/or neighboring cells. These measurements may

be of any sultable parameter such as signal strength cof the

respective cell as received at the UE. The signal strength of a

reference signal, for example a pilot signal, may be measured.

Alternatively or additionally interference information may be

determined by the UE. The UE may be arranged to provide one or

more types of measurement information for one or more cells.

The logging MDT may have cne or more of the following defined:

Threshold - this gefines one or more thresholds above or below

ﬁ

which measurements are performed. For example the UE may be

controlled only to make logging measurements of neighboring cells

when the signal strength of the serving cell falls below a given

threshold value.

Trigger quantity - this may be for event related measurements.
For example this will define one or more measures needed to be
used to evaluate a triggering condition for the event. The

quantities will trigger the UE to start or stop making logging

measurements. This may be associated with the serving cell and/or
one or more nelghboring cells radio environment measurements,

such as CPICH (common pilot channel) RSCP (received signal code

power), CPICH Ec/No (ratio of energy to noise), or TDD (Time
division duplex) P-CCPCH (Primary Common Contreol Physical
Channel) RSCP and ISCP (Interference signal code power), RSRP
(reference signal received power) and RSRQ (reference signal
recelved qguality).

Report guantity —this may be associated with the trigger quantity.

For example this will be measurement results, which fulfilled the

triggering condition.
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Report amount — this may be the number of measurements made or

may be the maximum amount of logged data. It may be that different

measurements result 1n a differing amount of logged data.

Measurement interval — this may be the frequency at which periodic

measurements are made.

Measurement area — this may define the size of the area for which

measurements may be made. In one embodiment this may instead be

defined by a minimum signal strength.

Onie or more of the above may be controlled by at least one of the

network and the UE. The values of one or more of the above may

e changed by the network. This may be done during an active

connecticn and may be done via RRC messaging.

L]

When the UE becomes active, after being in the idle meode, the U

indicates the availability of stored logged MDT reports to the

network., When the network gets this information, the network will
initiate the UE to report logged MDT reports to network. In one
embodiment an availability indication is provided to indicate
that there are stored logged MDT reports. In one embodiment, that

avallability indication may be implemented with one bit, with one

value of the bit (for example “1”) indicating the availability
of the information and the other value (for example “0”) in-

dicating that no information is available.

The UE may send this indication using one or more of the following
messages:

1. A connection set up message such as RRCConnectionSetupComplete
at RRC (Radio Resource control) connection establishment:

2 . A connection re—establishment message such as
RRCConnectionReestablishmentComplete at RRC connection

re-establishment; and

3. A handover message such as RRCConnectionReconfigurationComplete

at UE HO (handover).

10
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When the network recelves the avairlability indicater within one

or more of the above messages, the network may decide when to use

request and response procedures, such as UEInformationRe-

quest/Response procedures, to retrieve logged MDT reports from

the UE.

The MDT measurement reporting may share the Signaling Radio

Bearers SRBZ with one or more other RRC messages. Reference will

now be made to Figure 3 which shows one method of logged MDT

measurement reperting embodying the present invention. In step
S1, the UE 1 send to the base station 12 a message indicating that

the connection set up has been complete. The message will include

the availability indicator which indicates that there are logged

MDT measurements. In one embodiment, that message may be a

RRCConnnectionSetupComplete message.

In step S2, the base station 12 1s arranged to send a message to

A

the UE requesiting the logged MDT measurements. This message in

one embodiment of the invention may be a UEInformationReguest

nessage.

In step S3, the UE 1s arranged to provide a response with a list

of logged MDT measurements., and, in one embodiment, the
avallability indicator is provided with a value indicating that

there are no logged measurements still to retrieve. As will be

discussed later, 1n some alternative embodiments, the avail-

abllity 1ndilcation c¢can selectively indicate whether or not there

are further logged measurements still to be retrieved.

In some embodiments, the UE can put all its logged MDT meas-

urements 1nto o©one response message such as a UEInformatilion-

Response message. In some embodiments of the invention, there may

be no explicit size limitation of RRC messages. Then, 1n some

embodiments, only one round of logged MDT measurement retrieval

1s sufficlient to obtain the logged MDT measurements.

11
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However, 1n some embodiments of the invention the number of logged

MDT measurements in UE may be too large i1n some cases, to be

practically contained in a single response message. This may

cccur, for example, where the UE has been 1n the i1dle mode for

a relative long time and has a relatively large number of

measurements, This may alternatively or additiconally occur where
the UE sends an avallabillity indicator to network indicating
logged MDT measurements, but network 1s very busy. As the network

1s busy, the network may not initiate logged MDT measurements

reporting before the UE goes into the idle mode again. This may

alternatively or additionally occur 1if the UE sends the
avallability indicator to the network, but the network does not
support the MDT feature. Accordingly the network will not

initiate logged MDT measurements reporting before UE goes into

the 1dle mode again.

If there are too many logged MDT measurements waiting to be sent

to the network, using one response message may not be approprizte,

since it will make the response message toc big, and/or may block

other important RRC messages also carried by the SRB2. If the UE
does not send all the lcocgged MDT measurements which the UE has,

then the UE may have to wait for the next one of 1) connection

setup complete message; 2) connection reestablishment complete

message; or 3) connection reconfiguration complete message.

In some scenarios, the UE may go into the idle mode again, before

the UE is able to send one of the three messages mentioned

previously. In some cases, if UE waits too long for an opportunity

to send some of the logged MDT measurements, some of the logged

MDT measurements may pe out of time and thus not wvalid. These

measurements may have to be deleted.

n some embodiments of the invention, there may be a plurality

of rounds of logged MDT measurements reporting. Each round has

12
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some of the logged MDT measurements in one response message. The

number of logged measurements and/or the size of the response

message may be capped or have an upper limit in order to keep the

response message within an acceptable size. By way of example only,

the response message from the UE may be an UEInformationResponse.

In some embodiments of the present invention, the three messages

mentioned previously may be used to send the avallabillity
indicator to the network. The three messages are 1) connection
setup complete message; 2) connection reestablishment complete
message; or 3) connection reconfiguration complete message.
Additioconally or alternatively the UE may be arranged to use other
messages to provide the avallability indication to the network.

For example, any RRC message between the UE and the network may

pe used to carry the availability indicator from the UE to the

network, The avallability indicator may be a single bit indicator

as discussed above or may take any other suitable form. For
example the availability indicator may have more than one bit and
may be arranged to provide more complex information. Alter-
natively or addilitionally the availability may be provided by

encoded data.

In one embeodiment, 1t 1is proposed to use a UE information response

Lo carry scome of the logged MDT measurements and optionally an

up—-to-date availability indicator to the base station. Reference
1s made to Figure 4 which shows the signal flow in a method
embodying the present invention. Steps Tl and T2 are the same as
steps S51 and SZ2 and will not be described in more detail. Step

T3 1s the same as step $3, but this time the availability indicator

indicates that the there are further logged MDT reports which have

yvet to be sent.

In step T4, the base station requests further logged MDT

measurement i1nformation from the UE.

13
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In step T5, the UE sends the remalnder o¢f the logged MDT

measurements and the availability indicator is set to indicate

that no further MDT reports are avalilable.

It should ke appreciated that in alternative embodiments, more

than two messages may be sent from the UE to the netwerk in some

embodiments of the invention.

In one alternative embodiments of the invention, the base station

may send a single request for the logged MDT informaticon, with

the UE sending the response with all the MDT information in two

O Mmore Hessades.

In some embodiments ¢f the invention, the availability indication

can be provided by the UE along with some further information.

In some empbodiments of the invention the further information may

pe provided by the UE without the availability indication. The

availlability information may be in the latter case be implicitly

provided by the further information. The further information may

comprise one or more of the following:

L. Information indicating the size of the remaining infor-
mation in the log of the UE. This is the part of the log which
has yet to be transmitted to the network.

S~

2 Information of the number of chunks or messages which the

UE will use to transmit the whole log.

The base stationmay in its request for the logged MDT information

provide an indication as to the maximum size of logged MDT data

or size of message incorporating the logged MDT data. The

information may be provided in alternative embodiments in

messages cother than the request for logged MDT reports. The

quantity information from the base station may be in any other

sultable form in alternative embodiments of the invention.

14
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+J

Thus 1n preifierred embodiments of the invention, the UE meas-

urement logs may be split. The measurement logs may be split when

the amount of data exceeds a threshold or where the message size

will exceed a given threshold. This may avoid difficulties

assocliated with always including the measurement logs in a single
RRC message. Of course 1f the measurement log is small enough,

the measurement log may be included in a single message. This may

mean that the shared capacity among all messages utilizing the

SRBZ 15 better controlled.

Reference 1s made to ¥Figure 6 which shows a flow diagram of a

method embodying the preseni invention.

In the first step A1, the UE enters the idle mode. The UE may enter
an 1ldle mode after being switched on or may enter the idle mode

after an active connection has been terminated leaving no open

active connections.

In the second step A2, the UE performs the MDT measurements, as

discussed previously.

In the third step A3, the UE enters the active mocde. This mav be
initiated by the base station or the UE.

In the fourth step A4, the UE sends the availability indicator

to the base station. This may be in any of the messages discussed

previously. The availability indicator may take any of the forms

discussed previcusly.

In the fifth step A5, the base station sends a request for the

o

logged measurement data. This can be in any of the messages

discussed previously.

15
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In the sixth step A6, the UE determines 1f there will be any

remailning logged MDT measurements after a response has been sent

to the request from the base station.

The next step will be step A7, 1f the UE determines that there

will be no remaining logged MDT measurements. In this step, all

the logged measurements will be sent to the base station along

with the availability indicator which will indicate that there

are no logged MDT measurements remaining.

The next step will be step A8, if the UE determines that there
are some remaining logged MDT measurements, some oi the logged

MDT measurements are sent to the base station along with the

avallability indicater which will indicate that there are still

logged MDT measurements.

Step A8 will be focllowed by steps A5 and then A6. Step A6 will

be followed by step A7 or A8 and so on.

FIG. b depicts an exemplary apparatus 800 for use 1n a base station.

The apparatus may be connected to an antenna 820 for receiving

via a downlink and transmitting via an uplink. The apparatus also

includes a radio interface 840, which may comprise cone of more
of the following components such as filters, converters (e.4g.,
digital-to-analog converters and the like)}, symbol demappers, an
Inverse Fast Fourier Transform (IFFT) meodule, and the like, to

process symbols, such as OFDMA symbols, carriled by a downlink or

an uplink. The apparatus further includes a processor 820 for

controlling the base station and for accessing and executlng

program code stored in memory 825. It should be appreciated that

the processor 820 can comprises one or more processors in practice
and the memory 825 may be arranged to comprise one or more memorles

1n practice.
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The apparatus of the base statlon may be configured to receive
the messages sent by the UE. One or more of the steps performed

by the apparatus of the base station may be performed when one

or more assoclated i1nstructions are run on one or more cof the

processors. It should be appreclated that the one or more

associated instructions may be stored in one or more memeories of

. the bhase station.

The embodiments described above have had the MDT measurements
taking place in the idle mode. Alternatively or additionally, the

measurements may made at other times, for example where the UE

1s connected or in an active mode. In this alternative, reporting

would take place in a similar manner, as described previously

Whilst embodiments ¢f the present invention have been described

1n relation to the LTE systems, it should be appreciated that

embodiments of the present invention can be used in conjunction
wlith any other suitable standard. For example, embodiments of the

invention may be used in a UMTS environment. In this alternative,

th

e messages may pe UMTS messages.,

It 1s noted that whilst embcocdiments may have been described in

relation to user equipment or mobile devices such as mobile

terminals, embodiments of the present invention may be applicable
Lo any other suitable type of apparatus suitable for commu-

nication via access systems. A mobile device may be configured

to enable use of different access technologies, for example,

based on an appreopriate multi-radio implementation.

It 1s also noted that although certain embodiments may have been

described above by way of example with reference to the ex-

emplifying architectures of certain mobile networks and a
wireless local area network, embodiments may be applied to any

other suitable forms of communication systems than those il-

lustrated and described herein. It is also noted that the term
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access system may be understood to refer to any access system

configured for enabling wireless communication for user ac-

cesslng applications.

The above described cperations may require data processing 1in the

various entities. The data processing may be provided by means

of one or more data processors. Similarly wvarious entiltles

described in the above embodiments may be implemented within a

single or a plurality of data processing entities and/or data

processors. The data processing entities may be controlled by one
or more computer programs which may be stored in one or more

memories 0f the apparatus.

Alternatively or additicnelly approprilately adapted computer

program code product may be used for implementing the embodiments,
when loaded to a computer or a processor. The program code product
for providing the operation may be stored on and provided by means
of a carrier medium such as a carrier disc, card or tape. In some

empbodiments, there may be the possibility to download the program

code product wvia & data network.

some embodiments of the invention may be implemented as a chipset,

1n other words a series of integrated circuits communicating

among eeach other. The chipset may comprise mMicroprocessors

arranged to run code, application specific integrated circuits

(ASICs), and/or programmable digital signal processors for

performing the operations described above.

Embodiments of the inventions may be practiced in wvarious

components such as integrated circult modules.

The design of integrated circuits may be by a highly automated
process. Complex and powerful software tools may be available for

converting a logic level design into a semiconductor circuit

design ready to be etched and formed on a semiconductor substrate.

18
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Programs, such as those provided by Synopsys, Inc. of Mountain
View, California and Cadence Design, of San Jose, California may
automatically route conductors and locate components on a
semiconductor chip using well established rules of design as well
as libraries of pre-stored design modules. Once the design for a
semiconductor <c¢ircuit may have been completed, the resultant
design, 1in a standardized electronic format (e.g., Opus, GDSII,
or the like) may be transmitted to a semiconductor fabrication

facility or “fab” for fabrilication.
The scope of the claims should not be limited by the preferred

embodiments set forth above, but should be given the brcadest

interpretation consistent with the description as a whole.
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What 1s claimed is:

1. A methcd comprising:

causing a plurality of measurements to be performed by a
user equilipment to provide logged measurement information:

causlng a message to be sent from the user eguipment to
a network element i1ndicating that logged measurement
information 1is avallable; and

responsive to a message from salid network element
requesting sald logged measurement information, causing a
response to be sent from the user equipment to said network
element with only some of said logged measurement information
and with an availability 1ndicator indicating that further

logged measurement 1nformation 1s availablce.

2. A method as claimed in claim 1, comprising causing said

plurality of measurements to be performed in an idle mode.

3. A method as claimed 1n claim 1 or 2, comprising causing
sald message to be sent from the user eqguipment to the
network element i1ndicating that logged measurement
information 1s avallable when said user equipment i1s in an

active mode.

4 A method as claimed 1n any one of claims 1 to 3,
cemprising causing at least one further message to be sent to
sald network element with at least some of said further

logged measurement information.

5. A method as clailmed in claim 4, wherein said causing of

at least one further message to be sent is repeated until all
of salid logged measurement 1nformation has been sent to said

network element.
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o. A methcd as claimed 1n claim 4 or 5, wherein said azt
least one further message comprises information indicating if

further logged measurement 1nformation 1s avallable.

/. A methoed as clalmed 1in any one of claims 4 to 6, wherein
seld causing at least one further message to be sent is
responsive to a request from said network element for said

further logged measurement i1nformation.

3. A method as claimed 1n any one of claims 1 to 7,
comprilising causing quantity informalion to be sent to said
network element i1indicating at least one of the amount of
further loggcd measurement 1nformation available and the
number of messages over which said logged measurement

information will be sent.

9. A method as claimed 1n claim 8, wherein said quantity
information is sent with said informaticon indicating that

logged measurement 1information i1is available.

10. A method as claimed in any one of claims 1 to 7, wherein
at least one message from saild network element comprises
quantity information, and sald method comprises causing at
least one response 1n accordance with said guantity

information.

11. A method as claimea in any one of claims 1 to 10,
wherein saild logged measurement information comprises drive

test measurcment i1nformation.
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12. A method comprising:
receilving a message from a user equipment at a network

element 1ndicating that logged measurement infcrmation 1S

avallable;

rcsponsive to sald message, sending a reqguest for at
least some logged measurement Information; and

recelving a further message from sald user egulpment
wlth only some of said logged measurement information and
wlth an availabllity 1ndicator indicating that further logged

measurement 1nformation 1s avallable.

13. A non—-transitory computer readable medium having stored
thereon computer 1nstructions executable by one or more

processors to perform the method of any one of claims 1 to

12.

14. An apparatus comprising:
at least one processor and at least one memory

comprising computer program code, the at least one memory and

the computer program code configured, with the at leasl one

processor, to cause the apparatus to:

cause a plurality of measurements to be performed
by the apparatus to provide logged measurement 1information;

cause a message to be sent from the apparatus to a

network element 1ndicating that logged measurement
information 1s available; and

responsive to a message from said network element
requesting said measurement i1nformation, cause a response to
pbe sent from the appafatus to said network element with onlj
some of said logged measurement information and with an
avallability indicator indicating that further logged

measurement 1nformation 1s avallable.
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15. An apparatus as claimed in claim 14, wherein the at
least one memory and the computer procgram cocde are
configured, with tChe al least one prccessor, to cause said

plurality of measurements to be performed in an idle mode.

lo. An aovparatus as claimed in claim 14 or 15, wherein the
at least one memory and the computer program code are
configured, with the at least one processor, to cause said
message to be sent from the apparatus to the network element
1ndicating that logged measurement information 1is available

when sailid apparatus 1s 1n an active mode.

17. An apparatus as claimed in any of one of claims 14 to
lo, wherein the at least one memory and the computer program
code are configured, with the at least one processor, to
cause at least one further message to be sent to said network

element with at least some of said further logged measurement

information.

18. An apparatus as claimed 1in claim 17, wherein the atl
least one memory and the computer program code are
configured, with the at least one processor, to cause said at
least one further message to be sent repeatedly until all of
sald logged measurement information has been sent to said

network eiement.

19. An apparatus as claimed in claim 17 or 18, wherein the
at least one memory and the computer program code are
confiligured, With the at least one processor, to cauée sald at
least one further message to comprise information indicating

whether further logged measurement information is available.
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20. An apparatus as claimed in any cne of claims 17 to 19,
wherein saild causing at least one further message to be sent
1s responsive to a reqguest from said network element for said

further logged measurement information.

21. An apparatus as claimed in any one of claims 14 to 21,
wnereiln the at least one memory and the computer program code
are configured, with the at least one processor, to cause
quantity information to be sent to said network element
indicating at least one of the amount of further logged
information available and the number of messages from the
apparatus to said network element over which said logged

measurement i1nformation will be sent.

22. An apparatus as claimed in claim 21, wherein said
quantity information is sent with said information indicating

that logged measurement information is available.

23. An apparatus as claimed in any one of claims 14 to 20,
wherein at least one message from said network element
comprises quantity information and the at least one memory
and the computer program code are configured, with the at
least one processor, to cause at least one response to be

sent 1n accordance with said quantity information.
24. An apparatus as claimed in any one of claims 14 to 23,

wherein at least one message is a radio resource control

message.

25>. A user equipment comprising an apparatus as claimed in

any one of claims 14 to 24.
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6. An apparatus comprising:
at least one processor and at least one memory

comprising cocmputer program code, the at least one memory and
the computer program code configured, with the at least one
processor, to cause the apparatus to:

recelve a messagc from a user equlioment at the
apparatus indicating that logged measurement information is
avallable;

responsive to said message, send a request for at
least some logged measurement 1nformation; and

receive a further message from said user eguipment
wlth only some of said logged measurement information and
with an availability i1ndicator indicating that further logged

measurement Information 1s avallable.

27. A base station comprising tThe apparatus as claimed in

clalm 26.

28. An apparatus comprising:

means for recelving a message from a user egquipment at a
network element 1ndicating Lhat logged measurement
information 1s avalilable;

responsive to said message, means for scnding a reguest

for at least some logged measurement information; and

means for receiving a further message from said user
cqulipment wilth only some of sald logged measurement
information and an availabllity indicator indicating that

further logged measurement 1nformation is available.

29. An apparatus comprising:
means for causing a plurality of measurements to be
performed by a user equilipment to provide logged measurement

information:

means for causing a messadge to be sent from the user
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equlpnment to a network element indicating that logged

measurement 1nformation 1s available:; and

means, responslve to a message from saild network element
requesting sald logged measurement information, fcr causling a
response to be sent from the usecr cqulpment to sald network
element with only some of sald logged measurement information
and an avallablility indicator indicating that further logged

measurement 1nformation 1s avallable.
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