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MOBILE TERMINAL, NETWORK ENTITY AND
METHOD RELATED THERETO

Field of the Invention

The present invention relates to the field of telecommunications; and more
particularly to a mobile terminal for at least one cellular radio network having
handover functionality, said mobile terminal including a report function that is
adapted to send, in case of a failure event in regard of a communication between said
mobile terminal and a radio base station belonging to said at least one cellular radio
network, a report containing at least information on said failure event to said at least
one cellular radio network. The present invention also relates to a Network entity for
at least one cellular radio network and a Method of information management in at

least one cellular radio network.

Backeround of the Invention

Self-organising networks (SON) are considered as enablers of cheaper
deployment of mobile radio networks and in the case of new radio network
technologies enablers of a better acceptance of those technologies. The desired
outcome in the end is of course the possibility of better sales of such new network

technologies.

Self-organizing networks is a general term denoting functions of automatic

planning, configuration, optimization, maintenance, outage compensation etc.

The topic of this application is in the SON areca of automatic optimization of

Radio Access.

Radio Network performance is statistical in its nature. A user equipment (UE),
also known as a mobile terminal, travelling from one cell to another cell using
different paths could experience completely different radio conditions. One UE could
experience that the cells overlap much and create significant cross-interference and
another UE could experience a coverage hole between the cells. A network is never

planned for 100.0 % coverage, which is impossible, but something less, e.g. in 95% of
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the cell a bitrate shall be achieved > a planned cell edge bitrate. Similarly, all

performance requirements on a radio access network are stated in statistical terms.

Network performance is usually observed by regularly collecting statistics, ¢.g.
every 15 min, from network elements, and do post processing to produce condensed
performance indicators for the network. Statistics counters usually count events, or are
incremented based on some achieved performance level during a certain time period

etc. They are also referred to as pm counters or performance indicators.

Counting absolute number e.g. of failure events is usually not a good measure
of this failure being a problem in a Radio Network. Many “problems” normally
occurs in a radio network, but at low rates, as the radio network is not perfect. In most
cases, counted failure rates need to be related to the total traffic intensity in some way,
and must be compared against a threshold which relates to an acceptable level of
failures, in order to determine if this particular scenario shall be subject to

optimization or not.

Thus, the optimization algorithms for Radio Access would use statistics
counters as input, possibly pre-processed according to the above paragraph, to decide
if optimization is needed, what to optimize (which configuration parameters to
add/remove/change), in what way to change the parameters (increase, decrease), how

much to change (stepsize).

The outcome of optimization decisions of the optimization algorithms could be
new network configuration parameters to be applied, and/or also New measurement
configurations, to get additional data and statistics from the Radio Access Network or

UEs.

The optimization process is a control loop, which can converge quicker of slower,
or maybe not at all, depending on the circumstances. It is assumed that the

optimization algorithms work on time scales minutes — hours — weeks.

In this application, statistics counters are referred to as “pm counters”. It is
assumed that the network maintains such pm counters and that they can only be
incremented, counting events according to various criteria. The characteristic of a pm

counter is defined by its increment criteria.

In this application, the terms User equipment (UE) and Mobile terminal are used

interchangeably.
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In this application the term Handover sensitivity (HO sensitivity) is used to
indicate a relative tendency or sensitivity or likelihood to do handover, i.e. the
statistical likelihood that triggering criteria becomes fulfilled for triggers for starting
measurements, doing measurement reports, doing handover decision.

In this document we also include Idle mode into this Concept, i.e. HO sensitivity =
Idle mode cell reselection sensitivity, i.e. the statistical likelihood that triggering
criteria becomes fulfilled for triggers for starting measurements and doing the cell

reselection decision.

For intra-frequency cases, there is mainly the intra-freq mobility offset
parameters that affect HO sensitivity, i.c. offsets that are applied when going from
Cell A to Cell B can be set to favourize Cell B over all other cells, i.e. HO sensitivity
is increased, offset is added to actual radio measurements for cell B when comparing
which is the strongest cell, or alternatively offsets could be configured the opposite
way, i.c. offsets are deduced from radio measurement for cell B, and it is de-

favourized, i.e. HO sensitivity is decreased.

There can also be other parameters than offsets that change the HO sensitivity,
e.g. a hysteresis timer — a timer during which the UE is not allowed to go back to the
cell it came from. If the timer is increased, the HO sensitivity is decreased. If timer is

decreased, the HO sensitivity is increased.

For other cases, ¢.g. inter-frequency / Inter RAT, yet other parameters can affect
the HO sensitivity, e.g. there could be a serving cell criteria to start UE measurements
on other frequencies or other Radio access technologies (RATs), i.e. the UE would
not start the measurements on the other freq/RAT until the serving cell quality/signal
strength/received power drops below a certain threshold. If such a threshold is
increased (more likely to trigger), the HO sensitivity is increased and if such a

threshold is decreased (less likely to trigger), the HO sensitivity is decreased.

Other parameters, ¢.g. in future mobile systems, may of course also affect the

HO sensitivity according to the intentions expressed in this chapter.
Prior art

What shall be measured, reported and when are among the core decisions for the
design of a self-organizing network. As prior art in regard of this application, the

following documents could be mentioned.
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3GPP R2-072432: This document proposes that for the purposes of a self-
optimising network (SON), radio measurements on pilot channel shall be done and
reported by a UE (User Equipment or mobile terminal) to the network. These reports
are triggered by: 1) failures, ii) if throughput is below a threshold, iii) by explicit
triggering from SON-server or iv) when a predefined geographical area has been
entered by a UE. Further, the location of the measurement(s) can be pointed out by
cell id, GPS and/or round trip time measurement. Triggering cause for the
measurements and a timestamp for logging is also proposed to be included in the

report.

3GPP R2-072725 proposes that radio base stations should generate a number of
measurements, including: number of handovers triggered from a source to target cell,
number of completed handovers from source to target cell and number of radio link
failures (based on counting RRC connection requests with cause “radio link failure”).
These measures aim at finding out where a UE “pops up” after experiencing a radio
link failure. The outcome is used in order to tune: neighbouring relations relayed over
RRC, relations configured in the radio base station for establishing connectivity with
other base stations, and relations configured in the radio base station for interference

coordination.

3GPP TS 36.300 V8.2.0 mentions that a UE could report the identity of the old

serving cell when accessing a cell after RLF.

However, the experience of self-organising networks is a mixed one. It is not an
casy task to devise a scheme for a self-organizing network that will take care of as
many different problem scenarios as possible. Even though the above prior art may be
useful in some scenarios, there is always room for improvements. The problem with
building a self-organizing network is complex: it has to be decided what to measure,
how to measure and when, and then what to report, while bearing in mind how the

collected information should be used.

Summary of the Invention

It is an object of the present invention to propose a solution for or a reduction of
the problems of prior art. A main object is consequently to provide a mobile terminal

that allows for a self-organizing network with improved properties.
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According to the invention this is accomplished in a mobile terminal for at least
one cellular radio network having handover functionality, said mobile terminal
including a report function that is adapted to send, in case of a failure event in regard
of a communication between said mobile terminal and a radio base station belonging

5  to said at least one cellular radio network, a report containing at least information on
said failure event to said at least one cellular radio network. The mobile terminal is
distinguished in that said report function is adapted to send said report such that said

report contains:

- a history of any failure event backwards in time until and including at least one
10 successful event in regard of a communication between said mobile terminal and a
radio base station belonging to said at least one cellular radio network, said at least

one successful event having happened before said history of any failure event.

The main idea of the invention is to provide, in reports from a mobile terminal, a

history of events experienced by that mobile terminal. This history includes any

15 failure event backwards in time until and including at least one successful event. This
is in contrast to the prior art, which merely reports failure events on a singular basis

and not a potential whole chain of events as in the present invention. The main benefit

is that, according to the present invention, a picture of what has really happened to a
mobile terminal in terms of a chain of failures, e.g. access attempts, can be

20  accomplished. In comparison, the prior art only provide diagnosing of a
malfunctioning network from purely statistical evidence of collected single failures
compiled into statistical measures. The present invention provides, as has been said,
insight in how a chain of events really looked like. This enables a better understanding

of the network and therefore entails more informed tuning decisions by e.g. a self-

25 organizing network server.

According to the invention, the problems of prior art are also solved or reduced
according to the invention by a Network entity for at least one cellular radio network
and a Method of information management in at least one cellular radio network

respectively having the features of claims 17 and 23 respectively.

30 The dependent claims disclose further advantageous aspects of the invention.
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Brief Description of the Drawings

Embodiments exemplifying the invention will now be described, with reference
of the appended drawings, on which:

Fig. 1 illustrates schematically a mobile terminal and a plurality of network
entities of the invention, and

Fig. 2 illustrates a block diagram of an embodiment of a method of the invention.

Detailed Description of the Invention

The main function that is addressed in this application is how to set, adjust and
optimize mobility parameters automatically. According to state of the art in current
wireless networks most such parameter setting is done manually, and entails a lot of

work.

The cases that are in the focus of the current invention are the intra-frequency

mobility cases. Intra frequency mobility occurs on the cell edge.
Some problems that can occur at active mode handover are e.g:

» HO (Handover) to a neighbour cell is triggered too early. UE (User Equipment)
might experience access failure in the target cell, or RLF (Radio Link Failure) in
target cell soon after HO, or UE might be again handed over from the target cell
immediately after the HO.

* HO to a completely unsuitable neighbour cell is triggered, e.g. a distant cell

“leaking in” into the current cell, e.g. on a bridge.

* HO to a neighbour cell is triggered too late. UE might experience RLF in
source cell, before receiving HO command, or even before delivering measurement

report.

* There might be a radio coverage hole. UE might experience RLF in source cell,
possibly before delivering any measurement report, or the UE will deliver

measurement reports that trigger Inter Frequency or inter RAT HO.

Corresponding problems can occur at cell reselection in Idle mode and it is
assumed that same or similar mobility configuration is used in both Idle mode and
Active mode, so that conclusions drawn from observations of Active Mode mobility

can also be made applicable to Idle Mode mobility.
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Prior art has proposed that for the purposes of SON, radio measurements on pilot
channel shall be done and reported, triggered by failures, location pointed out by cell
id, GPS and/or round trip time measurement. Triggering cause for the measurements

and a timestamp for logging is also proposed.
There are multiple problems scenarios that are not handled with prior art:

* HO failure scenarios, where there is an access failure is in the target cell, i.e.
the “HO triggered too early” and “HO to unsuitable cell” problem scenarios. In such a
scenario, the UE would first be handed over to one cell, Access in the one cell being

non-successful. The UE would then re-establish, possibly in a third cell.

* Multiple quick handovers in problematic radio scenarios, ending in a failure
case or maybe even in success. If two HOs that are successful happen very quickly
one after the other, the network can detect this. If > 2 HO are involved or if the chain
of events end with a RLF in the third cell, there is no way for the network to detect
this, unless UE is traced (tracing the UE takes lots of resources and is possible only

for very few selected UEs).

In these scenarios it is important to know in which cell the UE started the chain
of events, because the start cell is the primary cell for optimization of mobility
parameters. Most likely such events start by a successful HO to an unsuitable cell,
where radio conditions very very quickly deteriorates, maybe the hand-back is even

be prevented by blacklisting etc.

It is also important to know if the events happened at the same approximate

location or not.

A key differentiating point: In order to know in which cell the problems begin,
UE must be able to report the full history of mobility events, including successful
events, not just that one particular failure that is the triggering cause for radio

measurements.

A differentiating point: Using GPS, RTT Cell ID etc for location determination
to correlate two different measurements as proposed in prior art is either too resource
intensive to be supported in every UE (GPS) or too inaccurate (CellID / RTT). From
mobility point of view absolute location determination is not needed, but instead
relative location determination between mobility event is needed. The most efficient

way to do this is, according to the proposal in this application, to do time correlation
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between the mobility events. Prior art proposes time stamps for “logging” of radio
measurements. While other methods also fulfil these requirements, Time stamps could
indeed provide the needed time correlation information, but they need to be applied to
cach of the various events, not only to radio measurement occasions. Also, it should
be possible to scale the time-correlation time window according to the speed of the

UE, in order to use this information in a sensible way.

Prior art proposes radio measurement values to be reported to the network to be
the main base for making conclusions on the suitability of a certain cell.

This proposal is not good enough from many perspectives:

* A Radio measurement is measured and filtered for certain time that is quite
short. For the purposes of configuring mobility parameters, a main purpose is to find
and identify cell that are suitable in a complex radio environment, e.g. bridge / indoor-
outdoor cells. In such environments a cell that is measured to be “strong” one moment
can be found to have an unusable uplink due to long distance or can deteriorate very
very quickly, the next moment. In fact, these particular scenarios, where non-suitable
cells can be measured to be “good” are the very reasons for needing a blacklist, or

whitelist 1 kind of neighbour cell list. There are several kinds of neighbour cell lists:

* Blacklist — indicating other cells that shall not be used/considered when UE is

in current certain cell.

* Whitelist 1 — indicating other cells that shall be used/considered when UE is in

current certain cell.

* Whitelist 2 — indicating other cells that may be used/considered/preferred

when UE is in current certain cell.

» IRAT/IFREQ Whitelist 0 — indicating carrier frequencies and associated Radio
Access Technology.

* When optimizing the parameters controlling mobility behaviour, it is more
accurate to observe the actual mobility behaviour of UEs, i.e. sequences of mobility
events occurring, instead of only observing radio measurements, which gives static

snapshots but may be a bad indicator of actual time-dynamic mobility behaviour.

+ Radio measurements could in some detail scenarios provide useful input.

However, having the UE report the actual measured values is a bit wasteful of
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transmission resources and complexity of post processing, considering that it is only

needed to list those cells that fulfil a certain threshold criteria.

A key differentiating point: A better proof of suitability of a cell, from mobility
configuration point of view, is the ability to maintain a connection to this cell. Thus,
basing conclusions and pm counter increment criteria on successful re-establishments
(successful = connection can be maintained for time >> measurement time), instead of
only radio measurements, is a significantly better and more robust method than basing

proof of suitability on only a radio measurement snapshot.

A key differentiating point: In order to clearly discriminate between coverage
problems and mobility configuration problems, radio measurements are not sufficient,
but the true mobility behaviour need also to be observed, i.e the history of mobility

events 1s needed.

A minor differentiating point: In order to utilize radio measurements efficiently,
it is more efficient to do the first step of post processing in the UE, and only report

cells that fulfil a certain criteria.

Prior art do not really propose how to know if the UE is on the cell-edge between
cells or not, i.e. if this failure could have been avoided by modifying the mobility

configuration or not.

A key differentiating point: UE being on the cell edge between cells might be
possible to guess from radio measurements, but it is more accurate to know that the
UE is on the mobility-cell-edge (where HO is triggered) by judging from mobility

events occurring at the same approximate location (within the same time window).

Prior art do not consider at all how to map UE measurements into statistics

parameters.

A key differentiating point: This proposal includes how to efficiently map UE

measurements into usable statistics parameters, to be usable as input to SON decisions.

In summary, it is proposed that, at re-establishment, the UE shall report a history
of mobility events in the last serving cells and other cells where access has been

attempted.

This history is subsequently referred to as “the history of mobility events in last

visited cells” or short “the history”.
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It is further proposed, later in this application, how to interpret this history of
mobility events, how to map it into statistics pm counters, and how to interpret these

counters to optimize handover (HO) sensitivity and neighbour cell list configurations.

— A main intention is to clearly identify reestablishments and connection
problems that occur on the cell edge between different cells, by making conclusions
based on the history, by observing that time-correlated events occur in different cells.
Mobility parameters control the UE behaviour as it moves between cells, and only the
arcas of the cell edges between cells are interesting. A connection failure and
reestablishment can happen in the interior of a cell, as a UE goes out of coverage and
comes back in, e.g. due to moving into a basement, but this case is not interesting

from a mobility parameters point of view.

— Another main intention is to observe and make conclusions from events that
occur approximately at the same location, i.e. when a failure occur in one cell, to find
possible suitable cells that are in coverage at this same location. If such suitable cells
can be found, then the failure could maybe have been avoided by better optimized
mobility parameters. If no suitable cells at all can be detected at the approximate
location of failure, the failure could not have been avoided by optimizing mobility

parameters, but instead cell coverage should be optimized.

— A main benefit of making possible to report mobility events occurring in
multiple cells (>1) is that, regardless which cell the UE re-establishes to, it is possible
and easy to detect UE behaviour patterns seen at “HO triggered too early” and “HO to
unsuitable cell” problem scenarios and clearly identify the source cell where the
problem originates from, for a) RLF in target cell immediately after HO, or b) access
failure in the target cell. ¢) multiple access failures. Also, this kind of reporting can
help identify non-suitable neighbours (too distant, or too temporary, with high failure
intensity when used as mobility neighbours from certain other cell) and erroncously

blacklisted neighbours.

— The main benefits of time-correlation is that it can provide a sufficiently exact
relative location indication (same place indication) and at the same time be

implemented in a very simple way.

Thus, the invention refers in a general case to a UE or mobile terminal for at

least one cellular radio network having handover functionality, said mobile terminal

10
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including a report function that is adapted to send, in case of a failure event in regard
of a communication between said mobile terminal and a radio base station belonging
to said at least one cellular radio network, a report containing at least information on
said failure event to said at least one cellular radio network. The mobile terminal
being distinguished by that said report function is adapted to send said report such that

said report contains:

- a history of any failure event backwards in time until and including at least one
successful event in regard of a communication between said mobile terminal and a
radio base station belonging to said at least one cellular radio network, said at least

one successful event having happened before said history of any failure event.

A schematic illustration of a mobile terminal 2 according to the invention is

depicted in Figure 1.

As is apparent from the last paragraph, the mobile terminal according to the
invention is intended for one or more cellular radio network with handover
functionality. Examples of such networks are GSM, UMTS and even WIFI networks
could in principle be contemplated if provided with applicable functionality for

handling the handover. Future radio networks could of course be contemplated also.

The report function of the mobile terminal could be implemented in the mobile
terminal in, for instance, a microprocessor by way of software. However, the report
function may be implemented as the aggregate of more than one physical device.
Further, it does not have to be a microprocessor, but any electrical device, having the
necessary characteristics, such as FPGA-circuits, ASICs or event lumped electronic
components could be used. Whenever the report function is required to send or
receive a report, it does so by incorporation of the necessary hardware such as a radio

transmitter/receiver.

As an extension, the mobile terminal could be provided with functionality such
that the history could be related to a specific geographical area. That could be
achieved by adapting said report function to send said report such that said report

contains:

- a history of any failure event and at least one successful event, having occurred

within a first geographical area in which the mobile terminal has been present.

11
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In this way, the history could be put in a geographical context, and thus can be

used to troubleshoot a specific geographical area of the cellular radio network.

There are many possibilities to determine the first geographical area. For
instance the report function of the mobile terminal could be adapted to determine said
first geographical area as an area in which the mobile terminal has been present

during a time window.

Using a time window is a simple way of limiting the history of events in the
report to events having occurred within a geographical area. The geographical area
will be the area in which the mobile terminal has travelled, if it is in motion, during
the time window. A benefit is that positioning systems, which can be expensive and
power consuming, such as GPS (Global Positioning System) is not needed with this

approach.

Thus, It is proposed to have relative time-correlation between mobility events in
the history and the corresponding radio measurements / lists or possible target cells In
most cases there is a need to correlate events to roughly one and the same
geographical location to be interesting (to be able to make conclusions applicable to
mobility optimization). In many cases the entries need to be correlated to the re-

establishment location.

— The main benefits of time-correlation is that it can provide a sufficiently exact
relative location indication (same place indication) and at the same time be

implemented in a very simple way.

Further, said report function could be adapted to scale said time window in
accordance to speed of said mobile terminal. Thereby, the actual size of the
geographical area could be made independent of speed of travel of said mobile

terminal, in the case of using a time window to determine the first geographical area.

There are many ways for said report function to estimate said speed of said
mobile terminal, for the purpose of the report. For instance, any of the following
procedures could be used: Doppler measurements, rate of cell change, established by

network, type of area.

Thus, it is further proposed that the time-window for relative time correlation can

be scaled with the speed of the UE:

12
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» where the speed of the UE could be estimated by the UE itself, based on L1

Doppler measurements, or rate of cell changes etc, and included in the UE report,

» alternatively it could be estimated by the network in the cell where UE re-

establishes,

« alternatively it could be semi-permanently indicated according to the type of
area that the Cell covers, i.e. highway cell vs. supermarket indoor cell, e.g. by
explicitly providing cell-specific time-correlation timers by signalling to the UE, e,g,

on the broadcast channel of a cell.

— This way, accurate same-location-determination based on time-correlation
can be achieved for both high-speed UEs and low-speed UEs.
It is proposed that it shall be possible to limit the time window for which the UE
stores and reports entries in the history, i.e. the UE do not need to report entries older

than time X

— In the simplest possible implementation, this could serve as the main time
correlation mechanism. X can be set sufficiently short so it can be ensured that all the
reported entries roughly correlates to the same location as the re-establishment

location. This would represent the simplest and least dynamic way of time correlation.

— In other cases, still a similar rule is needed, so UE can discard old entrics

based on an explicit rule, and thus save memory space.

It is further proposed that the time period X can be scaled according to the speed
of the UE, according to above.

As an alternative, said report function could be adapted to determine said first
geographical area by geographical position estimation. Such estimation could be

performed by for instance GPS, as elaborated on above.

The any failure event reported in a mobile terminal according to the invention,
could for instance be one event from a group consisting of: Access Failure, Radio

Link Failure.

It is proposed that for Access Failures, the UE can provide additional

information for the failure event.

In particular it is proposed that an explicitly indicated reason for Access Failure

can be:

13
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* “high load / multiple collisions”.

The meaning of this reason would be: collisions are detected or it is detected that
there are no remaining resources to continue access procedure, underlying reason
assumed to be high load. Other signs of high load could also be included. This reason
could be used, when the network has responded to an access attempt and explicitly

indicated high-load / backoff command in the response.
+ “No response message at all observed”.

The meaning of this reason would be: No response message at all is seen, not for
any UE. For LTE, this could be an indication that something is wrong. The
assumption for LTE is that for the access response message, a UE is addressed with a
common address, used by all UEs awaiting a response to an access attempt done at a

certain time.
* “Collision detected for non-contention resource”.

+ If none of the other explicit reasons apply, it is assumed that radio coverageis
the main problem. Alternatively, “radio reasons” could be explicitly indicated.
It is proposed that at least one pm counter for a cell shall be incremented due to
Access Failure, with reason “radio reasons” or not due to any other specifically

indicated reasons.

As to a successful event reported, it could for instance be any event from a
group consisting of: said mobile terminal leaves a cell in a normal way after having
been successfully connected to this cell, said mobile terminal leaves a cell in a normal
way after having been successfully camped on this cell , said mobile terminal accesses
a cell successfully for reestablishment, said mobile terminal having maintained a

communication link to a cell successfully.

There are many possible additions that could be made to a report that is sent
from a mobile terminal according to the invention. For instance, the report function

could be adapted to provide, in said report, a list of possible target cells.

It is assumed, from proposals in prior art and in this document, that the UE could
report radio measurements or list of possible target cells directly in the cell where he
re-establishes, together with the history. This would be the simplest principle, and can

handle all cases.
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Preferably, the UE should not need to do additional specific radio measurements
for the purposes of this document. It would be preferred if the UE could just store the
mobility measurement(s) that are best correlated with a trigger to store measurements.

However, some new requirements may be introduced.

It is assumed that the radio measurements to be used for the purpose of this
document are based on the normal mobility measurements the UE otherwise would
have to do anyway. In particular the measurement types may be Received Signal
Strength Indicator (RSSI), Reference Signal Received Power (RSRP, CPICH
RSCP, ...), Reference Signal Received Quality (RSRQ, CPICH Ec/lo, ...).

The report function could further be adapted to generate said list of possible
target cells by applying a threshold value of a cell quality parameter, filtering out cells
falling outside a range defined by said threshold value.

For generating the list of possible target cells, It is proposed that the UE can
apply one or more threshold value(s) to filter out cells for which the measured entity
is higher (or alternatively lower) than this threshold, this measurement to be saved and
reported with the last visited cells list. This can be regarded to be a list of possible

target cells.

— The UE could then report cells that “can be properly received” only, which
are the interesting ones. This way, post processing could be simplified, reporting of
actual measurement value could be avoided, and the reported list could be condensed

to a shorter one.

Such a threshold could be varied by said report function in accordance with
present area of occupation of said mobile terminal.
It is proposed that the threshold value(s) to be applied can be different in different

areas, and that it is configured dynamically in the UE.

— The definition of “properly received” could be different is different areas as
the network could have different planned cell edge bitrate in different areas. By
comparing measurements towards a threshold different from what is required for “in

coverage”, the resulting pm counters can:

- provide stronger statistical evidence for certain problems
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- provide the possibility to do optimization towards planning parameters, e.g.
planned cell edge bitrate, and not only towards “in coverage” / “out of coverage”

problems.

The report function could also be adapted to provide said list of possible target
cells in order of value of said cell quality parameter. Thus, it is further proposed that
the list of possible target cells should be ordered in descending/ascending order w.r.t.
measurement quantity. — This way it is e.g. possible to do statistics processing on

“best” cell, without incurring any additional measurement reporting overhead.

In order to limit the size of a report according to the invention, said report
function could be adapted to report cell measurements on demand from said at least

one cellular radio network.

Thus, it is proposed that the UE reports these measurements on demand from the
network, e.g. in the RRC connection setup procedure the network could indicate if
such reporting is desired. Furthermore UE should not need to do additional

measurements directly after re-establishment unless indicated from the network.
— This way non-needed measurement reporting could be avoided.

Alternatively, It is proposed that the cell controller (e.g. Node B) where the UE
re-establishes can request the last mobility measurement report from the last serving
cell controller (e.g. Node B) by inter cell controller signalling, (e.g. EUTRA X2
interface). [prior art: it has been proposed that the last mobility measurement report
can be forwarded over X2 at handover preparation, but the problem is that at failure

the UE may re-establish at another cell, which has not received this info].

In particular, relying on network reporting measurements, instead of letting UE
report would mean that for ordinary mobility measurements, the UE cannot just report
event measurement reports for mobility, e.g. “new strongest cell” event and its
identity to source cell, but the UE would need to report more complete information,
e.g. actual measurement values for all detected cells, or the full list of possible target
cell. In order to make sure such more complete measurement reporting is used across
a network where mobility SON is used, it is further proposed that the mode of

measurement reporting can be configurable by O&M.

— This way, the UE could maybe omit the reporting of actual radio

measurements / possible target cells list. The UE would just need to report the history.
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— This could be a way to get more measurement data, maybe for certain

problematic areas, without imposing on the UE to store more measurement results.

Said report function could also be adapted to report, for a cell having re-
established communication with said mobile terminal, if that cell has been black listed
carlier in said history within said time window. Thus, it is proposed that the UE can
include also Cells, that are blacklisted in current cell or in a cell in the history, in the
report of possible target cell(s) or measurement report. If such cells are included, it
should be explicitly indicated that they are blacklisted, and in which cell they have
been blacklisted.

Indication of cell where blacklisting has been done could be done in multiple
ways: A) it can be determined by specifying and restricting UE behaviour in a
specification, e.g. that the UE only considers the blacklist of the last previous cell in
the history B) UE indicates explicitly which blacklist is considered. When the
blacklisting could have been done in different cells in the history, the cell with the

blacklist in question could be explicitly indicated.

— This way it is possible to initiate additional measurements for such blacklisted

cells, and to trigger additional reporting to the SON server.

The UE might not be able to include blacklisted cells in ordinary radio
measurements for mobility. In cases when the UE for efficiency cannot not measure
blacklisted cells as a part of normal mobility measurements it is proposed that
blacklisted cells (cells that are blacklisted in a previous cell) can be measured at first
possible point in time after/during re-establishment. This could be initiated
spontaneously by the UE, or by request from the network. The UE could remember

which cells that were blacklisted in previous cells.

An alternative to the UE indicating cells are blacklisted, the controller of a Cell
(Node B) can know which cells are blacklisted in neighbour cells, by configuration to
make possible to order measurements of blacklisted cells as soon as a UE has re-
established. Neighbour cell blacklist information thus need to signalled either by RAN
signalling (LTE: over X2) or by O&M signalling. Intentionally it should be possible

to do such measurements within the time-correlation time window.

— Erroneously Blacklisted cells can also be indicated, without performance

penalty.
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It is proposed that if a cell in which the UE successfully re-establishes is black-
listed in any cell of the history of mobility events in last visited cells, within the time
correlation time window, this shall be particularly reported. In particular it shall be

reported if the cell is blacklisted in the last serving cell.

— This way it is possible to initiate additional tracing and measurements for this
UE. If the UE stays successfully connected to this cell for significant amount of time
this is strong evidence that the cell is erroneously blacklisted (see also chapter on

performance indicators).

Depending upon where the recipient of a report, according to the invention, is
located, said report function could be adapted to forward, via a network node in said
at least one cellular radio network, said report to another network node. In this way a
report could be forwarded to a recipient that is associated with a network node other

than the one the mobile terminal is presently communicating with.

In case the recipient is associated with a network node of another cellular radio
network node, the report function could be adapted to forward, via a network node in
said at least one cellular radio network, said report to another cellular radio network

node.
Network entity

The recipient of a report according to the invention may be any network entity
for at least one cellular radio network having handover functionality, said network
entity including a report function that is adapted to receive a report coming from a
mobile terminal, in case of a failure event in regard of a communication between said
mobile terminal and a radio base station belonging to said at least one cellular radio
network, said report containing at least information on said failure event. The network
entity is distinguished in that said report function is adapted to receive said report

wherein said report is of the type containing:

- a history of any failure event up until and including at least one successful
event in regard of a communication between said mobile terminal and a radio base

station belonging to said at least one cellular radio network.

A schematic illustration of a network entity according to the invention is

depicted in Figure 1.
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It should be pointed out that the report function of the network entity is not quite
the same as of the mobile terminal. Rather, the report function of the network entity is
the reciprocal of the report function of the mobile terminal in so far as that the report
function of the network entity is adapted to receive reports coming from the mobile
terminal. As to the physical implementation of the report function of the network
entity, it could be similar to the one of the mobile terminal, see the corresponding

paragraph above.

As an extension, the network entity could be provided with functionality such
that the history could be related to a specific geographical area. That could be
achieved by adapting said report function to receive said report wherein said report

contains:

- a history of any failure event and at least one successful event, having occurred
within a first geographical area in which the mobile terminal has been present.
As another extension, the network entity could be adapted to request additional
history information, beyond what is reported by the mobile terminal, from another
Network Entity that is identified from the history reported by the Mobile terminal,

wherein the additional event information could contain:

-a further history of failure events and successful events, having occurred within

a geographical area in which the mobile terminal has been present

-further radio measurements reported by the mobile terminal in another cell,

having occurred within the said geographical area.

A benefit of this approach is to increase the ability to handle long chains of
events, and increase the amount of radio measurement data to be used for statistical
processing (to make more detailed conclusions) without burdening the mobile

terminal to have to report same events, and same measurements in multiple cells.

The report function of the network entity could be adapted to estimate from said
report at least one Performance Measurement Counter indicating a measure of

performance of said at least one cellular radio network.

It is proposed that pm counters can be incremented based on particular sequences
of events occurring in multiple cells, happening at the same approximate location or

co-inciding within a time-correlation time-window.
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» The history of mobility events in last visited cells and a current re-
establishment event is intended to be used to provide input parameters to be able to

maintain/increment these pm counters.

» The intention of such pm counters is that they shall be significant in providing
statistical evidence of certain problematic scenarios, where problem scenarios
dependent on mobility parameters such as offsets can be discriminated from problem
scenarios mainly due to “real” coverage holes. Also, problem scenarios that can be
solved by increasing HO sensitivity (HO should be done earlier) shall be
discriminated from problem scenarios that can be solved by decreasing HO sensitivity,

or even completely blacklisting certain cells (blacklisting: HO sensitivity = Zero).

* SON algorithms would use such pm counters as input and make decisions or
proposals for how to update configuration parameters to operate the network in a

more optimal way.

Such a at least one Performance Measurement Counter could for instance be a
measure of number of times said mobile terminal has experienced an access failure
due to any reason from a group of reasons consisting of: high load, no response
observed for any Mobile, collision detected for non-contention resource, other reason.
Thus, it is proposed that at least one pm counter for a cell shall be incremented due to

Access Failure, with reason “no response message at all received”.

It is proposed that at least one pm counter for a cell shall be incremented due to
Access Failure, with reason “collision detected for non-contention resource”.
It is proposed that at least one pm counter for a cell shall be incremented due to

Access Failure, with reason “high load / multiple collisions”.

In particular, it is proposed that at least one pm counter for a cell shall be
incremented due to Access Failure, with reason ‘“radio reasons”, which may be
explicitly indicated or the collection of other non-known communication problem

reasons.

— A benefit of indicating the specific reasons “high load / multiple collisions”
and “Collision detected for non-contention resource.” is that we avoid doing
erroneous adjustments of mobility or coverage configuration, when the reason for the

failure is not related to the mobility or coverage configuration.

20



10

15

20

25

30

WO 2009/052686 PCT/CN2007/070969

— A benefit of indicating: “no response message at all observed” is to support
troubleshooting. This exact behaviour could be expected if the UE has wrong access
information regarding the Access Radio Resources and/or the Access Response
Addressing or Radio Resources, which could be e.g. due to accessing the wrong cell,

e.g. if we have a cell ID collision.

— A benefit of indicating ERROR ind: Collision detected for non-contention
resource could be that mismatches in configurations between target and source cells

could be detected. Also, abnormally delayed handovers could possibly be detected.

- The benefit of indicating: “radio reasons” is that UE doing access to a cell with
bad radio conditions could be detected. This would be an indication that hand-over to
this cell was triggered too ecarly or that this cell might be an altogether unsuitable

target cell for handover from the source cell.

— All of the above indications are “soft” problem indicators, which need
statistical evidence, thus the proposed pm counters to support statistical analysis,
where evidence of problems is found when pm counter is compared to a threshold.
Possibly pm counter could also first be related to the total access intensity to form a

relative ratio.

In this document, if not otherwise stated, when mentioning “access failure”, the

meaning is “access failure” with reason=radio reasons.

Another possibility is that said at least one Performance Measurement Counter
could be a counting of number of times said mobile terminal has experienced a Radio

Link Failure in one cell with a subsequent reestablishment in another cell.

Thus, it is proposed that at least one pm counter shall be incremented based on
the criteria of RLF occurring in one cell, and successful re-establishment being done
in another cell, at the same approximate location or within the time-correlation time-
window from the RLF event, the pm Counter being applicable to the pair of the said

one cell and said another cell.

— Based on this pm counter it could be concluded if the UE could have been
handed over to the Cell where the re-establishment is done or not. Assuming that UE
after RLF would search for its strongest cell and try to re-establish to it, this counter
would also give indication if there is any cell at all that the UE could have been

handed over to at the RLF, i.e. if a successful HO could have been performed, should
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it have been triggered earlier. This is applicable to both intra frequency, inter

frequency and inter RAT (radio access technology) mobility scenarios.

— By observing a high value of above said at least one pm counter, possibly
relating it to the total number of HO between above said pair of cells or to the total
number of RLF or to the total no of RLF where reestablishment is done in the said
another cell, and comparing towards a threshold value, it is possible/easy to find
statistical evidence of the “HO triggered too late” problem scenario, and thus make
conclusion that the mobility offset parameters between said pair of cells should be

changed to increase the HO sensitivity, to trigger HO carlier.

— If said another cell is blacklisted in said one cell, a high value of above said

pm counter, could be interpreted as evidence that the blacklisting is wrong.

Alternatively or Complementary, It is proposed that at least one pm counter shall
be incremented based on the criteria of RLF occurring in one cell, and at least one
other cell being measured (signal strength, quality etc) by the UE to be above a certain
threshold, measurement being done at the same approximate location or within the
time-correlation time-window relative to the RLF (before or after), the pm Counter

being applicable to the pair of the said one cell and said another cell.

— In addition to observations/benefits of previous paragraph, Using a threshold
set higher than what is required for “in Coverage”, e.g. a threshold that would map to
planned cell edge bitrate, and doing statistical analysis similar to above, even stronger
statistical evidence of the “HO triggered too late” scenario could be found, even more
clearly discriminating this problem from the “real coverage hole” scenario, which
would make possible to make stepsize in the increase of HO sensitivity larger, to

make possible faster convergence of SON algorithms.

RLF — RE-Establishment (successful stay)

It is proposed that at least one pm counter shall be incremented based on the
criteria of RLF occurring in one cell, and successful re-establishment being done in
another cell, at the same approximate location or within the time-correlation time-
window from the RLF event, and the UE staying successfully connected to the
another cell for a period of time, the pm Counter being applicable to the pair of the

said one cell and said another cell.
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Alternativly the opposite of the last criteria could be counted, i.¢ that at least one
pm counter shall be incremented based on the criteria of RLF occurring in one cell,
and successful re-establishment being done in another cell, at the same approximate
location or within the time-correlation time-window from the RLF event, and the UE
NOT staying successfully connected to the another cell for a period of time (i.c.
within this time, a 2nd handover or a RLF etc occurs), the pm Counter being

applicable to the pair of the said one cell and said another cell.

— If said another cell is blacklisted in said one cell, a high value in the first pm
counter or alternatively a low value in the latter one, provides is evidence that the

blacklisting might be wrong.

— If said another cell is blacklisted in said one cell, a low value in the first pm
counter or alternatively a high value in the latter one, provides is evidence that the

blacklisting is correct.

— Possibly the incrementing of the any of the two above pm counters is done
only if the above said another cell is blacklisted, i.e. based on the UE indicating that
the re-establishment cell to be blacklisted in a cell in the history, or based on the Cell
Controller (Node B) having configuration information indicating in which cells the

above said one cell is blacklisted.

Proposal: Analogously, this “successful stay” increment criteria, or the “no-
successful stay” opposite criteria could be added as an addition to any of the re-
establishment based pm-counters to form new pm-counters where high/low counts
provide more substantial evidence of a cell being suitable as a target cell for mobility

from a source cell.

HO — AF — Re-establishment

It is proposed that at least one pm counter shall be incremented based on Access
Failure in a target cell at HO, after a HO triggered in a source cell, and re-
establishment then being successfully done in any cell, at the same approximate
location or within the time-correlation time-window from the AF event, the pm

Counter being applicable to the pair of the said source cell and said target cell.
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— It could be concluded that the UE should not have been handed over to the
Cell of the access failure, as there obviously is another cell (the re-establish one) that

works better.

— By observing a high value of above said at least one pm counter, possibly
relating it to the total number of HO between above said pair of cells, and comparing
towards a threshold value, this can be interpreted as evidence of the “HO triggered too
carly” problem scenario and thus make conclusion that the mobility parameters
between said pair of cells should be changed to decrease the HO sensitivity, to trigger

HO to the above said target cell later.

— Conclusion could also be made that the target cell might be altogether
unsuitable and is a candidate for blacklisting in the source cell, e.g. target Cell could
be blacklisted if the HO success rate remains similarly low even after adjusting

mobility offset parameters.

Alternatively or Complementary, It is proposed that at least one pm counter shall
be incremented based on Access Failure in a target cell, after a HO triggered in a
source cell, and a cell other that the target cell is measured to be above a certain
threshold value (signal strength, quality) at the same approximate location or within
the time-correlation time-window related to the AF event, the pm Counter being

applicable to the pair of the said source cell and said target cell

— In addition to observations/benefits of previous paragraph, Using a threshold
set higher than what is required for in Coverage, e.g. a threshold that would map to
planned cell edge bitrate, and doing statistical analysis similar to above, even stronger
statistical evidence of the “HO triggered too carly” scenario and/or “target cell not
suitable” could be found, even more clearly discriminating this problem from the “real
coverage hole” scenario, which would make possible to make stepsize in the decrease
of HO sensitivity larger, to make possible faster convergence of SON algorithms. A

decision to blacklist this cell could be taken faster.

It is proposed that there shall be at least one pm counter, that is incremented at
successful reestablishment in a certain cell, when the successful reestablishment
follows a Failed Handover from a source cell to a target cell within the time-
correlation time window from the access failure in the target cell, where this pm

counter is applicable to the pair of said certain cell and said source cell.
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— A high count in the above pm counter could mean that the said certain cell is
a suitable HO candidate cell for UEs in the said source cell. A conclusion could be

that HO sensitivity from source cell to target cell should be increased.

— If above said cell is blacklisted in said source cell, a high count in this counter

is strong evidence that the blacklisting is wrong.

HO — HO— ...— AF — Reestablishment

It is proposed that at least one pm counter shall be incremented based on Access
Failure in a cell at HO, after multiple HO has been triggered within the time-
correlation time window, starting with a first HO in a first source cell to a first target
cell, and re-establishment then being successfully done in any cell, at the same
approximate location or within the time-correlation time-window from the AF event,
the pm Counter being applicable to the pair of the said first source cell and said first

target cell.

— This scenario might look unlikely at first view, but considering that SON
algorithms are used to optimize mobility, this could occur, e.g. in the scenario where
there is a problematic region that has been optimized to 50%, e.g. resulting in
blacklisting of distant cells from first target cell. If corresponding blacklisting the
other way, from first source cell to first target cell, has not yet been done, it is quite
possible that the UE will be handed into a distant cell (the first target cell), and then
locally handed over to another distant cells (due to blacklisting), although

— It could be concluded that the UE should not have been handed over to the
Cell of the access failure, as there obviously is another cell (the re-establish one) that
works better. Judging from the fast sequence of HO, none of the intermediate cells
seems really suitable, and it is assumed that the root cause is that the first HO in the

chain of fast HOs.

— By observing a high value of above said at least one pm counter, possibly
relating it to the total number of HO between above said pair of cells, and comparing
towards a threshold value, this can be interpreted as evidence of the “HO triggered to
unsuitable cell” problem scenario and thus make conclusion that the mobility
parameters between said pair of cells should be changed to decrease the HO
sensitivity, to trigger HO to the above said first target cell later, or not at all. Also

complete blacklisting could be considered.
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The network entity according to the invention could be implemented in different
places in the network depending on choice of implementation. For instance, said
network entity could be implemented in any apparatus from the group consisting of:
radio base transceiver station, operations and management server of the at least one

cellular radio network.

Method of the invention

The present invention also includes a method. The method is in a general form a
method of information management in at least one cellular radio network, said at least
one cellular radio network having handover functionality, including the steps:
a) sending from a mobile terminal for said at least one cellular radio network, in case
of a failure event in regard of a communication between said mobile terminal and a
radio base station belonging to said at least one cellular radio network, a report
containing at least information on said failure event to said at least one cellular radio

network,

b) receiving in a network entity, for said at least one cellular radio network
having handover functionality, said report coming from said mobile terminal. The
method is distinguished by that in step a): sending from a mobile terminal, sending
said report such that said report contains a history of any failure event up until and
including at least one successful event in regard of a communication between said
mobile terminal and a radio base station belonging to said at least one cellular radio

network.

A block diagram of an embodiment of the method according to the invention is

depicted in Figure 1, pointing out steps a and b.

As an extension, the method of information management according to the
invention could include in step a): sending said report such that said report contains a
history of any failure event and any successful event, having occurred within a first

area of geographical residence of said mobile terminal.

This document proposes some pm counter characteristics and increment criteria
that are key to be able to make proper conclusions.
Pm counters can also be calculated from other pm counters, some of these are referred
to as KPI (Key performance indicators), others can be tailored for usage in certain

algorithms.
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In this document, UE data reporting and associated pm counter increment criteria
for mobility configuration optimization is proposed, i.e. UEs do not report pm
counters directly, but the network maintains these pm counters based on reporting

from several/many UE.

The location of SON algorithms may be in a centralized entity, e¢.g. the O&M
support system, or it can be distributed in the network. It is assumed that only one

SON entity implements the optimization of mobility parameters for one cell.

The pm counters and their use in the method of the invention could of course be

numerous. What follows are some examples.

Method of information management according to the invention could further

include:

c¢) the network entity optionally requesting additional information from another
network entity, said additional information coming from earlier reports from said
mobile terminal and earlier registered events relating to said mobile terminal,
d) maintaining at least one pm counter that is incremented based on criteria derived

from the information received in steps b and optionally c.

Method of information management according to the invention could further
include: said step d) involves that at least one pm counter is incremented based on
criteria of a Radio Link Failure occurring in one cell, and successful re-establishment
being done in another cell, within the same geographical area, the pm Counter being

applicable to the pair of the said one cell and said another cell.

Method of information management according the invention could further
include: the incrementing of the pm counter is done only if the said another cell is

blacklisted in a cell, mentioned in the history.

Method of information management according to the invention could further
include: said step d) involves that at least one pm counter is incremented based on
Access Failure in a target cell at Handover, after a Handover triggered in a source cell,
and re-establishment then being successfully done in any cell, within one
geographical area, the pm Counter being applicable to the pair of the said source cell

and said target cell.
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Method of information management according to claim the invention could
further include: said step d) involves that at least one pm counter is incremented based
on Access Failure in a target cell, after a Handover triggered in a source cell, and a
cell other that the target cell is measured to be above a certain threshold value of a
parameter, within one geographical area, the pm Counter being applicable to the pair
of the said source cell and said target cell. Such a parameter could for instance be:

signal strength, quality.

Method of information management according to the invention could further
include: said step d) involves that at least one pm counter is incremented at successful
reestablishment in a certain cell, when the successful reestablishment follows a Failed
Handover from a source cell to a target cell within one geographical area, where this

pm counter is applicable to the pair of said certain cell and said source cell.

Method of information management according to the invention could further
include: said step d) involves that at least one pm counter is incremented based on
Access Failure in a cell at Handover, after multiple Handovers has been triggered,
starting with a first Handover in a first source cell to a first target cell, and re-
establishment then being successfully done in any cell, within the same geographical
area, the pm Counter being applicable to the pair of the said first source cell and said

first target cell.

Method of information management according to the invention could further
include:, for pm counters relating to a first cell and a second cell, where additional
criteria that Mobile Terminal has been successfully connected to the said first cell for

a certain period of time, must be fulfilled in order to increment the pm Counter.

Method of information management according to the invention could further
include: for pm counters relating to a first cell and a second cell, where additional
criteria that Mobile Terminal has been successfully connected to the said second cell

for a certain period of time, must be fulfilled in order to increment the pm Counter.

Method of information management according to the invention could further
include: for pm counters relating to a first cell and a second cell, where additional
criteria that Mobile Terminal was not successfully connected to the said second cell

for a certain period of time, must be fulfilled in order to increment the pm Counter.
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History of mobility events in last visited cells, examples

EXAMPLE 1

History of mobility events in last visited cells, including radio measurements
provided in threshold style could look like this
<CellID:current><event:access><timestamp:12.35.42.58>
<CellID:id1><event:RLF><timestamp:12.35.41.88>
<CellID:id2><event:Src cell leave><timestamp:12.35.40.02>
<CellID:id3><event:Src cell leave><timestamp:12.35.12.76>
<UE speed indication:0>
<Rmeasurem: 1><type:RSSI><threshold value:6.55><timestamp:12.35.43.00>
<CellID:id1>
<CellID:id3>
<CellID:id2>
<CellID:id8><Blacklisted in Cellid:id2>
<Rmeasurem:2><type:RSSI><threshold value:6.55><timestamp:12.35.39.80>
<CellID:id2>
<CellID:id3>

It is proposed that an entry in the last visited cells list can be created for the

following kind of events:

» UE leaves source cell / serving cell in normal way (e.g. triggered by reception

of hand-over command).

* UE detects Radio Link Failure (failure after successful communication in a

Cell).

» UE detects Access Failure (failure before communication link has been fully

established)

* UE Accesses a cell (successfully) for re-establishment. The main reason for
this kind of entry is mainly to provide a cross-correlation point for UE time reference,
to be able to clearly correlate the timing between the events. Such events are here

referred to as “mobility events”.

— A benefit of indicating HO explicitly, is that it would be easy to discriminate

between failures in the interior of the cell and on the cell edge, i.e. soon after a HO.

29



10

WO 2009/052686 PCT/CN2007/070969

— The same discrimination could be done when it is observed that events occur
in different cells within a short time window, regardless what the event is.
It is proposed that it shall be possible to report a radio measurement report with zero
entries, if no cell is measured above a certain threshold (the UE could report what

measurement type has been used and the threshold value).

— This way it is easy for the UE to indicate situations when the UE is in a “real”
coverage hole.
EXAMPLE 2

No timestamps, just a time window (signalled explicitly in this example)

<Time window: 4000 ms>
<CellID:current><event:access><Blacklisted inCellID: 1d2>
<CellID:id1><event:AF><Reason: highload>
<CellID:id2><event:Src cell leave>

<CelllD:id3><event:Src cell leave>
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Claims

1. Mobile terminal for at least one cellular radio network having handover
functionality, said mobile terminal including a report function that is adapted to send,
5 in case of a failure event in regard of a communication between said mobile terminal
and a radio base station belonging to said at least one cellular radio network, a report
containing at least information on said failure event to said at least one cellular radio
network, characterised in that said report function is adapted to send said report such

that said report contains:
10 - a history of any failure event backwards in time until and including at least one
successful event in regard of a communication between said mobile terminal and a
radio base station belonging to said at least one cellular radio network, said at least

one successful event having happened before said history of any failure event.

2. Mobile terminal according to claim 1, wherein said report function is adapted
15 to send said report such that said report contains:
- a history of any failure event and at least one successful event, having occurred

within a first geographical area in which the mobile terminal has been present.

3. Mobile terminal according to claim 2, wherein said report function is adapted
to determine said first geographical area as an area in which the mobile terminal has

20 been present during a time window.

4. Mobile terminal according to claim 3, wherein said report function is adapted

to scale said time window in accordance to speed of said mobile terminal.

5. Mobile terminal according to claim 4, wherein said report function is adapted
to estimate said speed of said mobile terminal by way of any procedure from the
25 group consisting of: Doppler measurements, rate of cell change, established by

network, type of area.

6. Mobile terminal according to claim 2, wherein said report function is adapted

to determine said first geographical area by geographical position estimation.

7. Mobile terminal according to claim 1, wherein said mobile failure event is one

30  event from said group consisting of: Access Failure, Radio Link Failure.

8. Mobile terminal according to claim 1, wherein said successful event being any

from a group consisting of: said mobile terminal leaves a cell in a normal way after
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having been successfully connected to this cell, said mobile terminal leaves a cell in a
normal way after having been successfully camped on this cell , said mobile terminal
accesses a cell successfully for reestablishment, said mobile terminal having

maintained a communication link to a cell successfully.

9. Mobile terminal according to claim 1, wherein said report function is adapted

to provide, in said report, a list of possible target cells.

10. Mobile terminal according to claim 9, wherein said report function is adapted
to generate said list of possible target cells by applying a threshold value of a cell
quality parameter, filtering out cells falling outside a range defined by said threshold

value.

11. Mobile terminal according to claim 10, wherein said report function is
adapted to vary said threshold value in accordance with present area of occupation of

said mobile terminal.

12. Mobile terminal according to claim 10, wherein said report function is
adapted to provide said list of possible target cells in order of value of said cell quality

parameter.

13. Mobile terminal according to claim 1, wherein said report function is adapted

to report cell measurements on demand from said at least one cellular radio network.

14. Mobile terminal according to claim 1, wherein said report function is adapted
to report, for a cell having re-established communication with said mobile terminal, if

that cell has been black listed earlier in said history within said time window.

15. Mobile terminal according to claim 1, wherein said report function is adapted
to forward, via a network node in said at least one cellular radio network, said report

to another network node.

16. Mobile terminal according to claim 1, wherein said report function is adapted
to forward, via a network node in said at least one cellular radio network, said report

to another cellular radio network node.

17. Network entity for at least one cellular radio network having handover
functionality, said network entity including a report function that is adapted to receive
a report coming from a mobile terminal, in case of a failure event in regard of a

communication between said mobile terminal and a radio base station belonging to
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said at least one cellular radio network, said report containing at least information on
said failure event, characterised in that said report function is adapted to receive said
report wherein said report is of the type containing:

- a history of any failure event up until and including at least one successful
event in regard of a communication between said mobile terminal and a radio base

station belonging to said at least one cellular radio network.

18. Network entity according to claim 17, wherein said report function is adapted
to receive said report wherein said report contains:
- a history of any failure event and at least one successful event, having occurred

within a first geographical area in which the mobile terminal has been present.

19. Network entity according to claim 17, wherein said report function is adapted
to request additional event information, beyond what is reported by the mobile
terminal, from another Network Entity that is identified from the history reported by
the Mobile terminal, wherein said additional event information contains at least one of:

- a further history of failure events and successful events, having occurred within
a second geographical area in which the mobile terminal has been present,

- radio measurements reported by the mobile terminal, in another cell, having

occurred within the said second geographical area.

20. Network entity according to claim 17, wherein said report function is adapted
to estimate from said report at least one Performance Measurement Counter indicating

a measure of performance of said at least one cellular radio network.

21. Network entity according to claim 20, wherein said at least one Performance
Measurement Counter is a measure of number of times said mobile terminal has
experienced an access failure due to any reason from a group of reasons consisting of:
high load, no response observed for any Mobile terminal, collision detected for non-

contention resource, radio reason, other reason.

22. Network entity according to claim 20, wherein said at least one Performance
Measurement Counter is a counting of number of times said mobile terminal has
experienced a Radio Link Failure in one cell with a subsequent reestablishment in

another cell.
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23. Network entity according to claim 17, wherein said network entity is any
from the group consisting of: radio base transceiver station, operations and

management server of the at least one cellular radio network.

24. Method of information management in at least one cellular radio network,
said at least one cellular radio network having handover functionality, including the
steps:

a) sending from a mobile terminal for said at least one cellular radio network, in
case of a failure event in regard of a communication between said mobile terminal and
a radio base station belonging to said at least one cellular radio network, a report
containing at least information on said failure event to said at least one cellular radio
network,

b) receiving in a network entity, for said at least one cellular radio network
having handover functionality, said report coming from said mobile terminal,

characterised in that in step a): sending from a mobile terminal, sending said
report such that said report contains a history of any failure event up until and
including at least one successful event in regard of a communication between said
mobile terminal and a radio base station belonging to said at least one cellular radio

network.

25. Method of information management according to claim 24, wherein said step
a): sending said report such that said report contains a history of any failure event and
any successful event, having occurred within a first geographical area in which the

mobile terminal has been present.

26. Method of information management according to claim 24, including further:
c) the network entity optionally requesting additional information from another
network entity, said additional information coming from earlier reports from said
mobile terminal and earlier registered events relating to said mobile terminal,
d) maintaining at least one pm counter that is incremented based on criteria derived

from the information received in steps b and optionally c.

27. Method of information management according to claim 26 wherein said step
d) involves that at least one pm counter is incremented based on criteria of a Radio

Link Failure occurring in one cell, and successful re-establishment being done in
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another cell, within the same geographical area, the pm Counter being applicable to

the pair of the said one cell and said another cell.

28. Method of information management according to claim 27 wherein the
incrementing of the pm counter is done only if the said another cell is blacklisted in a

cell, mentioned in the history.

29. Method of information management according to claim 26 wherein said step
d) involves that at least one pm counter is incremented based on Access Failure in a
target cell at Handover, after a Handover triggered in a source cell, and re-
establishment then being successfully done in any cell, within one geographical area,

the pm Counter being applicable to the pair of the said source cell and said target cell.

30. Method of information management according to claim 26 wherein said step
d) involves that at least one pm counter is incremented based on Access Failure in a
target cell, after a Handover triggered in a source cell, and a cell other that the target
cell is measured to be above a certain threshold value of a parameter, within one
geographical area, the pm Counter being applicable to the pair of the said source cell

and said target cell.

31. Method of information management according to claim 26 wherein said step
d) involves that at least one pm counter is incremented at successful reestablishment
in a certain cell, when the successful reestablishment follows a Failed Handover from
a source cell to a target cell within one geographical area, where this pm counter is

applicable to the pair of said certain cell and said source cell.

32. Method of information management according to claim 26 wherein said step
d) involves that at least one pm counter is incremented based on Access Failure in a
cell at Handover, after multiple Handovers has been triggered, starting with a first
Handover in a first source cell to a first target cell, and re-establishment then being
successfully done in any cell, within the same geographical area, the pm Counter

being applicable to the pair of the said first source cell and said first target cell.

33. Method of information management according to any of the claims 27-32, for
pm counters relating to a first cell and a second cell, where additional criteria that
Mobile Terminal has been successfully connected to the said first cell for a certain

period of time, must be fulfilled in order to increment the pm Counter.
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34. Method of information management according to any of the claims 27, 28, 31
for pm counters relating to a first cell and a second cell, where additional criteria that
Mobile Terminal has been successfully connected to the said second cell for a certain

period of time, must be fulfilled in order to increment the pm Counter.

35. Method of information management according to any of the claims 27 or 28
for pm counters relating to a first cell and a second cell, where additional criteria that
Mobile Terminal was not successfully connected to the said second cell for a certain

period of time, must be fulfilled in order to increment the pm Counter.

36



WO 2009/052686 PCT/CN2007/070969

1/1

Fig. 1

Fig. 2



International application No.

INTERNATIONAL SEARCH REPORT
' PCT/CN2007/070969

A. CLASSIFICATION OF SUBJECT MATTER

H04Q7/32 (2006.01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)

IPC: H04L12/56, H04L12/28, H04B17/00, H04Q7/38, H04Q7/32, H04Q7/20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPLEPODOC,PAJ,CNPAT,CNKI: network, mobile w terminal, base w station, communicat+, link+, connect+,

report+, send+, receiv+, information, message, event, fail+, success+, history

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN1137729A (SONY CORP) 1-35
11 Dec. 1996 (11.12.1996) the whole document
A CN1725886A (LG ELECTRONICS CHINAR & D CENT COLTD etal.) 1-35
25 Jan. 2006 (25.01.2006) the whole document
A JP2002078002A (NEC CORP) 1-35
15 Mar. 2002 (15.03.2002) the whole document
A JP2001224065A (KANSAI NIPPON DENKI TSUSHIN SYSTEM KK) 1-35

17 Aug. 2001 (17.08.2001) the whole document

(] Further documents are listed in the continuation of Box C. X See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date
Ao . . or priority date and not in conflict with the application but
A” document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention
“E” earlier application or patent but published on or after the “X” document of particular relevance; the claimed invention
international filing date cannot be considered novel or cannot be considered to involve

T . L . an inventive step when the document is taken alone
L” document which may throw doubts on priority claim (S) or

L. . - “Y” document of particular relevance; the claimed invention
which is cited to establish the publication date of another N p ’ ¢ tnventior

o ) . cannot be considered to involve an inventive step when the
citation or other special reason (as specified) document is combined with one or more other such

“0” document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person
other means skilled in the art

“P* document published prior to the international filing date “&”document member of the same patent family

but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

14 Jul. 2008(14.07.2008) 31 Jul. 2008 (31.07.2008)

IName and mailing address of the ISA/CN
The State Intellectual Property Office, the P.R.China L
6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China XU lJiaying

100088
Facsimile No. 86-10-62019451 Telephone No. (86-10)624 11370

Form PCT/ISA/210 (second sheet) (April 2007)

Authorized officer




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2007/070969

Patent Documents referred

Publication Date

Patent Family

Publication Date

in the Report

CNI1137729A 11.12.1996 EP0730388AB 04.09.1996
JP8237188A 13.09.1996
JP8237187A 13.09.1996
JP3404965B2 12.05.2003
JP8298684A 12.11.1996
CN1083671C 24.04.2002
US5805666A 08.09.1998
DE69637024T 01.03.2008
CN1725886A 25.01.2006 CN100353790C 05.12.2007
KR20060007605A 26.01.2006

JP2002078002A 15.03.2002 None
JP2001224065A 17.08.2001 JP3360060B2 24.12.2002

Form PCT/ISA/210 (patent family annex) (April 2007)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report

