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(54) Method and apparatus for transmitting/receiving physical channels in communication system 
supporting carrier aggregation

(57) A physical channel transmission method using
inter-eNB carrier aggregation is provided for improve-
ment of peak data rate and system throughput in a wire-
less communication system. The physical channel trans-
mission method of a terminal in a communication system
supporting carrier aggregation includes receiving carrier
aggregation configuration information from a network;
aggregating a plurality of carriers according to the carrier
aggregation configuration information; and transmitting
an uplink control channel on a common uplink frequency
on which a plurality of base stations join the carrier ag-
gregation.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to a
wireless communication system and, more particularly,
to a physical channel transmission/reception method be-
tween a base station and a terminal using inter-eNB car-
rier aggregation in a wireless communication system.

2. Description of the Related Art

[0002] Wireless communication systems have evolved
into high-speed, high-quality wireless packet data com-
munication systems to provide data and multimedia serv-
ices beyond the early voice-oriented services. Recently,
various mobile communication standards, such as High
Speed Downlink Packet Access (HSDPA), High Speed
Uplink Packet Access (HSUPA), Long Term Evolution
(LTE), and LTE-Advanced (LTE-A) defined in 3rd Gen-
eration Partnership Project (3GPP), High Rate Packet
Data (HRPD) defined in 3rd Generation Partnership
Project-2 (3GPP2), and 802.16 defined in IEEE, have
been developed to support high-speed, high-quality wire-
less packet data communication services.
[0003] As a representative broadband wireless com-
munication standard, LTE adopts Orthogonal Frequency
Division Multiple Access (OFDMA) in the downlink and
Single Carrier Frequency Division Multiple Access (SC-
FDMA) in the uplink. In such multiple access schemes,
the user-specific data and/or control information are
mapped to time-frequency resources without overlap-
ping each other, i.e. maintaining orthogonality, to identify
the user-specific data and/or control information.
[0004] The LTE system adopts Hybrid Automatic Re-
peat reQuest (HARQ) for retransmitting the data that has
failed in decoding in the physical layer. HARQ is a tech-
nique for ensuring reliability of data transmission in such
a way that a receiver transmits a Negative Acknowledge-
ment (NACK) to a transmitter to request for  retransmis-
sion of the data that has failed in decoding in the physical
layer. The receiver combines the retransmitted data with
the previously transmitted data to increase data reception
performance. If the data are decoded successfully, the
receiver transmits an ACK to the transmitter, such that
the transmitter transmits next data.
[0005] In a broadband wireless communication sys-
tem, one of the significant factors to provide high-speed
wireless data service is bandwidth scalability for dynamic
resource allocation. For example, the Long Term Evolu-
tion (LTE) system can support the bandwidths of
20/15/10/5/3/1.4 MHz. The carriers can provide services
with at least one of the bandwidths, and the user equip-
ment can have different capabilities such that some sup-
port only 1.4MHz bandwidth and others up to 20MHz
bandwidth.

[0006] The LTE-Advanced (LTE-A) system, aiming at
achieving the requirements of the IMT-Advanced serv-
ice, can provide broadband service by aggregating car-
riers up to 100MHz. The LTE-A system needs the band-
width to be wider than that of LTE system for high-speed
data transmission. Simultaneously, the LTE-A system
needs to be backward compatible with the LTE system
such that LTE User Equipments (Ues) can access the
services of the LTE-Advanced system.
[0007] For this purpose, the entire system bandwidth
of the LTE-A system is divided into sub-bands or com-
ponent carriers that have a bandwidth supporting trans-
mission or reception of the LTE UE and can be aggre-
gated for supporting the high speed data transmission of
the LTE-A system in the transmission/reception process
of the legacy LTE system per component carrier.
[0008] FIG. 1 illustrates the configuration of a radio ac-
cess network of a conventional LTE-A system capable
of carrier aggregation.
[0009] FIG. 1 shows an evolved Node B (eNB) sup-
porting aggregation of two component carriers (CC#1
and CC#2) having the center frequencies of f1 and f2
respectively. CC#1 and CC#2 belong to the same eNB
102. The eNB 102 has coverage areas 104 and 106 cor-
responding to the respective component carriers. In the
LTE-A system capable of carrier aggregation, the data
and control information for data  communication are
transmitted on the respective component carriers. The
network configuration of FIG. 1 can be applicable for up-
link component carrier aggregation as well as downlink
component carrier aggregation.
[0010] However, the conventional LTE-A system is re-
stricted to intra-eNB carrier aggregation. The present in-
vention provides an inter-eNB carrier aggregation meth-
od, as discussed below.

SUMMARY

[0011] The present invention has been made to ad-
dress at least the above mentioned problems and disad-
vantages and to provide at least the advantages de-
scribed below. Accordingly, an aspect of the present in-
vention provides a method for transmitting/receiving
physical data and control channels using inter-eNB car-
rier aggregation in a broadband wireless communication
system.
[0012] In accordance with an aspect of the present in-
vention, a physical channel transmission method of a ter-
minal in a communication system supporting carrier ag-
gregation includes receiving carrier aggregation config-
uration information from a network; aggregating a plural-
ity of carriers according to the carrier aggregation con-
figuration information; and transmitting an uplink control
channel on a common uplink frequency on which a plu-
rality of base stations join the carrier aggregation.
[0013] In accordance with another aspect of the
present invention, a physical channel reception method
of a base station in a communication system supporting
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carrier aggregation includes establishing a connection
with a terminal which requests an initial attach procedure;
transmitting carrier aggregation configuration informa-
tion to the terminal; and receiving an uplink control chan-
nel from the terminal through a common uplink frequency
of a plurality of base stations according to the carrier ag-
gregation configuration information.
[0014] In accordance with another aspect of the
present invention, a terminal for transmitting a physical
channel in a communication system supporting carrier
aggregation includes a transceiver which transmits and
receives signals and data to and from a network; and a
controller which controls an initial attach procedure to the
network, receiving carrier aggregation configuration in-
formation from the network, aggregating a plurality of car-
riers according to the carrier aggregation configuration
information, and transmitting an uplink control channel
on a common uplink frequency on which a plurality of
base stations join the carrier aggregation.
[0015] In accordance with still another aspect of the
present invention, a base station for receiving a physical
channel in a communication system supporting carrier
aggregation includes a transceiver which transmits and
receives signals and data to and from a terminal; and a
controller which controls establishing a connection with
a terminal which requests an initial attach procedure,
transmitting carrier aggregation configuration informa-
tion to the terminal, and receiving an uplink control chan-
nel from the terminal through a common uplink frequency
of a plurality of base stations according to the carrier ag-
gregation configuration information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The aspects, features and advantages of the
present invention will be more apparent from the follow-
ing detailed description in conjunction with the accom-
panying drawings, in which:

FIG. 1 illustrates the configuration of a radio access
network of a conventional LTE-A system capable of
carrier aggregation;
FIG. 2 illustrates a broadband LTE-A system sup-
porting inter-eNB carrier aggregation according to a
first embodiment of the present invention;
FIG. 3 illustrates the inter-eNB carrier aggregation
mechanism of the LTE-A system according to the
first embodiment of the present invention;
FIG. 4 is a flowchart illustrating a UCI feedback meth-
od of the UE according to the first embodiment of
the present invention
FIG. 5 is a flowchart illustrating a PUCCH transmis-
sion power control procedure of the method accord-
ing to a second embodiment of the present invention;
FIG. 6 is a flowchart illustrating a UCI feedback meth-
od of the UE according to the second embodiment
of the present invention;
FIG. 7 is a block diagram illustrating the configuration

of an eNB according to an embodiment of the present
invention; and
FIG. 8 is a block diagram illustrating the configuration
of a UE according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE PRESENT INVENTION

[0017] Embodiments of the present invention are de-
scribed with reference to the accompanying drawings in
detail. The same reference numbers are used throughout
the drawings to refer to the same or like parts. Detailed
description of well-known functions and structures incor-
porated herein may be omitted to avoid obscuring the
subject matter of the present invention.
[0018] In the following description, the term ’base sta-
tion’ refers to an entity forallocating resources to termi-
nals and can be any of an eNode B, eNB, Node B, BS,
radio access unit, base station controller, or network.
[0019] In the following description, a "terminal" can be
any of a User Equipment (UE), Mobile Station (MS), cel-
lular phone, smartphone, computer, and multimedia sys-
tem capable of communication.
[0020] Although the following description is directed to
an E-UTRA (or LTE-A) system, it will be understood by
those skilled in the art that the present invention can be
applied to other communication systems having similar
technical backgrounds and channel formats, with slight
modification, without departing from the spirit and scope
of the present invention. For example, the transmission/
reception method of the present invention can be applied
to a multicarrier HSPA system supporting carrier aggre-
gation.
[0021] Although the following description is directed to
carrier aggregation between macro and pico eNBs, the
present invention is not limited thereto but can be applied
for carrier aggregation between geographically-remote
eNBs. For example, the present  invention can be applied
to carrier aggregation between two geographically-re-
mote macro eNBs and between two geographically-re-
mote pico eNBs. Also, there is no limit in the number of
carriers to be aggregated.
[0022] The present invention provides a physical data
and control channel transmission/reception method
through broad bandwidth achieved through inter-eNB
carrier aggregation in an LTE-A system.
[0023] The present invention provides a physical chan-
nel transmission method and apparatus that is capable
of transmitting physical data and control information us-
ing inter-eNB carrier aggregation in a wireless commu-
nication system, resulting in improvement of peak data
rate and system throughput.
[0024] FIG. 2 illustrates a broadband LTE-A system
supporting inter-eNB carrier aggregation according to an
embodiment of the present invention.
[0025] FIG. 2 shows a system in which plural pico eNBs
203, 205, and 207 having small coverage areas are dis-
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tributed within the coverage area 202 of a macro eNB
201. Typically, a macro eNB transmits signals at a power
level higher than that of a pico eNB. The macro eNB 201
and the pico eNBs 203, 205, and 207 are connected each
other with a certain amount of backhaul delay. Accord-
ingly, it is preferred not to exchange delay-sensitive in-
formation between macro and pico eNBs.
[0026] The embodiment of FIG. 2 is directed to the case
where the macro eNB 201 uses frequency f1 for downlink
signal transmission, and the pico eNBs 203, 2-5 and 207
use frequency f2 for downlink transmission. The macro
eNB 201 transmits data or control information to the UE
209 through frequency f1, and the pico eNB 207 transmits
data or control information to the UE 209 through fre-
quency f2. Through carrier aggregation, multiple eNBs
can transmit signals to the UE simultaneously through
different frequency, resulting in improvement of peak da-
ta rate and system CARRIER AGGREGATION configu-
ration information.
[0027] The network configuration of FIG. 2 can be ap-
plied to uplink carrier aggregation as well as downlink
carrier aggregation. For example, the UE 209 may trans-
mit data or control information to the macro eNB 201
through frequency f1 and to the pico eNBs 203, 205 and
207 through frequency f2.
[0028] As described herein, a carrier aggregation sys-
tem is composed of a Primary Cell (PCell) and a Sec-
ondary Cell (SCell). The PCell allocates radio resources
to the UE and acts as an anchor for initial access and
handover of the UE. The PCell corresponds to a downlink
primary frequency (or Primary Component Carrier
(PCC)). The SCell allocates supplementary radio re-
sources to the UE in cooperation with the PCell and cor-
responds to a downlink secondary frequency (or Sec-
ondary Component Carrier (SCC)) and uplink secondary
frequency. The HARQ ACK/NACK and Channel Status
Indicator (CSI) feedback is transmitted from the UE to
the eNB on a Physical Uplink Control CHannel (PUCCH).
[0029] FIG. 3 illustrates the inter-eNB carrier aggrega-
tion mechanism of the LTE-A system according to a first
embodiment of the present invention.
[0030] FIG. 3 includes a macro eNB 301 operating on
a downlink frequency f1 and an uplink frequency f1’ and
a pico eNB 302 operating on a downlink frequency f2 and
an uplink frequency f2’ that are located at different posi-
tions. The macro eNB 301 is capable of receiving and
processing the uplink signal transmitted on the uplink fre-
quency f2’.
[0031] The macro eNB 301 and pico eNB 302 are con-
nected to each other through a backhaul having a certain
amount of delay. Accordingly, it is preferred not to ex-
change any delay-sensitive information between the
macro and pico eNBs.
[0032] In the system configured as shown in FIG. 3,
the UE 303 is capable of receiving and processing signals
on the downlink frequencies f1 and f2 and transmitting
and processing signals on the uplink frequencies f1’ and
f2’.

[0033] If the UE transmits Uplink Control Information
(UCI) such as HARQ ACK/NACK and CSI on the
PUCCH, it is necessary to configure the PUCCH as a
narrow band signal for carrying UCI having a relatively
small amount of information and transmit the UCI at a
high transmit power level for high reception performance.
If the UE transmits the narrowband signals at high trans-
mit power levels on f1’ and f2’, this causes interference
between the signals and to the neighbor systems and
consumes a large amount of battery power. Accordingly,
it is preferred for the UE to avoid simultaneously trans-
mitting UCIs on the uplink frequencies f1’ and f2’ .
[0034] In the case of data transmission, however, the
UE is capable of transmitting data at a relatively low trans-
mit power level on the relatively broad bandwidth, and
thus the interference probability is low. Accordingly, it
does not cause any significant problem for the UE to si-
multaneously transmit data on f1’ and f2’ at a certain in-
stant.
[0035] In the system configured as shown in FIG. 3,
the UE transmits the PUCCH on the uplink frequency f2’.
The PUCCH may carry at least one of a UCI addressed
to the macro eNB 301 and a UCI addressed to the pico
eNB 302. Since both the macro and pico eNBs are ca-
pable of receiving and processing the signals on the up-
link f2’, it is possible to receive the PUCCH transmitted
on f2’.
[0036] Although it supports carrier aggregation, the UE
has to attempt an initial attach procedure to the system
on a single carrier. Once the initial attach procedure has
been completed, the eNB checks the carrier aggregation
capability of the UE and configures carrier aggregation
to the UE. If the eNB configures carrier aggregation to
the UE, it sends the UE at least one of the following in-
formations through higher layer signaling. The eNB is
also capable of sending to other eNBs participating in
the carrier aggregation the control information including
some or all of the following information through inter-eNB
signaling.
[0037] First Information: This is the information on the
SCell as a target of the carrier aggregation and includes
downlink and uplink frequency information of the SCell.
[0038] Second Information: This is the information on
the uplink frequency to be used by the UE for PUCCH
transmission.
[0039] Third Information: This is the PUCCH transmis-
sion format for use in UCI transmission and may be one
of PUCCH formats 1a, 1b, 2, and 3 defined in LTE-A
standard or a new PUCCH format.
[0040] Fourth Information: This is PUCCH resource in-
formation necessary for the UE to acquire resource block
information, orthogonal sequence information, and cyclic
shift information directly or indirectly.
[0041] FIG. 4 is a flowchart illustrating the UCI feed-
back method of the UE according to the first embodiment
of the present invention. FIG. 4 shows the UE procedure
of attaching the eNB and feeding back the UCI on the
PUCCH according to whether carrier aggregation is sup-
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ported.
[0042] First, the UE performs the initial attach proce-
dure to the LTE-A system at step 401. The initial attach
procedure is performed through a Random Access pro-
cedure. Once the initial attach procedure has been com-
pleted, the eNB and the UE are capable of communicat-
ing data under the control of the eNB. The UE reports
the UE capability to the eNB at step 402. The UE capa-
bility indicates the LTE-A functions supported by the UE,
particularly whether the UE supports carrier aggregation.
[0043] The eNB determines whether the UE can sup-
port carrier aggregation based on the UE capability. If it
is determined that the UE can support carrier aggrega-
tion, the eNB transmits carrier aggregation configuration
information including at least one of the first to fourth
information to the UE.
[0044] The UE determines whether the carrier aggre-
gation configuration information is received at step 403
and, if the carrier aggregation configuration information
is received, the UE configures carrier aggregation based
on the carrier aggregation configuration at step 404. Af-
terward, the UE is capable of communicating data and
control information with the eNB through the downlink
and uplink frequencies  configured in the initial attach
procedure and the downlink and uplink frequencies con-
figured through carrier aggregation.
[0045] Next, the UE transmits, when there is UCI to be
fed back to the eNB, the PUCCH on the uplink frequency
indicated in the carrier aggregation configuration infor-
mation at step 405.
[0046] If carrier aggregation configuration information
is not received at step 403, the UE communicates data
and control information with the eNB through the down-
link and uplink frequencies configured in the initial attach
procedure. Afterward, when there is UCI to be fed back
to the eNB, the UE transmits the PUCCH carrying the
UCI on the uplink frequency configured in the initial attach
procedure at step 406.
[0047] When it is necessary to transmit the PUCCH
carrying UCI, the UE operating in the carrier aggregation
mode adjusts the transmit power according to the eNB
to which the UCI is addressed. Typically, since the macro
eNB 301 has a large coverage area, the distance be-
tween the UE 303 and the macro eNB 301 is relatively
far away. Also, in the case of transmitting the control in-
formation requiring high reception probability, the UE has
to transmit the signal at a relatively high transmit power
level.
[0048] In contrast, since the pico eNB 302 has a rela-
tively small coverage area, the distance between the UE
303 and the pico eNB 302 is relatively close such that
the UE is capable of transmitting the signal to the pico
cell at a relatively low transmit power level. Accordingly,
in the case where the UE transmits the PUCCH carrying
UCI on the uplink frequency f2’ as shown in FIG. 3, if the
PUCCH carries UCI addressed at least to the macro eNB
301, the UE 303 transmits the PUCCH at the transmit
power level configured based on the power control infor-

mation of the macro eNB 301. Otherwise, if the PUCCH
carries only the UCI addressed to the pico cell but not
the macro cell, the UE 303 transmits the PUCCH at the
transmit power level configured based on the transmit
power control information on the pico eNB 302.
[0049] FIG. 5 is a flowchart illustrating the PUCCH
transmission power control procedure of the method ac-
cording to an embodiment of the present invention.
[0050] Referring to FIG. 5, the PUCCH transmit power
control procedure of the UE can be generalized as fol-
lows. If it is required to transmit the PUCCH carrying UCI,
the UE determines whether the PUCCH includes UCI(0)
at step 501. Here, UCI(0) denotes the UCI addressed to
the eNB(0), and UCI(1) denotes the UCI addressed to
the eNB (1). The eNB notifies the UE of the eNB(0) and
eNB(1) among the eNBs joined in the carrier aggregation
in advance. Also, it is possible for the eNB to send the
UE the information on the PUCCH transmit power control
depending on the UCI carried in the PUCCH. For exam-
ple, the macro eNB may be configured as eNB(0) and
the pico eNB may be configured as eNB(1). The UE is
capable of adjusting the PUCCH transmit power accord-
ing to the presence of UCI(0) in the PUCCH to be trans-
mitted.
[0051] If it is determined at step 501 that UCI(0) is in-
cluded in the PUCCH to be transmitted, the UE transmits
the PUCCH at the transmit power level adjusted accord-
ing to the power control information received from the
eNB(0) at step 502. Otherwise, if it is determined at step
501 that UCI(0) is not included in the PUCCH, the UE
transmits the PUCCH at the transmit power level adjust-
ed according to the power control information received
from the eNB(1). The power control information of each
eNB may include Transmit Power Control (TPC) infor-
mation, power control information in consideration of in-
tra-cell interference, and pathloss information between
the eNB and the UE.
[0052] The second embodiment of the present inven-
tion is identical with the first embodiment in system con-
figuration as shown in FIG. 3 with the exception that the
uplink carrier aggregation is not supported. That is, when
it is required to transmit uplink data or control information
at a certain time, the UE is capable of performing uplink
transmission only on one uplink frequency. Referring to
FIG. 3, the UE operates on the downlink frequencies f1
and f2 and only one of the uplink frequencies f1’ and f2’
at a certain instant.
[0053] FIG. 6 is a flowchart illustrating the UCI feed-
back method of the UE according to the second embod-
iment of the present invention. FIG. 6 shows the UE pro-
cedure for UCI feedback on the PUCCH in the system
configured as shown in FIG. 3.
[0054] First, the UE performs the initial attach proce-
dure to the LTE-A system at step S601. The initial attach
procedure is performed through a Random Access pro-
cedure. Once the initial attach procedure has been com-
pleted, the eNB and the UE are capable of communica-
tion data under the control of the eNB.
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[0055] The eNB determines whether the UE supports
carrier aggregation based on the UE capability to config-
ure carrier aggregation for the UE. In the system of FIG.
3, if the initially-attached eNB is a pico eNB 302 and if
the pico eNB 302 determines to join the downlink carrier
aggregation with the macro eNB 301, the pico eNB 302
notifies the UE 303 of this determination through higher
layer signaling. Otherwise, if the initially-attached eNB is
the macro eNB 301 and if the macro eNB 301 determines
the downlink carrier aggregation with any pico eNB, the
macro eNB 301 notifies the UE 303 of this determination
through higher layer signaling. In the second embodi-
ment of the present invention, the eNB is capable of trans-
mitting the carrier aggregation configuration information
including at least the four aforementioned control infor-
mation to the UE.
[0056] The UE receives the carrier aggregation con-
figuration information at step 602 and determines wheth-
er the eNB indicated by the carrier aggregation configu-
ration information is a macro eNB or a pico eNB at step
603.
[0057] If it is determined, at step 603, that the eNB
indicated by the CA configuration information is the pico
eNB, the UE configures downlink carrier aggregation
joining the pico eNB at step 604.
[0058] Afterward, the pico and macro eNBs are capa-
ble of perform downlink data and control information
transmission to the UE on the downlink frequency f1 con-
figured in the initial attach procedure and the downlink
frequency f2 configured in the carrier aggregation proce-
dure. In this case, the uplink data and control information
are transmitted to the pico eNB on the uplink frequency
f2’.
[0059] If it becomes necessary to send UCI to the eNB,
the UE transmits the PUCCH carrying UCI on the uplink
frequency f2’ corresponding to the pico eNB which is  con-
figured in the carrier aggregation procedure other than
the uplink frequency f1’configured in the initial attach pro-
cedure.
[0060] The uplink signal transmission of the UE is per-
formed on the uplink frequency f2’ on which both the mac-
ro and pico eNBs are capable of receiving uplink signals
such that the macro and pico eNBs receive the UCIs
addressed thereto, respectively.
[0061] If it is determined, at step 603, that the eNB
indicated by the CA configuration information is the mac-
ro eNB, the UE configures downlink carrier aggregation
joining the macro eNB at step 606.
[0062] Afterward, both the pico and macro eNBs joined
in the carrier aggregation transmit data and control infor-
mation on the downlink frequency f2 configured in the
initial attach procedure and downlink frequency f1 con-
figured in the carrier aggregation procedure, and the UE
transmits data and control information on the uplink fre-
quency f2’ configured in the initial attach procedure.
[0063] Afterward, if it becomes necessary to send UCI
to the eNB, the UE transmits the PUCCH carrying UCI
to the eNB on the uplink frequency f2’ configured in the

initial attach procedure at step 607.
[0064] FIG. 7 is a block diagram illustrating the config-
uration of the eNB according to an embodiment of the
present invention. Referring to FIG. 7, the eNB 700 in-
cludes a CA controller 710; a scheduler 720; a transmis-
sion unit 730 including a PDCCH generator 731, a PD-
SCH generator 732, a PHICH generator 733, a multiplex-
er 734, and an RF transmitter 735; and a reception unit
740 including a PUCCH receiver 741, a PUSCH receiver
742, a demultiplexer 743, and an RF receiver 744.
[0065] The CA controller 710 determines carrier ag-
gregation to the UE to be scheduled based on the amount
of data to be transmitted to the UE and the resource
amount available within the system, and notifies the
scheduler 720 and the function blocks of the transmission
unit 730 and the reception unit 740.
[0066] The PDCCH generator 731 generates a Phys-
ical Downlink Control CHannel (PDCCH) through chan-
nel coding and modulation on the downlink control infor-
mation including scheduling information under the con-
trol of the scheduler 720 and the CA controller 710. The
PDSCH generator 732 generates a Physical Downlink
Shared CHannel (PDSCH) through channel coding and
modulation on the downlink data under the control of the
scheduler 720 and the CA controller 710. The PHICH
block 733 generates a Physical HARQ Indicator CHannel
(PHICH) through channel coding and modulation on the
HARQ-ACK/NACK corresponding to the uplink data un-
der the control of the scheduler 720 and the CA controller
710.
[0067] The PDCCH, PDSCH, and PHICH generated
by the PDCCH generator 731, the PDSCH generator
732, and the PHICH generator 733, respectively, are mul-
tiplexed by the multiplexer 734 and then processed by
the RF transmitter 735 so as to be transmitted to the UE
on the downlink frequency f1 of the macro eNB.
[0068] The reception unit 740 is capable of receiving
signals on the uplink frequency f2’ of the pico eNB which
has joined carrier aggregation as well as the uplink fre-
quency f1’ of the macro eNB. The reception unit 740 re-
ceives radio signals by means of the RF receiver 744
and demultiplexes the received signal to at least one of
the PUCCH receiver 741 and the PUSCH receiver 742.
[0069] The PUCCH receiver 741 performs demodula-
tion and channel-decoding on the Physical Uplink Control
CHannel (PUCCH) including UCI to acquire HARQ-ACK/
NACK and CSI. The PUSCH receiver 742 performs de-
modulation and channel-decoding on the Physical Uplink
Shared CHannel (PUSCH) to acquire the uplink data
transmitted by the UE.
[0070] The reception unit 740 delivers the output from
the PUSCH receiver 741 and the PUSCH receiver 742
to the scheduler 720 and the CA controller 710 for making
scheduling and carrier aggregation decisions.
[0071] FIG. 8 is a block diagram illustrating the config-
uration of the UE according to an embodiment of the
present invention. The UE is capable of receiving signals
on the  downlink frequencies f1 and f2 and transmitting
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signals on the uplink frequencies f1’ and f2’. Referring to
FIG. 8, the UE 800 includes a CA controller 810, a re-
ception unit 820 including a PDCCH receiver 821, a PD-
SCH receiver 822, a PHICH receiver 823, a demultiplexer
824, and an RF receiver 825; and a transmission unit
830 including a PUCCH transmitter 831, a PUSCH trans-
mitter 832, a multiplexer 833, and an RF transmitter 834.
[0072] The CA controller 810 configures carrier aggre-
gation of the UE and controls the reception unit 820 and
the transmission unit 830 based on the control informa-
tion transmitted by the eNB.
[0073] The PDCCH receiver 821 of the reception unit
820 performs demodulation and channel decoding on
the PDCCH received through the downlink frequency f1
and/or f2 to acquire downlink control information. The
PDSCH receiver 822 performs demodulation and chan-
nel-decoding on the PDSCH received through the down-
link frequency f1 and/or f2 to acquire downlink data. The
PHICH receiver 823 performs demodulation and chan-
nel-decoding on the PHICH received through downlink
frequency f1 and/or f2 to acquire HARQ-ACK/NACK cor-
responding to the uplink data transmitted by the UE.
[0074] The PUCCH transmitter 831 of the transmission
unit 830 generates a PUCCH by performing channel cod-
ing and modulation on UCI including HARQ-ACK/NACK
and CSI addressed to the macro or pico eNB under the
control of the CA controller 810. The PUSCH transmitter
832 generates a PUSCH by performing channel coding
and modulation on the uplink data addressed to the mac-
ro or pico eNB under the control of the CA controller 810.
[0075] The PUCCH generated by the PUCCH trans-
mitter 831 and the PUSCH generated by the PUSCH
transmitter 832 are multiplexed by the multiplexer 833
and processed by the RF transmitter 834 such that the
PUSCH is transmitted to the eNB through the uplink fre-
quency f1’ or f2’ and the PUCCH is transmitted to the
eNB through the uplink frequency f 2.
[0076] Although embodiments of the present invention
have been described in detail hereinabove, it should be
clearly understood that many variations and modifica-
tions of the basic inventive concepts herein taught which
may appear to those skilled in the present art will still fall
within the spirit and scope of the present invention, as
defined in the appended claims and their equivalents.

Claims

1. A physical channel transmission method of a termi-
nal in a communication system supporting carrier
aggregation, the method comprising:

receiving carrier aggregation configuration in-
formation from a network;
aggregating a plurality of carriers according to
the carrier aggregation configuration informa-
tion; and
transmitting an uplink control channel on a com-

mon uplink frequency on which a plurality of
base stations join the carrier aggregation.

2. The method of claim 1, wherein the carrier aggrega-
tion configuration information comprises at least one
of an uplink and a downlink frequency added in a
carrier aggregation procedure, an uplink frequency
for use in uplink control channel transmission, a
transmission format of the uplink control channel,
and a transmission resource of the uplink control
channel.

3. The method of claim 1, wherein transmitting the up-
link control channel comprises determining transmit
power of the uplink control channel according to
transmit power control information transmitted by a
base station with a highest transmit power among
the plurality of base stations.

4. The method of claim 1, wherein transmitting the up-
link control channel comprises changing, when the
carrier aggregation information indicates only down-
link carrier aggregation and a coverage area of a
second base station joining in the carrier aggregation
is less than the coverage area of a first base station
to which the terminal has connected in an initial at-
tach procedure, the uplink frequency for the uplink
control channel transmission for a new uplink fre-
quency of the second base station.

5. A physical channel reception method of a base sta-
tion in a communication system supporting carrier
aggregation, the method comprising:

establishing a connection with a terminal which
requests an initial attach procedure;
transmitting carrier aggregation configuration
information to the terminal; and
receiving an uplink control channel from the ter-
minal through a common uplink frequency of a
plurality of base stations according to the carrier
aggregation configuration information.

6. The method of claim 5, wherein the carrier aggrega-
tion configuration information comprises at least one
of an uplink and a downlink frequency added in a
carrier aggregation procedure, an uplink frequency
for use in uplink control channel transmission, a
transmission format of the uplink control channel,
and a transmission resource of the uplink control
channel.

7. The method of claim 5, wherein the uplink control
channel is transmitted at a transmit power level de-
termined according to transmit power control infor-
mation transmitted by a base station with a highest
transmit power among the plurality of base stations.
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8. The method of claim 5, wherein receiving the uplink
control channel comprises changing, when the car-
rier aggregation information indicates only downlink
carrier aggregation and a coverage area of a second
base station joining in the carrier aggregation is less
than the coverage area of a first base station to which
the terminal has connected in the initial attach pro-
cedure, the uplink frequency for the uplink control
channel reception for a new uplink frequency of the
second base station.

9. A terminal for transmitting a physical channel in a
communication system supporting carrier aggrega-
tion, the terminal comprising:

a transceiver which transmits and receives sig-
nals and data to and from a network; and
a controller which controls an initial attach pro-
cedure to the network, receiving carrier aggre-
gation configuration information from the net-
work, aggregating a plurality of carriers accord-
ing to the carrier aggregation configuration in-
formation, and transmitting an uplink control
channel on a common uplink frequency on which
a plurality of base stations join the carrier aggre-
gation.

10. The terminal of claim 9, wherein the carrier aggre-
gation configuration information comprises at least
one of an uplink and a downlink frequency added in
a carrier aggregation procedure, an uplink frequency
for use in uplink control channel transmission, a
transmission format of the uplink control channel,
and a transmission resource of the uplink control
channel.

11. The terminal of claim 9, wherein the uplink control
channel is transmitted at a transmit power level de-
termined according to transmit power control infor-
mation transmitted by a base station with a highest
transmit power among the plurality of base stations.

12. The terminal of claim 9, wherein the controller chang-
es, when the carrier aggregation information indi-
cates only downlink carrier aggregation and a cov-
erage area of a second base station joining in the
carrier aggregation is less than the coverage area
of a first base station to which the terminal has con-
nected in an initial attach procedure, the uplink fre-
quency for the uplink control channel transmission
for a new uplink frequency of the second base sta-
tion.

13. A base station for receiving a physical channel in a
communication system supporting carrier aggrega-
tion, the base station comprising:

a transceiver which transmits and receives sig-

nals and data to and from a terminal; and
a controller which controls establishing a con-
nection with the terminal which requests an ini-
tial attach procedure, transmitting carrier aggre-
gation configuration information to the terminal,
and receiving an uplink control channel from the
terminal through a common uplink frequency of
a plurality of base stations according to the car-
rier aggregation configuration information.

14. The base station of claim 13, wherein the carrier ag-
gregation configuration information comprises at
least one of an uplink and a downlink frequency add-
ed in a carrier aggregation procedure, an uplink fre-
quency for use in uplink control channel transmis-
sion, a transmission format of the uplink control
channel, and a transmission resource of the uplink
control channel.

15. The base station of claim 13, wherein the uplink con-
trol channel is transmitted at a transmit power level
determined according to transmit power control in-
formation transmitted by a base station with a highest
transmit power among the plurality of base stations.

16. The base station of claim 13, wherein the controller
changes, when the carrier aggregation information
indicates only downlink carrier aggregation and a
coverage area of a second base station joining in
the carrier aggregation is less than the coverage ar-
ea of a first base station to which the terminal has
connected in an initial attach procedure, the uplink
frequency for the uplink control channel reception
for a new uplink frequency of the second base sta-
tion.
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