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Description
Title of Invention: APPARATUS AND METHOD FOR
DETECTING CAUSE OF RADIO LINK FAILURE OR
HANDOVER FAILURE IN MOBILE COMMUNICATION

SYSTEM
Technical Field

The present invention relates to the field of mobile communication systems. More
particularly, the present invention relates to a method for detecting the cause of a

Radio Link Failure (RLF) or handover failure in mobile communication systems.

Background Art

Along with the development of communication technologies, the mobile commu-
nication system has evolved into a System Architecture Evolution (SAE) system. FIG.
1 is a schematic diagram illustrating a structure of the SAE system according to the
related art. Referring to FIG. 1, the SAE system includes an Evolved Universal Ter-
restrial Radio Access Network (E-UTRAN) 101 and a core network containing a
Mobile Management Entity (MME) 105 and a Serving Gateway (S-GW) 106. The E-
UTRAN 101 is configured to connect a User Equipment (UE) to the core network, and
includes more than one evolved Node B (eNB) 102 and more than one Home eNB
(HeNB) 103, and further includes an optional HeNB GateWay (HeNB GW) 104. The
MME 105 and the S-GW 106 may be integrated in one module or may be implemented
separately. An eNB 102 is connected with another eNB 102 via an X2 interface, and is
connected with the MME 105 and the S-GW 106 respectively via an S1 interface. A
HeNB 103 is connected with the MME 105 and the S-GW 106 respectively via an S1
interface; or is connected with the optional HeNB GW 104 via an S1 interface, and the
HeNB GW 104 is then connected with the MME 105 and the S-GW 106 respectively
via an S1 interface.

At an early stage of SAE system deployment or during an SAE system operating
stage, it should take a large number of human and material resources to optimize pa-
rameters of the SAE system, especially radio parameters, so as to guarantee good
coverage and capacity, mobile robustness, load balance when moving, and sufficient
access speed of the UE in the SAE system. To save the manual and material resources
consumed during the SAE system operation process, a method for self-optimizing the
SAE system is currently proposed. During a self-optimization process, configurations
of the eNB or HeNB are optimized according to a current state of the SAE system.

Both the eNB and the HeNB may both be referred to as an eNB for convenience in ex-
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planation in the following description of the method for self-optimizing the SAE
system.

FIG. 2 is a schematic diagram illustrating a basic principle for self-optimizing a SAE
system according to the related art. Referring to FIG. 2, after the eNB turns on power
or accesses the SAE system, a self-configuring process can be started. The self-
configuring process includes basic configuration 210 and initial radio parameter con-
figuration 220 for the eNB. The basic configuration 210 for the eNB includes con-
figuring an Internet Protocol (IP) address of the eNB and detecting Operation Admin-
istration and Maintenance (OAM) 211, authenticating between the eNB and the core
network 212, detecting the HeNB GW that the eNB belongs to when the eNB is the
HeNB 213, and downloading parameters of software and operations of the eNB for
self-configuration 214. The initial radio parameter configuration 220 is implemented
according to experience or simulation. Because performance of each eNB in the SAE
system will be affected by the environment of an area where the eNB is located, the
eNB initializes the radio parameter configuration according to the environment of the
area where the eNB is located. Specifically, the eNB performs the initial configuration
for a neighboring area list 221 and the initial configuration for the load balance 222.
After the self-configuring process, many parameters configured by the eNB are not the
optimized. Therefore, in order to increase the performance of the SAE system, the con-
figuration of the eNB should be optimized or adjusted, which is also referred to as self-
optimization of the mobile communication system. The optimization or adjustment of
the configuration of the eNB may be implemented by the eNB under the control of the
OAM in the background. Specifically, there may be a standardized interface between
the eNB and the OAM, and the OAM will transmit a parameter to be optimized to the
eNB (i.e., eNB or HeNB) via the standardized interface, and then the eNB optimizes
the parameter in the self-configuration according to the parameter to be optimized. In
addition, the configuration of the eNB can also be optimized or adjusted by the eNB
itself, i.e., the eNB detects and obtains performance to be optimized, and then
optimizes or adjusts its parameter corresponding to the performance. Optimizing or
adjusting the configuration of the eNB 230 may include self-optimizing a neighboring
area list 231, self-optimizing the coverage and capacity (not shown), self-optimizing
the mobile robustness (not shown), self-optimizing the load balance 232, and self-
optimizing a Random Access CHannel (RACH) parameter (not shown), etc.

Currently, SAE release 8 has proposed self-optimizing a neighboring area list.
Release 9 has defined basic schemes for self-optimizing the coverage and capacity and
self-optimizing the mobile robustness. Basic principles of self-optimizing in the
defined schemes are that according to a difference between the last successful
handover time of the UE and the time that the UE tries to re-establish a Radio
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Resource Control (RRC) connection, the eNB determines whether handover is too late

or too early or is to a wrong cell, so as to perform the self-optimization.
However, in the above scheme for the self-optimization according to the related art,

after the UE successfully re-establishes the RRC connection, it is possible to determine
whether the handover is too late or is to a coverage leak according to UE measurement
information obtained by the UE. However, after the UE fails in re-establishing the
RRC connection (e.g., the eNB receives an RRC re-establishment request but fails
during the re-establishment process), if an eNB to which the UE re-establishes the
RRC connection transmits a Radio Link Failure (RLF) instruction to an eNB covering
a cell where the RLF occurs, the cell where the RLF occurs cannot differentiate
whether it is a coverage leak or a too late handover. If the eNB to which the UE re-
establishes the RRC connection does not transmit the RLF instruction to the eNB
covering the cell where the RLF occurs, the cell where the RLF occurs can not know
the difference between the last successful handover time of the UE and the time that
the UE tries to re-establish the RRC connection, and thus can not differentiate whether
the handover is too late or too early or is to a wrong cell. However, even if the UE
reports the difference to the network after accessing the network again, the network
may still make a wrong determination because the difference between the time that the
UE tries to re-establish a RRC connection and the time of the RLF/handover failure is
large.

As can be seen from the above analysis, in the self-optimization by using the method
for detecting the cause of the RLF or handover failure according to the related art, after
it fails to re-establish a RRC connection, the analysis on the failure cause may be
wrong if the network still performs the self-optimization based on the failure cause de-
termined by whether the RRC connection is successfully re-established. Consequently,
the self-optimization process will also be wrong and network performance will be
affected.

Disclosure of Invention

Solution to Problem

Aspects of the present invention are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present invention is to provide a method for detecting a
cause of a Radio Link Failure (RLF) or a handover failure so as to correctly perform
self-optimization for the mobile communication system according to the detected
cause, and can improve performance of the mobile communication system.

In accordance with an aspect of the present invention, a method for operating a

terminal in a mobile communication system is provided. The method includes de-
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termining whether an RLF or a handover failure occurs, performing a process of a
connection re-establishment or connection establishment to enter a connection mode
after encountering the RLF or the handover failure, and transmitting an RLF in-
formation report to a BS after entering the connection mode. The RLF information
report comprises at least one of information on whether the terminal has been recently
handed over before encountering the RLF or the handover failure, results of measuring
by the terminal a serving cell of the terminal and a neighboring cell of the terminal
when the RLF or the handover failure occurs, an identity of a cell where the terminal is
located before the terminal hands over to a cell in which the RLF or the handover
failure occurs, an identity of the cell in which the RLF or the handover failure occurs,
and, an amount of time between when the RLF or the handover failure occurs and
when a subsequent connection re-establishment success or connection establishment
success occurs.

In accordance with another aspect of the present invention, a method for operating a
BS in a mobile communication system is provided. The method includes performing a
process of a connection re-establishment or connection establishment for a terminal en-
countering an RLF or a handover failure, receiving an RLF information report from the
terminal, and transmitting the RLF information report to another BS which controls a
cell where the RLF or the handover failure occurs. The RLF information report
comprises at least one of information on whether the terminal has been recently handed
over before encountering the RLF or the handover failure, results of measuring by the
terminal a serving cell of the terminal and a neighboring cell of the terminal when the
RLF or the handover failure occurs, an identity of a cell where the terminal is located
before the terminal hands over to a cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure occurs, and, an
amount of time between when the RLF or the handover failure occurs and when the
subsequent connection re-establishment success or connection establishment success
occurs.

In accordance with another aspect of the present invention, a method for operating a
BS in a mobile communication system is provided. The method includes receiving an
RLF information report generated by a terminal encountering an RLF or a handover
failure from another BS, and determining a cause of the RLF or the handover failure
using the RLF information report. The RLF information report comprises at least one
of information on whether the terminal has been recently handed over before en-
countering the RLF or the handover failure, results of measuring by the terminal a
serving cell of the terminal and a neighboring cell of the terminal when the RLF or the
handover failure occurs, an identity of a cell where the terminal is located before the

terminal hands over to a cell in which the RLF or the handover failure occurs, an
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identity of the cell in which the RLF or the handover failure occurs, and, an amount of
time between when the RLF or the handover failure occurs and when the subsequent
connection re-establishment success or connection establishment success occurs.

In accordance with another aspect of the present invention, a terminal for use in a
mobile communication system is provided. The terminal includes a controller for de-
termining whether an RLF or a handover failure occurs, and for performing a process
of a connection re-establishment or connection establishment to enter a connection
mode after encountering the RLF or the handover failure, and a modem for
transmitting an RLF information report to a BS after entering the connection mode.
The RLF information report comprises at least one of information on whether the
terminal has been recently handed over before encountering the RLF or the handover
failure, results of measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure occurs, an
identity of a cell where the terminal is located before the terminal hands over to a cell
in which the RLF or the handover failure occurs, an identity of the cell in which the
RLF or the handover failure occurs, and, an amount of time between when the RLF or
the handover failure occurs and when a subsequent connection re-establishment
success or connection establishment success occurs.

In accordance with another aspect of the present invention, a BS for use in a mobile
communication system is provided. The BS includes a controller for performing a
process of a connection re-establishment or connection establishment for a terminal en-
countering an RLF or a handover failure, a modem for receiving an RLF information
report from the terminal, and a backhaul communication unit for transmitting the RLF
information report to another BS which controls a cell where the RLF or the handover
failure occurs. The RLF information report comprises at least one of information on
whether the terminal has been recently handed over before encountering the RLF or
the handover failure, results of measuring by the terminal a serving cell of the terminal
and a neighboring cell of the terminal when the RLF or the handover failure occurs, an
identity of a cell where the terminal is located before the terminal hands over to the cell
in which the RLF or the handover failure occurs, an identity of the cell in which the
RLF or the handover failure occurs, and, an amount of time between when the RLF or
the handover failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

In accordance with another aspect of the present invention, a BS for use in a mobile
communication system is provided. The BS including a backhaul communication unit
for receiving an RLF information report generated by a terminal encountering an RLF
or a handover failure from another BS, and a controller for determining a cause of the

RLF or the handover failure using the RLF information report. The RLF information
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report comprises at least one of information on whether the terminal has been recently
handed over before encountering the RLF or the handover failure, results of measuring
by the terminal a serving cell of the terminal and a neighboring cell of the terminal
when the RLF or the handover failure occurs, an identity of a cell where the terminal is
located before the terminal hands over to a cell in which the RLF or the handover
failure occurs, an identity of the cell in which the RLF or the handover failure occurs,
and, an amount of time between when the RLF or the handover failure occurs and
when the subsequent connection re-establishment success or connection establishment

success occurs.
Other aspects, advantages, and salient features of the invention will become apparent

to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary embodiments of the
invention.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain exemplary em-
bodiments of the present invention will become more apparent from the following de-
scription taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic diagram illustrating a structure of a System Architecture
Evolution (SAE) system according to the related art;

FIG. 2 is a schematic diagram illustrating a basic principle for self-optimizing a SAE
system according to the related art;

FIG. 3 is a flowchart of a method for detecting a cause of Radio Link Failure (RLF)
or handover failure according to an exemplary embodiment of the present invention;

FIG. 4A is a flowchart illustrating how a User Equipment (UE) transmits RLF or
handover failure information to an evolved Node B (eNB) according to an exemplary
embodiment of the present invention;

FIG. 4B is a flowchart illustrating how a UE transmits RLF or handover failure in-
formation to an eNB according to another exemplary embodiment of the present
invention;

FIG. 5 is a flowchart of a method for an eNB to determine a cause of an RLF or a
handover failure according to an exemplary embodiment of the present invention.

FIG. 6 is a block diagram of a UE in a mobile communication system according to an
exemplary embodiment of the present invention; and

FIG. 7 is a block diagram of an eNB in a mobile communication system according to
an exemplary embodiment of the present invention.

Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.
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Best Mode for Carrying out the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of exemplary embodiments of the invention
as defined by the claims and their equivalents. It includes various specific details to
assist in that understanding but these are to be regarded as merely exemplary. Ac-
cordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the embodiments described herein can be made without departing
from the scope and spirit of the invention. Also, descriptions of well-known functions
and constructions are omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of exemplary embodiments of the
present invention is provided for illustration purpose only and not for the purpose of
limiting the invention as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

By the term “‘substantially” it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to skill in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

To solve the above problems in the related art, exemplary embodiments of the
present invention provide an improved method for detecting a cause of Radio Link
Failure (RLF) or handover failure. Specifically, a User Equipment (UE) transmits an
RLF information report containing RLF or handover failure information to an evolved
Node B (eNB), so that the eNB can correctly detect the cause of the RLF or handover
failure encountered by the UE. The eNB can perform correct self-optimization for the
mobile communication system according to the detected cause and thereby per-
formance of the mobile communication system can be improved.

For convenience in description, exemplary embodiments of the present invention are
described using terms and words defined in 3rd Generation Partnership Project (3GPP)
Long Term Evolution (LTE). However, the present invention is not limited to these
terms and words, and may be implemented in a system according to another standard.
For example, the UE may be referred to as a terminal, a user terminal, a mobile station,

and so on, and the eNB may be referred to as a base station, Radio Access Station



WO 2012/039586 PCT/KR2011/006970

[32]

[33]

[34]

[35]

[36]
[37]

(RAS), and so on.

Based on the foregoing, the technical scheme of exemplary embodiments of the
present invention may be as described below.

A UE encounters a RLF or handover failure. When the UE goes into a connection
mode, the UE transmits a RLF information report to an eNB, wherein the RLF in-
formation report includes at least one of information on whether the UE has been
recently handed over before encountering the RLF or handover failure, UE mea-
surement results of a serving cell and a neighboring cell of the UE when the RLF or
handover failure occurs, an identity of a cell where the UE is located before the UE
hands over to a cell in which the RLF or handover failure occurs, an identity of the cell
in which the RLF or handover failure occurs, and the amount of time between when
the RLF or handover failure occurs and when a subsequent Radio Resource Control
(RRC) connection re-establishment success or RRC connection establishment success
occurs. According to the RLF information report, the eNB determines whether the
cause of the RLF or handover failure encountered by the UE is one of a too early
handover, a too late handover, handover to a wrong cell, and a coverage hole.

To make the aspects, technical scheme and merits of the exemplary embodiments of
the present invention clearer, the exemplary embodiments of the present invention will
be hereinafter described in detail with reference to the accompanying drawings and the
exemplary embodiments.

FIG. 3 is a flowchart of a method for detecting a cause of RLF or handover failure
according to an exemplary embodiment of the present invention.

Referring to FIG. 3, in step 301, the UE encounters a RLF or handover failure.

In step 302, after a RRC connection is re-established successfully or a RRC
connection is established successfully, the UE transmits failure information containing
information on whether the UE has been recently handed over before encountering the
RLF or handover failure to the eNB. In step 302, besides information on whether the
UE has been recently handed over before encountering the RLF or handover failure,
the failure information transmitted by the UE to the eNB may further include at least
one of the results of measuring the serving cell of the UE and the neighboring cell of
the UE by the UE when the RLF or handover failure occurs, such as Reference Signal
Receiving Power (RSRP)/ Reference Signal Receiving Quality (RSRQ), the identity of
the cell where the UE is located before the UE hands over to the cell in which the RLF
or handover failure occurs, such as Enhanced Cell Global Identity (ECGI) or Physical
Channel Identity (PCI), the identity of the cell in which the RLF or handover failure
occurs, and the amount of time between when the RLF or handover failure occurs and
when the subsequent RRC connection re-establishment success or RRC connection es-

tablishment success occurs.
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It should be noted that the UE may determine whether the UE has been recently
handed over before encountering the RLF or handover failure. The then UE transmits
an instruction, such as the instruction that the UE has been recently handed over, to the
eNB. Or, the UE may directly transmit the amount of time between when the UE
receives the last handover command and when the RLF or handover failure occurs to
the eNB. The eNB determines whether the UE has been recently handed over before
encountering the RLF or handover failure.

In step 303, the eNB determines the cause of the RLF or handover failure en-
countered by the UE according to the failure information transmitted by the UE.

It should be noted that, in step 303, the cause of the RLF or handover failure en-
countered by the UE may be one of that the UE hands over too early, that the UE
hands over too late, that the UE hands over to a wrong cell, and a coverage hole.

After the foregoing, the procedure of the method for detecting the cause of the RLF
or handover failure encountered by the UE is finished.

FIG. 4A is a flowchart illustrating how a UE transmits RLF or handover failure in-
formation to an eNB according to an exemplary embodiment of the present invention.

Referring to FIG. 4A, in step 401, the UE 410 encounters the RLF or handover
failure in a cell 1, wherein the cell 1 is a cell controlled by an eNB1 421.

In step 402, the UE 410 initiates a process of RRC connection re-establishment or a
process of RRC connection establishment in a cell 2, wherein the cell 2 is a cell
controlled by an eNB2 422. In step 402, the UE 410 may initiate the process of the
RRC connection re-establishment in the cell 2, and the RRC connection re-
establishment succeeds; or, the UE 410 may initiate the process of the RRC connection
establishment after the UE 410 fails in initiating the RRC connection re-establishment
in the cell 2, and the RRC connection establishment succeeds; or, after the UE 410
fails in initiating the RRC connection re-establishment or RRC connection estab-
lishment in other cells, the RRC connection establishment in the cell 2 succeeds. An
RRC connection re-establishment complete message or an RRC connection estab-
lishment complete message may contain an available RLF information indication, and
the available RLF information may be RLF information or handover failure in-
formation.

In step 403, the UE 410 goes into an active state, connects to an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) system, and transmits an RLF in-
formation report to the eNB2 422. The active state may be referred as a connection
mode. The RLF information report contains the same contents as those in the failure
information transmitted by the UE to the eNB in step 302, and will not be described
again herein.

In step 404, the eNB2 422 transmits the RLF information report to the eNB1 421
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controlling the cell where the RLF occurs. In step 404, the eNB2 422 finds the eNB1
421 according to the identity of the cell where the RLF or handover failure occurs. The
RLF information contains, the results of measuring the serving cell of the UE 410 and
the neighboring cell of the UE 410 by the UE 410 when the UE 410 encounters the
RLF or handover failure; and/or, whether the UE 410 has been recently handed over
before encountering the RLF or handover failure; the identity of the cell where the UE
410 is located before the UE 410 hands over to a cell in which the RLF or handover
failure occurs; and/or, the identity of the cell in which the RLF or handover failure
occurs; and/or, the amount of time between when the RLF or handover failure occurs
and when the subsequent RRC connection re-establishment success or RRC connection
establishment success occurs; the identity of the cell in which the RRC connection is
re-established or the RRC connection is established, such as the ECGI. The RLF in-
formation report may be an RLF Indication message of the related art or a new
message.

It should be noted that, similar to step 302, in step 403 and step 404, it may also be
the UE 410 that determines whether the UE has been recently handed over before en-
countering the RLF or handover failure, and then the UE 410 transmits an instruction,
such as the instruction that the UE 410 has been recently handed over, to the eNB. Or,
the UE 410 may directly transmit the amount of time between when the UE 410
receives the last handover command and when the RLF or handover failure occurs to
the eNB, and the eNB determines whether the UE 410 has been recently handed over
before encountering the RLF or handover failure.

In step 405, the eNB1 421 determines the cause of the RLF or handover failure en-
countered by the UE 410. It should be noted that, when the eNB1 421 determines that
the failure cause is a too early handover or handover to a wrong cell, the eNB1 421
transmits a too-early-handover report or a handover-to-wrong-cell report to a source
cell (i.e., the cell triggers the handover).

FIG. 4B is a flowchart illustrating how a UE transmits RLF or handover failure in-
formation to an eNB according to another exemplary embodiment of the present
invention.

Referring to FIG. 4A, in step 451, the UE 410 encounters the RLF or handover
failure in a cell 1, wherein the cell 1 is a cell controlled by an eNB1 421.

In step 452, the UE 410 initiates a process of RRC connection re-establishment or a
process of RRC connection establishment in a cell 2, wherein the cell 2 is a cell
controlled by an eNB2 422. In step 452, the UE 410 may initiate the process of the
RRC connection re-establishment in the cell 2, and the RRC connection re-
establishment succeeds; or, the UE 410 may initiate the process of the RRC connection

establishment after the UE 410 fails in initiating the RRC connection re-establishment
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in the cell 2, and the RRC connection establishment succeeds; or, after the UE 410
fails in initiating the RRC connection re-establishment or RRC connection estab-
lishment in other cells, the RRC connection establishment in the cell 2 succeeds. An
RRC connection re-establishment complete message or an RRC connection estab-
lishment complete message may contain an available RLF information indication, and
the available RLF information may be RLF information or handover failure in-
formation.

In step 453, when the UE 410 goes into an active state and connects to an E-UTRAN
system, the eNB2 422 transmits an RLF information request to the UE 410. Ac-
cordingly, in step 454, the UE 410 transmits the RLF information report to the eNB2
422 after receiving the RLF information request. The RLF information requesting
process and the RLF information reporting process may be respectively a UE in-
formation requesting process of the related art and a UE information response process
of the related art, or may be a newly-defined RRC messaging process. The RLF in-
formation report contains the same contents as those in the failure information
transmitted by the UE to the eNB in step 302, and thus will not be described again
herein.

In step 455, the eNB2 422 transmits the RLF information report to the eNB1 421
controlling the cell where the RLF occurs. In step 454, the eNB2 422 finds the eNB1
421 according to the identity of the cell where the RLF or handover failure occurs. The
RLF information contains, the results of measuring the serving cell of the UE 410 and
the neighboring cell of the UE 410 by the UE 410 when the UE 410 encounters the
RLF or handover failure; and/or, whether the UE 410 has been recently handed over
before encountering the RLF or handover failure; the identity of the cell where the UE
410 is located before the UE 410 hands over to a cell in which the RLF or handover
failure occurs; and/or, the identity of the cell in which the RLF or handover failure
occurs; and/or, the amount of time between when the RLF or handover failure occurs
and when the subsequent RRC connection re-establishment success or RRC connection
establishment success occurs; the identity of the cell in which the RRC connection is
re-established or the RRC connection is established, such as the ECGI. The RLF in-
formation report may be an RLF Indication message of the related art or a new
message.

It should be noted that, similar to step 302, in step 454 and step 455, it may also be
the UE 410 that determines whether the UE has been recently handed over before en-
countering the RLF or handover failure, and then the UE 410 transmits an instruction,
such as the instruction that the UE 410 has been recently handed over, to the eNB. Or,
the UE 410 may directly transmit the amount of time between when the UE 410

receives the last handover command and when the RLF or handover failure occurs to
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the eNB, and the eNB determines whether the UE 410 has been recently handed over
before encountering the RLF or handover failure.

[55] In step 456, the eNB1 421 determines the cause of the RLF or handover failure en-
countered by the UE 410. It should be noted that, when the eNB1 421 determines that
the cause of failure is a too early handover or a handover to a wrong cell, the eNB1
421 transmits a too-early-handover report or a handover-to-wrong-cell report to a
source cell (i.e., the cell triggers the handover).

[56] Thus, the whole procedure of the UE transmitting the RLF or handover failure in-
formation to the eNB in this exemplary embodiment is finished. After receiving the
RLF or handover failure information transmitted by the UE, the eNB should correctly
determine the cause of the RLF or handover failure encountered by the UE, and this
specific processing flowchart is illustrated in FIG. 5.

[57] FIG. 5 is a flowchart of a method for an eNB determining a cause of RLF or
handover failure according to an exemplary embodiment of the present invention.

[58] Referring to FIG. 5, in step 501, the eNB determines whether the UE has been
recently handed over before encountering the RLF or handover failure. If no, step 502
is performed. Otherwise, step 505 is performed.

[59] Herein, the eNB may directly know whether the UE has been recently handed over
before the failure occurs according to an instruction from the UE on whether the UE
has been recently handed over before encountering the RLF or handover failure. Or,
the eNB may make the determination directly by itself.

[60] According to the amount of time PA between when the UE receives the last handover
command and when the RLF or handover failure subsequently occurs from the UE, the
eNB determines whether the UE has been recently handed over through determining
whether the PA is larger than the threshold, and the PA indicates the period between
when the UE receives the last handover command and when the RLF or handover
failure subsequently occurs. When the PA is larger than the threshold, there is no
recent handover for the UE. Otherwise, there is recent handover for the UE before the
connection failure.

[61] In step 502, the eNB determines whether the RLF information report transmitted by
the UE contains information of a good-signal-quality cell measured by the UE. If yes,
step 503 is performed. Otherwise, step 504 is performed.

[62] In step 503, when the RLF information report contains the information of the good-
signal-quality cell measured by the UE, the eNB determines that the cause of the RLF
or handover failure encountered by the UE is a too late handover, and the whole
procedure is terminated.

[63] In step 504, when there is no good-signal-quality cell measured by the UE in the RLF

information report, the eNB determines that the cause of the RLF or handover failure
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encountered by the UE is a coverage hole, and the whole procedure is terminated.

In step 505, the eNB determines whether the cell with best signal quality in the UE
measurement report included in the RLF report is the PD cell. If yes, step 508 is
performed. Otherwise, step 506 is performed. It should be noted that PD is the identity
of the cell where the UE is located before handing over to the last cell serving the UE,
such as the ECGL

In step 506, the eNB determines whether there is another cell with a better signal
quality (i.e., not the cell in which RLF of handover failure occurs). If yes, step 507 is
performed. Otherwise, step 504 is performed wherein the eNB determines that the
cause of the RLF or handover failure encountered by the UE is a coverage hole

In step 507, when the eNB determines that there is another cell with a better signal
quality, the eNB determines that the cause of the RLF or handover failure encountered
by the UE is handover to a wrong cell, and the whole procedure is terminated.

In step 508, when the eNB determines that the cell with best signal quality in the UE
measurement report included in RLF information report is the PD cell, the eNB de-
termines that the cause of the RLF or handover failure encountered by the UE is a too
early handover, and then the whole procedure is terminated.

Thus, the whole procedure for the eNB determining the cause of the RLF or
handover failure is finished.

It should be noted that, when the eNB determines that the UE goes into a coverage
hole or tries to hand over but goes into the coverage hole, the eNB should further
determine the size of the coverage hole according to the amount of time between when
the RLF or handover failure occurs and when the subsequent RRC connection re-
establishment success or RRC connection establishment success occurs, and then
perform coverage optimization.

And thus, the whole procedure for the eNB determining the cause of the RLF or
handover failure is finished.

In the exemplary embodiment illustrated in FIG. 5, step 501, step 502, step 505 and
step 506 represent conditions to determine the cause of the RLF or handover failure. In
another exemplary embodiment of the present invention, at least one of step 501, step
502, step 505 and step 506 may be omitted. For example, the eNB may determine that
the cause of the RLF or handover failure encountered by the UE is a too late handover
when a condition in step 501 is met without performing step 502.

It should also be noted that, although FIGs. 4A, 4B and 5 take the SAE system as an
example to describe the method for detecting the cause of the RLF or handover failure
encountered by the UE, the method can also be applied to other systems as long as
exemplary embodiments of the present invention can be realized.

In summary, in the method for detecting the cause of the RLF or handover failure en-
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countered by the UE in an exemplary embodiment of the present invention, the UE
transmits the RLF information report containing the RLF or handover failure in-
formation to the eNB, so that the eNB can correctly determine the cause of the RLF or
handover failure encountered by the UE according to the received RLF information
report, and thereby can further perform correct self-optimization for the mobile com-
munication system according to the detected cause. Furthermore, performance of the
mobile communication system is improved.

FIG. 6 is a block diagram of a UE in a mobile communication system according to an
exemplary embodiment of the present invention.

Referring to FIG. 6, the UE includes a Radio Frequency (RF) processor 610, a
modem 620, a storage unit 630 and a controller 640.

The RF processor 610 performs functions, such as signal band conversion and ampli-
fication, to transmit and receive signals over a radio channel. That is, the RF processor
610 up-converts a baseband signal output from the modem 620 into the RF signal and
transmits the RF signal over an antenna, and down-converts the RF signal received
over the antenna into the baseband signal. Although not illustrated, for example, the
RF processor 610 may include an amplifier, a mixer, an oscillator, a Digital to Analog
Convertor (DAC), an Analog to Digital Convertor (ADC), and the like.

The modem 620 converts the baseband signal and a bit string according to a physical
layer standard of the system. For example, to transmit data, the modem 620 generates
complex symbols by encoding and modulating a transmit bit string, maps the complex
symbols to subcarriers, and constitutes Orthogonal Frequency-Division Multiplexing
(OFDM) symbols by applying Inverse Fast Fourier Transform (IFFT) and inserting a
Cyclic Prefix (CP). When receiving data, the modem 620 splits the baseband signal
output from the RF processor 610 into OFDM symbols, restores the signals mapped to
the subcarriers using Fast Fourier Transform (FFT), and restores the receive bit string
by demodulating and decoding the signals.

The storage unit 630 stores basic programs used for the operations of the UE and
system information. The storage unit 630 provides stored data to the controller 640
upon a request from the controller 640.

The controller 640 controls the overall functions of the UE. For example, the
controller 640 generates a transmit packet and a message and provides the modem 620
with the transmit packet and the message. The controller 640 also processes a receive
packet and a message from the modem 620. More particularly, according to an
exemplary embodiment of the present invention, the controller 640 controls to provide
an RLF information report when encountering the RLF or the handover failure. For
example, the controller 640 controls so that the UE operates as UE 410 illustrated in
FIG. 4A or FIG. 4B. An operation of the controller 640 to provide the RLF information



15

WO 2012/039586 PCT/KR2011/006970

[80]

[81]

[82]

[83]

[84]

[85]

report is described as follows.

When encountering the RLF or the handover failure, the controller 640 performs a
process of a RRC connection re-establishment or RRC connection establishment to go
into a connection mode. After entering the connection mode, the controller 640
generates the RLF information report, and controls the modem 620 and the RF
processor 610 to transmit the RLF information report to a connected eNB. At this time,
the controller 640 transmits the RLF information report without any request, or
transmits the RLF information report upon receiving a request from the eNB. Herein,
the RLF information report comprises at least one of information on whether the UE
has been recently handed over before encountering the RLF or handover failure, the
UE measurement results of the serving cell and the neighboring cell of the UE when
the RLF or handover failure occurs, an identity of the cell where the UE is located
before the UE hands over to the cell in which the RLF or handover failure occurs, an
identity of the cell in which the RLF or handover failure occurs, and, the amount of
time between when the RLF or handover failure occurs and when the subsequent RRC
connection re-establishment success or RRC connection establishment success occurs.

The information on whether the UE has been recently handed over before en-
countering the RLF or the handover failure includes at least one of an instruction that
instructs whether the UE has been recently handed, and, an amount of time between
when the UE receives the last handover command and when the RLF or the handover
failure occurs. When the instruction is included, the controller 640 determines whether
the UE has been recently handed over before encountering the RLF or the handover
failure, and controls to transmit the instruction. When the amount of time is included,
the controller 640 controls to transmit the amount of time.

FIG. 7 is a block diagram of an eNB in a mobile communication system according to
an exemplary embodiment of the present invention.

Referring to FIG. 7, the eNB includes an RF processor 710, a modem 720, a
backhaul communication unit 730, a storage unit 740 and a controller 750.

The RF processor 710 performs functions, such as signal band conversion and ampli-
fication, to transmit and receive signals over a radio channel. That is, the RF processor
710 up-converts a baseband signal output from the modem 720 into the RF signal and
transmits the RF signal over an antenna, and down-converts the RF signal received
over the antenna into the baseband signal. Although not illustrated, for example, the
RF processor 710 may include an amplifier, a mixer, an oscillator, a DAC, an ADC
and the like.

The modem 720 converts the baseband signal and a bit string according to a physical
layer standard of the system. For example, to transmit data, the modem 720 generates

complex symbols by encoding and modulating a transmit bit string, maps the complex
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symbols to subcarriers, and constitutes OFDM symbols by applying IFFT and inserting
a CP. When receiving data, the modem 720 splits the baseband signal output from the
RF processor 710 into OFDM symbols, restores the signals mapped to the subcarriers
using FFT, and restores the receive bit string by demodulating and decoding the
signals.

The backhaul communication unit 730 provides an interface for the eNB to com-
municate with other entities (i.e., other eNBs, a Mobile Management Entity (MME), a
GateWay (GW) and the like). More specifically, the backhaul communication unit 730
converts the bit string transmitted by the eNB into a physical signal, and converts the
physical signal received at the eNB into the bit string. For example, the backhaul com-
munication unit 730 supports an X2 interface. The storage unit 740 stores programs
and system information used for the operations of the eNB. The storage unit 740
provides stored data to the controller 750 upon a request from the controller 750.

The controller 750 controls the overall functions of the eNB. For example, the
controller 750 generates a transmit packet and a message and provides the modem 720
with the transmit packet and the message. The controller 750 also processes a receive
packet and a message from the modem 720. The controller 750 generates and analysis
messages for signaling with other nodes. More particularly, according to an exemplary
embodiment of the present invention, the controller 750 controls to transmit an RLF in-
formation report from a UE to an eNB controlling a cell where the RLF or the
handover failure occurs. Further, according to an exemplary embodiment of the present
invention, the controller 750 controls to receive the RLF information report regarding
to the RLF or the handover failure which occurs in own cell from another eNB and de-
termines a cause of the RLF or the handover failure encountered by the UE based on
the RLF information. For example, the controller 750 controls so that the eNB operates
as the eNB1 421 or the eNB2 422 illustrated in FIG. 4A or FIG. 4B.

An operation of the controller 750 to transmit an RLF information report from a UE
to an eNB controlling a cell where the RLF or the handover failure occurs is described
as follows. First, the controller 750 performs a process of a RRC connection re-
establishment or RRC connection establishment for a UE encountering the RLF or the
handover failure, and receives the RLF information report from the UE through the RF
processor 710 and the modem 720. Before receiving the RLF information report, the
controller 750 may transmit a request to transmit the RLF information report to the
UE. Then, the controller 750 transmits the RLF information report to another eNB
which controls a cell where the RLF or the handover failure occurs through the
backhaul communication unit 730. Herein, the RLF information report information on
whether the UE has been recently handed over before encountering the RLF or the

handover failure. Further, the information on whether the UE has been recently handed
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over before encountering the RLF or the handover failure includes at least one of an in-
struction that instructs whether the UE has been recently handed, and, an amount of
time between when the UE receives the last handover command and when the RLF or
the handover failure occurs.

An operation of the controller 750 to receive the RLF information report and to
determine the cause of the RLF or the handover failure is described as follows. The
controller 750 receives the RLF information report generated by a UE encountering the
RLF or the handover failure from another eNB through the backhaul communication
unit 730, and determines the cause of the RLF or the handover failure using the RLF
information report. For example, the controller 750 determines that the cause of the
RLF or the handover failure is a too late handover when satisfying at least one
condition of a condition that the UE has not been recently handed over before en-
countering the RLF or the handover failure and a condition that the RLF information
report comprises information of a cell with good signal quality. For example, the
controller 750 determines that the cause of the RLF or the handover failure is the too
early handover when satisfying at least one condition of a condition that the UE has
been recently handed over before encountering the RLF or the handover failure and a
condition that a cell where the UE is located before handing over to a cell where the
RLF or the handover failure occurs has the best signal quality in the RLF information
report. For example, the controller 750 determines that the cause of the RLF or the
handover failure is a handover to wrong cell when satisfying at least one condition of a
condition that the UE has been recently handed over before encountering the RLF or
the handover failure, a condition that that a cell where the UE is located before handing
over to a cell where the RLF or the handover failure occurs or a cell where RLF or the
handover failure occurs does not have the best signal quality in the RLF information
report but another cell has a better signal quality.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims and their

equivalents.
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Claims

A method for operating a terminal in a mobile communication system,
the method comprising:

determining whether a Radio Link Failure (RLF) or a handover failure
occurs;

performing a process of a connection re-establishment or connection
establishment to enter a connection mode after encountering the RLF or
the handover failure; and

transmitting an RLF information report to a Base Station (BS) after
entering the connection mode,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over
before encountering the RLF or the handover failure, results of
measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure
occurs, an identity of a cell where the terminal is located before the
terminal hands over to a cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

The method of claim 1, further comprising:

receiving a request to transmit the RLF information report before
transmitting the RLF information report.

A method for operating a Base Station (BS) in a mobile communication
system, the method comprising:

performing a process of a connection re-establishment or connection
establishment for a terminal encountering a Radio Link Failure (RLF)
or a handover failure;

receiving an RLF information report from the terminal; and
transmitting the RLF information report to another BS which controls a
cell where the RLF or the handover failure occurs,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over
before encountering the RLF or the handover failure, results of
measuring by the terminal a serving cell of the terminal and a

neighboring cell of the terminal when the RLF or the handover failure
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occurs, an identity of a cell where the terminal is located before the
terminal hands over to the cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

The method of claim 2, further comprising:

transmitting a request to transmit the RLF information report to the
terminal before receiving the RLF information report.

A method for operating a Base Station (BS) in a mobile communication
system, the method comprising:

receiving an RLF information report generated by a terminal en-
countering a Radio Link Failure (RLF) or a handover failure from
another BS; and

determining a cause of the RLF or the handover failure using the RLF
information report,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over
before encountering the RLF or the handover failure, results of
measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure
occurs, an identity of a cell where the terminal is located before the
terminal hands over to a cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

A terminal for use in a mobile communication system, the terminal
comprising:

a controller for determining whether a Radio Link Failure (RLF) or a
handover failure occurs, and for performing a process of a connection
re-establishment or connection establishment to enter a connection
mode after encountering the RLF or the handover failure; and

a modem for transmitting an RLF information report to a Base Station
(BS) after entering the connection mode,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over

before encountering the RLF or the handover failure, results of
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measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure
occurs, an identity of a cell where the terminal is located before the
terminal hands over to a cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

The terminal of claim 6, wherein the controller receives a request to
transmit the RLF information report before transmitting the RLF in-
formation report.

A Base Station (BS) for use in a mobile communication system, the BS
comprising:

a controller for performing a process of a connection re-establishment
or connection establishment for a terminal encountering a Radio Link
Failure (RLF) or a handover failure;

a modem for receiving an RLF information report from the terminal;
and

a backhaul communication unit for transmitting the RLF information
report to another BS which controls a cell where the RLF or the
handover failure occurs,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over
before encountering the RLF or the handover failure, results of
measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure
occurs, an identity of a cell where the terminal is located before the
terminal hands over to the cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

The BS of claim 8, wherein the controller controls to transmit a request
to transmit the RLF information report to the terminal before receiving
the RLF information report.

A Base Station (BS) for use in a mobile communication system, the BS
comprising:

a backhaul communication unit for receiving an RLF information
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report generated by a terminal encountering a Radio Link Failure
(RLF) or a handover failure from another BS; and

a controller for determining a cause of the RLF or the handover failure
using the RLF information report,

wherein the RLF information report comprises at least one of in-
formation on whether the terminal has been recently handed over
before encountering the RLF or the handover failure, results of
measuring by the terminal a serving cell of the terminal and a
neighboring cell of the terminal when the RLF or the handover failure
occurs, an identity of a cell where the terminal is located before the
terminal hands over to a cell in which the RLF or the handover failure
occurs, an identity of the cell in which the RLF or the handover failure
occurs, and, an amount of time between when the RLF or the handover
failure occurs and when the subsequent connection re-establishment
success or connection establishment success occurs.

The method of claim 1, The method of claim 3, The method of claim 5,
the terminal of claim 6, the BS of claim 8 or the BS of claim 10,
wherein the information on whether the terminal has been recently
handed over before encountering the RLF or the handover failure
comprises an instruction that instructs whether the terminal has been
recently handed over.

The method of claim 1, The method of claim 3, The method of claim 5,
the terminal of claim 6, the BS of claim 8 or the BS of claim 10,
wherein the information on whether the terminal has been recently
handed over before encountering the RLF or the handover failure
comprises an amount of time between when the terminal receives the
last handover command and when the RLF or the handover failure
occurs.

The method of claim 5 or the BS of claim 10, wherein the cause of the
RLF or the handover failure is determined to be a too late handover
when satisfying at least one condition of a condition that the terminal
has not been recently handed over before encountering the RLF or the
handover failure and a condition that the RLF information report
comprises information of a cell with good signal quality.

The method of claim 5 or the BS of claim 10, wherein the cause of the
RLF or the handover failure is determined to be a too early handover
when satisfying at least one condition of a condition that the terminal

has been recently handed over before encountering the RLF or the
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handover failure and a condition that a cell where the terminal is
located before handing over to a cell where the RLF or the handover
failure occurs has the best signal quality in the RLF information report.
The method of claim 5 or the BS of claim 10, wherein the cause of the
RLF or the handover failure is determined to a handover to a wrong cell
when satisfying at least one condition of a condition that the terminal
has been recently handed over before encountering the RLF or the
handover failure, a condition that that a cell where the UE is located
before handing over to a cell where the RLF or the handover failure
occurs or a cell where RLF or the handover failure occurs does not
have the best signal quality in the RLF information report but another

cell has a better signal quality.
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