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(57) ABSTRACT 

While a mobile station apparatus is receiving a plurality of 
frequency bands, effective determinations of wireless link 
synchronization can be achieved. The mobile station appara 
tus measures the reception qualities of a plurality of different 
downlink frequency band signals (DL CC1, DL CC2) trans 
mitted by one or more base station apparatuses and by the 
foregoing base station apparatuses. If all of the measured 
reception qualities are below a threshold value (Qout) 
(threshold value for determining downlink synchroniza 
tions), the mobile station apparatus determines that a down 
link synchronization error has occurred, and then causes the 
downlink synchronization state to transition to an error detec 
tion part. If the mobile station apparatus Successively detects 
the downlink synchronization error a predetermined number 
of times, then the mobile station apparatus causes the down 
link synchronization state to transition to a synchronization 
protection part and simultaneously starts a downlink synchro 
nization protection timer. If no downlink synchronization has 
been recovered by the expiration of the downlink synchroni 
Zation protection timer, the mobile station apparatus deter 
mines that an out-of-downlink-synchronization has occurred, 
and then releases individually designated radio resources and 
thereafter starts a cell reselection. 
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MOBILE STATION APPARATUS, BASE 
STATION APPARATUS, AND RADIO LINK 
SYNCHRONIZATION DETERMINING 

METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a mobile station 
apparatus, a base station apparatus, and a radio link synchro 
nization determining method, and, more particularly, to a 
radio link synchronization determining method when a plu 
rality of frequency bands are received at the same time. 

BACKGROUND ART 

0002 The standard-setting organization 3GPP (3rd Gen 
eration Partnership Project) is discussing Evolved Universal 
Terrestrial Radio Access (hereinafter, EUTRA) evolved from 
the third generation mobile communication method and an 
advanced version thereof, i.e., Advanced EUTRA (also 
referred to as LTE-Advanced) (Nonpatent Document 1). 
0003. In Advanced EUTRA, carrier aggregation is pro 
posed as a technique enabling higher-speed data transmission 
while maintaining the compatibility with EUTRA (e.g., Non 
patent Documents 2 and 3). The carrier aggregation is a 
technique for improving a data rate by preparing a receiving 
apparatus that includes one receiver having a reception band 
width exceeding a maximum transmission bandwidth of a 
transmitting apparatus or a plurality of receivers having a 
reception bandwidth equal to the maximum transmission 
bandwidth of the transmitting apparatus or exceeding the 
transmission bandwidth and by receiving the data of the trans 
mitting apparatus transmitted from a plurality of different 
frequency bands (carrier frequencies) with the respective 
receivers corresponding to the different frequency bands in 
the receiving apparatus. Hereinafter, a receiving apparatus 
and a transmitting apparatus in downlink transmission will be 
referred to as a mobile station apparatus and a base station 
apparatus, respectively, and a receiving apparatus and a trans 
mitting apparatus in uplink transmission will be referred to as 
a base station apparatus and a mobile station apparatus, 
respectively; however, the applicable range of the present 
invention is not necessarily limited to these apparatuses. 
0004. A mobile station apparatus of EUTRA determines 
whether a currently communicating base station apparatus is 
appropriate as a communication destination by detecting a 
radio link problem in a higher layer (Nonpatent Document 4, 
Section 5.3.11). The radio link problem is a problem gener 
ated in a lower layer (a physical layer problem in a physical 
layer or a random access problem in a data link layer). The 
physical layer problem is detected in the physical layer by 
comparing reception quality of a transmission signal from the 
base station apparatus with a threshold value. A random 
access problem is detected by MAC (medium access control) 
of the data link layer if the number of preamble transmissions 
reaches the maximum number of transmissions. 

PRIOR ART DOCUMENTS 

Nonpatent Document 

0005. Nonpatent Document 1:3GPP TR36.913, Require 
ments for Further Advancements for E-UTRA. V8.0.0 
http://www.3gpp.org/ftp/Specs/html-info/36913.htm 
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0006 Nonpatent Document 2: Motorola, R1-083821, 
3GPP TSG-RAN1 Meeting #54bis, Prague, Czech Repub 
lic, Sep. 29-Oct. 3, 2008 

0007. Nonpatent Document 3: NTT DoCoMo, 
R1-083677, 3GPP TSG-RAN WG1 Meeting #54bis, Pra 
gue, Czech Republic, Sep. 29-Oct. 3, 2008 

0008. Nonpatent Document 4: 3GPP TS36.331, Radio 
Resource Control (RRC); Protocol specification. V8.4.0 
http://www.3gpp.org/ftp/Specs/html-info/36331.htm 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0009. Although the radio link problem must be detected 
even in a mobile station apparatus in the carrier aggregation in 
terms of utilization efficiency of radio resources, the physical 
layer problem and the random access problem of a mobile 
station apparatus of Advanced EUTRA (hereinafter, simply, a 
mobile station apparatus) has not been discussed so far. In the 
present invention, a solution for a problem of a conventional 
method related to the physical layer problem will particularly 
be described. 
0010 With regard to a mobile station apparatus perform 
ing communication in a plurality of frequency bands (also 
referred to as component carriers (carrier elements)) through 
the carrier aggregation, Nonpatent Documents 1 to 4 disclose 
nothing about which component carrier is preferred for mak 
ing a radio link synchronization determination for detecting a 
physical layer problem based on reception quality of a cell 
allocated on a component carrier (hereinafter, component 
carrier, for short). For example, when the reception quality of 
a certain component carrier severely deteriorates and the 
reception quality of a separately received component carrier 
is sufficiently favorable, it is problematic that a downlink 
synchronization state cannot correctly be managed since Such 
a reception quality state is not assumed in the radio link 
synchronization determination which is the same as that of 
mobile station apparatuses of EUTRA. 
0011. The present invention was conceived in view of the 
situations and it is therefore an object of the present invention 
to provide a mobile station apparatus, abase station apparatus, 
a program, and a recording medium capable of implementing 
efficient radio link synchronization determination while a 
mobile station apparatus is receiving a plurality of frequency 
bands. 

Means for Solving the Problem 
0012. A mobile station apparatus of the present invention 
has a function of measuring each reception quality of a plu 
rality of component carriers during carrier aggregation to 
execute radio link synchronization determination based on a 
measurement result. 
0013. A first technical means according to the present 
invention is a mobile station apparatus communicating with 
base station apparatuses, comprising: a determining section 
that measures reception qualities of cells of frequency bands 
of a plurality of downlinks having different frequencies 
which are connected to the base station apparatuses, the deter 
mining section detecting a downlink synchronization error or 
a downlink synchronization recovery used for determination 
of a downlink synchronization state for each cell of downlink 
frequency bands by comparing the reception qualities of the 
cells of the plurality of downlink frequency bands with a 
downlink synchronization error determining threshold value 
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and a downlink synchronization recovery determining 
threshold value for each cell of down link frequency bands, 
the determining section starting timing of a timer of each cell 
of downlink frequency band if the downlink synchronization 
error is consecutively detected for a certain number of times, 
the determining section determining the downlink synchro 
nization State as a downlink synchronization loss of each cell 
of downlink frequency bands when the timer of each cell of 
downlink frequency bands is expired, the determining section 
determining the downlink synchronization state as a down 
link synchronization loss to release a radio resource and start 
reconnection when the timers are expired in all the measured 
downlink frequency bands, the determining section stopping 
the timing of the timer of each cell of the downlink frequency 
bands to determine the downlink synchronization state as 
downlink synchronization of each cell of downlink frequency 
bands if the downlink synchronization recovery of each cell 
of the downlink frequency bands is consecutively detected for 
a certain number of times during the timing of the timer of 
each cell of the downlink frequency bands. 
0014. A second technical means is a mobile station appa 
ratus communicating with base station apparatuses, wherein 
the mobile station apparatus measures reception qualities of 
cells of frequency bands of a plurality of downlink having 
different frequencies which are connected to the base station 
apparatuses, detects a first determination information indicat 
ing quality deterioration of a downlink that is used for deter 
mining a state of radio link of the mobile station apparatus or 
a second information indicating recovery of quality of the 
downlink for each cell from the reception qualities based on 
reception quality of each cell designated by the base station 
apparatus, when a timer that starts timing for the each cell if 
the first determination information is detected consecutively 
for a certain number of times is expired, the mobile station 
apparatus determines that a downlink corresponding to the 
cell is out of synchronization and stops a transmission of an 
uplink of the cell if the state of radio link of the mobile station 
apparatus is not determined as loss of synchronization, and 
starts reconnection procedure by releasing radio resources of 
the cell if the state of radio link of the mobile station apparatus 
is determined as loss of synchronization. 
0015. A third technical means is a mobile station appara 
tus communicating with base station apparatuses, wherein 
the mobile station apparatus measures reception qualities of 
cells of frequency bands of a plurality of downlinks having 
different frequencies which are connected to the base station 
apparatuses, detects a first determination information indicat 
ing quality deterioration of a downlink that is used for deter 
mining a state of radio link of the mobile station apparatus or 
a second information indicating recovery of quality of the 
downlink for each cell from the reception qualities based on 
reception quality of each cell designated by the base station 
apparatus, when a timer that starts timing for the each cell if 
the first determination information is detected consecutively 
for a certain number of times is expired, the mobile station 
apparatus stops a transmission of an uplink of the cell if the 
state of radio link of the mobile station apparatus is not 
determined as loss of synchronization, and restarts a trans 
mission of an uplink of the cell if the second determination 
information is detected consecutively for a certain number of 
times. 

0016 A fourth technical means is a base station apparatus 
connected to the mobile station apparatus of any one of the 
first to third technical means, wherein the base station appa 
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ratus determines interrupted data destined for the mobile 
station apparatus based on a cell ID and a mobile station 
apparatus ID provided from the mobile station apparatus to 
resume transmission of the data when performing reconnec 
tion procedure. 
0017. A fifth technical means is a radio link synchroniza 
tion determining method in a mobile station apparatus com 
municating with base station apparatuses, comprising: a step 
of measuring reception qualities of cells of frequency bands 
of a plurality of downlinks having different frequencies 
which are connected to the base station apparatuses, a step of 
detecting a downlink synchronization error or a downlink 
synchronization recovery used for determination of a down 
link synchronization state for each cell of downlink frequency 
bands by comparing the reception qualities of the cells of the 
plurality of downlink frequency bands with a downlink syn 
chronization error determining threshold value and a down 
link synchronization recovery determining threshold value 
for each cell of downlink frequency bands, a step of starting 
timing of a timer of each cell of downlink frequency band if 
the downlink synchronization error is consecutively detected 
for a certain number of times, determining the downlink 
synchronization state as a downlink synchronization loss of 
each cell of downlink frequency bands when the timer of each 
cell of downlink frequency bands is expired, and determining 
the downlink synchronization state as a downlink synchroni 
Zation loss to release a radio resource and start reconnection 
when the timers are expired in cells of all the measured 
downlink frequency bands, and a determining step of stop 
ping the timing of the timer of each cell of downlink fre 
quency bands to determine the downlink synchronization 
state as downlink synchronization of each cell of downlink 
frequency bands if the downlink synchronization recovery of 
each cell of the downlink frequency bands is consecutively 
detected for a certain number of times during the timing of the 
timer of each cell of downlink frequency bands. 
0018. A sixth technical means is a radio link synchroniza 
tion determining method in a mobile station apparatus com 
municating with base station apparatuses, comprising: a step 
of measuring reception qualities of cells of frequency bands 
of a plurality of downlink having different frequencies which 
are connected to the base station apparatuses, a step of detect 
ing a first determination information indicating quality dete 
rioration of a downlink that is used for determining a state of 
radio link of the mobile station apparatus or a second infor 
mation indicating recovery of quality of the downlink for 
each cell from the reception qualities based on reception 
quality of each cell designated by the base station apparatus, 
when a timer that starts timing for the each cell if the first 
determination information is detected consecutively for a 
certain number of times is expired, a step of determining that 
a downlink corresponding to the cell is out of synchronization 
and stopping a transmission of an uplink of the cell if the state 
of radio link of the mobile station apparatus is not determined 
as loss of synchronization and detecting the first determina 
tion information or the second determination information for 
each cell based on respective reception qualities of other cells, 
and a step of starting reconnection procedure by releasing 
radio resources of the cell if the state of radio link of the 
mobile station apparatus is determined as loss of synchroni 
Zation. 

0019. A seventh technical means is a radio link synchro 
nization determining method in a mobile station apparatus 
communicating with base station apparatuses, comprising: a 
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step of measuring reception qualities of cells of frequency 
bands of a plurality of downlink having different frequencies 
which are connected to the base station apparatuses, a step of 
detecting a first determination information indicating quality 
deterioration of a downlink that is used for determining a state 
of radio link of the mobile station apparatus or a second 
information indicating recovery of quality of the downlink for 
each cell from the reception qualities based on reception 
quality of each cell designated by the base station apparatus, 
when a timer that starts timing for the each cell if the first 
determination information is detected consecutively for a 
certain number of times is expired, a step of stopping a trans 
mission of an uplink of the cell if the state of radio link of the 
mobile station apparatus is not determined as loss of synchro 
nization, and a step of restarting a transmission of an uplink of 
the cell if the second determination information is detected 
consecutively for a certain number of times. 

Effect of the Invention 

0020. The present invention enables provision of a mobile 
Station apparatus, a base station apparatus, a program, and a 
recording medium capable of implementing efficient radio 
link synchronization determination while receiving a plural 
ity of frequency bands. 

BRIEF DESCRIPTION OF DRAWINGS 

0021 FIG. 1 is a diagram of an example of a network 
configuration of the present invention. 
0022 FIG. 2 is a diagram of correspondence relation 
between downlink component carriers and uplink component 
carriers of the present invention. 
0023 FIG. 3 is a flowchart of downlink synchronization 
state determination of a mobile station apparatus of the 
present invention. 
0024 FIG. 4 is another flowchart of downlink synchroni 
Zation recovery determination of a mobile station apparatus 
of the present invention. 
0025 FIG. 5 is a block diagram of an example of a base 
station apparatus according to the present invention. 
0026 FIG. 6 is a block diagram of an example of a mobile 
station apparatus according to the present invention. 
0027 FIG. 7 is a diagram of a method of determining a 
downlink synchronization error and a method of managing a 
downlink synchronization state according to a first embodi 
ment of the present invention. 
0028 FIG. 8 is another diagram of the method of deter 
mining a downlink synchronization error and the method of 
managing a downlink synchronization state according to the 
first embodiment of the present invention. 
0029 FIG. 9 is a further diagram of the method of deter 
mining a downlink synchronization error and the method of 
managing a downlink synchronization state according to the 
first embodiment of the present invention. 
0030 FIG. 10 is a diagram of a method of determining a 
downlink synchronization error and a method of managing a 
downlink synchronization state according to a second 
embodiment of the present invention. 
0031 FIG. 11 is a diagram of a method of determining a 
downlink synchronization error and a method of managing a 
downlink synchronization state according to a third embodi 
ment of the present invention. 
0032 FIG. 12 is a diagram of a method of determining a 
downlink synchronization recovery and a method of manag 
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ing a downlink synchronization state according to a fourth 
embodiment of the present invention. 
0033 FIG. 13 is another diagram of the method of deter 
mining a downlink synchronization recovery and the method 
of managing a downlink synchronization state according to 
the fourth embodiment of the present invention. 
0034 FIG. 14 is a further diagram of the method of deter 
mining a downlink synchronization recovery and the method 
of managing a downlink synchronization state according to 
the fourth embodiment of the present invention. 
0035 FIG. 15 is a diagram of a method of determining a 
downlink synchronization recovery and a method of manag 
ing a downlink synchronization state according to a fifth 
embodiment of the present invention. 
0036 FIG. 16 is a diagram of a method of determining a 
downlink synchronization recovery and a method of manag 
ing a downlink synchronization state according to a sixth 
embodiment of the present invention. 
0037 FIG. 17 is a diagram for explaining a conventional 
radio link synchronization determining procedure. 
0038 FIG. 18 is another diagram for explaining the con 
ventional radio link synchronization determining procedure. 
0039 FIG. 19 is a diagram for explaining increase and 
decrease of reception frequency bands using carrier aggrega 
tion. 

MODES FOR CARRYING OUT THE INVENTION 

0040 Radio link synchronization determination, carrier 
aggregation, and physical channels of embodiments of the 
present invention will be described. 

(1) Radio Link Synchronization Determination (Radio Link 
Monitoring) 

0041 FIGS. 17 and 18 depict an example of a convention 
ally used radio link synchronization determination proce 
dure. A mobile station apparatus manages a downlink syn 
chronization state by comparing quality of any one of 
received downlink channels with a threshold value. 
0042 FIG. 17 depicts an example of a transition of a 
downlink synchronization state of a mobile station apparatus 
in the case of making a transition to the idle state (the State of 
a mobile station apparatus not wirelessly connected to a base 
station apparatus) when neither recovery of downlink syn 
chronization nor reconnection can be achieved after a down 
link synchronization error of a downlink channel is detected. 
If a downlink synchronization error due to quality deteriora 
tion is detected in a downlink channel, the mobile station 
apparatus makes a transition of the downlink synchronization 
state from a synchronization part to an error detection part to 
determine whether the downlink synchronization error is 
temporal. 
0043. If the downlink synchronization error is continu 
ously detected in the error detection part and the downlink 
synchronization error is consecutively detected for a certain 
number of times, the mobile station apparatus determines that 
a radio link problem (physical layer problem) occurs, Subse 
quently makes a state transition of the downlink synchroni 
Zation state to a synchronization protection part for attempt 
ing recovery of synchronization, and activates a 
synchronization protection timer to time the synchronization 
protection part at the same time. 
0044) If the quality of the downlink channel does not 
recover even when the synchronization protection timer is 
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expired, the mobile station apparatus determines that a down 
link synchronization loss occurs, makes a transition of the 
state to a reconnection part for attempting reconnection, and 
activates a reconnection timer to time the reconnection part at 
the same time. In the reconnection part, the mobile station 
apparatus repeatedly performs a cell reselection procedure 
for selecting a cell having favorable quality. After selecting a 
favorable cell according to the cell reselection procedure, the 
mobile station apparatus initiates a random access procedure 
and makes a reconnection request to the favorable cell. If 
permission for the reconnection request is not given from the 
base station apparatus until the timing of the reconnection 
timer is expired, the mobile station apparatus determines that 
the reconnection is failed, releases radio resources, and makes 
a transition to an idle state part where the mobile station 
apparatus is not wirelessly connected to the base station appa 
ratuS. 

0045 FIG. 18 depicts a transition of a downlink synchro 
nization state of a mobile station apparatus when the down 
link synchronization recovers before a downlink synchroni 
Zation loss occurs after a downlink synchronization error of a 
downlink channel is detected. This is the same as that shown 
in FIG. 17 before the transition of the downlink synchroniza 
tion state is made to the synchronization protection part. 
0046. If the quality of the downlink channel recovers 
before the synchronization protection timer is expired, the 
mobile station apparatus makes a transition of the downlink 
synchronization state to a synchronization recovery part for 
waiting for recovery of synchronization. If favorable quality 
is consecutively acquired for a certain number of times after 
the transition to the synchronization recovery part, the mobile 
station apparatus determines that the downlink synchroniza 
tion has recovered, makes a transition of the State to the 
synchronization part, and stops the synchronization protec 
tion timer. 

(2) Carrier Aggregation 
0047 FIG. 19 is a diagram of an example of carrier aggre 
gation. Each of Band 1 to Band 3 represents a downlink 
frequency band (component carrier) transmitted by the base 
station apparatus and has a transmission bandwidth of 20 
MHz, for example. Band 1 to Band 3 may be continuous 
frequency bands or may be completely or partially discon 
tinuous frequency bands. For example, if usable frequency 
bands are 800-MHz, 2.4-GHz, and 3.4-GHz bands, Bands 1, 
2, and 3 may be transmitted through any 20-MHZ downlink 
component carriers of 800-MHz, 2.4-GHz, and 3.4-GHz 
bands, respectively. 
0048 Bands 1 to 3 may be transmitted through a plurality 
of continuous or discontinuous 20-MHZ downlink compo 
nent carriers within the same frequency band, for example, 
2.4-GHz band. The number of Bands may be more than three. 
The transmission bandwidths of the component carriers may 
be bandwidths narrower than 20 MHz or may be different 
from each other. However, the mobile station apparatus must 
have a total reception bandwidth of 20 MHz or more and, in 
this example, up to three frequency bands of 20 MHZ can be 
received at the same time and the total reception bandwidth is 
60 MHZ. 
0049. In the example of FIG. 19, at a certain time point, 
Time 1, the mobile station apparatus uses 20 MHz of Band 3 
to communicate with the base station apparatus and concur 
rently performs measurements of Band 1 and Band 2. At 
another time point, Time 2. Band 2 is added, and the mobile 
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station apparatus uses a total of 40 MHz of Band 2 and Band 
3 to communicate with the base station apparatus and con 
currently performs measurement of reception quality of Band 
1. At yet another time point, Time 3, Band 1 is added, and the 
mobile station apparatus uses a total of 60 MHz of Band 1 to 
Band 3 to communicate with the base station apparatus. At 
further time point, Time 4, Band 2 is deleted and the mobile 
station apparatus uses a total of 40 MHz of Band 1 and Band 
3 to communicate with the base station apparatus and con 
currently performs measurement of reception quality of Band 
2. 
0050. As described above, a data rate can considerably be 
improved by using the carrier aggregation without signifi 
cantly changing the configuration of the base station appara 
tus. The time lengths of Time 1 to Time 4 are variable. If the 
utilized communication method is OFDMA (Orthogonal Fre 
quency Division Multiplexing Access), the frequency bands 
Subjected to the carrier aggregation must have equivalent 
OFDM symbol timings. Equivalent OFDM symbol timings 
mean that the deviations of reception timings of the OFDM 
symbols of the frequency bands fall within a guard time at the 
reception antenna of the mobile station apparatus. 

(3) Physical Channels 
0051. The physical channels used in EUTRA and 
Advanced EUTRA include a physical broadcast information 
channel, an uplink data channel, a downlink data channel, a 
downlink shared control channel, an uplink shared control 
channel, a random access channel, a synchronization signal, a 
downlink reference signal, an uplink reference signal, etc. 
0.052 Although a physical channel may be added or a 
channel configuration may be modified in EUTRA and 
Advanced EUTRA in the future, the description of the 
embodiments of the present invention will not be affected 
even if modified. 
0053. The physical broadcast information channel 
(PBCH: Physical Broadcast Channel) is transmitted for the 
purpose of notification of control parameters (broadcast 
information) commonly used by mobile station apparatuses 
within a cell. For the broadcast information not provided 
through the physical broadcast information channel, the 
downlink shared control channel is used for notification of a 
transmission resource and the downlink data channel is used 
for the transmission. The broadcast information includes a 
cell global ID unique in the system, uplink frequency band 
information, etc. 
0054 The downlink reference signal is a pilot signal trans 
mitted with a predetermined power for each cell. The down 
link reference signal is a signal periodically repeated at pre 
determined time intervals (e.g., one frame) and the mobile 
station apparatus receives the downlink reference signal at 
predetermined time intervals and measures the reception 
quality for determining the reception quality of each cell. The 
downlink reference signal is also used as a referential signal 
for demodulating the downlink data transmitted concurrently 
with the downlink reference signal. A sequence used for the 
downlink reference signal may be any sequence as long as a 
sequence is uniquely identifiable for each cell. Although the 
downlink reference signal may be described as DL-RS 
(Downlink Reference signal) in Some cases, the use and the 
meaning thereof are the same. 
0055. The downlink shared control channel (PDCCH: 
Physical Downlink Common Channel) is transmitted by a 
few leading symbols of each sub-frame and is used for the 
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purpose of giving instructions to the mobile station apparatus 
for resource allocation information in accordance with the 
scheduling of the base station apparatus and an adjustment 
amount of transmission power. The mobile station apparatus 
must receive the downlink shared control channel before 
transmission/reception of traffic data (user data) and control 
messages to acquire uplink resource allocation at the time of 
transmission and information of downlink resource alloca 
tion at the time of reception. 
0056. The random access channel (PRACH: Physical 
Random Access Channel) is a channel used for transmitting a 
preamble sequence and has a guard time. The random access 
channel is used as a procedure for accessing to the base station 
apparatus in the asynchronous state of the uplink transmis 
sion timing and is used for a resource request and adjustment 
of the uplink transmission timing. 
0057. Other physical channels have no relation to the 
embodiments of the present invention and therefore will not 
be described in detail. 
0058 FIG. 1 is a diagram of an example of a network 
configuration of the present invention. If the carrier aggrega 
tion enables the mobile station apparatus to concurrently 
communicate in a plurality of frequency bands (Band 1 to 
Band 3), it is conceivable that a network configuration 
includes one certain base station apparatus including a trans 
mitting apparatus (receiving apparatus) for each of a plurality 
offrequency bands (Band 2 and Band 3) or includes one base 
station apparatus including one transmitting apparatus (re 
ceiving apparatus) for each frequency band (Band 1) and the 
both cases may be mixed; however, this embodiment can be 
implemented in any configuration without problem. The base 
station apparatuses can be managed by a higher control sta 
tion or the collaborative control may be performed between 
the base station apparatuses to implement the carrier aggre 
gation. 
0059 FIG. 2 is a diagram of an example of correspon 
dence relation between downlink carrier elements and uplink 
carrier elements configured when the mobile station appara 
tus of the present invention performs the carrier aggregation. 
A downlink carrier element DL CC1 corresponds to an 
uplink carrier element UL CC1. Therefore, ACK/NACK and 
feedback of reception quality of data received through 
DL CC1 are transmitted by using the resource of UL CC1. 
As indicated by UL CC2 and DL CC2, bandwidths may be 
different between a downlink carrier element and an uplink 
carrier element. A plurality of downlink carriers may corre 
spond to an uplink carrier element. In the example of FIG. 2, 
ACK/NACK and feedback of reception quality of data 
received through both DL CC3 and DL CC4 are transmitted 
by using the resource of UL CC3. The mobile station appa 
ratus recognizes a carrier element as a cell without particular 
regard to which base station apparatus transmits a downlink 
carrier element and which base station apparatus receives an 
uplink carrier element. The mobile station apparatus acquires 
information Such as a frequency band and a bandwidth of a 
corresponding uplink carrier element from broadcast infor 
mation of a selected cell. 

0060 FIG. 3 is a flowchart of downlink synchronization 
state determination of the mobile station apparatus. The 
mobile station apparatus has a counter 1 that counts the num 
ber of detections of downlink synchronization error (also 
referred to as Out-of-Sync), a counter 2 that counts the num 
ber of detections of downlink synchronization recovery (also 
referred to as In-Sync), and a synchronization protection 
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threshold value for determining a shift to the synchronization 
protection part. The synchronization protection threshold 
value is provided through the broadcast information from the 
base station apparatus. 
0061 First, if the downlink synchronization state is in the 
synchronization protection part (step S1, YES), the determi 
nation of Out-of-Sync is not necessary and, therefore, the 
mobile station apparatus goes to downlink synchronization 
recovery determination (FIG. 4 described later) (step S10) 
and this flow is terminated. In the case of other than the 
synchronization protection part, it is determined whether 
Out-of-Sync is detected (step S2). If Out-of-Sync is not 
detected, the mobile station apparatus goes to the downlink 
synchronization recovery determination (step S10). If Out 
of-Sync is detected and the downlink synchronization state is 
in other than the error detection part, the counter 1 is incre 
mented (step S3). The counter 2 is reset at the same time. It is 
further determined whether the incremented counter 1 
reaches the synchronization protection threshold value (step 
S4). If the counter 1 is equal to or greater than the synchro 
nization protection threshold value, the mobile station appa 
ratus determines that a radio link problem (physical later 
problem) occurs, and starts the timing of the synchronization 
protection timer (step S5). In this case, the downlink synchro 
nization state is in the synchronization protection part and the 
counter 1 is reset at the same time (step S6). 
0062 On the other hand, in the case where the counter 1 is 
less than the synchronization protection threshold value, if 
the current downlink synchronization state is in the synchro 
nization recovery part (step S7. YES), the downlink state is in 
the synchronization protection part (step S6) and if other than 
the synchronization recovery part (synchronization part or 
error detection part), the downlink synchronization state is in 
the error detection part (step S8). The counter 1 may be 
decremented rather than being incremented and the time 
point when the counter 1 turns to Zero may be determined as 
the start of the synchronization protection part. 
0063 FIG. 4 is another flowchart of downlink synchroni 
Zation state determination of the mobile station apparatus. 
The mobile station apparatus starts this flow if Out-of-Sync is 
not detected in FIG. 3. The mobile station apparatus deter 
mines whether In-Sync is detected (step S11). If In-Sync is 
detected, the counter 1 is reset and, if the downlink synchro 
nization state is in the error detection part (step S12), the 
mobile station apparatus determines that the downlink syn 
chronization state is in the Synchronization part, and termi 
nates the process (step S16). If the downlink synchronization 
state is in the synchronization protection part or the synchro 
nization recovery part, the counter 2 is incremented (step 
S13). 
0064. It is further determined whether the incremented 
counter 2 reaches a synchronization recovery threshold value 
(step S14). If the counter 2 is equal to or greater than the 
synchronization recovery threshold value, the mobile station 
apparatus determines a radio link recovery and stops the 
synchronization protection timer (step S15). In this case, the 
downlink synchronization state is in the synchronization part 
(step S16). On the other hand, if the counter 2 is less than the 
synchronization recovery threshold value, the downlink syn 
chronization state is in the synchronization recovery part 
(step S17). Returning to the start of the flow, if In-Sync is not 
detected, it is determined that the current downlink synchro 
nization state continues, and the process is terminated. The 
counter 2 may be decremented rather than being incremented 
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and the time point when the counter 2 turns to Zero may be 
determined as the start of the synchronization part. 
0065. First to third embodiments represent the Out-of 
Sync determining method and the method of making the 
transition of the downlink synchronization state of the mobile 
station apparatus as described above. Fourth to sixth embodi 
ments represent the In-Sync determining method and the 
method of making the transition of the downlink synchroni 
Zation state of the mobile station apparatus as described 
above. 
0066. The mobile station apparatus can use a radio link 
synchronization determining method combining the Out-of 
Sync determining method of the first embodiment or the 
second embodiment and the In-Sync determining method of 
the fourth embodiment or the fifth embodiment. The mobile 
station apparatus can use a radio link synchronization deter 
mining method combining the Out-of-Sync determining 
method of the third embodiment and the In-Sync determining 
method of the sixth embodiment. 
0067. The embodiments of the present invention will now 
specifically be described in view of the matters described 
above. 

First Embodiment 

0068. The first embodiment of the present invention will 
hereinafter be described. 
0069. In a method described in this embodiment, a mobile 
station apparatus manages only one downlink synchroniza 
tion state regardless of the number of received component 
carriers in relation to the detection of downlink synchroniza 
tion error. 
0070 FIG. 5 is a block diagram of an example of abase 
station apparatus according to the first embodiment of the 
present invention. This base station apparatus 100 comprises 
of a receiving section 101, a demodulating section 102, a 
decoding section 103, a higher layer 104, an encoding section 
105, a modulating section 106, a reference signal generating 
section 107, a multiplexing section 108, a transmitting sec 
tion 109, and a control section 110. 
0071. The higher layer 104 inputs traffic data and a control 
signal to the encoding section 105 for each component carrier 
(CC). The encoding section 105 encodes the input data, which 
is input to the modulating section 106. The modulating sec 
tion 106 modulates the encoded signal. The signal output 
from the encoding section 105 and a downlink reference 
signal generated by the reference signal generating section 
107 are mapped to the frequency domain by the multiplexing 
section 108. The output signal from the multiplexing section 
108 of each component carrier is input to the transmitting 
section 109. The transmitting section 109 converts a signal of 
the frequency domain into a signal of the time domain and 
transmits the signal on a carrier wave of a predetermined 
frequency by performing power amplification. 
0072 The receiving section 101 converts signals received 
from the mobiles station apparatus into baseband digital sig 
nals and separates the signals for each component carrier. The 
signal of each component carrier is input to the demodulating 
section 102 and demodulated. The signal demodulated by the 
demodulating section 102 is then input to the decoding sec 
tion 103 and decoded, and correctly decoded control data and 
traffic data are output to the higher layer 104. Control infor 
mation necessary for the control of these blocks is input from 
the higher layer 104 to the control section 110, and the control 
section 110 appropriately inputs the control information 
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related to transmission as transmission control information to 
the blocks of the encoding section 105, the modulating sec 
tion 106, the reference signal generating section 107, the 
multiplexing section 108, and the transmitting section 109, 
and the control information related to reception as reception 
control information to the blocks of the receiving section 101, 
the demodulating section 102, and the decoding section 103. 
0073. In FIG. 5, other constituent elements of the base 
station apparatus 100 are irrelevant to this embodiment and 
therefore not depicted. 
0074 FIG. 6 is a block diagram of an example of a mobile 
station apparatus according to the first embodiment of the 
present invention. This mobile station apparatus 200 com 
prises of a receiving section 201, a demodulating section 202, 
a decoding section 203, a measurement processing section 
204, a downlink synchronization processing section 205, a 
random access generating section 207, an encoding section 
208, a modulating section 209, a transmitting section 210, and 
a transmission band setting section 211. Control information 
is input from a higher layer 206 to a control section 212 before 
reception, and control information related to reception is 
appropriately input as reception control information to the 
receiving section 201, the demodulating section 202, and the 
decoding section 203. The reception control information 
includes information of reception frequency band as well as 
information Such as reception timing, a multiplexing method, 
and resource allocation information related to each channel. 
0075 A reception signal (transmission signal from the 
base station apparatus 100) is received by the receiving sec 
tion 201. The receiving section 201 receives a signal in a 
frequency band specified by the reception control informa 
tion. The received signal is then input to the demodulating 
section 202 prepared for each component carrier. The 
demodulating section 202 demodulates the reception signal 
for each component carrier and inputs the signal to the decod 
ing section 203 to correctly decode traffic data and downlink 
control data, and the decoded data are input to the higher layer 
206. The downlink control data is also input to the measure 
ment processing section 204. The measurement processing 
section 204 calculates the reception quality of the downlink 
reference signal and a reception error rate of the downlink 
shared control channel or the downlink data channel for each 
cell based on measurement results and outputs the calculated 
results to the higher layer 206. 
0076. The measurement information is also input to the 
downlink synchronization processing section 205. The down 
link synchronization processing section 205 compares the 
input measurement information with at least two threshold 
values specified in advance to make a determination of Out 
of-Sync or In-Sync. It may be determined to be neither. The 
determination result is input to the higher layer. The higher 
layer counts the determination result to manage the downlink 
synchronization state of the mobile station apparatus 200 and 
makes a radio link synchronization determination based on 
the downlink synchronization state. It is noted that the deter 
mination of Out-of-Sync or In-Sync made by the downlink 
synchronization processing section 205 is different in each of 
the embodiments. 

0077 Control information is input from the higher layer 
206 to the control section 212 before transmission, and con 
trol information related to transmission is appropriately input 
as transmission control information to the random access 
generating section 207, the encoding section 208, the modu 
lating section 209, and the transmission band setting section 
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211. The transmission control information includes uplink 
scheduling information of transmission signals, i.e., encode 
information, modulation information, information of trans 
mission frequency band, and information Such as transmis 
sion timing, a multiplexing method, and resource allocation 
information related to each channel. Random access informa 
tion is input to the random access generating section and 
random access data is generated. The random access infor 
mation includespreamble information, transmission resource 
information, and cell ID information related to communica 
tion immediately before a downlink synchronization loss. 
0078. The higher layer 206 inputs the random access 
information to the random access generating section 207 
when a suitable cell is reselected (at the time of cell reselec 
tion) after the downlink synchronization loss is determined. 
To the encoding section 208, uplink data and uplink control 
data are input from the higher layer 206 in addition to the 
random access data. The encoding section 208 appropriately 
encodes and outputs the data to the modulating section 209 in 
accordance with the transmission control information. The 
modulating section 209 modulates the output from the encod 
ing section 208. The transmission band setting section 211 
sets a frequency band of transmission for each of the trans 
mitting sections 210. The transmitting section 210 maps the 
output of the modulating section 209 to the frequency 
domain, converts a signal of the frequency domain into a 
signal of the time domain, and transmits the signal on a carrier 
wave of a predetermined frequency by performing power 
amplification. 
0079. The number of the receiving sections 201 may be 
configured to be the same as the number of concurrently 
receivable frequency bands of the mobile station apparatus 
200. In this case, some of the receiving sections 201 may not 
be used at the same time. The encoding section 208 and the 
modulating section 209 may be prepared for each component 
carrier. The number of the transmitting sections 210 may be 
configured to be the same as the number of concurrently 
transmittable frequency bands of the mobile station apparatus 
2OO. 

0080. In FIG. 6, other constituent elements of the mobile 
station apparatus 200 are irrelevant to this embodiment and 
therefore not depicted. 
0081. The network configuration and the frequency band 
correlation same as those respectively depicted in FIGS. 1 and 
2 are applicable. 
0082 Since the mobile station apparatus 200 of this 
embodiment has only one downlink synchronization state, 
consideration must be given to the case that the parameters 
(the synchronization protection threshold value and the Syn 
chronization protection timer) are different in each compo 
nent carrier. If the synchronization protection threshold value 
and the synchronization protection timer are different in each 
component carrier, methods include (1) preferentially using 
values of a newly added component carrier, (2) providing 
values of a component carrier preferentially used from the 
base station apparatus 100, (3) ignoring values of a compo 
nent carrier and using new values individually provided from 
the base station apparatus 100, and (4) selecting and using 
those having larger (or Smaller) values. In the methods of 2 
and 3, values are provided from the base station apparatus 100 
to the mobile station apparatus 200 by using a control mes 
sage (RRC message) for adding (changing) a component 
carrier. 
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I0083. With regard to a radio link synchronization deter 
mining method of the mobile station apparatus 200 that 
receives a plurality of downlink frequency bands (component 
carriers) through the carrier aggregation, an Out-of-Sync 
detecting method necessary for performing the downlink syn 
chronization determination depicted in FIG. 3 will be 
described with reference to FIGS. 7 to 9. In FIGS. 7 to 9, 
quality A represents a state of reception quality better than a 
threshold value 1 and, in contrast, quality B represents a state 
of reception quality worse than the threshold value 1. The 
threshold value 1 (also referred to as Qout) for determining 
the quality A and the quality B is arbitrarily determined by the 
mobile station apparatus 200 and the different threshold value 
1 can be set for each component carrier. The threshold value 
1 (Qout) corresponds to a downlink synchronization error 
determining threshold value of the present invention for 
determining a downlink synchronization error. The same 
applies to the embodiments described below. 
I0084. For example, Qout may be determined from a recep 
tion error rate of the downlink shared control channel (BER 
(Bit Error Rate), BLER (Block Error Rate)) or may be deter 
mined from reception quality of the downlink reference sig 
nal (EUTRA Carrier RSSI (Received Signal Strength Indica 
tor), RSRP (Reference Signal Received Power), RSRO 
(Reference Signal Received Quality), path-loss. It is desirable 
to use a value acquired by averaging a plurality of measure 
ment values as the reception quality compared with Qout to 
improve the Out-of-Sync detection accuracy, rather than 
using an instantaneous value. 
I0085 FIG. 7 depicts a method of measuring reception 
quality of each component carrier and managing the down 
link synchronization state by comprehensively determining 
the reception quality of each component carrier in the mobile 
station apparatus 200 that receives a plurality of downlink 
frequency bands through the carrier aggregation. DL CC1 
and DL CC2 in FIG. 7 denote different component carriers 
received by the mobile station apparatus 200. 
I0086. When the reception quality falls below the threshold 
value 1 (Qout) in all the component carriers being received, 
the mobile station apparatus 200 determines a downlink syn 
chronization error and makes a transition of the downlink 
synchronization state to the error detection part. If the down 
link synchronization error is consecutively determined for a 
certain number of times, the mobile station apparatus 200 
makes a transition of the downlink synchronization State to 
the synchronization protection part, stops the transmission 
through the uplink component carriers corresponding to all 
the component carriers being received, and starts the down 
link synchronization protection timer at the same time. If the 
downlink synchronization does not recover until the expira 
tion of the downlink synchronization protection timer, the 
mobile station apparatus 200 determines a downlink synchro 
nization loss, releases individually specified radio resources, 
and then starts the cell reselection. 

I0087. In the example of FIG. 7, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DL CC1, DL CC2) with the threshold 
value 1 (Qout) and determines the downlink synchronization 
error when both DL CC1 and DL CC2 turn to the quality B. 
I0088 FIG. 8 is a variation of FIG. 7 and depicts a method 
of measuring reception quality of each of component carriers 
and managing the downlink synchronization state based on 
the reception quality of any one of the component carriers in 
the mobile station apparatus 200 that receives a plurality of 
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downlink frequency bands through the carrier aggregation. 
DL CC1 and DL CC2 in FIG. 8 denote different component 
carriers received by the mobile station apparatus 200. When 
the reception quality falls below the threshold value 1 (Qout) 
in any one of the component carriers being received, the 
mobile station apparatus 200 determines a downlink synchro 
nization error and makes a transition of the downlink syn 
chronization State to the error detection part. 
0089. If the downlink synchronization error is consecu 

tively determined for a certain number of times, the mobile 
station apparatus 200 makes a transition of the downlink 
synchronization state to the synchronization protection part, 
starts the downlink synchronization protection timer at the 
same time, and stops the transmission through the uplink 
component carriers corresponding to all the component car 
riers being received. If the downlink synchronization does not 
recover until the expiration of the downlink synchronization 
protection timer, the mobile station apparatus 200 determines 
a downlink synchronization loss, releases individually speci 
fied radio resources, and then initiates the cell reselection. 
0090. In the example of FIG. 8, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DL CC1, DL CC2) with the threshold 
value 1 (Qout) and determines the downlink synchronization 
error when DL CC1 turns to the quality B. Even when 
DL CC2 turns to the quality A, the determination of the 
downlink synchronization state is not affected since DL CC1 
has the quality B. 
0091 FIG. 9 is another variation of FIG. 7 and depicts a 
method of measuring reception quality of each of component 
carriers and managing the downlink synchronization state 
based on the latest change in reception quality among the 
component carriers in the mobile station apparatus 200 that 
receives a plurality of downlink frequency bands through the 
carrier aggregation. DL CC1 and DL CC2 in FIG.9 denote 
different component carriers received by the mobile station 
apparatus 200. When the reception quality falls below the 
threshold value 1 (Qout) in any one of the component carriers 
being received, the mobile station apparatus 200 determines a 
downlink synchronization error and makes a transition of the 
downlink synchronization state to the error detection part. 
0092. If the downlink synchronization error is consecu 

tively determined for a certain number of times, the mobile 
station apparatus 200 makes a transition of the downlink 
synchronization state to the synchronization protection part, 
starts the downlink synchronization protection timer at the 
same time, and stops the transmission through the uplink 
component carriers corresponding to all the component car 
riers being received. If the downlink synchronization does not 
recover until the expiration of the downlink synchronization 
protection timer, the mobile station apparatus 200 determines 
a downlink synchronization loss, releases individually speci 
fied radio resources, and then initiates the cell reselection. 
When the reception quality falls below the threshold value 1 
(Qout) in another component carrier during the error detec 
tion part or the synchronization protection part, the mobile 
station apparatus 200 resets the number of previous detec 
tions of the downlink synchronization error. 
0093. In the example of FIG. 9, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DL CC1, DL CC2) with the threshold 
value 1 (Qout) and determines the downlink synchronization 
error when DL CC1 turns to the quality B. If another com 
ponent carrier (DL. CC2 in FIG. 9) turns to the quality B 
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before a downlink synchronization loss is determined, a tran 
sition of the downlink synchronization state is made again to 
the error detection part. 
0094. If not in the carrier aggregation state, the mobile 
station apparatus 200 can directly apply the conventional 
downlink synchronization error determination. 
0.095 When a downlink synchronization loss is deter 
mined and the downlink synchronization state is in the recon 
nection part, the mobile station apparatus 200 initiates the 
random access procedure for reconnection request after the 
cell reselection and transmits a random access channel to the 
base station apparatus 100 selected by the cell reselection. 
When receiving a response to the random access channel 
from the base station apparatus 100, the mobile station appa 
ratus 200 transmits the cell ID of the base station apparatus 
100 in communication before the downlink synchronization 
loss and the mobile station apparatus ID of its own (also 
referred to as C-RNTI, Cell-Radio Network Temporary Iden 
tifier) to the base station apparatus 100 selected by the cell 
reselection so as to Subsequently resume the interrupted data 
reception. The cell ID transmitted by the mobile station appa 
ratus 200 can be implemented by using any one of (1) cell IDs 
of all the component carriers, (2) arbitrarily selected one of 
cell IDs of component carriers, (3) a cell ID of the highest 
priority component carrier specified by broadcast informa 
tion, and (4) a cell ID (carrieraggregationID) newly allocated 
to the mobile station apparatus 200 in carrier aggregation. 
0096. The mobile station apparatus ID transmitted by the 
mobile station apparatus 200 is transmitted as the mobile 
station apparatus ID allocated for the cell IDs of component 
carriers transmitted in 1 to 4 described above. Therefore, in 
the case of the method of 1 described above where cell IDs of 
all the component carriers are transmitted, the number of 
mobile station apparatus IDS equal to that of component 
carriers must be transmitted. The same mobile station appa 
ratus ID may be allocated for all the component carriers. 
0097. The base station apparatus 100 determines the data 
destined for the mobile station apparatus interrupted due to 
the occurrence of a loss of the downlink synchronization from 
the cell ID and the mobile station apparatus ID and resumes 
the interrupted data transmission to the mobile station appa 
ratus 200. 
0098. Since this embodiment eliminates the need of the 
mobile station apparatus 200 to manage the downlink syn 
chronization state for each component carrier even in the 
carrier aggregation, the control is simplified and power con 
sumption is reduced. The mobile station apparatus 200 can 
use the common control of the downlink synchronization 
error determination in both within the carrier aggregation and 
without the carrier aggregation, and thereby increase in hard 
ware circuit size or memory capacity used by Software is 
Suppressed. 

Second Embodiment 

0099. In the method described in the first embodiment, 
only one downlink synchronization state is managed by the 
mobile station apparatus 200 regardless of the number of 
received component carriers in relation to the detection of 
downlink synchronization error. However, the mobile station 
apparatus 200 needs to determine the reception quality of all 
the component carriers being received to determine the down 
link synchronization error, and comprehensively evaluate the 
result. Therefore, with the mobile station apparatus 200 
according to a second embodiment, a method of managing the 
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downlink synchronization state based on reception quality of 
one certain component carrier will be described. 
0100. The base station apparatus 100 used in this embodi 
ment may be the same as FIG.5. The mobile station apparatus 
200 may be the same as FIG. 6. To the correspondence rela 
tion between the network configuration and the correlation of 
frequency bands, the similar relation depicted respectively in 
FIGS. 1 and 2 are applicable. 
0101 FIG. 10 depicts a method of measuring reception 
quality of one component carrier (hereinafter, a master com 
ponent carrier) determined based on any one of the methods 
described later and managing the downlink synchronization 
state based on the reception quality of the master component 
carrier in the mobile station apparatus 200 that receives a 
plurality of downlink frequency bands through the carrier 
aggregation. Therefore, the mobile station apparatus 200 
need to perform the downlink synchronization state determi 
nation depicted in FIG. 3 for the master component carrier. 
Master DL CC of FIG. 10 denotes the master component 
carrier received by the mobile station apparatus 200. The 
quality A and the quality B depicted in FIG. 10 have the same 
meanings as the first embodiment and therefore will not be 
described. 
0102. When the reception quality falls below the threshold 
value 1 (Qout) in the master component carrier, the mobile 
station apparatus 200 determines a downlink synchronization 
error and makes a transition of the downlink synchronization 
state to the error detection part. If the downlink synchroniza 
tion error is consecutively determined for a certain number of 
times, the mobile station apparatus 200 makes a transition of 
the downlink synchronization state to the synchronization 
protection part, starts the downlink synchronization protec 
tion timer at the same time, and stops the transmission 
through the uplink component carriers corresponding to all 
the component carriers being received. If the downlink syn 
chronization of the component carrier does not recover until 
the expiration of the downlink synchronization protection 
timer, the mobile station apparatus 200 determines a loss of 
downlink synchronization, releases individually specified 
radio resources, and then initiates the cell reselection. 
0103) In the example of FIG. 10, the mobile station appa 
ratus 200 compares the reception quality of the master com 
ponent carrier (Master DL CC) with the threshold value 1 
(Qout) and determines the downlink synchronization error 
when the master component carrier turns to the quality B. 
0104. If not in the carrier aggregation state, the mobile 
station apparatus 200 can directly apply the conventional 
downlink synchronization error determination. 
0105 Methods of determining the master component car 
rier by the mobile station apparatus 200 include (1) individu 
ally specifying the master component carrier for the mobile 
station apparatus 200 by the base station apparatus 100 using 
an RRC message, (2) selecting the highest-priority compo 
nent carrier included in broadcast information, (3) selecting 
the component carrier that is the oldest (having a longer 
reception time), and (4) selecting the component carrier that 
is the newest (having a shorter reception time). Alternatively, 
an arbitrary component carrier may be selected at the discre 
tion of the mobile station apparatus 200 from the component 
carriers received by the mobile station apparatus 200. For 
example, the mobile station apparatus 200 may select the 
component carrier having the best reception quality from 
component carriers having reception quality higher than a 
threshold value for a certain period of time. 
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0106 When a loss of downlink synchronization is deter 
mined and the downlink synchronization state is in the recon 
nection part, the mobile station apparatus 200 initiates the 
random access procedure for reconnection request after the 
cell reselection and transmits a random access channel to the 
base station apparatus 100 selected by the cell reselection. 
When receiving a response to the random access channel 
from the base station apparatus 100, the mobile station appa 
ratus 200 transmits the cell ID of the base station apparatus 
100 in communication before the loss of downlink synchro 
nization and the mobile station apparatus ID of its own to the 
base station apparatus 100 selected by the cell reselection so 
as to Subsequently resume the interrupted data reception. The 
cell ID transmitted by the mobile station apparatus 200 can be 
implemented by using one of the methods, which are (1) cell 
IDs of all the component carriers, (2) arbitrarily selected one 
of cell IDs of component carriers, (3) a cell ID of the highest 
priority component carrier specified by broadcast informa 
tion, (4) a cell ID (carrier aggregation ID) newly allocated to 
the mobile station apparatus 200 in carrier aggregation, and 
(5) the cell ID of the master component carrier. 
0107 The mobile station apparatus ID transmitted by the 
mobile station apparatus 200 is transmitted as the mobile 
station apparatus ID allocated for the cell IDs of component 
carriers transmitted in (1) to (5) described above. Therefore, 
in the case of the method of (1) described above where cell 
IDs of all the component carriers are transmitted, the number 
of mobile station apparatus IDS equal to that of component 
carriers are transmitted to the base station apparatus 100 
selected by the cell reselection. The same mobile station 
apparatus ID may be allocated for all the component carriers. 
0108. The base station apparatus 100 determines the data 
destined for the mobile station apparatus interrupted due to 
the occurrence of the loss of downlink synchronization from 
the cell ID and the mobile station apparatus ID and resumes 
the interrupted data transmission to the mobile station appa 
ratus 200. 
0.109 Since this embodiment enables the mobile station 
apparatus 200 to manage the downlink synchronization state 
only for the master component carrier in the carrier aggrega 
tion and to use the same conventional control even if a param 
eter related to the downlink synchronization error determina 
tion is individually specified for each component carrier in 
addition to the effect of the first embodiment, the control is 
further simplified and power consumption is reduced. 

Third Embodiment 

0110. In the method described in the first or second 
embodiment, only one downlink synchronization state is 
managed by the mobile station apparatus 200 regardless of 
the received component carriers in relation to the detection of 
downlink synchronization error. However, if the propagation 
characteristics of the component carriers are significantly 
different, the mobile station apparatus 200 may better control 
a plurality of downlink synchronization states for respective 
component carriers. Therefore, in a method described in a 
third embodiment, the mobile station apparatus 200 manages 
a downlink synchronization state for each component carrier. 
0111. The base station apparatus 100 used in this embodi 
ment may be the same as FIG. 5. The mobile station apparatus 
200 may be the same as FIG. 6. To the correspondence rela 
tion between the network configuration and the frequency 
bands, the same relations depicted in FIGS. 1 and 2 are 
applicable. The mobile station apparatus 200 manages the 
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same number of CC downlink synchronization states indica 
tive of downlink synchronization states of respective compo 
nent carriers as the number of component carriers being 
received. 

0112 FIG. 11 depicts a method which the mobile station 
apparatus 200 measures reception quality for each of compo 
nent carriers, manages a CC downlink synchronization state 
for each of the component carriers, and further manages the 
downlink synchronization state based on the CC downlink 
synchronization states in the mobile station apparatus 200 
that receives a plurality of downlink frequency bands through 
the carrier aggregation. Therefore, the mobile station appara 
tus 200 needs to individually perform the downlink synchro 
nization state determination depicted in FIG.3 for a plurality 
of component carriers. DL CC1 and DL CC2 in FIG. 11 
denote different component carriers received by the mobile 
station apparatus 200. ACC1 downlink synchronization state 
is a downlink synchronization state corresponding to the 
reception quality of DL CC1 and a CC2 downlink synchro 
nization state is a downlink synchronization state correspond 
ing to the reception quality of DL CC2. The quality A and the 
quality B depicted in FIG. 11 have the same meanings as the 
first embodiment and therefore will not be described. 

0113. When the reception quality falls below the threshold 
value 1 (Qout) in a component carrier being received, the 
mobile station apparatus 200 determines a downlink synchro 
nization error and makes a transition of the corresponding CC 
downlink synchronization state to the error detection part. If 
the downlink synchronization error is consecutively deter 
mined for a certain number of times, the mobile station appa 
ratus 200 makes a transition of the corresponding CC down 
link synchronization state to the synchronization protection 
part, starts the corresponding downlink synchronization pro 
tection timer at the same time, and stops the transmission 
through the uplink component carrier corresponding to the 
component carrier having the CC downlink synchronization 
state transited to the synchronization protection part. How 
ever, if the mobile station apparatus 200 receives another 
component carrier corresponding to the uplink component 
carrier, the transmission may not be stopped until transitions 
of the CC downlink synchronization states of all the other 
component carriers are made to the synchronization protec 
tion part. If the downlink synchronization of the correspond 
ing component carrier does not recover until the expiration of 
the downlink synchronization protection timer, the mobile 
station apparatus 200 determines a loss of CC downlink syn 
chronization of the component carrier and makes a transition 
of the downlink synchronization state to a CC Synchroniza 
tion loss part. When all the CC downlink synchronization 
states are transited to the CC Synchronization loss part, the 
mobile station apparatus 200 determines a loss of downlink 
synchronization, releases individually specified radio 
resources, and then initiates the cell reselection. 
0114. In the example of FIG. 11, the mobile station appa 
ratus 200 individually compares the reception quality of each 
component carrier (DL CC1, DL CC2) with the threshold 
value 1 (Qout) and determines the downlink synchronization 
error of each of the component carriers when each component 
carrier turns to the quality B. The mobile station apparatus 
200 does not determine a loss of downlink synchronization 
even when the CC1 downlink synchronization state turns to 
the CC Synchronization loss, and determines a loss of down 
link synchronization when a transition of the CC2 downlink 
synchronization state is made to the part of a loss of CC 
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synchronization after the transition of the CC1 downlink 
synchronization state is made to the part of a loss of CC 
synchronization. 
0115 If not in the carrier aggregation state, the mobile 
station apparatus 200 can directly apply the conventional 
downlink synchronization error determination. 
0116. If reception quality of a component carrier before 
determined as a loss of CC Synchronization is measured as 
measurement at the same frequency, the mobile station appa 
ratus 200 considers and continues the measurement as mea 
surement at a different frequency after a loss of CC synchro 
nization. Therefore, the mobile station apparatus 200 changes 
an offset value applied to the component carrier from an offset 
value for the measurement at the same frequency to an offset 
value for the measurementata different frequency after a loss 
of CC synchronization. 
0117. When a loss of downlink synchronization is deter 
mined and the downlink synchronization state is in the recon 
nection part, the mobile station apparatus 200 initiates the 
random access procedure for reconnection request after the 
cell reselection and transmits a random access channel to the 
base station apparatus 100 selected by the cell reselection. 
When receiving a response to the random access channel 
from the base station apparatus 100, the mobile station appa 
ratus 200 transmits the cell ID of the base station apparatus 
100 in communication before a loss of downlink synchroni 
zation and the mobile station apparatus ID of its own to the 
base station apparatus 100 selected by the cell reselection so 
as to Subsequently resume the interrupted data reception. The 
cell ID transmitted by the mobile station apparatus 200 can be 
implemented by using anyone of (1) cell IDs of all the com 
ponent carriers, (2) arbitrarily selected one of cell IDs of 
component carriers, (3) a cell ID of the highest-priority com 
ponent carrier specified by broadcast information, and (4) a 
cell ID (carrier aggregationID) newly allocated to the mobile 
station apparatus 200 in carrier aggregation. 
0118. The mobile station apparatus ID transmitted by the 
mobile station apparatus 200 is transmitted as the mobile 
station apparatus ID allocated for the cell IDs of component 
carriers transmitted in (1) to (4) described above. Therefore, 
in the case of the method of (1) described above where cell 
IDs of all the component carriers are transmitted, the mobile 
station apparatus 200 transmits the number of mobile station 
apparatus IDS equal to that of component carriers to the base 
station apparatus 100 selected by the cell reselection. The 
same mobile station apparatus ID may be allocated for all the 
component carriers. 
0119 The base station apparatus 100 determines the data 
destined for the mobile station apparatus interrupted due to 
the occurrence of a loss of downlink synchronization from the 
cell ID and the mobile station apparatus ID and resumes the 
interrupted data transmission to the mobile station apparatus 
2OO. 

I0120 In this embodiment, the mobile station apparatus 
200 manages the downlink synchronization state in the carrier 
aggregation for each component carrier to enable the base 
station apparatus 100 to control suitable downlink synchro 
nization error determination for each component carrier and 
the occurrence of unnecessary loss of downlink synchroniza 
tion can be suppressed, thereby improving communication 
quality. 
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Fourth Embodiment 

0121 A fourth embodiment of the present invention will 
hereinafter be described. 
0122. In a method described in this embodiment, the 
mobile station apparatus 200 manages only one downlink 
synchronization state regardless of the number of received 
component carriers in relation to the detection of downlink 
synchronization recovery. Although the fourth embodiment is 
preferably combined with the downlink synchronization 
error determination of the first or second embodiment, the 
fourth embodiment can be combined with another downlink 
synchronization determination. 
0123. The base station apparatus 100 used in this embodi 
ment may be the same as FIG.5. The mobile station apparatus 
200 may be the same as FIG. 6. The network configuration 
and the correlation of frequency bands same as those respec 
tively depicted in FIGS. 1 and 2 are applicable. 
0.124. Since the mobile station apparatus 200 of this 
embodiment has only one downlink synchronization state, 
consideration need to be given to the case that the parameters 
(the synchronization protection threshold value and the Syn 
chronization protection timer) are different in each compo 
nent carrier. If the synchronization protection threshold value 
and the synchronization protection timer are different in each 
component carrier, one of the methods of the first embodi 
ment is used as a method of determining the parameters. 
0.125 With regard to the radio link synchronization deter 
mining method of the mobile station apparatus 200 that 
receives a plurality of downlink frequency bands (component 
carriers) through the carrier aggregation, a method of deter 
mining the downlink synchronization recovery (also referred 
to as In-Sync) will be described with reference to FIGS. 12 to 
14. In FIGS. 12 to 14, quality Crepresents a state of reception 
quality worse thana threshold value 2 and, in contrast, quality 
Drepresents a state of reception quality better than the thresh 
old value 2. The threshold value 2 (also referred to as Qin) for 
determining the quality C and the quality D is arbitrarily 
determined by the mobile station apparatus 200 and the dif 
ferent threshold value 2 can be set for each component carrier. 
The threshold value 2 (Qin) corresponds to a downlink syn 
chronization recovery determining threshold value of the 
present invention for determining a downlink synchroniza 
tion recovery. The same applies to the embodiments 
described below. 
0126 For example, Qin may be determined from a recep 
tion error rate of the downlink shared control channel (BER 
(Bit Error Rate), BLER (Block Error Rate)) or may be deter 
mined from reception quality of the downlink reference sig 
nal (EUTRA Carrier RSSI (Received Signal Strength Indica 
tor), RSRP (Reference Signal Received Power), RSRO 
(Reference Signal Received Quality), path-loss. Qin must be 
set as a value equal to or greater than Qout and must not be set 
as a value less than Qout. It is desirable to use a value acquired 
by averaging a plurality of measurement values as the recep 
tion quality compared with Qinto improve the In-Sync detec 
tion accuracy, rather than using an instantaneous value. 
0127 FIG. 12 depicts a method of measuring reception 
quality of each of component carriers and managing the 
downlink synchronization state based on the reception qual 
ity of any one of the component carriers in the mobile station 
apparatus 200 that receives a plurality of downlink frequency 
bands through the carrier aggregation. DL CC1 and 
DL CC2 in FIG. 12 denote different component carriers 
received by the mobile station apparatus 200. When the 
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reception quality exceeds the threshold value 2 (Qin) in any 
component carrier being received, the mobile station appara 
tus 200 determines a downlink synchronization recovery and 
makes a transition of the downlink synchronization State to 
the synchronization recovery part. If the downlink synchro 
nization recovery is consecutively determined for a certain 
number of times, the mobile station apparatus 200 makes a 
transition of the downlink synchronization state to the Syn 
chronization part, stops the downlink synchronization protec 
tion timer at the same time, and cancels the Suspension of the 
transmission to the uplink component carriers. 
I0128. In the example of FIG. 12, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DL CC1, DL CC2) with the threshold 
value 2 (Qin) and determines the downlink synchronization 
recovery when DL CC1 turns to the quality D. Even when 
DL CC2 turns to the quality D, the determination of the 
downlink synchronization state is not affected since DL CC1 
has the quality D. 
I0129 FIG. 13 is a variation of FIG. 12 and depicts a 
method of measuring reception quality of each component 
carrier and managing the downlink synchronization state by 
comprehensively determining the reception quality of each 
component carrier in the mobile station apparatus 200 that 
receives a plurality of downlink frequency bands through the 
carrier aggregation. DL CC1 and DL CC2 in FIG. 13 denote 
different component carriers received by the mobile station 
apparatus 200. When the reception quality exceeds the 
threshold value 2 (Qout) in all the component carriers being 
received, the mobile station apparatus 200 determines the 
downlink synchronization recovery and makes a transition of 
the downlink synchronization state to the synchronization 
recovery part. If the downlink synchronization recovery is 
consecutively determined for a certain number of times, the 
mobile station apparatus 200 makes a transition of the down 
link synchronization state to the synchronization part and 
stops the downlink synchronization protection timer at the 
same time. 

0.130. In the example of FIG. 13, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DL CC1, DL CC2) with the threshold 
value 2 (Qin) and determines the downlink synchronization 
recovery when both DL CC1 and DL CC2 turn to the quality 
D 

I0131 FIG. 14 is another variation of FIG. 12 and depicts a 
method of measuring reception quality of each of component 
carriers and managing the downlink synchronization state 
based on the reception quality of the component carrier lastly 
falling below Qout among the component carries in the 
mobile station apparatus 200 that receives a plurality of 
downlink frequency bands through the carrier aggregation. 
DL CC last in FIG. 14 denotes the component carrier lastly 
falling below Qout among the component carries received by 
the mobile station apparatus 200. When the reception quality 
exceeds the threshold value 2 (Qin) in the component carrier 
lastly falling below Qout, the mobile station apparatus 200 
determines a downlink synchronization recovery and makes a 
transition of the downlink synchronization state to the Syn 
chronization recovery part. If the downlink synchronization 
recovery is consecutively determined for a certain number of 
times, the mobile station apparatus 200 makes a transition of 
the downlink synchronization state to the synchronization 
part, stops the downlink synchronization protection timer at 
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the same time, and cancels the Suspension of the transmission 
to the uplink component carriers. 
0.132. In the example of FIG. 14, the mobile station appa 
ratus 200 compares the reception quality of the component 
carriers lastly falling below Qout (DL CC last) with the 
threshold value 2 (Qin) and determines the downlink syn 
chronization recovery when the component carrier lastly fall 
ing below Qout turns to the quality D. 
0133) If not in the carrier aggregation state, the mobile 
station apparatus 200 can apply the conventional downlink 
synchronization recovery determination. 
0134 Since this embodiment eliminates the need of the 
mobile station apparatus 200 to manage the downlink syn 
chronization state for each component carrier even in the 
carrier aggregation, the control is simplified and power con 
sumption is reduced. The mobile station apparatus 200 can 
use the common control of the downlink synchronization 
recovery determination in both within the carrier aggregation 
and without the carrier aggregation, thereby Suppressing 
increase in hardware circuit size or memory capacity used by 
software. 

Fifth Embodiment 

0135 A fifth embodiment of the present invention will 
hereinafter be described. 
0136. In the method described in the fourth embodiment, 
only one downlink synchronization state is managed by the 
mobile station apparatus 200 regardless of the received com 
ponent carriers in relation to the detection of downlink syn 
chronization recovery. However, the mobile station apparatus 
200 needs to determine the reception qualities of all the com 
ponent carriers being received and comprehensively evaluate 
the result to determine a downlink synchronization recovery. 
Therefore, with the mobile station apparatus 200 according to 
the fifth embodiment, a method of managing the downlink 
synchronization state based on reception quality of one cer 
tain component carrier will be described. Although the fifth 
embodiment is preferably combined with the downlink syn 
chronization error determination of the first or second 
embodiment, the fifth embodiment can be combined with 
another downlink synchronization determination. 
0.137 The base station apparatus 100 used in this embodi 
ment may be the same as FIG.5. The mobile station apparatus 
200 may be the same as FIG. 6. The network configuration 
and the correlation of frequency bands same as those respec 
tively depicted in FIGS. 1 and 2 are applicable. 
0138 FIG. 15 depicts a method of measuring reception 
quality of one component carrier (hereinafter, a master com 
ponent carrier) determined based on any one of the methods 
described in the second embodiment and managing the down 
link synchronization state based on the reception quality of 
the master component carrier in the mobile station apparatus 
200 that receives a plurality of downlink frequency bands 
through the carrier aggregation. Therefore, the mobile station 
apparatus 200 must perform the downlink synchronization 
recovery determination depicted in FIG. 4 for the master 
component carrier. Master DL CC in FIG. 15 denotes the 
master component carrier received by the mobile station 
apparatus 200. The quality C and the quality D depicted in 
FIG. 15 have the same meanings as the fourth embodiment 
and therefore will not be described. 
0.139. When the reception quality exceeds the threshold 
value 2 (Qin) in the master component carrier, the mobile 
station apparatus 200 determines a downlink synchronization 
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recovery and makes a transition of the downlink synchroni 
Zation state to the synchronization recovery part. If the down 
link synchronization recovery is consecutively determined 
for a certain number of times, the mobile station apparatus 
200 makes a transition of the downlink synchronization state 
to the synchronization part, stops the downlink synchroniza 
tion protection timer at the same time, and cancels the Sus 
pension of the transmission through the uplink component 
carriers. 
0140. In the example of FIG. 15, the mobile station appa 
ratus 200 compares the reception quality of the master com 
ponent carrier (Master DL CC) with the threshold value 2 
(Qin) and determines the downlink synchronization recovery 
when the master component carrier turns to the quality D. 
0.141. If not in the carrier aggregation state, the mobile 
station apparatus 200 can directly apply the conventional 
downlink synchronization error determination. 
0142. Since this embodiment enables the mobile station 
apparatus 200 to manage the downlink synchronization state 
only for the master component carrier in the carrier aggrega 
tion and to use the same conventional control even if a param 
eter related to the downlink synchronization recovery deter 
mination is individually specified for each component carrier 
in addition to the effect of the first embodiment, the control is 
further simplified and power consumption is reduced. 

Sixth Embodiment 

0.143 A sixth embodiment of the present invention will 
hereinafter be described. 
0144. In the method described in the fourth or fifth 
embodiment, only one downlink synchronization state is 
managed by the mobile station apparatus 200 regardless of 
the received component carriers in relation to the detection of 
downlink synchronization recovery. However, if the propa 
gation characteristics of the component carriers are signifi 
cantly different, the mobile station apparatus 200 may better 
control a plurality of downlink synchronization states for 
respective component carriers. Therefore, in a method 
described in the sixth embodiment, the mobile station appa 
ratus 200 manages a downlink synchronization state for each 
component carrier. Although the sixth embodiment is prefer 
ably combined with the downlink synchronization error 
determination of the third embodiment, the sixth embodiment 
can be combined with another downlink synchronization 
determination. 
0145 The base station apparatus 100 used in this embodi 
ment may be the same as FIG. 5. The mobile station apparatus 
200 may be the same as FIG. 6. To the correspondence rela 
tion between the network configuration and the frequency 
bands, the same relation as those respectively depicted in 
FIGS. 1 and 2 are applicable. The mobile station apparatus 
200 manages the same number of CC downlink synchroniza 
tion states indicative of downlink synchronization states of 
respective component carriers as the number of component 
carriers being received. 
0146 FIG. 16 depicts a method which the mobile station 
apparatus 200 measures reception quality for each of compo 
nent carriers, manages a CC downlink synchronization state 
for each of the component carriers, and further manages the 
downlink synchronization state based on the CC downlink 
synchronization states in the mobile station apparatus 200 
that receives a plurality of downlink frequency bands through 
the carrier aggregation. Therefore, the mobile station appara 
tus 200 needs to individually perform the downlink synchro 
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nization recovery determination depicted in FIG. 4 for a plu 
rality of component carriers. DL CC1 and DL CC2 in FIG. 
16 denote different component carriers received by the 
mobile station apparatus 200. A CC1 downlink synchroniza 
tion state is a downlink synchronization state corresponding 
to the reception quality of DL CC1 and a CC2 downlink 
synchronization state is a downlink synchronization State cor 
responding to the reception quality of DL CC2. The quality 
C and the quality D depicted in FIG. 15 have the same mean 
ings as the fourth embodiment and therefore will not be 
described. 
0147 When the reception quality exceeds the threshold 
value (Qin) in a component carrier being received, the mobile 
station apparatus 200 determines a downlink synchronization 
recovery and makes a transition of the corresponding CC 
downlink synchronization state to the synchronization recov 
ery part. If the downlink synchronization recovery is consecu 
tively determined for a certain number of times, the mobile 
station apparatus 200 makes a transition of the corresponding 
CC downlink synchronization state to the synchronization 
part, stops the corresponding downlink synchronization pro 
tection timer at the same time, and cancels the Suspension of 
the transmission to the uplink component carrier correspond 
ing to the component carrier having the CC downlink syn 
chronization state transited to the synchronization recovery 
part. 
0148. In the example of FIG. 16, the mobile station appa 
ratus 200 individually compares the reception qualities of the 
component carriers (DLCC1, DL CC2) with the threshold 
value 2 (Qin) and determines the downlink synchronization 
recovery of each of the component carriers when each com 
ponent carrier turns to the quality D. The mobile station 
apparatus 200 resumes the communication through DL CC1 
regardless of the CC2 downlink synchronization state when 
the CC1 downlink synchronization state is transited to the 
synchronization part. 
0149. If not in the carrier aggregation state, the mobile 
station apparatus 200 can directly apply the conventional 
downlink synchronization error determination. 
0150. In this embodiment, the mobile station apparatus 
200 manages the downlink synchronization state in the carrier 
aggregation for each component carrier to enable the base 
station apparatus 100 to control suitable downlink synchro 
nization recovery determination for each component carrier 
and the occurrence of unnecessary downlink synchronization 
loss can be suppressed, thereby improving communication 
quality. 
0151. In the embodiments described above, a program for 
implementing the functions or a part of the functions of the 
sections of the mobile station apparatus 200 and the base 
station apparatus 100 may be recorded in a computer readable 
recording medium and the program recorded in this recording 
medium may be read and executed by a computer system to 
control the mobile station apparatus 200 and the base station 
apparatus 100. A “computer system” as used herein is 
assumed to include OS and hardware such as peripherals. 
0152. A “computer readable recording medium' means a 
portable medium such as a flexible disk, a magnetic optical 
disk, ROM, or CD-ROM, and a storage device such as a hard 
disk built into a computer system. A "computer readable 
recording medium' is assumed to include those dynamically 
retaining a program for a short time like a network Such as the 
Internet and communication wires when a program is trans 
mitted through a communication line Such as a telephone line, 
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and those retaining a program for a certain time like a volatile 
memory within a computer system acting as a server or a 
client in Such a case. The program may be for the purpose of 
implementing a section of the functions and may be a pro 
gram capable of implementing the functions in combination 
with a program already recorded in a computer system. 
0153. Although the embodiments of the present invention 
have been described in detail with reference to the drawings, 
specific configurations are not limited to the embodiments 
and the claims include designs and others, within a range not 
departing from the spirit of the present invention. 

EXPLANATIONS OF REFERENCE NUMERALS 

0154 100 . . . base station apparatus; 101 ... receiving 
section; 102 . . . demodulating section; 103 . . . decoding 
section: 104. ... higher layer; 105. . . encoding section: 106. 
... modulating section; 107 . . . reference signal generating 
section: 108 . . . multiplexing section; 109 . . . transmitting 
section: 110 . . . control section; 200 . . . mobile station 
apparatus; 201 ... receiving section; 202 . . . demodulating 
section; 203 . . . decoding section; 204 . . . measurement 
processing section: 205 . . . downlink synchronization pro 
cessing section: 206 . . . higher layer, 207 ... random access 
generating section; 208. . . encoding section: 209 . . . modu 
lating section; 210... transmitting section; 211 ... transmis 
sion band setting section; and 212 . . . control section. 

1.-13. (canceled) 
14. A mobile station apparatus communicating with base 

Station apparatuses, comprising: 
a determining section that measures reception qualities of 

cells of frequency bands of a plurality of downlinks 
having different frequencies which are connected to the 
base station apparatuses, 

the determining section detecting a downlink synchroniza 
tion error or a downlink synchronization recovery used 
for determination of a downlink synchronization state 
for each cell of downlink frequency bands by comparing 
the reception qualities of the cells of the plurality of 
downlink frequency bands with a downlink synchroni 
Zation error determining threshold value and a downlink 
synchronization recovery determining threshold value 
for each cell of down link frequency bands, 

the determining section starting timing of a timer of each 
cell of downlink frequency band if the downlink syn 
chronization erroris consecutively detected for a certain 
number of times, the determining section determining 
the downlink synchronization state as a downlink syn 
chronization loss of each cell of downlink frequency 
bands when the timer of each cell of downlink frequency 
bands is expired, the determining section determining 
the downlink synchronization state as a downlink syn 
chronization loss to release a radio resource and start 
reconnection when the timers are expired in all the mea 
Sured downlink frequency bands, 

the determining section stopping the timing of the timer of 
each cell of the downlink frequency bands to determine 
the downlink synchronization state as downlink syn 
chronization of each cell of downlink frequency bands if 
the downlink synchronization recovery of each cell of 
the downlink frequency bands is consecutively detected 
for a certain number of times during the timing of the 
timer of each cell of the downlink frequency bands. 
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15. A mobile station apparatus communicating with base 
station apparatuses, wherein 

the mobile station apparatus measures reception qualities 
of cells of frequency bands of a plurality of downlink 
having different frequencies which are connected to the 
base station apparatuses, 

detects a first determination information indicating quality 
deterioration of a downlink that is used for determining 
a state of radio link of the mobile station apparatus or a 
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a step of detecting a downlink synchronization error or a 
downlink synchronization recovery used for determina 
tion of a downlink synchronization state for each cell of 
downlink frequency bands by comparing the reception 
qualities of the cells of the plurality of downlink fre 
quency bands with a downlink synchronization error 
determining threshold value and a downlink synchroni 
zation recovery determining threshold value for each 
cell of downlink frequency bands, 

second information indicating recovery of quality of the 
downlink for each cell from the reception qualities based 
on reception quality of each cell designated by the base 
station apparatus, 

a step of starting timing of a timer of each cell of downlink 
frequency band if the downlink synchronization erroris 
consecutively detected for a certain number of times, 
determining the downlink synchronization state as a 
downlink synchronization loss of each cell of downlink 
frequency bands when the timer of each cell of downlink 
frequency bands is expired, and determining the down 
link synchronization state as a downlink synchroniza 
tion loss to release a radio resource and start reconnec 
tion when the timers are expired in cells of all the 
measured downlink frequency bands, and 

when a timer that starts timing for the each cell if the first 
determination information is detected consecutively for 
a certain number of times is expired, the mobile station 
apparatus determines that a downlink corresponding to 
the cell is out of synchronization and stops a transmis 
sion of an uplink of the cell if the state of radio link of the 
mobile station apparatus is not determined as loss of 
synchronization, and starts reconnection procedure by 
releasing radio resources of the cell if the state of radio 
link of the mobile station apparatus is determined as loss 
of synchronization. 

a determining step of stopping the timing of the timer of 
each cell of downlink frequency bands to determine the 
downlink synchronization state as downlink synchroni 
zation of each cell of downlink frequency bands if the 
downlink synchronization recovery of each cell of the 
downlink frequency bands is consecutively detected for 
a certain number of times during the timing of the timer 
of each cell of downlink frequency bands. 

16. A mobile station apparatus communicating with base 
station apparatuses, wherein 

the mobile station apparatus measures reception qualities 
of cells of frequency bands of a plurality of downlinks 
having different frequencies which are connected to the 
base station apparatuses, 19. A radio link synchronization determining method in a 

mobile station apparatus communicating with base station 
apparatuses, comprising: 

detects a first determination information indicating quality 
deterioration of a downlink that is used for determining 
a state of radio link of the mobile station apparatus or a 
second information indicating recovery of quality of the 
downlink for each cell from the reception qualities based 
on reception quality of each cell designated by the base 
station apparatus, 

a step of measuring reception qualities of cells offrequency 
bands of a plurality of downlink having different fre 
quencies which are connected to the base station appa 
ratuses, 

a step of detecting a first determination information indi 
cating quality deterioration of a downlink that is used for 
determining a state of radio link of the mobile station 
apparatus or a second information indicating recovery of 
quality of the downlink for each cell from the reception 
qualities based on reception quality of each cell desig 
nated by the base station apparatus, 

when a timer that starts timing for the each cell if the first 
determination information is detected consecutively for 
a certain number of times is expired, the mobile station 
apparatus stops a transmission of an uplink of the cell if 
the state of radio link of the mobile station apparatus is 
not determined as loss of synchronization, and restarts a 
transmission of an uplink of the cell if the second deter 
mination information is detected consecutively for a 
certain number of times. 

when a timer that starts timing for the each cell if the first 
determination information is detected consecutively for 

17. A base station apparatus connected to the mobile sta- a certain number of times is expired, 
tion apparatus as defined in any one of claims 14 to 16, 
wherein the base station apparatus determines interrupted 
data destined for the mobile station apparatus based on a cell 
ID and a mobile station apparatus ID provided from the 
mobile station apparatus to resume transmission of the data 
when performing reconnection procedure. 

a step of determining that a downlink corresponding to the 
cell is out of synchronization and stopping a transmis 
sion of an uplink of the cell if the state of radio link of the 
mobile station apparatus is not determined as loss of 
synchronization and detecting the first determination 
information or the second determination information for 

18. A radio link synchronization determining method in a each cell based on respective reception qualities of other 
mobile station apparatus communicating with base station cells, and apparatuses, comprising: 

a step of starting reconnection procedure by releasing radio 
resources of the cell if the state of radio link of the 

mobile station apparatus is determined as loss of syn 

a step of measuring reception qualities of cells offrequency 
bands of a plurality of downlinks having different fre 
quencies which are connected to the base station appa 
ratuses, chronization. 
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20. A radio link synchronization determining method in a qualities based on reception quality of each cell desig 
mobile station apparatus communicating with base station nated by the base station apparatus, 
apparatuses, comprising: when a timer that starts timing for the each cell if the first 

determination information is detected consecutively for a step of measuring reception qualities of cells offrequency a certain number of times is expired, 
bands of a plurality of downlink having different fre- a step of stopping a transmission of an uplink of the cell if 
quencies which are connected to the base station appa- the state of radio link of the mobile station apparatus is 
ratuses, not determined as loss of synchronization, and 

a step of detecting a first determination information indi- a step of restarting a transmission of an uplink of the cell if 
cating quality deterioration of a downlink that is used for the second determination information is detected con 
determining a state of radio link of the mobile station secutively for a certain number of times. 
apparatus or a second information indicating recovery of 
quality of the downlink for each cell from the reception ck 


