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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the invention:

[0001] The invention relates to mobile communications networks and test measurements
regarding the radio interface. Particularly, the invention relates to a method for processing test
measurement information across networks a mobile communication system.

Description of the Related Art:

[0002] Radio network planning is an important part in the building and maintaining of a cellular
mobile communication network. In Radio network planning it is determined, for example, the
placing of base stations, the required dimensioning of base station transmitters and receivers,
and base station parameterization governing transmission power or frequency allocation.
Today there are sophisticated tools for automatically determining the placing of base stations in
the area of the network. It is possible in these tools to define closely certain elementary
characteristics of the network area such the landscape and buildings. However, despite of
these tools it is necessary to perform series of tests in the actual real environment to determine
the actual radio quality and coverage provided. The tests may also be performed in response
to customer complaints or special events that require extra capacity of the network. These
tests are referred to as drive tests, because such tests are often executed by driving in various
places within the network area. Naturally, such tests are often performed on foot, and are often
performed even inside buildings. The drive tests usually require significant resources in terms
of personnel and fuel consumption. The 3G Partnership Project (3GPP) there is ongoing work
in the area of Minimizing Drive Tests (MDT). In MDT a base station may send test
configuration to a mobile station, which tells the mobile station what the measurements
requested are, when they are reported and what information is stored in test logs. The mobile
stations used for these measurements may not necessarily be used by the network operator.
Instead, normal subscriber mobile stations may be used, for example, in areas where there is
no access for operator personnel. The subscriber may be made aware of these measurements
or they may be gathered in the background.

[0003] However, there is a problem when a mobile station changes network. The radio
network related measurements gathered in the area of a given network operator are usually
considered to comprise valuable information for competing operators. Therefore, as a rule
network operators do not want to share that kind of information with other network operators,
at least in larger quantities. Normal mobile stations do not usually display technical radio
measurement information for end users. Naturally, nothing prevents the measuring of radio
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quality parameters by anyone with right equipment. However, such equipment is costly and
requires systematic and skilled use. When drive tests are executed, it would be beneficial to be
able to manage automatically whether drive tests may be executed across different networks.
In some cases networks with different network identifiers such as mobile country codes and
mobile network codes may be operated by the same network operator or by different co-
operating networks. Therefore, mere prevention of drive tests spanning multiple networks is
not enough.

[0004] Reference publication R2-104813 from 3GPP TSG-RAN WG2 #71, Madrid, Spain, 23 -
27 August 2010 discloses options for retrieving automated drive test log information from a
network different from the network that initiated the automated drive test. The options allow an
evolved UMTS Radio Access Network (UTRAN) to be informed of a test log gathered to a UE.
The options allow the UTRAN to request the test log using a request message and to obtain
the test log from the UE in a response message.

[0005] Reference publication S5-101379 from 3GPP TSG-SA5 Meeting SA5#71, 10 - 14 May
2010, Montreal, Canada discloses that network operators should have the ability to collect
coverage data from an automated drive test across Radio Access Technology (RAT)
boundaries. Crossing RAT boundary should not stop the drive test data collection. The
reference publication also discloses that a network operator shall be able to configure
measurement data collection from specific UEs in a specific geographical area.

SUMMARY OF THE INVENTION:

[0006] According to an aspect of the invention, the invention is a method, comprising:
receiving information on current network to a mobile node; receiving cross network test
management information to the mobile node, the cross network test management information
comprising an explicit list of networks for which a test log is not to be cleared; receiving a test
configuration to the mobile node, the test configuration defining at least one radio interface
related measurement; detecting a change of network at the mobile node; checking a need to
clear the test configuration based on the cross network test management information; and
checking a need to clear the test log based on the cross network test management
information.

[0007] According to a further aspect of the invention, the invention is a mobile node
apparatus, comprising: a memory; and at least one processor configured to receive
information on current network, to receive cross network test management information, the
cross network test management information comprising an explicit list of networks for which a
test log is not to be cleared, to receive a test configuration, the test configuration defining at
least one radio interface related measurement, to detect a change of network, and to check a
need to clear the test configuration based on the cross network test management information.

[0008] According to a further aspect of the invention, the invention is a system, comprising: a
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mobile node configured to receive information on current network, to receive cross network
test management information, the cross network test management information comprising an
explicit list of networks for which a test log is not to be cleared, to receive a test configuration,
the test configuration defining at least one radio interface related measurement, to detect a
change of network, to check a need to clear the test configuration based on the cross network
test management information and to check a need to clear the test log based on the cross
network test management information; and a radio network node configured to transmit
information on current network, to transmit cross network test management information, the
cross network test management information comprising an explicit list of networks for which a
test log is not to be cleared, to transmit a test configuration, the test configuration defining at
least one radio interface related measurement.

[0009] According to a further aspect of the invention, the invention is a computer program
comprising code adapted to perform the following steps when executed on a data-processing
system: receiving information on current network; receiving cross network test management
information, the cross network test management information comprising an explicit list of
networks for which a test log is not to be cleared; receiving a test configuration, the test
configuration defining at least one radio interface related measurement; detecting a change of
network; checking a need to clear the test configuration based on the cross network test
management information; and checking (310) a need to clear the test log based on the cross
network test management information.

[0010] In one embodiment of the invention, the method further comprises checking a need to
clear test log information based on the cross network test management information.

[0011] In one embodiment of the invention, the method further comprises checking a
permission to report test log information in the new network based on the cross network test
management information.

[0012] In one embodiment of the invention, the method further comprises checking whether a
test defined in the test configuration may be continued in the new network based on the cross
network test management information.

[0013] In one embodiment of the invention, the method further comprises receiving
information on at least two equivalent networks to the mobile node.

[0014] In one embodiment of the invention, the cross network test management information
comprises separate information for change of network to a network among the at least two

equivalent networks and for change of network to other networks.

[0015] In one embodiment of the invention, the cross network test management information is
provided to mobile node in association with the test configuration.

[0016] In one embodiment of the invention, the cross network test management information is
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test configuration specific.
[0017] In one embodiment of the invention, the network is a public land mobile network.

[0018] In one embodiment of the invention, the method further comprises receiving first
information on at least two first equivalent networks to the mobile node; receiving second
information on at least two second equivalent networks to the mobile node; detecting a second
change of network at the mobile node; checking a need to clear the test configuration based
on the cross network test management information and the first information on at least two first
equivalent networks.

[0019] In one example of the invention, the test is a drive test.

[0020] In one example of the invention, the method further comprises associating the
information on the at least two equivalent networks with the cross network test management
information in the mobile node, changing network to a second network by the mobile node, the
second network being mentioned in the information on the at least two equivalent networks,
receiving second information on at least two second equivalent networks to the mobile node,
detecting a change of network to a third network, and checking a need to delete the test
configuration based on the cross network test management information and the information on
the at least two equivalent networks, from the network from which the cross network test
management information was received.

[0021] In one example of the invention, the test configuration from a given network is
considered using cross network test management information and information on equivalent
networks from that particular network. The consideration of a test configuration may comprise
at least one of the deletion of the test configuration, the deletion of test log pertaining to the
test configuration, and continuing of the test in a further network.

[0022] In one example of the invention, the test configuration is associated by the mobile node
with the cross network test management information and the information on equivalent
networks. Thereby, the test configuration is associated always with the cross network test
management information and the information on equivalent networks from the network that
sent the test configuration. When moving to a further network and from there to an even
further network, the mobile node may check, for a test configuration, the cross network test
management information and the information on the least two equivalent networks sent by the
network that sent the test configuration.

[0023] In one example of the invention, the cross network test management information
comprises information on at least one of requirement to delete test configuration when moving
to a different network, requirement to delete test configuration when moving to a different
equivalent network and requirement to delete test configuration when moving to a different
non-equivalent network.
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[0024] In one example of the invention, the cross network test management information
comprises information on at least one of requirement to delete test log when moving to a
different network, requirement to delete test log when moving to a different equivalent network
and requirement to delete test log when moving to a different non-equivalent network.

[0025] In one example of the invention, the cross network test management information
comprises information on at least one of allowing of the reporting of test log in different
network, allowing of the reporting of test log in different equivalent network and allowing of the
reporting of test log in a different non-equivalent network.

[0026] In one example of the invention, the radio network node comprises a UMTS Long-
Term Evolution (LTE) nodeB, in other words, an eNodeB. In one embodiment of the invention,
the radio network node is any base station or a controller unit associated with at least one base
station. In one embodiment of the invention, the radio network node is a Radio Network
Controller (RNC) or a Base Station Controller (BSC). The radio network may be a GSM Edge
Radio Access Network (GERAN) or a UMTS Radio Access Network (UTRAN).

[0027] In one example of the invention, events determined to be logged in the test
configuration comprise at least one of periodic timer, radio quality becoming worse than a
predefined threshold, transmit power headroom becoming less than a predefined threshold,
failure to obtain a channel, random access failure, paging channel failure, broadcast channel
failure and radio link failure.

[0028] In one example of the invention, regarding events encountered, the log may comprise
information on at least one of the cell where the event took place, a GPS location where the
event took place, a geographic location where the event took place, at least one cell
measurement at the time of the event, at least one radio environment measurement,
timestamp of the event, user equipment transmit power at the time of the event, tracking area
of the event, location area of the event, routing area of the event and availability of a dedicated
preamble.

[0029] In one example of the invention, the radio environment measurements comprise at
least one of received signal code power of the pilot channel, energy per chip to total received
power (Ec/No) of the pilot channel, received signal code power of the common control physical
channel, interference on signal code power of the common control physical channel and
reference signal received power of the common control physical channel.

[0030] In one example of the invention, the test log is cleared by the mobile node at the time
of reporting the log to the radio network node.

[0031] In one example of the invention, the cross network test management information and
test configuration are received in separate messages from a base station such as an eNodeB
or NodeB.
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[0032] In one example of the invention, the cross network test management information and
test configuration are received in separate messages from a Radio Network Controller (RNC)
via a NodeB, which is a UMTS base station.

[0033] In one example of the invention, the cross network test management information and
test configuration are received in separate messages from a Base Station Controller (BSC) via
a Base Station (BS), which may, for example, be a GERAN BS.

[0034] In one example of the invention, the cross network test management information is
received in association with test configuration, for example, in a single message from a base
station such as an eNodeB or NodeB.

[0035] In one example of the invention, the cross network test management information is
provided to the eNodeB from a management node.

[0036] In one example of the invention, the cross network test management information is
specific to a given test configuration.

[0037] In one example of the invention, the cross network test management information
comprises an explicit list of networks for which test configuration or log is to be deleted or not
to be deleted.

[0038] In one example of the invention, the system may comprise an OFDMA based system.
In one example of the invention, the system may comprise a 4G network, for example, an LTE
system. In one example of the invention, the system may comprise an Ultra Mobile Broadband
system. In embodiment of the invention, the system may comprise a multiple-input and
multiple-output based system. In one example of the invention, the system may comprise an
Evolution Data Only (EVDQO) network. In one example of the invention, the system may be any
cellular radio system. In one example of the invention, the system comprises at least one of
AMPS, GSM, UMTS, GPRS and CDMA2000.

[0039] In one example of the invention, said system comprises a mobile communication
network. In one example of the invention, the mobile node, in other words, User Equipment
(UE) comprises a mobile station or generally a mobile terminal. In one example of the invention
a user of a mobile terminal is identified using a subscriber module, for example, User Services
Identity Module (UMTS) or a Subscriber Identity Module (SIM). The combination of Mobile
Equipment (ME) and a subscriber module may be referred to as a mobile subscriber.

[0040] In one example of the invention, the system comprises at least one of a Global System
of Mobile Communications (GSM) network, a Universal Mobile Telephone System (UMTS)
network and a 4G system such as LTE Evolved Packet System (EPS). The mobile station may
be, for example, a GSM mobile station or a UMTS mobile station or an EPS user equipment
with a dual mode or multimode functionality to support different access types.
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[0041] In one embodiment of the invention, the computer program is stored on a computer
readable medium. The computer readable medium may be a removable memory card, a
removable memory module, a magnetic disk, an optical disk, a holographic memory or a
magnetic tape. A removable memory module may be, for example, a USB memory stick, a
PCMCIA card or a smart memory card.

[0042] In one example of the invention, the cross network test management information
comprises information on whether to clear or not to clear test configuration in equivalent
networks. The cross network test management information may comprise information on
whether to clear or not to clear test configuration in non-equivalent networks. By in a network is
meant the network to which the mobile node moves, that is, changes network, or is about to
move.

[0043] In one example of the invention, the cross network test management information
comprises information on whether to clear test configuration always, never to clear test
configuration or to clear test configuration in non-equivalent networks. By in a network is meant
the network to which the mobile node moves, that is, changes network, or is about to move.

[0044] In one example of the invention, the cross network test management information
comprises information on a list of network in which the test configuration must be cleared or in
which the test configuration must not be cleared. By in a network is meant the network to which
the mobile node moves, that is, changes network, or is about to move, or is about to move.

[0045] In one example of the invention, the cross network test management information
comprises information on where the test configuration must be deleted and where the log must
be deleted. For both there could be separate information that specifies deletion in all networks,
no deletion on in any network, and deletion in non-equivalent networks. By in a network is
meant the network to which the mobile node moves, that is, changes network, or is about to
move.

[0046] In one example of the invention, the cross network test management information
comprises information on whether reporting of test log is allowed in a different network or
whether reporting is allowed in a non-equivalent network. By in a network is meant the network
to which the mobile node moves, that is, changes network, or is about to move.

[0047] In one example of the invention, the information on equivalent networks is network
specific, that is, associated with the network from which it has been received. Therefore, the
information on equivalent networks, for example, an equivalent network list received from a
given network is associated with the cross network test management information received from
that network. When evaluating cross network test management information from a given
network, the equivalence of a network to which the mobile node is moving, is determined on
the basis of the information on equivalent networks from that network.

[0048] In one example of the invention, the method further comprises associating the cross
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network test management information received with in the mobile node with an identifier of the
current network.

[0049] In one embodiment of the invention, the method further comprises retrieving the cross
network test information in response to detecting a change of network at the mobile node by
using an identifier of the network to be entered as a key.

[0050] In one example of the invention, the method further comprises retrieving the cross
network test information in response to detecting a change of network at the mobile node by
using an identifier of the network to be leaved as a key.

[0051] The benefits of the invention are related to minimizing of tests needed to provide
information on the radio interface quality and to the avoiding of the leaking of radio interface
measurement information from a first network to a second network.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0052] The accompanying drawings, which are included to provide a further understanding of
the invention and constitute a part of this specification, illustrate embodiments of the invention
and together with the description help to explain the principles of the invention. In the drawings:

Fig. 1 is a block diagram illustrating three Public Land Mobile Networks (PLMNs) applying a
method for the processing of test measurement information across networks in one
embodiment of the invention;

Fig. 2 is a message sequence chart illustrating a method for the processing of test
measurement information across networks in one embodiment of the invention;

Fig. 3 is a flow chart illustrating a method for the processing of test measurement information
across networks in one embodiment of the invention; and

Fig. 4 is a block diagram illustrating a mobile node in one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

[0053] Reference will now be made in detail to the embodiments of the present invention,
examples of which are illustrated in the accompanying drawings.

[0054] Figure 1 is a block diagram illustrating three Public Land Mobile Networks (PLMNSs)
applying a method for the processing of test measurement information across networks in one
embodiment of the invention. In Figure 1 there is illustrated a system 100 comprising three
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PLMNs, namely PLMNs 170, 160 and 150. PLMN 170 comprising an operations and
maintenance centre 172, a Radio Network Controller (RNC), a nodeB 176 and at least one cell
such as cell C7. A nodeB is a base station. PLMN 160 comprises an operations and
maintenance centre 162, an evolved node B (eNodeB) 166, and at least one cell such as cells
C1, C2, C3, C5 and C6. PLMN 150 comprises an operations and maintenance centre 150, an
evolved node B (eNodeB) 156 and at least one cell such as cell C4. PLMN 170 is a network
with a UTRAN radio network, while PLMNs 160 and 150 are networks with an E-UTRAN radio
network.

[0055] In Figure 1 RNCs and eNodeBs may obtain test configurations from operation and
maintenance centres 172, 162 and 152. In the case of nodeBs the test configuration is
provided from RNC 174 via a nodeB such as NodeB 176. The RNCs and eNodeBs may
provide the test configurations to mobile nodes in selected cells that may be associated with
problem areas from which customer complaints have been received. The selected cells may
also belong to areas where the network is being expanded and updated with new equipment or
where the tuning of cell parameters takes place. The test configurations provide information on
the events to be tested. The events may relate to radio interface quality or may be related to
quality of service experienced on any protocol layer.

[0056] In Figure 1 it may be assumed that PLMNs 160 and 150 indicate to mobile nodes in
their area that PLMNs 160 and 150 are equivalent PLMNs. The indication is obtained to mobile
nodes in these PLMNs, for example, in response to tracking area update requests sent to
Mobility Management Entities (MME) (not shown). Similarly, it may be assumed that PLMN 170
does not indicate PLMNs 160 and 150 as equivalent.

[0057] In Figure 1 a mobile node 112 moves from cell C1 to cell C2 as illustrated with arrow
120. If mobile node 112 has received from the eNodeB in cell C1 a test configuration
requesting logging of at least one event with a trigger to log events for a specific period and the
eNodeB in cell C1 has indicated to mobile node 112 that the test log may not be reported
outside the area of equivalent PLMNs 160 and 150, the test log is not deleted and the test
configuration is kept when the mobile node changes cell, because the new cell C2 belongs to
PLMN 160, which is the same PLMN.

[0058] In Figure 1 a mobile node 114 moves from cell C6 to cell C7 as illustrated with arrow
124. If mobile node 114 has received from the eNodeB in cell C6 a test configuration
comprising logging of at least one event with a trigger to log events for a specific period and
the eNodeB in cell C6 has indicated to mobile node 114 that the test log may not be reported
outside the area of equivalent PLMNs 160 and 150, the test log and the test configuration is
deleted when the mobile node changes cell, because the new cell C7 belongs to a different
PLMN 170, which has not been indicated as an equivalent PLMN, for example, by the eNodeB
of cell C6 or any previous eNodeB of PLMN 160. In one embodiment of the invention, the
eNodeB in cell C6 may indicate to mobile node 114 separate instructions regarding whether
the test log should be deleted and whether the test configuration should be deleted. The
instruction to delete the test configuration may also indicate that the test log must also be
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deleted.

[0059] In Figure 1 a mobile node 110 moves first from cell C3 to C4 and then from cell C4 to
C5 as illustrated with arrow 122. Mobile node 110 receives in cell C3 a test configuration
comprising logging of at least one event with a trigger to log for a specific period (not shown).
Because the log period exceeds the time mobile node 110 camps in cell C3, the logging of
events continues in cell C4. Further, because the log period exceeds the time mobile node 110
camps in cell C4, the logging of events continues in cell C5. Mobile node 110 receives in cell
C3, for example, an indication that the test log may not be reported outside the area of
equivalent PLMNs 160 and 150 and that the test configuration must be deleted when moving
outside the area of equivalent PLMNs 160 and 150. When mobile node 110 changes PLMN
160 to PLMN 150 while moving from cell C3 to C4 the test log and the test configuration is not
deleted, because PLMNs 160 and 150 have been indicated as equivalent PLMNs. Similarly,
when mobile node 110 changes PLMN 150 to PLMN 160 while moving from cell C4 to C5 the
test log and the test configuration is not deleted, because PLMNs 160 and 150 have been
indicated as equivalent PLMNs. While in cell C5 mobile node 110 may report the test log
pertaining to the test configuration obtained in cell C3 to the eNodeB of cell C5. The test log
may be reported further to operations and maintenance centre 162 by the eNodeB of cell C5.

[0060] The embodiments of the invention described hereinbefore in association with Figure 1
may be used in any combination with each other. Several of the embodiments may be
combined together to form a further embodiment of the invention.

[0061] Figure 2 is a message sequence chart illustrating a method for the processing of test
measurement information across networks in one embodiment of the invention.

[0062] In Figure 2 there is a mobile node 250, in other words, User Equipment (UE). There is
also eNodeBs 252, 254 and 256, that is, base stations. It may be assumed that eNodeBs 252
and 254 belong to different equivalent networks, that is, a first network and a second network,
while eNodeB 256 belongs to a non-equivalent separate network, that is, a third network. The
eNodeBs may also be base stations or nodeBs.

[0063] In one embodiment of the invention, the networks are Public Land Mobile Networks
(PLMN). In one embodiment of the invention, at least one network is a 4G network. In one
embodiment of the invention, at least one network is a 3G network.

[0064] As illustrated with arrow 200, mobile node 250 receives from eNodeB 252 information
on the current network. The information on the current network may be a mobile network code
and a mobile country code.

[0065] As illustrated with arrow 202, mobile node 250 receives from eNodeB 252 information
on equivalent networks. The information on equivalent networks may be in the form of an
equivalent network list comprising identifiers for the first and the second networks.



DK/EP 2461620 T3

[0066] In one embodiment of the invention, the information on equivalent networks may be
received, for example, during a tracking area update procedure, a routing area update
procedure or a location area update procedure. The information may be received from a
subscriber information server, a home subscriber server, a mobile management entity, a home
location register, a visitor location register, a mobile switching center server, a mobile switching
center or a radio network node such as eNodeB 252.

[0067] As illustrated with arrow 204, mobile node 250 receives from eNodeB 252 cross
network test management information, for example, cross PLMN management information. In
the example of Figure 2 it is assumed that the cross network test management information
comprises information that indicates that tests may be continued in equivalent networks such
as the first network and the second network, but not in non-equivalent networks such as the
third network. It is also assumed in the example that the test configuration is to be deleted
when moving to a non-equivalent network such as the third network.

[0068] In one embodiment of the invention, the cross network test management information is
provided to mobile node 250 in association with the providing of a test configuration.

[0069] In one embodiment of the invention, the cross network test management information is
test configuration specific, that is, concerns only, for example, test configuration ¢1. In this way,
the operator may decide, for example, that particular tests may be limited to a particular
network.

[0070] In one embodiment of the invention, cross network test management information is
provided to mobile node 250 by each network the mobile node 250 visits. The mobile node 250
may store one cross network test management information configured for each visited network
during a test configuration lifetime, or it may overwrite cross network test management
information whenever a new network sends a new cross network test management information
configuration. The cross network test management information configured by a network
comprises information on how to act in that network and when leaving that network. The
information how to act in a network may comprise permission to report a test log in that
network.

[0071] In one embodiment of the invention, mobile node 250 stores cross network test
management information separate for each network. In other words, the cross network test
management information comprises entries for each network that may be indexed with a
network identifier. The entry for a given network comprises test configuration information
received in that network. Thus, each entry comprises the information disclosed herein
regarding generally cross network test management information. A cross network test
management information entry for a network may be kept for a lifetime of a test configuration,
for example, determined by the time event logging to a test file is to be performed. A cross
network test management information entry for a given network may also be stored and, thus,
replaced always when received from that network anew.
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[0072] In one embodiment of the invention, the cross network test management information
comprises information on at least one of requirement to delete test configuration when moving
to a different network, requirement to delete test configuration when moving to a different
equivalent network and requirement to delete test configuration when moving to a different
non-equivalent network.

[0073] In one embodiment of the invention, the cross network test management information
comprises information on at least one of requirement to delete test log when moving to a
different network, requirement to delete test log when moving to a different equivalent network
and requirement to delete test log when moving to a different non-equivalent network.

[0074] In one embodiment of the invention, the cross network test management information
comprises information on at least one of allowing of the reporting of test log in different
network, allowing of the reporting of test log in different equivalent network and allowing of the
reporting of test log in a different non-equivalent network.

[0075] In one embodiment of the invention, the information on equivalent networks is
associated with the cross network test management instructions.

[0076] As illustrated with arrow 206, mobile node 250 receives from eNodeB 252 a test
configuration. The test configuration comprises the logging of at least one event for a specified
time, that is, a lifetime of the test configuration. In the example in Figure 2, the test
configuration ¢1 comprises the logging of events e1, e2 and e3 to a log, which may comprise
at least one log file.

[0077] In one embodiment of the invention, the test configuration is associated with the cross
network test management instructions from the network from which the test configuration is
received.

[0078] In one embodiment of the invention, the events comprise at least one of periodic timer,
radio quality becoming worse than a predefined threshold, transmit power headroom becoming
less than a predefined threshold, failure to obtain a channel, random access failure, paging
channel failure, broadcast channel failure and radio link failure.

[0079] As illustrated with arrow 208, mobile node 250 receives from eNodeB 252 a number of
radio transmissions. The radio transmissions trigger event e1. During the transmission mobile
node 250 may also transmit information towards eNodeB 252.

[0080] As illustrated with arrow 210, mobile node 250 issues a periodic log report to eNodeB
252. The log report may be issued at times specified in the test configuration ¢1. The log
comprises information on event e1.

[0081] In one embodiment of the invention, regarding events encountered, the log may
comprise information on at least one of the cell where the event took place, a GPS location



DK/EP 2461620 T3

where the event took place, a geographic location where the event took place, at least one cell
measurement at the time of the event, at least one radio environment measurement,
timestamp of the event, user equipment transmit power at the time of the event, tracking area
of the event, location area of the event, routing area of the event and availability of a dedicated
preamble.

[0082] In one embodiment of the invention, the radio environment measurements comprise at
least one of received signal code power of the pilot channel, energy per chip to total received
power (Ec/No) of the pilot channel, received signal code power of the common control physical
channel, interference on signal code power of the common control physical channel and
reference signal received power of the common control physical channel.

[0083] As illustrated with arrow 212, mobile node 250 receives from eNodeB 252 a number of
radio transmissions. The radio transmissions trigger event e2. During the transmission mobile
node 250 may also transmit information towards eNodeB 252.

[0084] As illustrated with arrow 214, mobile node 250 issues a periodic log report to eNodeB
252. The log report may be issued at times specified in the test configuration ¢1. The log report
comprises at least event e2.

[0085] In one embodiment of the invention, at the time of the reporting of the log, the log is
cleared by mobile node 250.

[0086] In one embodiment of the invention, logging continues to separate log files for each
network. The log is cleared for certain network(s) where data was logged but not necessary all
log files.

[0087] In one embodiment of the invention, mobile node 250 is configured to store and update
a separate log file for each network mobile node 250 visits. As determined by cross network
test management information for a given network, a log file for that network is deleted or kept
when leaving that network.

[0088] In one embodiment of the invention, mobile node 250 is configured to store a single log
file which is associated with a plurality of networks.

[0089] In one embodiment of the invention, logging continues to same log file independent of
network, thus there is only one log file. When the log is cleared all logged data is cleared
independent of network where data was logged.

[0090] As illustrated with arrow 216, mobile node 250 receives from eNodeB 254 a radio
transmission indicating that the cell received by mobile node 250 belongs to the second
network, that is, network n2. The indication is received, for example, in a cell broadcast from
eNodeB 254.
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[0091] As illustrated with arrow 218, mobile node 250 receives from eNodeB 254 a number of
radio transmissions. The radio transmissions trigger event 3. During the transmission mobile
node 250 may also transmit information towards eNodeB 254.

[0092] As illustrated with arrow 220, mobile node 250 issues a periodic log report to eNodeB
254. The log report may be issued at times specified in the test configuration c1. The log report
comprises at least event e3.

[0093] As illustrated with arrow 222, mobile node 250 receives from eNodeB 256 a radio
transmission indicating that the cell received by mobile node 250 belongs to the third network,
that is, network n3. The indication is received, for example, in a cell broadcast from eNodeB
256. In response, mobile node 250 deletes the log regarding test configuration ¢1. It may be
assumed, for example, that mobile node 250 does not have any other test configurations. In
response, mobile node 250 may also delete the test configuration ¢1. Thereupon, there may
be no test configurations in mobile node 250 and mobile node 250 only performs, for example,
normal handover related measurements. It should be noted that mobile node 250 may be
considered for test configuration ¢1 the equivalent network list (n1, n2) received from the
network that sent test configuration ¢1 and the cross network test management instructions
from the network that sent test configuration ¢1.

[0094] The embodiments of the invention described hereinbefore in association with Figure 2
may be used in any combination with each other. Several of the embodiments may be
combined together to form a further embodiment of the invention.

[0095] Figure 3 is a flow chart illustrating a method for the processing of test measurement
information across networks in one embodiment of the invention.

[0096] At step 302 a mobile node stores cross network test management information and test
configuration.

[0097] In one embodiment of the invention, the cross network test management information
and test configuration are received in separate messages from a base station such as an
eNodeB or from an RNC via a NodeB.

[0098] In one embodiment of the invention, the cross network test management information is
received in association with test configuration, for example, in a single message from a base
station such as an eNodeB or from an RNC via a NodeB.

[0099] In one embodiment of the invention, the cross network test management information is
provided to the eNodeB or to the RNC from a management node.

[0100] In one embodiment of the invention, the cross network test management information is
specific to a given test configuration.
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[0101] In one embodiment of the invention, the cross network test management information is
specific to a given network.

[0102] In one embodiment of the invention, the cross network test management information
comprises an explicit list of networks for which test configuration or log is to be deleted or not
to be deleted.

[0103] In one embodiment of the invention, the cross network test management information
comprises an explicit list of networks in which reporting of the log may be performed or may
not be performed.

[0104] At step 304 the mobile node stores information on the current network.

[0105] At step 306 the mobile node stores information on equivalent networks. The
information comprises information on at least one equivalent network.

[0106] At step 308 the mobile node detects a change of network.

[0107] At step 310 the mobile node may check a need to clear test log information based on
the cross network test management information, in response to the change of the network.

[0108] At step 312 the mobile node may check a need to report test log information based on
the cross network test management information, in response to the change of the network.

[0109] At step 314 the mobile node checks a need to delete test configuration based on the
cross network test management information, in response to the change of the network.

[0110] In one embodiment of the invention, the cross network test management information
tells when the test configuration is to be deleted at the change of the network. The deletion
may be based on at least one of the new network to the network that initiated the test
belonging to a list of equivalent networks and the new network belonging to an explicit list of
networks for which the deletion is to be performed or for which the deletion is not to be
performed.

[0111] In one embodiment of the invention, the cross network test management information
tells when the test log is to be deleted at the change of the network. The deletion may be
based on at least one of the new network to the network that initiated the test belonging to a
list of equivalent networks and the new network belonging to an explicit list of networks for
which the deletion is to be performed or for which the deletion is not to be performed.

[0112] In one embodiment of the invention, the cross network test management information
tells when the test log may be sent in another network than the network initiating the test. The
sending may be based on at least one of the new network and the network that initiated the
test belonging to a list of equivalent networks, and the new network belonging to an explicit list
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of networks for which the sending is to be performed or for which the sending is not to be
performed.

[0113] In one embodiment of the invention, there is default cross network test management
information that determines the behavior of the mobile node when changing the network
regarding the test configuration and logs in the absence of receiving explicit cross network test
management information.

[0114] At step 316 the mobile node may check based on the cross network test management
information whether tests initiated in previous networks are allowed to be continued in the new
network.

[0115] The embodiments of the invention described hereinbefore in association with Figure 3
may be used in any combination with each other. Several of the embodiments may be
combined together to form a further embodiment of the invention.

[0116] Figure 4 is a block diagram illustrating an apparatus in one embodiment of the
invention. In Figure 4 there is an apparatus 400, which is, for example, a mobile node, user
equipment, cellular phone or a mobile terminal. The internal functions of mobile node 400 are
illustrated with a box 402. Mobile node 400 comprises at least one antenna 410. There may be
multiple input and output antennas. In association with mobile node there is Radio Frequency
(RF) circuit 412. RF circuit 412 is communicatively connected to at least one processor 414.
Connected to processor 414 there is a first memory 420, which is, for example, a Random
Access Memory (RAM). There is also a second memory 422, which is a non-volatile memory,
for example, an optical or magnetic disk. There is also a User Interface (Ul) 416 and a display
418. In memory 420 there is stored software relating to functional entities 432, 434 and 436.
An RF entity 432 communicates with RF circuit 412 to perform radio related measurements
and to obtain measurement results. There is a protocol stack entity 434 which comprises the
user plane and control plane protocol functions related to the interface towards an eNodeB, a
NodeB or any base station. There is also a test entity 436, which controls the storing of test
configurations, the deletion of test configurations when the network changes, logging of test
results and deletion of the log regarding a given test configuration. Test entity 436 stores and
accesses a test configuration 440, cross network test management information 442, a test log
444 and an equivalent network list 446. Test configuration 440, cross network test
management information 442, a test log 444 and an equivalent network list 446 may also be
stored to non-volatile memory 422. When the at least one processor 414 executes functional
entities associated with the invention, memory 420 comprises entities such as, any of the
functional entities 432, 434 and 436. The functional entities within apparatus 400 illustrated in
Figure 4 may be implemented in a variety of ways. They may be implemented as processes
executed under the native operating system of the network node. The entities may be
implemented as separate processes or threads or so that a number of different entities are
implemented by means of one process or thread. A process or a thread may be the instance of
a program block comprising a number of routines, that is, for example, procedures and
functions. The functional entities may be implemented as separate computer programs or as a
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single computer program comprising several routines or functions implementing the entities.
The program blocks are stored on at least one computer readable medium such as, for
example, a memory circuit, memory card, magnetic or optic disk. Some functional entities may
be implemented as program modules linked to another functional entity. The functional entities
in Figure 4 may also be stored in separate memories and executed by separate processors,
which communicate, for example, via a message bus or an internal network within the network
node. An example of such a message bus is the Peripheral Component Interconnect (PCI)
bus.

[0117] The exemplary embodiments of the invention can be included within any suitable
device, for example, including any suitable servers, workstations, PCs, laptop computers,
PDAs, Internet appliances, handheld devices, cellular telephones, wireless devices, other
devices, and the like, capable of performing the processes of the exemplary embodiments, and
which can communicate via one or more interface mechanisms, including, for example,
Internet access, telecommunications in any suitable form (for instance, voice, modem, and the
like), wireless communications media, one or more wireless communications networks, cellular
communications networks, 3G communications networks, 4G communications networks Public
Switched Telephone Network (PSTNs), Packet Data Networks (PDNs), the Internet, intranets, a
combination thereof, and the like.

[0118] It is to be understood that the exemplary embodiments are for exemplary purposes, as
many variations of the specific hardware used to implement the exemplary embodiments are
possible, as will be appreciated by those skilled in the hardware art(s). For example, the
functionality of one or more of the components of the exemplary embodiments can be
implemented via one or more hardware devices.

[0119] The exemplary embodiments can store information relating to various processes
described herein. This information can be stored in one or more memories, such as a hard
disk, optical disk, magneto-optical disk, RAM, and the like. One or more databases can store
the information used to implement the exemplary embodiments of the present inventions. The
databases can be organized using data structures (e.g., records, tables, arrays, fields, graphs,
trees, lists, and the like) included in one or more memories or storage devices listed herein.
The processes described with respect to the exemplary embodiments can include appropriate
data structures for storing data collected and/or generated by the processes of the devices and
subsystems of the exemplary embodiments in one or more databases.

[0120] All or a portion of the exemplary embodiments can be implemented by the preparation
of application-specific integrated circuits or by interconnecting an appropriate network of
conventional component circuits, as will be appreciated by those skilled in the electrical art(s).

[0121] As stated above, the components of the exemplary embodiments can include
computer readable medium or memories according to the teachings of the present inventions
and for holding data structures, tables, records, and/or other data described herein. Computer
readable medium can include any suitable medium that participates in providing instructions to
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a processor for execution. Such a medium can take many forms, including but not limited to,
non-volatile media, volatile media, transmission media, and the like. Non-volatile media can
include, for example, optical or magnetic disks, magneto-optical disks, and the like. Volatile
media can include dynamic memories, and the like. Transmission media can include coaxial
cables, copper wire, fiber optics, and the like. Transmission media also can take the form of
acoustic, optical, electromagnetic waves, and the like, such as those generated during radio
frequency (RF) communications, infrared (IR) data communications, and the like. Common
forms of computer-readable media can include, for example, a floppy disk, a flexible disk, hard
disk, magnetic tape, any other suitable magnetic medium, a CD-ROM, CDRW, DVD, any other
suitable optical medium, punch cards, paper tape, optical mark sheets, any other suitable
physical medium with patterns of holes or other optically recognizable indicia, a RAM, a PROM,
an EPROM, a FLASH-EPROM, any other suitable memory chip or cartridge, a carrier wave or
any other suitable medium from which a computer can read.

[0122] While the present inventions have been described in connection with a number of
exemplary embodiments, and implementations, the present inventions are not so limited, but
rather cover various modifications, and equivalent arrangements, which fall within the purview
of prospective claims.

[0123] It is obvious to a person skilled in the art that with the advancement of technology, the
basic idea of the invention may be implemented in various ways. The invention and its
embodiments are thus not limited to the examples described above; instead they may vary
within the scope of the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Non-patent literature cited in the description

» 3GPP TSG-RAN WG2, 2010, (8884}
» 3GPP TSG-SAS Meeting, 2010, {8348}



10

15

20

25

30

35

DK/EP 2461620 T3

PATENTKRAV

1. Fremgangsmade omfattende:

modtagelse (304) af information (200) om foreliggende netvaerk (160) til et mobil-
knudepunkt (110, 112, 114);

modtagelse (204) af pa tveers af netvaerket afpr@vningshandteringsinformation
(302) til mobilknudepunktet (110, 112, 114), hvilken pa tveers af netvaerket af-
prevningshandteringsinformation omfatter en explicit liste over netveerk (306), for
hvilke en afprgvningsprotokol ikke skal slettes;

modtagelse (302) af en afpr@vningskonfiguration (206) til mobilknudepunktet (110,
112, 114), hvilken afprgvningskonfiguration (206) definerer i det mindste én
radiointerfacerelateret maling;

detektering (308) af en aendring (122, 124) af netveerket (170, 150) ved mobil-
knudepunktet; kontrol (314) af et behov for at slette afpr@vningskonfigurationen
(206) baseret pa pa tveers af netveerket afpr@vningshandteringsinformationen
(204); og

kontrol (310) af et behov for at slette afpr@gvnings- (206) protokollen baseret pa pa

tveers af netveerket afprgvningshandteringsinformationen (204).

2. Fremgangsmade ifglge krav 1, hvilken fremgangsmade yderligere omfatter:
kontrol af en ftilladelse til at rapportere afprgvningsprotokolinformation i det nye
netvaerk (150, 170) baseret pa pa tveers af netveerket afprgvningshandterings-
informationen (204).

3. Fremgangsmade ifglge krav 1 eller 2, hvilken fremgangsmade yderligere omfatter:
kontrol af om en afprgvning defineret i afprgvningskonfigurationen (206) kan
fortseettes i det nye netvaerk (150, 170), baseret pa pa tveers af netveerket afprgv-

ningshandteringsinformationen (204).

4. Fremgangsmade ifglge ethvert af de foregdende krav, hvilken fremgangsmade

yderligere omfatter:
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modtagelse af forste information (202) om i det mindste to sekvivalente netvaerk til

mobilknudepunktet.

5. Fremgangsmade ifglge krav 4, hvor pa tveers af netvaerket afprevningshand-
teringsinformationen (204) omfatter separat information for aendring af netvaerket til et
netveerk blandt de i det mindste to eekvivalente netvaerk (150, 160) og til eendring af et

netveerk til andre netvaerk.

6. Fremgangsmade ifglge krav 1, hvilken fremgangsmade yderligere omfatter:

modtagelse af fgrste information om i det mindste to farste aekvivalente netvaerk til
mobilknudepunktet (110, 112, 114);

modtagelse af anden information om i det mindste to andre aekvivalente netveerk til
mobilknudepunktet;

detektering af en anden aendring af netveaerket ved mobilknudepunktet (110, 112,
114);

kontrol af et behov for at slette afpr@gvningskonfigurationen baseret pa pa tvaers af
netveerket afprgvningshandteringsinformationen og den ferste information om i det

mindste to fagrste aekvivalente netvaerk.

7. Fremgangsmade ifglge ethvert af de foregdende krav, hvor pa tvaers af netvaerket
afprgvningshandteringsinformationen (204) tilvejebringes for mobilknudepunktet (110,

112, 114) i tilknytning til afprgvningskonfigurationen (206).

8. Fremgangsmade ifelge ethvert af de foregdende krav, hvor pa tveers af netvaerket

afpr@vningshandteringsinformationen (204) er afpr@vningskonfigurations-(206) specifik.

9. Fremgangsmade ifglge ethvert af de foregadende krav, hvor netvaerket (150, 160, 170)

er et offentligt landbaseret mobilnetvaerk.
10. Mobilknudepunktapparatur omfattende:
en hukommelse (420); og

i det mindste én processor (414) konfigureret til at modtage (304) information om

foreliggende netveerk (160), at modtage (302) pa tvaers af netvaerket afprgvnings-
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handteringsinformation (204), hvilkken pa tveers af netvaerket afprgvningshand-
teringsinformation (204) omfatter en explicit liste af netveerk (150, 160, 170) for
hvilke en afprgvnings- (206) protokol ikke skal slettes, at modtage (302) en af-
prevningskonfiguration (206), hvilken afprgvningskonfiguration (206) definerer i det
mindste én radiointerfacerelateret maling, at detektere (308) en aendring af netveerk
(122, 124), at kontrollere (314) et behov for at slette afprgvningskonfigurationen
baseret pa pa tveers af netvaerket afprgvningshandteringsinformationen (204), og
at kontrollere (310) et behov for at slette afpr@vnings-(206) protokollen, baseret pa

pa tveers af netvaerket afprevningshandteringsinformationen (204).

11. System omfattende:

apparaturet ifglge krav 10; og

et radionetvaerksknudepunkt (252), som er konfigureret til at transmittere informa-
tion om foreliggende netvaerk, at transmittere pa tveers af netveerket afprevnings-
handteringsinformation (204), hvilken pa tveers af netveerket afprevningshandte-
ringsinformation omfatter en explicit liste af netvaerk (150, 160), for hvilke en afprav-
ningsprotokol ikke skal slettes, at transmittere en afprgvningskonfiguration (206),
hvilken afpr@gvningskonfiguration (206) definerer i det mindste én radiointerface-

relateret maling.

12. Computerprogram omfattende kode, som er indrettet til at udeve fglgende trin, ved

eksekvering pa et databearbejdningssystem:

modtagelse (304) af information om foreliggende netvaerk;

modtagelse (302) af pa tvaers af netvaerket afpravningshandteringsinformation, hvil-
ken pa tveers af netvaerket afpr@gvningshandteringsinformationen omfatter en explicit
liste af netveerk, for hvilke en afprgvningsprotokol ikke skal slettes;

modtagelse (302) af en afprgvningskonfiguration, hvilken afprgvningskonfiguration
definerer i det mindste én radiointerfacerelateret maling;

detektering (308) af en aendring af netveerk; kontrol (314) af et behov for at slette
afprevningskonfigurationen baseret pa pa tveers af netvaerket afprgvningshandterings-
informationen; og

kontrol (310) af et behov for at slette afpr@vningsprotokollen baseret pa pa tveers af

netveerket afprgvningshandteringsinformationen.
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13. Computerprogram ifglge krav 12, hvor computerprogrammet er lagret pa et com-

puterlaesbart medie.
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