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Description

1. Field of the Invention:

[0001] The presentinvention relates to a cellular radio
communication system and, in particular, to a method
and apparatus for controlling radio link based on whether
radio link failure is detected.

2. Description of the Related Art:

[0002] Recently, many researches are being conduct-
ed onthe Orthogonal Frequency Division Multiple Access
(OFDMA) and Single Carrier Frequency Division Multiple
Access (SC-FDMA) as useful schemes for high speed
data transmission over a radio channel. In such multiple
access schemes, the user-specific data and/or control
information are mapped to time-frequency resources
without overlapped from each other, i.e. maintaining or-
thogonality, to identify the user-specific data and/or con-
trol information.

[0003] In a cellular communication system, one of the
significant factors to provide high-speed wireless data
service is bandwidth scalability for dynamic resource al-
location. For example, Long Term Evolution (LTE) sys-
tem can support the bandwidths of 20/15/10/5/3/1.4 MHz.
The carriers can provide services with at least one of the
bandwidths, and the user equipments can have different
capabilities such that some supports only 1.4MHz band-
width and others up to 20MHz bandwidth. The LTE-Ad-
vanced (LTE-A) system, aiming at achieving the require-
ments of the IMT-Advanced service, can provide broad-
band service by aggregating carries up to 100MHz.
[0004] The LTE-A system needs the bandwidth wider
than that of LTE system for high-speed data transmis-
sion. Simultaneously, the LTE-A system needs to be
backward compatible with the LTE system such that the
LTE UEs can access the services of the LTE-Advanced
system. For this purpose, the entire system bandwidth
of the LTE-A system is divided into sub-bands or com-
ponent carriers that have a bandwidth supporting trans-
mission or reception of the LTE UE and can be aggre-
gated for supporting the high speed data transmission of
the LTE-A system in the transmission/reception process
of the legacy LTE system per component carrier.
[0005] Meanwhile, if the radio rank quality between a
transmitter and a receiver is degraded below a predeter-
mined level, it is difficult to expect the normal data com-
munication. Accordingly, the UE or the eNB monitors the
radio rank quality to determine the Radio Link Failure
(hereinafter, referred to as RLF) and performs the oper-
ation corresponding to the RLF. A description is made of
a procedure for a UE to determine whether RLF occurs
in the legacy system not supporting carrier aggregation
with reference to FIG. 1.

[0006] The UE connects to an eNB to transmit and re-
ceive data (108), recognizes, if the radio link quality with
the base station degrades continuously for a predeter-

10

15

20

25

30

35

40

45

50

55

mined observation period, the problem of the radio link
(110), and determines, if the radio link quality does not
recovered for a predetermined time T1 (112), occurrence
of RLF (104). If the RLF is detected, the UE attempts to
connect to a cell having the best radio link quality among
the neighbor cells for a predetermined time duration T2
(114) to continue, if the attempt is successful, data trans-
mission/reception and end, if the attempt fails, end all the
transmission/reception operations and transition to idle
mode (116).

[0007] The procedure related to the RLF is defined for
the conventional system without consideration of carrier
aggregation and thus there is a need to define a proce-
dure for controlling the radio link depending on whether
RLF occurs or not in the wireless communication system
supporting carrier aggregation.

[0008] In "Introduction of Dual-Cell HSDPA Operation
on Adjacent Carriers" (ERICSSON: 3GPP DRAFT;
R1-083974; Prague, Czech Republic; 6 October 2008;
XP050317277) characteristics of the physical layer pro-
cedures in the FDD mode of UTRA are specified.
[0009] "Discussion on RLF in DC-HSDPA" (HUAWEI:
3GPP DRAFT; R2-084402; 11 August 2008;
XP050319471) addresses radio link failure (RLF) in a
Dual-Cell HSDPA (DC-HSDPA) on adjacent carriers.

SUMMARY OF THE INVENTION

Problem to be Solved

[0010] In order to solve the above problems, the
present invention provides a method and apparatus for
controlling radio links by determining whether the radio
link failure occurs in the wireless communication imple-
menting wide bandwidth by aggregating carriers.

Means for Solving the Problem

[0011] In order to achieve the above objective, a radio
link control method of a terminal for a cellular radio com-
munication system supporting carrier aggregation is pro-
vided, as defined in claim 1.

[0012] Also, aradio link control apparatus of a terminal
for a cellular radio communication system supporting car-
rier aggregation is provided, as defined in claim 8.

Advantageous effects

[0013] As described above, in the system implement-
ing wide transmission by aggregating carriers such as
LTE-A, the present invention determines the radio link
failure efficiently by reducing unnecessary radio link fail-
ure determinations. According to the present invention,
it is possible to maintain the continuity of data transmis-
sion and reduce transmission delay caused by neighbor
cell connection attempts.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is diagram illustrating a procedure for deter-
mining radio link failure in a conventional LTE sys-
tem.

FIG. 2 is a diagram illustrating the concept for deter-
mining a radio link failure in a LTE-A system.

FIG. 3 is a flowchart illustrating a procedure for de-
termining radio link failure in a wireless communica-
tion system according to an embodiment of the
present invention.

FIG. 4 is a diagram illustrating a method for calcu-
lating radio link quality of CCC in the LTE-A system
according to an example of the present invention.
FIG. 5 is a diagram illustrating a method for calcu-
lating radio link quality of CCC in the LTE-A system
according to another embodiment of the present in-
vention.

FIG. 6 is a diagram illustrating a method for deter-
mining radio link quality recovery of CCC in the LTE-
A system according to an example of the present
invention.

FIG. 7 is a diagram illustrating a method for deter-
mining radio link quality recovery of CCC in the LTE-
A system according to another embodiment of the
present invention.

FIG. 8 is a block diagram illustrating an apparatus
for determining radio link failure of the UE according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0015] Detailed description of well-known functions
and structures incorporated herein may be omitted to
avoid obscuring the subject matter of the present inven-
tion. Exemplary embodiments of the present invention
are described with reference to the accompanying draw-
ings in detail. In addition, terms used in the following de-
scription of the present invention are prepared in view of
functions thereof, so they will be changed depending on
the intention of users, operators, or custom. Thus, defi-
nition of the terms must be determined based on the
whole content of the specification.

[0016] Although the description is directed to the Ad-
vanced E-UTRA (or LTE-A) supporting carrier aggrega-
tion in the following embodiments of the present inven-
tion, it will be understood by those skilled in the art that
the present invention can be applied to other communi-
cation systems supporting the similar technical back-
ground and channel format with a slight modification with-
out departing from the scope of the invention.

[0017] The present invention proposed a method and
apparatus for determining radio link failure in the wireless
communication system securing wideband through car-
rier aggregation proposed as the subject matter of the
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present invention. Particularly, when the LTE-A system
implements the wide transmission bandwidth by aggre-
gating the LTE carriers, it is necessary to minimize the
occurrence probability of the radio link failure so as to
improve reliability of data communication and reduce the
transmission delay.

[0018] The subject matter of the present invention is
described in detail hereinafter with reference to FIG. 2.
FIG. 2isadiagramillustrating the conceptfor determining
a radio link failure in a LTE-A system according to an
embodiment of the present invention.

[0019] The UE measures the radio link quality of each
of the component carriers. The configuration information
on the component carriers aggregated is notified to the
UE by the eNB via signaling. For simplifying the expla-
nation, a group of the aggregated component carriers is
called Configured Component Carriers (CCC) hereinaf-
ter. The CCC includes at least one anchor carrier, and
the anchor carrier works as areference point for providing
control information to the UE or the mobility control of the
UE.

[0020] The UE measures the received signal strength
of the reference signal (hereinafter, 'RS’) of each com-
ponent carrier receiving from the eNB for a predeter-
mined duration and compares the received signal
strength with the threshold Qout predetermined per com-
ponent carrier to determine whether the radio link quality
of the component carrier is good or bad (strong or weak).
The threshold value Qout defined per component carrier
is the received signal strength of RS corresponding to a
Block Error Rate (BLER) of Physical Downlink Control
Channel (PDCCH) and determined according to the
bandwidth of the component carrier and a number of
transmit antennas.

[0021] In more detail, the UE measures the radio link
quality between the UE and the anchor carrier based on
the received signal strength of the RS of the anchor car-
rier for a predetermined time duration (201). If the radio
link quality measured to the anchor carrier is worse than
the Qout defined for the anchor carrier over a predeter-
mined time duration, the UE measures the radio link qual-
ities of the rest component carriers (202) except for the
anchor carrier rather than premature determination of ra-
dio link failure and compares the radio link qualities with
the corresponding Qout values (204). If at least one of
the component carriers has the radio link quality better
than the corresponding threshold Qout, the UE config-
ures a new CCC with the component carriers having the
good radio link qualities.

[0022] Otherwise, if all the component carriers have
the radio link qualities worse than the corresponding
threshold Qout values, the UE determines radio link fail-
ure in the current cell (203) and attempt access to neigh-
bor cells (205). At this time, if failing access to the neigh-
bor cells, the UE ends the communication with the base
station and enters idle state.

[0023] The radio link failure determination method of
the presentinvention can be applied regardless of wheth-
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er the aggregated component carriers are consecutive
or non-consecutive in frequency domain and without lim-
itation on the number of component carriers.

[0024] Theradio linkfailure determination method pro-
posed in the present invention is described in detail
through following embodiments.

[0025] FIG. 3is a flowchart illustrating a procedure for
a UE to determine radio link failure in a wireless commu-
nication system implementing wide bandwidth through
carrier aggregation.

[0026] Atstep 302, the UE measures radio link quality
of each component carrier. The UE measures the radio
link quality for each component carrier with the received
signal strength of RS received on the corresponding com-
ponent carrier and calculates total radio link quality of the
CCcC.

[0027] Atstep 304, the UE determines whether at least
one componentcarrier has the measurementresult equal
to or greater than the corresponding threshold value in
the CCC. Ifthere is at least one component carrier having
the measurement result equal to or greater than the
threshold value, the UE compares the radio link quality
ofthe anchor carrier with the threshold value to determine
whether the radio link quality is good or bad at step 314.
If it is determined that the radio link quality of the anchor
carrier is good, i.e., equal to or greater than the threshold
value, the UE maintains current anchor carrier and CCE
as they are and keeps the connection state
(CONNECTED_STATE) with the base station at step
316. Otherwise ifitis determined that the radio link quality
of the anchor carrier is bad, i.e., less than the threshold
value, the UE reconfigures the CCC with the component
carriers, except for the anchor carrier, within the current
CCE and keeps the connection state
(CONNECTED_STATE).

[0028] At this time, the UE requests the eNB to set a
new CCE with the component carriers of which radio link
qualities are equal to greater than the threshold values
and sets the component carrier having the best radio link
quality as a new anchor carrier via signaling. The eNB
can accept the request of the UE entirely or send the
control information for adjusting the request to the UE
and thus completes the reconfiguration.

[0029] Meanwhile, if all the component carriers have
the measurement results less than the threshold value
at step 304, the UE determines whether the radio link
quality of the CCC is recovered before a predetermined
time (timer T1) at step 306. As a result of step 306, if the
radio link quality of the CCC is recovered, the UE branch-
es the procedure to step 314.

[0030] If the radio link quality of the CCC is not recov-
ered before the time T1 expires at step 306, the UE
branches the procedure to step 308 to determine the oc-
currence of radio link failure in the CCE and measure the
radio link qualities of the neighbor cells. Next, the UE
attempts connection to the neighbor cell having the great-
est (superior) radio link quality at step 310 and, if the
connection is established successfully before a prede-
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termined timer T2 expires, resets the corresponding
neighbor cell as the anchor carrier while maintaining the
connection state (CONNECTED_STATE) at step 320.
[0031] At this time, the UE requests the eNB to resets
the neighbor cell having the best radio link quality as the
anchor carrier via signaling. The eNB can accept the re-
quest of the UE entirely or send the control information
adjusting the request to the UE and thus completes the
reconfiguration. If the connection to the neighbor cell fails
at step 310, the UE ends the connection with the eNB
and enters the idle state.

[0032] TO,T1,and T2representingtime values are pre-
determined, and the eNB notifies the UE of these values
via signaling or shared as the fixed values between the
UE and the eNB.

[0033] How to determine the radio link quality of the
CCC at step 304 of FIG. 3 is described hereinafter in
more detail with reference to FIG. 4.

[0034] FIG. 4 is a diagram illustrating step 304 for cal-
culating the radio link quality of the CCC in more detail
according to an example of the present invention.
[0035] Defining the function for calculating the radio
link quality of CCC as f(.), the function f(.) calculates the
radio link quality 404 of the CCC with the input values of
radio link qualities 1, 2, ..., k401 of individual component
carriers constituting the CCC and Qout1, Qout2, ...,
Qoutk 403 of individual component carriers. The function
f(.) compares the radio link qualities of the individual com-
ponent carriers with the component carrier-specific
threshold values and, if at least one component carrier
maintains the radio link quality equal to or greater than
the corresponding threshold value before the expiry of
TO, determines that the radio link quality of the CCC is
excellent (or good, used in the same meaning herein)
and, otherwise if all the component carriers maintain the
radio link qualities less than the corresponding threshold
values before the expiry of TO, determines that the radio
link quality of CCC is poor (or bad, used in the same
meaning herein).

[0036] Inthe presentinvention, when atleast one com-
ponent carrier maintains the radio link quality equal to or
greater than the threshold value, it is restricted that the
UE makes a premature determination of radio link failure
due to some component carriers having bad radio link
qualities even though there is the component carrier
maintaining good radio link quality in the CCC, thereby
maintaining the continuity of data transmission and re-
ducing transmission delay caused by unnecessary
neighbor cell connection attempts.

[0037] Here, the threshold values Qout1, Qout2, and
Qoutk 403 defined for individual component carriers cor-
respond to the received signal strengths of RSs repre-
sented by Block Error Rate (BLER) of Physical Downlink
Control Channel (PDCCH) and are determined depend-
ing on the bandwidths of individual component carriers
and the number of transmit antennas.

[0038] Adescriptionis made of the definition of another
operation of function f(.) for calculating the radio link qual-
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ity of the CCC hereinafter with reference to FIG. 5. FIG.
is a diagram illustrating step 304 for calculating the radio
link quality of the CCC in more detail according to another
embodiment of the present invention.

[0039] In FIG. 5, the radio link quality of the CCC is
calculated by applying weights to the component carriers
constituting the CCC according to the importance of the
component carriers. The importance of the component
carrier is determined whether the corresponding compo-
nent carrier is the anchor carrier or carrying the physical
control channel for the UE.

[0040] In FIG. 5, the radio link quality of the CCC is
determined with the additional input values of a1, a2, ...,
ak 504 as compared to FIG 4. a1, a2, ..., ok 504 are the
weights applied to the individual component carriers and
each is setto1 for the anchor carrier and 0 for non-anchor
carrier. In this case, the radio link quality of the CCC can
be calculated directly from the radio link quality of the
anchor carrier. That is, if the radio link quality of the an-
chor carrier to which the weight is applied is worse than
the threshold value Qout of the anchor carrier for the time
duration TO, it is determined that the radio link quality of
the CCE is bad even though there is any component car-
rier having good radio link quality among the rest com-
ponent carriers. This means that the component carriers
having the weight of 0 do not influence the calculation of
radio link quality of the CCC, but the radio link quality of
the component carrier having the weight of 1 is input to
the function f(.) of FIG. to influence the result. The weights
al, a2, ..., ak 504 are notified to the UE by the eNB via
signaling in CCE configuration or reconfiguration proc-
ess.

[0041] However to determine the recovery of the radio
link quality of CCC over a predetermined value before
the expiry of the timer T1 at step 306 of FIG. 3 is described
hereinafter in more detail with reference to fig. 6.
[0042] FIG. 6 is a diagram illustrating step 306 for de-
termining whether the radio link quality of the CCC is
recovered according to an example of the present inven-
tion.

[0043] Here, if the function for determining whether the
radio link quality of the CCE is recovered is defined as
d(.), the function g(.) calculates the radio link quality re-
covery 604 of the CCC with the input values of the radio
link qualities 1, 2, ..., k 601 and the component carriers
threshold values Qin1, Qin2, ..., Qink 603.

[0044] The function g(.) compares the radio link quality
of each of the component carriers with the threshold value
of the corresponding component carrier and, if at least
one of the component carriers maintains the good quality
equal to or greater than the threshold value for the time
duration T1, determines the recovery of the radio link
quality of the CCC and, otherwise if all the component
carrier maintain the bad qualities less than the corre-
sponding threshold values, determines recovery failure
of radio link quality of the CCC.

[0045] Through the above described operations, the
present invention prevent the UE from making a prema-
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ture determination of radio link failure due to some com-
ponent carriers having bad radio link qualities even
though there is the component carrier maintaining good
radio link quality in the CCC, thereby maintaining the con-
tinuity of data transmission and reducing transmission
delay caused by unnecessary neighbor cell connection
attempts.

[0046] The threshold values Qin1, Qin2, ..., Qink 603
defined for individual component carriers correspond to
the received signal strengths of the RSs represented by
Block Error Rate (BLER) of Physical Downlink Control
Channel (PDCCH) and are determined based on the
bandwidths of the component carriers and the number
of transmit antennas.

[0047] Adescriptionis made of the definition of another
operation of function g(.) for determining the radio link
quality recovery of the CCC herein after with reference
to FIG. 7. FIG. 7 is a diagram illustrating step 306 for
determining the radio link quality recovery of the CCC
according to another embodiment of the present inven-
tion.

[0048] In FIG. 7, whether the radio link quality of the
CCE is recovered is calculated with the weight applied
according to the importance of the component carrier in
the CCE. The importance of the component carrier is
determined whether the corresponding component car-
rier is the anchor carrier or carrying the physical control
channel for the UE. In FIG. 7, the radio link quality of the
CCC is determined with the additional input values of 1,
B2, ..., Bk 704 as compared to FIG. 6. 1, B2, ..., Bk 704
are the weights applied to the individual component car-
riers and each is set to 1 for the anchor carrier and 0 for
non-anchor carrier.

[0049] In this case, the radio link quality of the CCC
can be calculated directly from the radio link quality of
the anchor carrier. That is, if the radio link quality of the
anchor carrier to which the weight is applied is worse
than the threshold value Qin of the anchor carrier for the
time duration T1, itis determined that the radio link quality
of the CCE is not recovered even though there is any
component carrier having good radio link quality among
the rest component carriers. This means that the com-
ponent carriers having the weight of 0 do not influence
the calculation of radio link quality recovery of the CCC,
but only the radio link quality of the component carrier
having the weight of 1 is input to the function g(.) of FIG.
6 to influence the result. The weights . g1, B2, ..., pk 704
are notified to the UE by the eNB via signaling in CCE
configuration or reconfiguration process.

[0050] FIG. 8 is a block diagram illustrating a configu-
ration a receiver of the UE for determining radio link fail-
ure according to an embodiment of the present invention.
[0051] The RF/IF receiver 810 configures the band-
width and reception center frequency to receiving the
downlink signal on the CCE set for the UE under the
control of the RF/IF controller 811.

[0052] The FFT 800 performs Fourier Transform on
the received downlink OFDM signal and outputs individ-
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ual subcarrier reception symbols. The reception symbols
are input to the decoder of the corresponding channel by
means of the carrier symbol de-mapper 801.

[0053] The Physical Downlink Shared Channel (PD-
SCH) and Physical Downlink Control Channel (PDCCH)
symbol decoders 802 and 803 performs decoding on the
subcarrier reception symbols of the corresponding chan-
nels to acquire data and control information.

[0054] The RS symbol receiver 804 extracts RS from
the signal received by the UE and use the RS for channel
estimating and compensating on the PDSCH and PD-
CCH and determining whether the radio link failure oc-
curred.

[0055] The radio link failure controller (RLF controller)
805 measures the radio link qualities of the component
carriers based on the RSs of the respective component
carriers and determine the radio link failure based on the
measurement result.

[0056] In more detail, the RLF controller measures the
radio link quality of each component carrier using the RS
on one or more component carriers. According to an em-
bodiment of the present invention, the radio link failure
controller can measure the radio link quality by applying
weight to each component carrier.

[0057] If at least one of the radio link qualities meas-
ured on the component carriers is equal to or greater
than a predetermined threshold value, the RLF controller
determines that the radio link quality of a set of the com-
ponent carriers is good and thus maintains the connec-
tion state with the current eNB.

[0058] In this case, the radio link failure controller
measures the radio link quality of the anchor carrier and,
if the measured radio link quality of the anchor carrier is
equal to or greater than the threshold value of the anchor
carrier, controls to maintains the current anchor carrier.
[0059] However, if the measured radio link quality of
the anchor carrier is less than the threshold value of the
anchor carrier, the radio link failure controller can control
to reconfigure the set of the component carrier with the
component carrier except for the anchor carrier in the
component carrier set. In this case, the radio link failure
controller can select the component carrier having the
best radio link quality as a new anchor carrier.

[0060] Meanwhile, if the radio link qualities of all the
component carriers are less than the threshold values,
the RLF controller determines that the radio link quality
of the component carrier set is bad so as to end the con-
nection state with the current eNB.

[0061] In this case, the radio link failure controller de-
termines whether the radio link quality of the component
carrier set is recovered before the expiry of a predeter-
mined time duration. According to an embodiment of the
presentinvention, the radio link failure controller can de-
termine the radio link quality recovery by applying weight
to each component carrier.

[0062] Ifthe radio link quality is notrecovered to a good
state, the radio link failure controller determines the radio
link failure of the current radio link in the current compo-
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nent carrier set and measures the radio link quality of
neighbor cells. Afterward, the radio link failure controller
can control to attempt connection to the neighbor cell
having the best radio link quality.

[0063] Ifitis failed to connect to the neighbor cells, the
radio link failure controller ends the connection with the
eNB and enters idle state.

[0064] In order to control the operations as above, the
radio link failure controller controls the RF/IF controller
811 to search, when the radio link failure is determined,
for the neighbor cell having the best radio link quality and
controls the transmitter 806 to connect to the neighbor
cell having the best radio link quality. If it is failed to con-
nect to the neighbor cell before the expiry of T2, the radio
link failure controller 805 controls the transmitter 806 to
stop transmission and controls the PDSCH and PDCCH
symbol decoders 802 and 803 to stop the normal data
reception operations and then enter idle state.

[0065] The specification and drawings are to be re-
garded in an illustrative rather than a restrictive sense in
order to help understand the present invention. It is ob-
vious to those skilled in the art that various modifications
and changes can be made thereto without departing from
the broader scope of the invention.

Claims

1. A method for radio link control by a terminal in a
cellular radio communication system supporting car-
rier aggregation, comprising:

measuring (302) radio link qualities of more than
one component carrier among a component car-
riers set;

determining (304) whether at least one of the
measured radio link qualities is equal to or great-
er than a threshold value;

determining, when at least one of the measured
radio link qualities is equal to or greater than the
threshold value and atleast one of the measured
radio link qualities is less than the threshold val-
ue, that the radio link quality of the component
carriers set is good;

maintaining, when the radio link quality of the
component carriers set is good, connection
state with a current base station;

determining, when all of the measured radio link
qualities are less than the threshold value, the
radio link quality of the component carriers set
is bad; and

releasing, when the radio link quality of the com-
ponent carriers set is bad, connection state with
a current base station, characterized in that
the method further comprises applying a weight
to the measured radio link qualities said weight
being determined based on at least one of
whether the component carrier is an anchor car-
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rier or whether the component carrier carries a
physical control channel for the terminal.

2. Themethod of claim 1, wherein maintaining connec-

tion state comprises:

measuring (314) a radio link quality of an anchor
carrier (201);

maintaining (316), when the radio link quality of
the anchor carrier is equal to or greater than a
threshold value of the anchor carrier, the current
anchor carrier; and

reconfiguring (318), when the radio link quality
of the anchor carrier is less than the threshold
value of the anchor carrier, the component car-
riers set with rest component carriers (202)
which are component carriers of the component
carriers set except for the anchor carrier.

The method of claim 2, wherein reconfiguring the
component carriers set further comprises selecting
the component carrier having a best radio link quality
as a new anchor carrier.

The method of claim 1, wherein releasing the con-
nection state comprises:

determining (306) whether the radio link quality
of the component carriers set is recovered be-
fore expiry of a predetermined time;
determining (308), when the radio link quality of
the componentcarriers setis not recovered, that
the radio link failure has occurred in the current
component carriers set;

measuring (308), when the radio link failure has
occurred, radio link qualities of neighbor cells;
and

attempting (310) connection to one of the neigh-
bor cells having best radio link quality.

The method of claim 4, further comprising:

ending, when the connection to the neighbor cell
fails, the connection state with the current base
station; and

entering idle state (312).

The method of claim 1, wherein measuring radio link
qualities comprises applying the weight to each com-
ponent carrier.

The method of claim 4, wherein determining whether
the radio link quality of the component carriers set
is recovered comprises:

applying the weight to each component carrier;
and
determining whether the radio link quality to
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which the weight is applied is recovered.

8. A terminal for radio link control in a cellular radio

communication system supporting carrier aggrega-
tion, comprising:

an reference signal, RS, subcarrier symbol re-
ceiver which receives reference signals for at
least one component carrier of a component car-
riers set; and

a radio link failure controller configured to:

measure radio link qualities of more than
one component carrier among a component
carriers set using the reference signals pro-
vided by the RS subcarrier symbol receiver,
determine, when at least one of the meas-
ured radio link qualities is equal to or greater
than the threshold value and at least one of
the measured radio link qualities is less than
the threshold value, that the radio link qual-
ity of the component carriers set is good,
maintain, when the radio link quality of the
component carriers set is good, connection
state with a current base station,
determine, when all of the measured radio
link qualities are less than the threshold val-
ue, the radio link quality of the component
carriers set is bad, and

release, when the radio link quality of the
component carriers set is bad, connection
state with a current base station, charac-
terized in that the radio link failure control-
ler is further configured to apply a weight to
the measured radio link qualities said
weight being determined based on at least
one of whether the component carrier is an
anchor carrier or whether the component
carrier carries a physical control channel for
the terminal.

9. The terminal of claim 8, wherein the radio link failure

controller is configured to:

measure a radio link quality of an anchor carrier;
maintain, when the radio link quality of the an-
chor carrier is equal to or greater than a thresh-
old value of the anchor carrier, the current an-
chor carrier; and

reconfigure, when the radio link quality of the
anchor carrier is less than the threshold value
of the anchor carrier, the component carriers set
with rest component carriers which are compo-
nent carriers of the component carriers set ex-
cept for the anchor carrier.

10. The terminal of claim 9, wherein the radio link failure

controller is configured to select the component car-
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rier having a best radio link quality as a new anchor
carrier.

The terminal of claim 8, wherein the radio link failure
controller is configured to:

determine whether the radio link quality of the
component carriers set is recovered before ex-
piry of a predetermined time,

determine, when the radio link quality of the
component carriers group is not recovered, that
the radio link failure has occurred in the current
component carriers set,

measure, when the radio link failure has oc-
curred, radio link qualities of neighbor cells, and
attempt connection to one of the neighbor cells
having best radio link quality.

The terminal of claim 8, wherein the radio link failure
controller is configured to apply the weight to each
component carrier.

The terminal of claim 10, wherein the radio link failure
controller is configured to:

apply the weight to each component carrier, and
determine whether the radio link quality to which
the weight is applied is recovered.

Patentanspriiche

1.

Verfahren fiir eine Funkverbindungssteuerung
durch ein Endgeratin einem zelluldren Funkkommu-
nikationssystem, das eine Trageraggregation unter-
stlitzt, umfassend:

Messen (302) der Funkverbindungsqualitdten
von mehr als einem Komponententrager aus ei-
nem Komponententragersatz,

Bestimmen (304), ob wenigstens eine der ge-
messenen Funkverbindungsqualitaten gleich
oder gréRer als ein Schwellwert ist,
Bestimmen, wenn wenigstens eine der gemes-
senen Funkverbindungsqualitédten gleich oder
groRer als der Schwellwert ist und wenigstens
eine der gemessenen Funkverbindungsqualita-
ten kleiner als der Schwellwert ist, dass die
Funkverbindungsqualitdt des Komponententra-
gersatzes gut ist,

Aufrechterhalten, wenn die Funkverbindungs-
qualitdt des Komponententragersatzes gut ist,
des Verbindungszustands mit einer aktuellen
Basisstation,

Bestimmen, wenn alle der gemessenen Funk-
verbindungsqualitaten kleiner als der Schwell-
wert sind, dass die Funkverbindungsqualitdtdes
Komponententragersatzes schlecht ist, und
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Aufgeben, wenn die Funkverbindungsqualitat
des Komponententragersatzes schlecht ist, des
Verbindungszustands mit einer aktuellen Basis-
station,

dadurch gekennzeichnet, dass das Verfahren
weiterhin das Anwenden einer Gewichtung auf
die gemessenen Funkverbindungsqualitaten
umfasst, wobei die Gewichtung basierend we-
nigstens darauf bestimmt wird, ob der Kompo-
nententréager ein Ankertrager ist oder ob der
Komponententrager einen physikalischen Steu-
erkanal fur das Endgerat tragt.

2. Verfahren nach Anspruch 1, wobei das Aufrechter-

halten des Verbindungszustands umfasst:

Messen (314) der Funkverbindungsqualitat ei-
nes Ankertragers (201),

Aufrechterhalten (316), wenn die Funkverbin-
dungsqualitat des Ankertragers gleich oder gro-
Rerals ein Schwellwert des Ankertrégers ist, des
aktuellen Ankertragers, und

Neukonfigurieren (318), wenn die Funkverbin-
dungsqualitat des Ankertragers kleiner als der
Schwellwert des Ankertragers ist, des Kompo-
nententréagersatzes mit restlichen Komponen-
tentrdgern (202), die Komponententrager des
Komponententragersatzes mit Ausnahme des
Ankertragers sind.

3. Verfahren nach Anspruch 2, wobei das Neukonfigu-

rieren des Komponententragersatzes weiterhin das
Auswahlen des Komponententragers mit der besten
Funkverbindungsqualitat als einen neuen Ankertra-
ger umfasst.

Verfahren nach Anspruch 1, wobei das Aufgeben
des Verbindungszustands umfasst:

Bestimmen (306), ob die Funkverbindungsqua-
litdt des Komponententragersatzes vor Ablauf
einer vorbestimmten Zeit wiederhergestellt
wird,

Bestimmen (308), wenn die Funkverbindungs-
qualitdt des Komponententragersatzes nicht
wiederhergestellt wird, dass ein Funkverbin-
dungsfehler in dem aktuellen Komponententra-
gersatz aufgetreten ist,

Messen (308), wenn der Funkverbindungsfeh-
ler aufgetreten ist, der Funkverbindungsqualita-
ten von benachbarten Zellen, und

Versuchen (310) einer Verbindung zu einer der
benachbarten Zellen mitder besten Funkverbin-
dungsqualitat.

5. Verfahren nach Anspruch 4, das weiterhin umfasst:

Beenden, wenn die Verbindung zu der benach-
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barten Zelle fehlschlagt, des Verbindungszu-
stands mit der aktuellen Basisstation, und
Eintreten in einen Ruhezustand (312).

Verfahren nach Anspruch 1, wobei das Messen der
Funkverbindungsqualitdten das Anwenden der Ge-
wichtung auf jeden Komponententrdger umfasst.

Verfahren nach Anspruch 4, wobei das Bestimmen,
ob die Funkverbindungsqualitat des Komponenten-
tragersatzes wiederhergestellt wird, umfasst:

Anwenden der Gewichtung auf jeden Kompo-
nententrager, und

Bestimmen, ob die Funkverbindungsqualitat,
auf die die Gewichtung angewendet wird, wie-
derhergestellt wird.

Endgeréat fir eine Funkverbindungssteuerung in ei-
nem zelluldren Funkkommunikationssystem, das ei-
ne Trageraggregation unterstitzt, umfassend:

einen Referenzsignal (RS)-Subtrédger-Symbol-
empfanger, der Referenzsignale fiir wenigstens
einen Komponententrager eines Komponenten-
tragersatzes empfangt, und

eine Funkverbindungsfehler-Steuereinrichtung,
die konfiguriert ist zum:

Messen der Funkverbindungsqualitdten
von mehr als einem Komponententrager
aus einem Komponententragersatz unter
Verwendung der durch den RS-Subtrager-
Symbolempfanger vorgesehenen Refe-
renzsignale,

Bestimmen, wenn wenigstens eine der ge-
messenen Funkverbindungsqualitaten
gleich oder groRer als der Schwellwert ist
und wenigstens eine der gemessenen
Funkverbindungsqualitaten kleiner als der
Schwellwert ist, dass die Funkverbindungs-
qualitdt des Komponententragersatzes gut
ist,

Aufrechterhalten, wenn die Funkverbin-
dungsqualitat des Komponententragersat-
zes gut ist, des Verbindungszustands mit
einer aktuellen Basisstation,

Bestimmen, wenn alle der gemessenen
Funkverbindungsqualitaten kleiner als der
Schwellwert sind, dass die Funkverbin-
dungsqualitat des Komponententragersat-
zes schlecht ist, und

Aufgeben, wenn die Funkverbindungsqua-
litat des Komponententragersatzes
schlecht ist, des Verbindungszustands mit
einer aktuellen Basisstation,

dadurch gekennzeichnet, dass die Funk-
verbindungsfehler-Steuereinrichtung wei-
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9.

terhin konfiguriert ist zum Anwenden einer
Gewichtung auf die gemessenen Funkver-
bindungsqualitaten, wobei die Gewichtung
basierend wenigstens darauf bestimmt
wird, ob der Komponententrager ein Anker-
trager ist oder ob der Komponententrager
einen physikalischen Steuerkanal fur den
Anschluss tragt.

Endgerat nach Anspruch 8, wobei die Funkverbin-
dungsfehler-Steuereinrichtung konfiguriert ist zum:

Messen einer Funkverbindungsqualitét eines
Ankertragers,

Aufrechterhalten, wenn die Funkverbindungs-
qualitat des Ankertragers gleich oder grof3er als
ein Schwellwert des Ankertragers ist, des aktu-
ellen Ankertragers, und Neukonfigurieren, wenn
die Funkverbindungsqualitdt des Ankertragers
kleiner als der Schwellwert des Ankertragers ist,
des Komponententragersatzes mit restlichen
Komponententrdgern, die Komponententrager
des Komponententragersatzes mit Ausnahme
des Ankertragers sind.

10. Endgerat nach Anspruch 9, wobei die Funkverbin-

1.

dungsfehler-Steuereinrichtung konfiguriert ist zum
Auswahlen des Komponententragers mit der besten
Funkverbindungsqualitat als einen neuen Ankertra-
ger.

Endgerat nach Anspruch 8, wobei die Funkverbin-
dungsfehler-Steuereinrichtung konfiguriert ist zum:

Bestimmen, ob die Funkverbindungsqualitat
des Komponententragersatzes vor Ablauf einer
vorbestimmten Zeit wiederhergestellt wird,
Bestimmen, wenn die Funkverbindungsqualitat
des Komponententragersatzes nicht wiederher-
gestelltwird, dass ein Funkverbindungsfehler in
dem aktuellen Komponententragersatz aufge-
treten ist,

Messen, wenn der Funkverbindungsfehler auf-
getretenist, der Funkverbindungsqualitaten von
benachbarten Zellen, und

Versuchen einer Verbindung zu einer der be-
nachbarten Zellen mit der besten Funkverbin-
dungsqualitat.

12. Endgerat nach Anspruch 8, wobei die Funkverbin-

dungsfehler-Steuereinrichtung konfiguriert ist zum
Anwenden der Gewichtung aufjeden Komponenten-
trager.

13. Endgerat nach Anspruch 10, wobei die Funkverbin-

dungsfehler-Steuereinrichtung konfiguriert ist zum:

Anwenden der Gewichtung auf jeden Kompo-
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nententrager, und

Bestimmen, ob die Funkverbindungsqualitat,
auf die die Gewichtung angewendet wird, wie-
derhergestellt wird.

Revendications

Procédé pour un contréle de liaison radio par un ter-
minal dans un systéme de radiocommunication cel-
lulaire prenant en charge une agrégation de porteu-
ses, comprenant les étapes suivantes :

mesurer (302) des qualités de liaison radio de
plusieurs porteuses composantes parmi un en-
semble de porteuses composantes ;
déterminer (304) si au moins une des qualités
de liaison radio mesurées est égale ou supé-
rieure a une valeur de seuil ;

déterminer, lorsqu’au moins une des qualités de
liaison radio mesurées est égale ou supérieure
ala valeur de seuil et qu’au moins une des qua-
lités de liaison radio mesurées est inférieure a
la valeur de seuil, que la qualité de liaison radio
de I'ensemble de porteuses composantes est
bonne ;

maintenir, lorsque la qualité de liaison radio de
'ensemble de porteuses composantes est bon-
ne, un état de connexion avec une station de
base courante ;

déterminer, lorsque toutes les qualités de liaison
radio mesurées sont inférieures a la valeur de
seuil, que la qualité de liaison radio de 'ensem-
ble de porteuses composantes est mauvaise ; et
libérer, lorsque la qualité de liaison radio de I'en-
semble de porteuses composantes est mauvai-
se, un état de connexion avec une station de
base courante,

caractérisé en ce que le procédé comprend en
outre : appliquer une pondération aux qualités
de liaison radio mesurées, ladite pondération
étant déterminée sur la base d’au moins un élé-
ment parmi le fait que la porteuse composante
est un porteuse d’ancrage ou non, ou le fait que
la porteuse composante porte un canal de con-
tréle physique pour le terminal ou pas.

2. Procédéselonlarevendication 1,danslequel I'étape

consistant a maintenir un état de connexion
comprend :

mesurer (314) une qualité de liaison radio d’'une
porteuse d’ancrage (201) ;

maintenir (316), lorsque la qualité de liaison ra-
dio de la porteuse d’ancrage est égale ou supé-
rieure a une valeur de seuil de la porteuse d’an-
crage, la porteuse d’ancrage courante ; et
reconfigurer (318), lorsque la qualité de liaison
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radio de la porteuse d’ancrage est inférieure a
la valeur de seuil de la porteuse d’ancrage, I'en-
semble de porteuses composantes avec des
porteuses composantes restantes (202) qui
sont des porteuses composantes de I'ensemble
de porteuses composantes a I'exception de la
porteuse d’ancrage.

Procédé selon larevendication 2, dans lequel I'étape
consistant a reconfigurer 'ensemble de porteuses
composantes comprend en outre : sélectionner la
porteuse composante ayantune meilleure qualité de
liaison radio comme une nouvelle porteuse d’ancra-

ge.

Procédé selon larevendication 1, dans lequel I'étape
consistant a libérer I'état de connexion comprend :

déterminer (306) si la qualité de liaison radio de
I'ensemble de porteuses composantes est ré-
cupérée avant [lexpiration d'un temps
prédéterminé ;

déterminer (308), lorsque la qualité de liaison
radio de 'ensemble de porteuses composantes
n’est pasrécupérée, que ladéfaillance de liaison
radio a eu lieu dans I'ensemble de porteuses
composantes courant ;

mesurer (308), lorsque la défaillance de liaison
radio a eu lieu, des qualités de liaison radio de
cellules voisines ; et

tenter (310) une connexion avec une des cellu-
les voisines ayant une meilleure qualité de
liaison radio.

5. Procédé selon la revendication 4, comprenant en

outre :

terminer, lorsque la connexion avec la cellule
voisine est défaillante, I'état de connexion avec
la station de base courante ; et

entrer dans un état inactif (312).

Procédé selon larevendication 1, dans lequel I'étape
consistant a mesurer des qualités de liaison radio
comprend : appliquer la pondération a chaque por-
teuse composante.

Procédé selon larevendication 4, dans lequel I'étape
consistant a déterminer si la qualité de liaison radio
de 'ensemble de porteuses composantes est récu-
pérée comprend :

appliquer la pondération a chaque porteuse
composante ; et

déterminer sila qualité de liaison radio a laquelle
la pondération est appliquée est récupérée.

Terminal pour un contréle de liaison radio dans un
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systéme de radiocommunication cellulaire prenant
en charge une agrégation de porteuses,
comprenant :

un récepteur de symbole de sous-porteuse de
signal de référence, RS, qui regoit des signaux
de référence pour au moins une porteuse com-
posante dun ensemble de porteuses
composantes ; et

un contréleur de défaillance de liaison radio con-
figuré pour :

mesurer des qualités de liaison radio de plu-
sieurs porteuses composantes parmiun en-
semble de porteuses composantes en uti-
lisant les signaux de référence fournis par
le récepteur de symbole de sous-porteuse
RS,

déterminer, lorsqu’au moins une des quali-
tés de liaison radio mesurées est égale ou
supérieure a la valeur de seuil et quau
moins une des qualités de liaison radio me-
surées est inférieure a la valeur de seuil,
que la qualité de liaison radio de 'ensemble
de porteuses composantes est bonne,
maintenir, lorsque la qualité de liaison radio
de 'ensemble de porteuses composantes
est bonne, un état de connexion avec une
station de base courante,

déterminer, lorsque toutes les qualités de
liaison radio mesurées sont inférieures a la
valeur de seuil, que la qualité de liaison ra-
dio de 'ensemble de porteuses composan-
tes est mauvaise, et

libérer, lorsque la qualité de liaison radio de
'ensemble de porteuses composantes est
mauvaise, un état de connexion avec une
station de base courante,

caractérisé en ce que le contréleur de dé-
faillance de liaison radio est en outre confi-
guré pour : appliquer une pondération aux
qualités de liaison radio mesurées, ladite
pondération étant déterminée sur la base
d’au moins un élément parmi le fait que la
porteuse composante est une porteuse
d’ancrage ou non, ou le fait que la porteuse
composante porte un canal de contréle phy-
sique pour le terminal ou pas.

9. Terminalselonlarevendication 8, danslequelle con-

tréleur de défaillance de liaison radio est configuré
pour :

mesurer une qualité de liaison radio d’'une por-
teuse d’ancrage ;

maintenir, lorsque la qualité de liaison radio de
la porteuse d’ancrage est égale ou supérieure
a une valeur de seuil de la porteuse d’ancrage,
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la porteuse d’ancrage courante ; et
reconfigurer, lorsque la qualité de liaison radio
de la porteuse d’ancrage est inférieure a la va-
leur de seuil de la porteuse d’ancrage, 'ensem-
ble de porteuses composantes avec des porteu-
ses composantes restantes qui sont des porteu-
ses composantes de I'ensemble de porteuses
composantes a I'exception de la porteuse d’an-
crage.

Terminal selonlarevendication 9, danslequelle con-
tréleur de défaillance de liaison radio est configuré
pour sélectionner la porteuse composante ayantune
meilleure qualité de liaison radio comme une nou-
velle porteuse d’ancrage.

Terminalselonlarevendication 8, danslequelle con-
tréleur de défaillance de liaison radio est configuré
pour :

déterminer si la qualité de liaison radio de I'en-
semble de porteuses composantes est récupé-
rée avant I'expiration d’'un temps prédéterminé,
déterminer, lorsque la qualité de liaison radio du
groupe de porteuses composantes n’est pas ré-
cupérée, que la défaillance de liaison radio a eu
lieudansI’'ensemble de porteuses composantes
courant,

mesurer, lorsque la défaillance de liaison radio
aeulieu, des qualités de liaison radio de cellules
voisines, et

tenter une connexion avec une des cellules voi-
sines ayant une meilleure qualité de liaison ra-
dio.

Terminal selonlarevendication 8, danslequelle con-
tréleur de défaillance de liaison radio est configuré
pour appliquer la pondération a chaque porteuse
composante.

Terminal selon la revendication 10, dans lequel le
controleur de défaillance de liaison radio est confi-
guré pour :

appliquer la pondération a chaque porteuse
composante, et

déterminer sila qualité de liaison radio a laquelle
la pondération est appliquée est récupérée.



ainiie} Hul oipel

(GOL) (yol) [E01) t41]8] (1oLl

| | | | |

] | ] | ]

ey 30wy ) [221) 03LDINNDD 9HH )
i) 2L o [801)

[911) o

Z1 U1 pa1an0aai Jou |1 U paJaR03al Jou ~ tiohiubagal T
31818 3Ip! 0} LopISURL) AyenD yuyl ojpel fa1iend yuij oipes Em_mmw_%ﬁw%% BULOL

EP 2 393 218 B1

I OId

12



EP 2 393 218 B1

FIG. 2

(205)

other carriers [203)

\

(204)

agaregated carriers (202

anchor carrier (201)

\

7

13



EP 2 393 218 B1

pug

4

91e1S Pajosuuod Uieluiew
‘1allied Joyoue uieluiew

—
g1€

A *
31818 PalJauu0d Ujeluiel
‘1911182 J0yDUe SB 91818 9ipi 0} UORISUBN
1189 Jogqublau BUIpu0dsa.lio) 188
~ ) ~
0ze FA RS
¢z1 10 Andxa 810490
SaA 1199 JoguBiau 0} 198UL0Y
91B1S Pa19aLILO0D LiRLIEW ole
10ne6aIB6R J3111e) 3IN6YU0JA.
— \ 8|32 JoqubIau Jo Ajjend yull oipel
9INSeall ‘9JnjIe) YuI| OIpe! UILLIZISP
g1e
oN ~
80g
¢11 Ul PAJaR02al
o1 s/ Ajend yui oipel
$94 90€

1

¢peq st 1aiied

Joyaue Jo Ayend yuij oipel

1€

¢ OId

SaA

¢PI0ySa.u) uB) 131836 10 0} [enD
81 I811JeJ Juauodwod auo 1sesy 1e J0
1nsal juaiainses

v0€

$ia11ied pajebaibibe

J0 Saililend yui oipel ainsesw
N

,
(s ) &

14



EP 2 393 218 B1

FIG. 4
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FIG. 6
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