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METHODS AND ARRANGEMENTS FOR TIME-STAMPING OF REPORTE

TECHNICAL FIELD

The present disclosure relates to thne-stamping reporis in & communication

k3

system. More particularly, the present disclosure relates to arrangements and
methods for tme-stamping reports in a mobile nede and a network node

comprised in the communication system,

BACKGROUND

10 For next generation of moebile telecommunications systems 3% Generation
eguipment (U} measurement logging function and immediate reporting function
called the Minmmization of the Drive Tests (MDT). The MDT study aims at

assessing the {easibility, benefits and complexity of automating the collsction of

P S

213

UE measurements to minimize the need of manual drive-tests. The work under
the MDT study should define use cases and requirements for minimizing drive-
tests in next generation Long Term Evelution {(LTE] and/or HSPA networks. Alsa,
based on the defined use cases and requirements, the MDT should focus on study
the necessity of deflining new UE measurements logging and reporting capabilities

20 for minimizing drive tests and analyze the nmpact on the UK.
The use cases for the MDT will be given as following,

® Radio coverage optimization
¥ Mobility optimization
s Network capacity optimization
a5 ® Parameterization for common channels

® Quality of Service verification

For the purpose of the coverage optimization use case, UE measurements or
similar functionality considered for UB-internal logging include, but are not
hated to:

30 - periodic (e.g., one every § seconds) downlink pilot signal strength/quality
measurements:
- serving  cell becomes worse  than  threshold, ie. radio environment
measurements are logged when serving cell metric becomes worse than the

configured threshold; and
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transmit power headroom becomes less than threshold, Le. transmit power
headroom and radio environments measurements are logged when UE transmit

power headroom becomes less than the configured headroom,

5 The network can request the UE to perform logging of measurements. The UR
exccutes measurements, o.g. periodical downlink pilot measurements, and logs
these measurements internally in a sequentind manner. The UR can store its
measurements i a measurement log for certain duration. Typically, the log stored
mternally in the UE will contain, ez, some hours of logged measurement

10 information. This procedure s Hlustrated in Figeure 1. The network node, e.g. an
evolved NodeB {eNB) or a BNC (Radio Network Controller), sends in a step 10 an
indication, IdleloggingConfiguralionunessage, to the UE, whereupon the URE starts

in a step 11 executing measurements and logging the measurement data.

18 When the UL has logged measurements the UE indicates to the network that it
has an available measuwrement log. The network may then reguest the UE o
deliver the measurement log. This procedure is illustrated in Figure 2. The UB
serids in A step 20 an wulication to the network node, e.g. the eNE or the RNC,
that it has an available measurement log. It a step 21 the network node then

20 determines whether is wants to request the measurcment log, I it determines to
reguest the measurement log it sends in a step 22 & request to the UE, Thereupon
the UE delivers in a step 23 the measurement log to the network node. Moreaver,

the network node typically forwards in a step 24 the reported measurement logs

to an Operation And Maintenance {OAM} server er similar, e.g. a trace collection
25 centre (TCE] for evaluation and handling.

According to current 3GPP specifications, a UE is required to maintain only one
measurement log at a tune and that log containg measurements collected on the
serving cell of the UE, i.e. on only one radio access technology (RAT), such as LTE
30 or Universal Mobile Telecommumnication System (UMTS) If a UE is requested to
start logging, any old log stored in the UE is erased. The UE can indicate log

availability and report & log when the UE i in connected mode,

Moreover, the logging configuration message includes a network absolute

35 timestamp that is generated by the sending network node and is used by the UB

as a tume reference for the UR's relative timestamp that identify logged
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measurement. The UBE's timestamp is counted in seconds from the moment the
logging configuration is received at the UR, relative to the absolule timestamp in
the configuration message. The absolute timestamp is the current network time at
the point when Logged MDT is configured to the UE. The UE echoes the absolute
reference fime back to the evolved NadeB [eNB) and/or RNC, and the time format
in a logged measurement report is D8 HH-MM-8S, where DD identifies a date, HH

identifies an hour, MM identifies & minute, and 88 identifies a second.

The echoing of the absolate timestamp received from the network is done in the
measurement  report  {step 23 in Figwre 2}, which can be a
“UElnformationResponse message” according to current 3GPP specifications.

Table 1 is a portion of a “UEInformationResponse message”, wherein the network
absolute tmestamp s called “abscluteTimeStamp-r10” and the UE relative
timestamyp is called “tmeinfe-r10”. The network absolute timestamp format s DD
HH-MM-88. The UE relative timestamp is a tinestamp relative the absolute

tirnestamyp and is ypically a value in seconds.

Tabie 1
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A UE measarement timestamp in a measurement report is supposed to give the
network, e.g. eNB, RNC or such as an OAM node and any sther node that needs
to have the data, knowledge of when the respective measurement was made by
the respective URE. The network absolute timestamp currently provided by 2GPP

20 makes that impossible unless all network nodes are synchronized and use the
same time base e.g, Greenwich Mean Tine {GMT). As currently specified, the
absolute timestamp echoed by a UE can be on a time base that is not the same as
the time base used in the node receiving the measurement report, which inchades
no mmformation about the time base of the echoed absolute thmestamp. A network

25 can have nodes, such as eNBs and BNCs, that use different time bases because,
for example, the nodes have different manufacturers or have different network
management systems/operations. It can also be so that there was simply no nead
to have a synchronized absoluie time clock in the nodes or that the nodes' clocks

drift independently, resulling in time differences hetween nodes.

In addition, a UE timestamp in an MDT measurement report may not give the
network knowledge of when the respective measurement was made due to
problems in the UE. For example, a UE may clear its current MDT configuration

when a corresponding timer, o.g a periodic logging timer, expires, and that also

03
£

clears the network absolute timestamp that is to be echoed back to the netwark in
a measurement report. Thug, either old absolute tmestamps must be retained in
the URE's internal infonmation storage, or the handling of cuwrrent MDT

configuration variables and signaling needs to be more complicated.
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SUMMARY
The object of the present disclosure i3 to address some of the problems and
disadvantages outlined above, and to provide methods and srrangements that

5 provide time-stamping of reports in communication system.

The above stated object iz achieved by means of the methods and the

arrangements according to the independent cladms.

10 In accordance with a first aspect of embodiments, a method in a mobile nnde of
time-stamping reports is provided. The mobile node is confisured to communicate
with a network node. The method comprises starting an internad clock function
and storing, i1 a log, collected data with & data timestamp corresponding to a
current value of the internal clock function. Thereby a time of collecting the data

15 is indicated, Furthermore, the method comprises sending a report 1o the network
node. The sent report includes the log and a report timestamyp corresponding to &
current value of the nternal clock function, thereby indicating a fime of sending

the report.

20 In accordance with a second aspect of embodiments, a method in a network node
of time-stamping reports is provided. The network node is configured to
commuuicate with a mobile nods for collecting data. The method comprises
receiving a report from the mobile node. The report comprises data collected by
the mobile node and the data is stored with a data tHmestamp corresponding to a

25 valne of an internal clock function of the moebile node Indicating a time of
collecting the data. The report also comprises a report timestamp corresponding
to a value of the internal clock function of the woebile node indicating a time of
sending the report. The method further comprises storing the report with a
reception Hmesiamp corresponding to a cwrent value of an internal clock

30 function of the network mnde upon reception of the report, thereby indicating a

time of receiving the report.

In accordance with a third aspect of embodiments, a mobile node arranged to
time-stamp reports is provided. The mobile node is configured to communicate
35 with a network node. The mobile node comprises a memory unit and processor
unit adapted to start an internal clock function and to store collected data with a

data timestamp corresponding to a current value of the internal clock function in




WO 2012/060765 8 PCT/SE2011/051145

a log in the memory unit, thereby indicating a time of collecting the data
Furthermore, the mobile node comprises a transceiver unit adapted to send a
report to the network node. The report includes the log and a report timestamp
corresponding to a current value of the internal clock function, thereby indicating

5 a time of sending the report.

In accordance with a fourth aspect of embodiments, a network node arranged to
time-stamp reports is provided. The network nede is configured to communicate
with a mobile node for collecting data. The network node comprises a radio ciroait
10 adapted to receive a report from. said mobile node. The report comprises data
collected by the mobile node and the data is stored with a data timestamp
corresponding to a value of an internal clock function of the meobile node
indicating a fime of collecting the data. The report also comprises a report
tmestamyp corresponding to a vaiue of the internal cleck function of the mobile
15 node indicating a thme of sending the report. The network node further comprises
a control processor unit configured o store the report with a reception tHmestamp
corresponding to a current value of an internal clock function of the network node

upon reception of the report, thereby indicating a time of receiving the report.
20 An advantage of particular embodiments is that they provide a solution to the
stated object which offers simple implementation and operational simplicity

without requiring complex arrangements in the mobile node or in the network.

A further advantage of particalar embodiments is thar they provide a schition

25 whichy does not require synchronization of clocks in the mobile node nor in the
network.

Further advantages and features of cmbodiments will become apparent when

reading the following detailed description in conjunction with the drawings.

BRIEF DESCRIFPTION OF THE DRAWINGS

For « better understanding, reference s made o the following drawings and

preferred embodiments.

Figure 1 illustrates the prior art procedure of requesting logging of

35 measurements.
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Figure & illustrates the prior art procedure of reporting of the measurement log

from the user equipment o the network.

Figure 3 depicts an outline of scenano used in the exemplary embodimerits.

Figure 4 shows a flowchart of an exemplary embodimnent of a method in a mobile

node and a network node for time-stamping of reports,

Figare B is an exemplary signalling diagram illustrating the procedure of time-

stamping reports in accordance with an exemplary embodiment.

Pigures & is a block diagram illustrating the mobile node according to

embodiments.

Figures 7 i3 a block diagram llustrating the network node accovding to

embodiments,

DETAILED DESCRIPTION

in the following description, for purposes of explanation and not lmitation,
specific details are set forth, such as particular sequences of steps and particular
device configurations inn order to provide a thorough understanding of the
embodiments. It will be apparent to one skilled in the art that the embodiments
may be practiced in other embodiments that depart rom these specific details, In

the drawings, like reference signs refer to like elements,

Emboediments are described herein by way of reference to particular example
scenarios, Partictdar aspects are described in a non-limiting general context in
relation o measurements made in a cellular communication system. It should
though be noted that the disclosure and its exemplary embodiments may also be
applied to other types of cvollection of dats in other types of communication

networks for time-stamping reporis.

The term “network node” is used herein to refer to a node which may be a fized
communication nede, an operation and maintenance node, or other tvpe of

cenfralized network node that support the operation in other network nodes, A
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“fixed communication node” is used to refer to a node with a fixed location, which is
provided with means for wireless communication over a radio interface. A fixed

communication node may ¢.g. be a radio base station, a repeater or a relay.

5 A “mobile node” is a node without a fixed location, which is provided with means for
wireless conununication over a radio interface. The mobile node may e.g. be a mobile

terminal or some other type of mobile user equipmernt,

A time stamp mechanism is provided that allows the network, OAM, and any
10 other node to determine the absolute time when a measurement is done without
regquiring absolute time synchronization between all nodes involved. The methods
and apparatus described below use cellular communication networks {e.g., LTE
and UMTS) as targets, but it should be understood that the embodiments
described i the following apply in general to any kind of network that collects
15 data and/or measurements, stores thewm, and then later sends them to one or
more nodes that would like to receive them and also know the time when they

were collected,

In accordance with aspects of exemplary embodiments, a user equipment (UE)
20 time stamps the report when it is about to he sent to the network from the UE,

using a term sach as “submit to lower layers for transmission”. An outline of

scenario used i the exemplary embodiments is iltustrated by Figure &,

Figure 3 depicts a communication network 30 and messages among network
25 nodes for minumzation of drive tests measurements in accordance with exemplary
embodiments. As depicted in Figure 3, a UE 31 receives an MDT configuration
message 32 sent by an eNB/RNC 23 in a first cell in a manner such as that
iflastrated by step 10 in Figare 1. The eNB/RNC 33 can be called a Configuring
Hadio Access Network (RAN) node. After receiving the configuration message, the
30 UE 31 nwves across a border 34 between the first cell and a second cell,
whereupoen the UE 31 undergoes Ior example a handover (HO) procedure 35 from
the eNB/RNC 33 to an eNB/RNC 36, which is a second RAN node. Another
example may be when the UE 31 undergoes & cell re-selection procedure when the
UE 31 is in idle mode. While in the second cell, the UE 31 sends a measurement
35 report 37 to the eNB/RNC 36, which can be called a Receiving RAN node {see
steps 20-24 in Figure 2). The Necewing RAN node can send 38 the measurement

report, possibly with other measurernent reports from the UE 31 andfor other
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UEs, to an OAM node 39, e.g., a TCR node.

It is currently preferred that the UE starts an internal clock and/or counter when

it receives the MDT cenfiguration message sent by the network node 33 and time-

en

stamps every measurement when it is made with a timestamp indiceded by its

nternal clock and/or counter,

In addition, the UE includes a current timestamp indicated by its internal clock

and/or counter in the measurement report when the UB sends the measurement

o
fa3

report 1o the Receiving RAN node 36, 1t will be understood that it has been
assumed that the time needed for sending and receiving a measurement report is
negligible, but if that time s not negligible, it van be compensated by including a

suitable offset.

15 In that way, the Recelving RAN node 36 can relate or transform the UE's
timestamps in the measurement report to its own (local} absolute time. The node
36 can optionaily add a timestamp or other suitable indication of its own absoluie
time to the measurement report upon forwarding a stored measurement report fo
ancther network node, such as the OAM and/or TCE rode 37, In general, any
24 network node that is between the UE and a final network node that utilizes the
UE's measurement report, that stores the measurement log, and that s net
synchromzed with the fnal network node, can add a timestamp or other suitable

pr

indication of its own {local) absolute time to a measurement report.

B
by

By including the indication of the URE's internal clock and/or counter and
optionally, the indication of the local absolute time of an intermediate node, in a
measurement report when the report 18 sent or forwarded, the handling of the
network absolute timestamp of a configuration message that needs to he schoed

back with a wmeasurement report is simplified, and the actual times of

03
)

measurements described i 8 measurement report can be determined.

An exemplary cmbodiment includes one or more of the following steps; a UE
starts or initializes an internal counter and/or clock upon receiving an MDT

configuration message for logging; the UE uses the internal counter and/or clock

D

L
a3

value to tme-stamp measurcments, such ag pericdic log events, therchy

indicating the time of the measurements; and the UE includes the current value

of the counter and/or clock in a measurement report message when the UE sends
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the report message, therehy indicating the time of sending the report message.

A network node, e.g., an eNB or RNC, that receives and stores a UE measurement

report carries out a method having one or more of the following steps; upon

5 receiving the report message the network node adds a real time stamp, e.g., the

absolute time, on receiving and/or storing the message/measurements in the

node, thereby indicating the time of receiving the report message; a network node

that generates a finad report message to be sent to an OAM node inchudes an

additional absolute time stamp in the final report message. The finad report

10 maessage thus comprises the report of the UE and an additional time stamp
indicating the time of sending the final report message.

It will thus be understond that an "abselute time value” need not be configured in

the UE, or "echoed" by the UE in every measurement report message. Instead, the

15 UE can simply add an mdication of the time when it sends the report message to

a RAN node, and forwarding nodes can simply add respective indications of the

times when each forwarded the report message to another node. Thus, methods

and apparatus in accordance with this disclosure solve several problems that

exist with report procedures currently specified by 3GPPF, and do not regquire

20 complicated arrangements in cither a UE or a network for keeping their clocks

synchronized.

In Pigure 4 an exemplary embodiment of a method in a mobile node (MN) and a

network node (NN} for time-stamping reports is illustrated. The mobile node is

s
(931

configured to commumnicate with a network node comprised in a communication
system. In a first step 40 the mobile node starts an internal clock fanction T,
The mobile node then starts collecting data. The data collected may, for example,
be data collected during executing the measurements as previously described. In
one embodiment the measurement may be any of the measurements required for
3 MDT functionality, e.g., the measurement exccuted may be a downlink pilot signat
strength measurement of serving or neighbour cell, a downlink pilot signal quality
measurernent of serving or neighbour cell, ete. It should be noted thar the
measurements could be executed periodically in the mobile node. In a step 41 the

mobile node stores the collected data in a log with a data timestamp

3
5%

orresponding to a current value of the internal clock function Taan, thereby

indicating the time of collecting the data. The data timestamp is equivalent to an

absolute tmestamp previously mentioned. The mobile node sends in a step 42 a
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report to the network nede, including the log and a report timestamp
corresponding to a cwrrent value of the internal clock function T mdicating

3

the time of sending the report.

o

Furthermore, in a step 43 the network node receives the report from the mobile
rode. The received report comprises the log and the report timestamp. In a further
step 44, the network nede stores the report with a reception timestamp
corresponding to a current value of the network node's internal clock function
Tisnye upon reception of the report, thereby indicating a time of receiving the

10 repart.

In a further exemplary embodiment the network node determines a correlation
between. the internal clock function of the netwerk node Twms and the internal
clock function of the mobile node Thwux by comparing the reception timestamp

15 and the report timestamyp.

Figurs § illustrates yet a further exemplary embodiment, wherein the mohile node
such as a UE receives 50 a message to start collecting data from the network
node. The message may be a MDT configuration message as previously described,
20 The network node 18 ez, an oNB or a RNC. In a step 51 the mobhile nade starts
the internal clock function Twws. The mobile node then starts collecting data. The
data collected may, for example, be data collected during exccuting the
measurements as previously described. In one embodiment the measurement may
e any of the measurements required for MDT [unctionality, e.g., the
25 measurement executed may be a downlink pilot signal strengih measurement of
serving or neighbour cell, & downlink pilot signal quality measurement of serving
or neighbour cell, ete. It should be neoted that the measurements could be
executed periodically in the mobile node. When the measurements are exccuted
the UE stores 52 the measurement data in a measurement log, such as a MDT
30 measurement log, in the UK., The measurement data is stored with a current
value of the internal clock function T in the measurement log ie. the
measurement data is stored with a timestamp in the log. The UE sends 53 an
indication to the network node that the measurement log is available, Next, the

network node may send 54 a request o deliver the measurement log to the UR,

£
5

The UE receives the request from the network node and then delivers 35 a report
comprising the measurement log comprising the timestamped measturement data

and a report imestamp corresponding to the current value of the internal clock
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function Tiwoe indicating the time of sending the report to network node. The
network node receives the report from the mobile node and stores 56 the report
with a reception timestamp corresponding to a current value of an mternal clock

function of the network node Trawen upon reception of the report. The reception

o

timestamp Trasress Indicates the local time of receiving the report.

In an exemplary embodiment the network node may determine the correlation
between the internal clock function of the network node Travea and the internal
clock function of the mobile node Twwr by comparing the reception timestamp and
10 the report timestamp. The network node wmay then further process the
measurement data i the network node. However, in another exemplary
embodiment the described network node may be an intermediate network node of
which there may be one or several in a communication system. The intermediate
network node may send 57 a final report to a further network node, .., another
18 eNl, a OAM and/or TCE. This final report may include the report received from
the UE, 1.e. the report including the measurement data with the data timestamp
and the report timestamp, and the reception timestamp and @ timestamp
corresponding to a current value of the internal clock function of the intermediate
network node Travrea, thereby indicating a time of sending the final report from
20 the intermediate network node. The final report sent from the intermediate
network node may comprige reports  received from several UEs in  the
communication system. The further network node receives the final report and
stores 58 the report with a reception timestamp corresponding to a current value
of an internal clock function of the further network node Toaess Upon reception of
25 the final report. The reception tmestamp Tomne indicates the local time of
recetving the final report. The reception timestamyp is equivalent to an absolute

timestamp previously mentioned.

The further network node may determine the correlation between the internal
30 clock function of the further network node Toawea and the internal clock funcrion
of the intermediate network node Teawen by comparing the reception timestamp
and the final report timestamp. The network node wmay then further process the

measurement data comprised in the measursment log in the further network

node.

3
&
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Figure 6 is a block diagram of a typical mobile nede 400, such as a wuser
equipment, mobile phone, computer, ete., for generating and handling messages

as described in this application.

P93

The mabile node 600 includes a transveiver 602 that is suitable for exchanging
clectronde signals with one or more of network nodes. Information carried by those

signals is handied by a processor 504, which may include one or more sub-
processors, and which executes one or more soltware modules and applications,

including for example modules and applications that cause the processor to

———rh

3

respond  to configuration messages, lo cause the mobile node to obiain
measurements, to generate time stamps and measurement reports, and to carry
out the operations of the mobile node 600 described above. User input to the
mobile node 600 is provided through a keypad, remote contral, or other device
606, and information presented to the user is provided to a display 608. If the
5 display has touch-screen capalnlities, user input can be provided through the
display. Software applications may be stored in a suitable application memory
610, and the mobile node may also download and/for cache desired information in
& suitable memory 612, The mobile node 600 may also inclunde an interface 614
that can be used to connect other components, such as a computer, microphone,
20 . to the mobile node 600, Based on its programming, the provessor 604 forms
the appropriate messages and sends them to the network via transceiver 602, and
acts on messages and mformation received from the network. Such activity can

mclude the methods described above

3]
3

In an exemplary embodiment the mobile node 600 comprises a memory unit 612
and processor unit 604 adapted to start an internal clock function and to store
collected data with a data tmestamp corresponding to a current value of an
internal clock function in a log in the memory unit 612, thereby indicating a time
of collecting the data, The mobile node 800 further comprises a transceiver urit
20 602 which is adapted to send a report to a network node. The report includes the
log and a report tmestamp which corresponds to a current value of the internal
clock function, thereby indicating a time of sending the report. In another
exemplary embodiment the mobile node 800 the transceiver unit B02 is further

adapted to receive a message to start collecting data from the network node.

a3
5

Moreover, it is adapted to send an indication to the network node that the log is

available, and to receive a request to deliver the log from the network node.
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Figure 7 is a block diagram of a portion of a network node 70U, such as an eNB,
RNC, ete., and other such transmitting nodes in a network that can commurdcate
with mobile nodes by implementing the methods described above, Other than the

radio-related portions, the block diagram is also typical of other nodes in the

o

network, such as OAM, TCE, ete. It will be appreciated that the functional blocks
depicted in Figure 7 can be combined and re-arranged in a variety of equivalent
werys, and that many of the functions can be performed hy one or more suitably
programimed digital signal processors and other known slectronic circuits.

10 The network node 700 is operated by a control processor 702, which typically and
advantageously is a suitably programmed digital signal processer. The control
processor 702 lypically provides and receives control and other signals from
various devices in the network node 700. For simplicity in Pigure 7, the control

processor 702 is shown exchanging information with a scheduler and selector

_L
&

704, which receives digital words to be transmitted to respective mobile nodes or
to be broadcast from a suitable data generator 706, The scheduler and sclestor
704 implements resource block and resource element (RB/RE] scheduling and
selection in an LTE system, for example, and implements code allocation in other
communication systems, for example.
20
The control provessor 702 can be configured to monitor the load on the network
node, which can be determined for example simply by counting the RRs and REs
to be transmitted in a sub-frame, frame, or group of them. A processor such as
the contrel processor 702 can also be configured to generate configuration
25 messages and other messages that are sent fo the mobile node, for example,
messages in connection with handovers to other cells. In addition, a provessor
such as the contrel processor 702 can be configured to handle received
measurement report messages and generate and add time stamp information as

described above.,

Information from the scheduler and selector 704 is provided to a moedulator 708

et

hat uses the information to geuerate a modulation signal suitable for the
particular communication system. For exsmple, the modulator 70B in an LTE

system is an orthogonal frequency division multiplex (OFDM) modulator. The

[8]
[$71

medulation signal generated by the modulator 708 is provided to a suitable radio

circuit 710 that generates a wireless signal that is transmitted through at least

one {ransmit antenna 712, Wircless signals trensmitted by mobile nodes are
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captured by at least one receive antenna 714 that provides those signals to the
radio 710 and & demodulator 716, The artisan will understand that the same
antenna can be used for transmission and reception, as is often done in a mobile

fode.

i

It will be understood that the control processor 702 can be configured such that it
includes one or more other devices depicted in Pigure 7, which can he
implemented by dedicated programmed processors or other suitable logic
configured to perform their functivns. The combination of the data generator 706,
10 scheduler and selector 704, and modulator 708 produces DL frames or sub-
frames to be transmitted. The modulator 708 converts the information into
modulation symbols that are provided to the radio 710, which impresses the
modulation symbols on ore or more suifable carrier signals. In an LTE system for
example, the radio 710 impresses the modulation symbols on a number of QFDM
18 subcarriers. The modulated subcarrier signals are transmitted through the

antenna 712,

In an exemplary embeodiment the network node 700 comprises a radio circuit 710
adapted to receive a report from the mobile node, such as the mobile node
2Q ilustrated in Pigure & The report comprises data collected by the mohile node
600 and the data is stored with a data timestamp corresponding to a value of an
internal clock function of the mobile node HU0 indicating a time of collecting the
data. The report also comprises a report timestamp corresponding to a value of
the internal clock function of the maobile node 600 indicating a time of sending the
25 report to the network node 700. The network node 700 further comprises a
control processor unit 702 which s configured to store the report with a reception
timestamp corresponding to & current value of an internal clock function of the
network node 700 upon receplion of the report, thereby indicating a time of
receiving the report. In a further exemplary embodiment the control processor
30 unit 702 is further configured to determine a correlation between the internal
clock function of the network node 700 snad the internal clock function of the

mobile node 600 by comparing the reception timestamp and the report

further adapted to send the report to another network node inchuding the
a5 reception timestamp and a tmestamp corresponding to a current value of the
internal clock function of the network node 700, thereby indicating a time of

sendhing the roport.
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In a further exemplary embodiment, the radio circuit 710 is adapted to sendd a
message o start collecting data to the mobile node 600. The radio cirenit 710 is
further adapted to receive an indication from the mobile node 600 that a report is

2 available and send a request to deliver the report to the mobile node 800,

It will be appreciated that methods deseribed above can be carried out repetitively
as necessary, for example, to respond fo changes in communication lnks

properties. Assemblies implementing the teachings of this disclosure can be

e,
i3

mcluded  in, for example, mobile phones, computers, servers, wireless

communication network nodes, and the ke,

To factlitate understanding, many aspects of this disclosure are described in
terms of sequences of actions that can be performed by, for example, elements of
I ¥ :
15 a programmable computer system. it will be recognized that vartous actions could
be performed by specialized circuits {e.g., discrete logic sates interconnected to
o \ T = pe)

perform & speclalized function or application-specific integrated circuits), by
rogram instructions exccuted by one or more processors, or by a combination of

k) Pty J k !

both.

Mareover, this disclosure can additionally be considered 1o be embodied entively
within any form of computer-readable storage medium having stored thersin an
appropriate set of instructions for use by or in connection with an instruction-
execution system, apparatus, or device, such as a comptiter-based system,
25 processor-containing system, or othey system that can fetch instructions from a
medium and execute the instructions. As used here, a "eomputer-readable
medium” can be any means that can contain, store, or transport the program for
use by or in connection with the instruction-execution system, apparatus, or
device. The computer-readable medium can be, for example but not limited to, an
30 electronic, magnetie, optical, slectromagnetic, infrared, or semiconductor systern,
apparatus, or device. More specific examples (a non-exhaustive Hst] of the
computer-readable medinm melude an electrical connection having one ot more
wires, a portable computer diskette, s random-access memory (RAM], a read-only

memory {ROM}, and an erasable programmable read-only memory [EPROM or

33 Flazh memory).




19
WO 2012/060765 PCT/SE2011/051145
Thus, the teachings of this disclosure may bhe embodied in many different {orms,
not all of which are described above, The particular embodiments deseribed above
are merely illustrative and should not be considered restrictive in any way. It is
contemplated that alternatives, modifications, permutations, and squivalents
5 thereof will become apparent upon reading this description and the drawings.
it is emphasized that the terms "comprises” and "comprising”, when used in this
application, specily the presence of stated features, integers, steps, or components

and do not preclude the presence or addition of one or more other features,

10 integers, steps, components, or groups thereof.
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CLAIMS
1o Amethod for time-stamping reports in a mobile node (600}, said mobile node
configured to communicate with a network node (700), the method comprising

starting (30, §1) an internal clock function,

5 storing {31, 52} collected data with a data timestamp corresponding to a
current value of said internal clock function in a log, thereby indicating a time of
collecting said data, and

sending {32, §5) a report to said network nede, wherein said report includes
said log and a report timestamp corresponding to a current value of said internal
10 clock function, thereby indicating a timwe of sending said report.
2. The method according to ¢laim 1, wherein the internal clock funiction is a
counter.
15 3. The method according to claim 1 or claim 2, further comprising
receiving (S0} a message to start collecting data from said network node,
sending {33 an indication to said network node that said log is available,
and
receiving (54} a request to deliver said log from said network node.
20
4. The method according to claim 3, whersin said message is a Minimization of
the Drive Tests, MDT, configuration message.
S.  The method according to any of claims 1 1o 4, wherein said log is an MDT
25 measurement log.
6. The method according to any of claims 1 to 5, wherein said network node is
comprised in a cellular communication aystem.
380 7. The method according to cladm 6, wherein said cellular communication
system is a Long Term Evelution or a Universal Mobile Telecommurdeation
System.
8.  The method according to claim 6 or ¢laim 7, wherein said mobile node is a
35 user equipment, and said network node i3 a radio base station or a radio network

conitroller,
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% A method for time-stamping reports in a network node (700}, said network
node configured fo comnmunicate with a mobile node {600) for collecting data, the
method comprising

receiving {33, 55) a report from said mabile node, wherein said report

5 comprises data collected by said mobile node and said data is stored with a data
timestamyp corresponding to a value of an Internal clock function of said mobile
node indicating a time of collecting said data, and said report comprises a report
timestamyp corresponding to a value of said internal clock function of said mobile
node indicating a time of sending said report, and

10 storing (34, 56) said report with a reception timestamp corresponding to a
current value of an internal clock function of sald network node upon reception of
said report, thereby indicating a time of receiving said report.

10, The method according to claim 9, further comprising

18 determining a correlation between said internal clock function of said
network node and said internal clock function of said mobile node by comparing
said reception timestamp and sadd report timestamp.

11, The method according to cladim 9 or 10, wherein said internal clock function

20 of said mobile node is a counter.

12, The method according to any of claims 9 to 11, wherein said report is report
of & Minimization of the Dirive Tests, MDT, measurement log, and said message is
an MDT configuration message,

25
13. The method according to any of claims @ tu 12, wherein said network node is
comprised in a cellulay communication system.
i4. The method according to any of clatms 9 to 13, wherein said cellular

30 coynmuanication system iz a Long Term Evolution or a Universal Mobile
Telecommunication System,

15, The method according to any of claims © to 14, wherein said mobile node for
collecting data is a user equipment.

35

1. The method according to any of daims 9 to 135, wherein said network node is

an aperation and mamtenanee node,
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17, The method according to any of claims 9 to 15, further comprising
seruditgg (87] said report to another network node including said reception

timestanip and & timestamp corresponding to & current value of said internal

(831

clock function of said network node, thereby indicating & time of sending said

report.

18, The method according to any of claims ¢ to 15 or 17, further comprising
sending (50} a message te start collecting data to said mobile node,
HY receiving {53} an indication from said mobile node that a report is available,
ared
sending (34 a request to deliver saild report to said mobile node.

P

18, The method according to any of claims 9 to 15 or 17 to 18, wherein said

441

network node is a radic base station or a radio network controller.

20, A mobile node (GO0} arranged to time-stamp reports, said mobile node is
configured to communicate with a network node (700, the mobile node
comprising a meraory ut (612} and processor unit {604} adapted to

20 start an internal clock function,

store collected data with a data timestamp corresponding to a current value

of said internal clock funwtion in a log in the memory wnit (512), thersby
indicating a time of collecting said data, and further comprising a transceiver unit
(B0 adapted to

25 send a report to said network node {700}, wherein said report includes said
log and a report tmestamp corresponding to & current value of said internal clock

funetion, thereby indicating a thne of sending said report,

21, The mobile node (600} according to claim 20, wherein the internal clock
30 function is & counter,

22, The mobile node {BO0} according to claim 20 or cledm 21, whersin said
transceiver unit (H02) is further adapted to

recerve a message to start collecting data from said network node (700}

>

(£33
933

send an indication to said network node {700) that said log is available, and

receive a request to deliver said log from said network node {700},
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T

23, The mobile node (600} according to claim 22, wherein said message is a
Minimization of the Drive Tests, MDT, configuration message,

24, The mobile node (B00} according to any of claivas 20 to 23, wherein said log

e

5 s an MDT measurement log.

25, The mobile node (H00) accerding to any of claims 20 to 24, wherein said

network node (T00) is configured to be comprised in a cellular communication

]

1¢
35, The mobile node (H00) according to claam 25, wherein said cellular
commurication system is a Long Ternt Bvolution or a Universal Mobile

Telecommunication System,

15 27, The mobile node (BOD) according to claim 25 or claim 26, wherein said
mobile node {H00) is a user equipment, and said network node {700} is a radio

base station or a radio network controlier.

28, A network node {700} arranged to time-stamp reports, said network node is
20 configured to conmmurticate with a mobile node {(800) for collecting data, said
network node {700) comprising a radio circnit {710) adapted to
receive a report from said mobile node (800}, wherein said report comprises
data collected by said mobile node (GO0} and said data is stored with a data
tirnestamyp corvesponding to a value of an internal clock function of said mohile
25 node (600} indicating a time of collecting said data, and said report comprises a
report timestamp correaponding to a value of said internal clock function of said
maobile node {600} indicating a time of sending said report, and the network node
(¥OU} further comprising a control processor anit {702) configured to
store said report with a receplion timestamp corresponding to a current
30 value of an internal clock function of said network node (700} upon reception of

said report, thereby indicating a time of receiving said report.
T (=]

29, The network node {700} according to claim 28, whersin said control

processor unit {70Z) is further configured to

{x
¥

determing & correlation between ssid internal clock function of said network

nade (700} and said internal clock funetion of said mobile node (00} by

comparing sald reception timestanp and said report timestarap.
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30, The network node {700} according to claim 28 ar 29, wherein said internal

clock function of said mobile node (600} is a counter.

4

31, The network node {700} according to any of claims 28 to 30, wherein said
report is report of a Minimization of the Drive Tests, MDT, measurement log, and
said message is an MDT confisuration message.
32, The network node (700} according to any of claims 28 to 31, wherein said
10 network node (Y00 is configured to be comprised in a cellular communication
sysiem,
33, The network node {700} according to any of claims 28 to 32, wherein said
cellular communication system is @ Long Term Evolution or a Universal Mobile

15 Telecommurication System.

34. The network node {700) according to any of claims 28 to 33, wherein said

mobile node (600} for collecting data is a user equipment.

20 35, The network node (T00] according to any of claims 28 to 34, wherein said

network node (VOO is an operation and maintenance node.

36, The network node (700 according to any of claims 28 to 34, wherein said

radio circuit {710] is further adapted to

ol
%11

send said report to another network node including said reception
timestamp and a timestamp corresponding to a current value of said internal
clock funetion of said network node (700}, thereby indicating a time of sending

said report.

30 37. The network node {700} according to any of claims 28 to 34 or 36, wherein
satd radio cirenit (Y10} i3 further adapted to
send a message to start collecting data to said mobile node (600},
receive an indication from said mobile node (H00) that a report is available,

ane

35 send a request to deliver said report to said mobile node (B00).
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38, The network node {T00) according to any of claims 2R to 34 or 36 to 37,

wherein said network node (700) is a radio base station or a radioc network

controlier.

<
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