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(57) Abstract: A method and apparatus for controlling uplink transmission power of a wireless communication system is provid-
ed. The method for controlling uplink transmission power of a user equipment in a wireless communication system includes ag-
gregating a plurality of uplink carriers into an uplink carrier group by frequency; selecting one of a plurality of downlink carriers
associated with at least one of the uplink carriers of the uplink carrier group in terms of path loss; and determining transmission
power of the uplink carriers based on the path loss of the selected downlink carrier. The method and apparatus for controlling up-
link transmission power according to the present invention is advantageous to minimize the signaling overhead and processing
load of the user equipment aggregating multiple carriers in a wireless communication system.
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Description

Title of Invention: METHOD AND APPARATUS FOR CON-

TROLLING UPLINK TRANSMISISON POWER IN WIRELESS
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COMMUNICATION SYSTEM
Technical Field

The present invention relates generally to wireless communication systems, and more
particularly, to a method and apparatus for efficiently controlling uplink transmission

power of a mobile terminal using aggregated multiple uplink carriers.

Background Art

The development of mobile communication systems has enabled users on the move
to be accommodated with communication services. Further, mobile communication
systems have been developed to support data communication services in addition to

standard voice communication services.

Long Term Evolution (LTE) is a broadband packet-based communication
technology, which is expected to soon be commercially available, and which is
currently undergoing standardization so that it may be utilized in the 3rd Generation
Partnership Project (3GPP).

Referring initially to FIG. 1, a schematic diagram illustrates an LTE mobile commu-
nication system. An Evolved Radio Access Network (E-RAN) 110, 112, is simplified
with a two-node architecture composed of Evolved Node B's (ENBs or Node B's) 120,
122,124, 126, 128, and Access Gateways, or Enhanced Gateway General Packet
Radio Service (GPRS) Support Nodes (EGGSN) 130, 132. A User Equipment (UE)
101 accesses an Internet Protocol (IP) network 114 via the E-RAN 110, 112.

The ENBs 120-128 correspond to the conventional Node B's of a Universal Mobile
Telecommunications System (UMTS). Each of the ENBs 120-128 connects to the UE
101 and performs the functions of a conventional Node B. In the LTE system, all user
traffic, including real time services such as Voice over IP (VoIP), is served through a

shared channel.

In a data communication service, a resource is allocated in consideration of an
amount of data to be transmitted and channel status, which differs significantly from
voice communication services. Accordingly, a mobile communication system is

provided with a scheduler, which manages resource allocation in consideration of the
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available resources, channel status, transmission data amount, and the like. Such
resource scheduling is required in LTE. A scheduler that is incorporated into a base
station is responsible for management of radio transmission resources. ENBs 120-128
of FIG. 1 collect status information of UEs and schedule the UEs based on the
collected status information. Each ENB 120-128 controls a plurality of cells.

[11]

[12] LTE promises download speeds that are up to 100 Mbps. In order to achieve these
high data rates, various studies have been conducted in several areas, including mini-
mization of the number of nodes involved in the connections, simplification of network
topology, and close placement of radio protocol to radio channels. LTE also uses Or-
thogonal Frequency Division Multiplexing (OFDM) as a radio access technology in
order to achieve these transmission rates. LTE also utilizes Adaptive Modulation &
Coding (AMC) in determining the modulation scheme and channel coding rate in ac-
cordance with the channel status of the UE.

[13]

[14] Recently, LTE-Advanced (LTE-A) has been introduced to further improve the
transmission speed through the use of diverse new technologies in the LTE commu-
nication system, such as carrier aggregation. Carrier aggregation is a technique in
which multiple downlink and uplink carriers are aggregated for a mobile terminal.

[15]

[16] FIG. 2 is a diagram illustrating carrier aggregation in an LTE mobile communication
system. Typically, a base station transmits and receives a plurality of carriers within
different frequency bands. For example, when an ENB 205 uses a first carrier 215 of
which the center frequency is f1 and a second carrier 210 of which center frequency is
2, a UE 220 transmits and receives a signal and transmits data through one of the two
carriers in the conventional communication system. When the UE has carrier ag-
gregation capability, it can be allocated more carriers to increase its transmission
speed.

[17]

[18] Due to the fact that uplink transmission causes inter-cell interference, it is necessary
for uplink transmission power to be maintained at an appropriate level. In order to
control the uplink transmission power, the base station sends the UE an uplink
transmission power control command through the downlink carrier. The uplink
transmission power control command carries information for adjusting the
transmission power of the UE and may be carried in the form of a separate control
signal or by way of a transmission resource allocation signal.

[19]

[20] In a conventional mobile communication system, the UE is allocated a single
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[21]

[22]

[23]

[24]

[25]

[26]

downlink carrier and a single uplink carrier. Therefore, the uplink carrier to which the
uplink transmission power control command refers is clear. However, in the advanced
mobile communication system described above in which a mobile terminal transmits
through multiple uplink carriers, the uplink carrier to which the uplink transmission
power control command refers is not clear.

Disclosure of Invention

Technical Problem

The present invention has been made to address at least the above problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the present invention provides a method and system for controlling uplink
transmission power in a wireless communication system.

In order to solve the above problems, the present invention provides a method and
apparatus for controlling uplink transmission power that is capable of minimizing
signaling overhead and processing load of a user equipment aggregating multiple
carriers in a wireless communication system.

Solution to Problem

According to an aspect of the present invention, a method for controlling uplink
transmission power of a user equipment in a wireless communication system includes
aggregating a plurality of uplink carriers into an uplink carrier group by frequency;
selecting one of a plurality of downlink carriers associated with at least one of the
uplink carriers of the uplink carrier group in terms of path loss; and determining
transmission power of the uplink carriers based on the path loss of the selected
downlink carrier.

According to another aspect of the present invention, a user equipment for con-
trolling uplink transmission power in a wireless communication system includes a
transceiver which transmits and receives data and control signals on uplink and
downlink carriers; and an uplink transmission power controller which aggregates a
plurality of uplink carriers into an uplink carrier group by frequency, selects one of a
plurality of downlink carriers associated with at least one of the uplink carriers of the
uplink carrier group in terms of path loss, and determines transmission power of the
uplink carriers based on the path loss of the selected downlink carrier.

Details of other exemplary embodiments are included in the detailed description and
drawings.

Brief Description of Drawings

The above and other aspects, features and advantages of the present invention will be

more apparent from the following description when taken in conjunction with the ac-

companying drawings, in which:
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[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
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[44]

FIG. 1 is a schematic diagram illustrating a configuration of an LTE mobile commu-

nication system;
FIG. 2 is a diagram illustrating a carrier aggregation operation in an LTE mobile

communication system;

FIG. 3 is a diagram illustrating carrier aggregation in an LTE mobile communication
system, according to an embodiment of the present invention;

FIG. 4 is a diagram illustrating carrier aggregation in an LTE mobile communication
system, according to another embodiment of the present invention;

FIG. 5 is a diagram illustrating a configuration of a Power Control Downlink Carrier
Group (PC DL CG) and a Power Control Uplink Carrier Group (PC UL CGQG),
according to a first embodiment of the present invention;

FIG. 6 is a message flow diagram illustrating message flows between a network and
a UE, according to the first embodiment of the present invention;

FIG. 7 is a flowchart illustrating a transmission power adjustment methodology of a
UE, according to the first embodiment of the present invention;

FIG. 8 is a flowchart illustrating a transmission power adjustment methodology of
another UE, according to the first embodiment of the present invention;

FIG. 9 is a diagram illustrating a configuration of a Path Loss Uplink Carrier Group
(PL UL CG), according to a second embodiment of the present invention;

FIG. 10 is a message flow diagram illustrating message flows between a network and
a UE, according to the second embodiment of the present invention;

FIG. 11 is a diagram illustrating a transmission power determination methodology of
a UE, according to the second embodiment of the present invention;

FIG. 12 is a diagram illustrating a transmission power determination methodology of
another UE, according to the second embodiment of the present invention;

FIG. 13 is a diagram illustrating a configuration of a receiving device of a UE,
according to an embodiment of the present invention;

FIG. 14 is a message flow diagram illustrating an uplink transmission power control
methodology according to the third embodiment of the present invention;

FIG. 15 is a flowchart illustrating an uplink transmission power control methodology
according to the third embodiment of the present invention;

FIG. 16 is a flowchart illustrating an uplink transmission power control methodology
according to the fourth embodiment of the present invention; and

FIG. 17 is a diagram illustrating a configuration of a UE according to the third and

fourth embodiments of the present invention.
Mode for the Invention

Exemplary embodiments of the present invention are described in detail with
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reference to the accompanying drawings. The same or similar components may be
designated by the same or similar reference numerals although they are illustrated in
different drawings. Detailed descriptions of constructions or processes known in the art

may be omitted to avoid obscuring the subject matter of the present invention.

The terms and words used in the following description and claims are not limited to
their dictionary meanings, but are merely used to enable a clear and consistent under-
standing of the invention. Accordingly, it should be apparent to those skilled in the art
that the following description of embodiments of the present invention are provided for
illustrative purposes only and not for the purpose of limiting the invention, as defined
by the appended claims and their equivalents.

It is to be understood that the singular forms "a", "an", and "the" include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to

"an identifier" includes reference to one or more of such identifiers.

The present invention relates to method and devices for controlling uplink
transmission power of a user equipment in a wireless communication network.
Specifically, the present invention is directed to controlling uplink transmission power
of a user equipment by grouping uplink component carriers and setting the uplink
transmission power of the uplink component carriers in the same group using a

common power control command.

More particularly, a carrier aggregation message from a base station, in accordance
with the present invention, describes a relationship between downlink component
carriers and uplink component carriers. The uplink component carriers may be ag-
gregated to form an uplink component carrier group. The downlink component carriers
may also be aggregated to form a downlink component carrier group. The component
carriers are grouped together based on carrier frequencies in close proximity to each
other such that they exhibit similar transmission characteristics. The carrier ag-
gregation message includes information that maps a downlink component carrier and/
or downlink component carrier group to a corresponding uplink component carrier

and/or uplink component carrier group.

The uplink transmission power to be set for an uplink component carrier is based on
a Transmit Power Command (TPC) and at least an amount of path loss of the downlink
component carrier. Accordingly, the carrier aggregation message includes additional

information for setting the uplink transmission power. In one exemplary embodiment,
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a downlink component carrier is designated as the TPC source. In another exemplary
embodiment, TPCs of downlink component carriers of a downlink component carrier
group are accumulated as the TPC source. In another exemplary embodiment, a
downlink component carrier is designated as the path loss source. In yet another
exemplary embodiment, a download component carrier for the path loss is selected

according to a predetermined rule.

The base station sends the carrier aggregation message to the user equipment. The
user equipment in accordance with the present invention receives the carrier ag-
gregation message and controls the uplink transmission power by applying the power
control commands from the downlink component carriers to the corresponding uplink
component carriers according to the mapping indicated in the carrier aggregation
message. A detailed description of the methods and devices in accordance with the

present invention is explained below.

Referring to FIG. 3, a diagram illustrates carrier aggregation in an LTE mobile com-
munication system, according to an exemplary embodiment of the present invention.
For purposes of explanation, downlink carrier aggregation of the UE is referred to as
Downlink Component Carrier (DL CC), and uplink carrier aggregation is referred to as
Uplink Component Carrier (UL CC). Uplink carriers and downlink carriers of the UE
may be mapped in advance for simplicity. The uplink transmission power of a specific
uplink carrier is indicated only by the uplink transmission power control command

received through the downlink carrier mapped to the corresponding uplink carrier.

FIG. 3 illustrates an exemplary configuration using five downlink carriers, DL CC 1
(305), DL CC 2 (310), DL CC 3 (315), DL CC 4 (320), and DL CC 5 (325), and three
uplink carriers, UL CC 1 (330), UL CC 2 (335), and UL CC 3 (340). For example, DL.
CC 1 (305) is mapped to UL CC 1 (330). DL CC 2 (310) is mapped to UL CC 2 (335).
DL CC 3 (315) is mapped to UL CC 3 (340). Thus, the uplink transmission power
control command for UL CC 1 (330) is transmitted through the DL CC 1 (305), the
uplink transmission power control command for UL CC 2 (335) is transmitted through
DL CC 2 (310), and the uplink transmission power control command for UL CC 3
(340) is transmitted through DL CC 3 (315).

Due to the fact that carrier aggregation seeks to transmit data using multiple carriers
that belong to different frequency band in an aggregated manner, a plurality of dis-
contiguous frequency bands are likely to be involved in transmission. Uplink

transmission powers of uplink carriers are likely to be similar to each other when same
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amount of data is transmitted through the uplink carriers that are close to each other in

terms of carrier frequency in an identical Modulation and Coding Scheme (MCS).

According to an exemplary embodiment of the present invention, a method and
device for controlling the uplink transmission power of multiple uplink carriers include
using a single uplink transmit power control command in consideration of the above
characteristics. Referring to FIG. 4, a diagram illustrates carrier aggregation in an LTE
mobile communication system, according to another exemplary embodiment of the
present invention. UL CC 1 (415) and UL CC 2 (420) are adjacent with or in close
proximity with respect to their center frequencies. The uplink transmission power
control of these carriers can be performed based on a single uplink transmission power
control command delivered through the single DL CC 1 (405). For purposes of ex-
planation in accordance with the present invention, uplink carriers whose transmission
power can be controlled by a single uplink power control command are referred to as a
Power Control Uplink Carrier Group (PC UL CG). In some of the exemplary em-
bodiments, the carriers of the PC UL CG are positioned in adjacent frequency bands,
or in such close proximity, such that their uplink powers can be adjusted in the same
manner by an identical uplink transmission control command, and the base station
sends the UE the information to the PC UL CG using a predetermined control

message.

A Power Control Downlink Carrier Group (PC DL CQG) includes one or more
downlink carriers. An uplink transmission power control command carried through a
downlink carrier included in the PC DL CG is adapted for all uplink carriers belonging
to the PC UL CG mapped to the PC DL CG.

Referring to FIG. 5, a diagram illustrates an exemplary configuration of PC DL CG
and PC UL CG, according to a first exemplary embodiment of the present invention.
For purpose of example, PC DL CG 1 (550) includes DL CC 1 (505) and DL CC 2
(510). PC DL CG 2 (555) includes DL CC 3 (515). PC UL CG 1 (560) includes UL
CC 1 (530) and UL CC 2 (535). PC UL CG 2 (565) includes UL CC 3 (540) and the
UL CC 4 (520).

PC DL CG 1 (550) is mapped to PC UL CG 1 (560) and PC DL CG 2 (555) is
mapped to PC UL CG 2 (565). An uplink transmission power control command
delivered through each of DL CC 1 (505) and DL CC 2 (510) is used for adjusting the
transmission powers of UL CC 1 (530) and UL CC 2 (535) in the same manner. An

uplink transmission power control command delivered through DL CC 3 (515) is used
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for adjusting the transmission powers of UL CC 3 (540) and UL CC 4 (520)in the same

manner.

When a transmission power control command instructing an increase in transmission
power by x dB is received through DL CC 2 (510), the UE increases the transmission
power of both UL CC 1 (530) and UL CC 2 (535) by x dB. Specifically, the UE adjusts
the transmission power adjustment variables of UL CC 1 (530) and UL CC 2 (535) in
the same manner in accordance with the uplink transmission power control command
received through DL CC 2 (510). The transmission power adjustment variable is a
value added in a next transmission power calculation for the uplink transmission of the
UE.

Referring to FIG. 6, an exemplary message flow diagram illustrates message flows
between a network 610 and a UE 605 for carrier aggregation, according to the first
exemplary embodiment of the present invention. In an exemplary embodiment of the
present invention, the network 610 can be an ENB. The network 610 determines ag-
gregation of multiple carriers for the UE 605 in accordance with the loads of the
carriers and the traffic requirement status of the UE 605. In order to allocate ag-
gregated carriers to the UE 605, the network 610 sends the UE 605 a control message,
which includes information about the aggregated carriers. When carrier aggregation is
triggered by an increase of the downlink data such that only downlink carrier ag-
gregation is required, the carrier aggregation control message needs to aggregate both a
pair of downlink carrier information and uplink carrier information because data com-
munication of the LTE-A system is performed based on Hybrid Automatic Repeat
reQuest (HARQ). Accordingly, the UE must transmit HARQ feedback information in
an uplink direction after receiving downlink data, and must receive the HARQ

feedback information in a downlink direction after transmitting uplink data.

When the HARQ feedback information on user data transmitted through a downlink/
uplink carrier is transmitted through another uplink/downlink carrier, the downlink/
uplink carrier and the uplink/downlink carrier are correlated according to HARQ
feedback. A predetermined rule may be implemented defining that the carrier ag-
gregation message includes information on both the uplink and downlink carriers and

the paired downlink carrier and uplink carrier correlated according to HARQ feedback.

Downlink carrier information includes the center frequency and bandwidth of the
downlink carrier. Uplink carrier information includes the center frequency and

bandwidth of the uplink carrier. The control message also includes information about
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transmission power control of the uplink carrier, for example, information indicating
the PC UL CG to which the uplink carrier belongs. The indication information can be
an identifier uniquely assigned to the PC UL CG or an identifier uniquely assigned to
an uplink carrier of which transmission power is controlled with other aggregated
uplink carriers. The control information also can include information on the PC DL
CG. The PC DL CG information can be an identifier of the PC DL CG composed of
the downlink carriers aggregated with reference to the control message. When all the
downlink carriers associated with the uplink carriers of a PC UL CG according to
HARQ feedback belong to the PC DL CG mapped to the PC UL CG, there is no need
to signal information on the PC DL CG.

The information contained in the carrier aggregation message is shown in Table 1
below.

Table 1
[Table 1]
[Table |

Name Description

> aggregated carrier information

>> downlink carrier information

>>> DL CCid Identifier of downlink carrier

>>> Carrier Frequency Center frequency of downlink carrier

>>> Bandwidth Bandwidth of downlink carrier

>>> PC DL CG information Information indicating PC DL CG of downlink

carriers, e.g. identifier

>> uplink carrier information

>>> UL CCid Identifier of uplink carrier

>>> Carrier Frequency Center frequency of uplink carrier

>>> Bandwidth Bandwidth of uplink carrier

>>> PC UL CG information Information indicating PC UL CG of uplink

carriers, e.g. identifier

In Table 1, ">' indicates hierarchical level of the information. For example, the in-
formation marked with two ">'is lower than the information marked with a single >'in

hierarchical structure.
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[83]

[84] A carrier aggregation message includes information of more than one aggregated
carrier. When the PC DL CG and the PC UL CG having the same identifier are
mapped to each other, no mapping information is transmitted. Table 2 shows the in-
formation of the carrier aggregation message in aggregations of three downlink carriers

and four uplink carriers as shown in FIG. 5.
[85] Table 2
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[Table 2]
[Table |

11
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> carrier aggregation in-

formation

> carrier aggregation in-

formation

>>downlink carrier information

>>downlink carrier information

>>>DL CCid 1 >>>DL CCid 2

>>> Carrier Frequency f1 >>> Carrier Frequency 3

>>> Bandwidth 5 MHz [>>> Bandwidth 5 MHz
>>> PC DL CG information 1 >>> PC DL CG information 1

>> uplink carrier information >> uplink carrier information

>>> UL CCid 1 >>> UL CCid 2

>>> Carrier Frequency 2 >>> Carrier Frequency t4

>>> Bandwidth 5 MHz [>>> Bandwidth 5 MHz
>>> PC UL CG information 1 >>> PC UL CG information 1

> carrier aggregation in- > carrier aggregation in-

formation formation

>>downlink carrier information >>downlink carrier information

>>>DL CCid 3 >>>DL CCid 3

>>> Carrier Frequency 5 >>> Carrier Frequency 5

>>> Bandwidth 5 MHz [>>> Bandwidth 5 MHz
>>> PC DL CG information 2 >>> PC DL CG information 2

>> uplink carrier information >> uplink carrier information

>>> UL CCid 3 >>> UL CCid 4

>>> Carrier Frequency 16 >>> Carrier Frequency 7

>>> Bandwidth 5 MHz [>>> Bandwidth 5 MHz
>>> PC UL CG information 2 >>> PC UL CG information 2

As shown in Table 2, the downlink carrier assigned a DL CC identifier 1 (hereinafter,

DL CC x indicates the downlink carrier assigned the DL CC identifier x) is correlated

with the uplink carrier assigned a UL CC identifier 1 (hereinafter UL CC y indicates
the uplink carrier assigned the UL CC identifier y) according to HARQ feedback,
which belong to the PC DL CG 1 and the PC UL CG 1, respectively.
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[88] The identification of the PC DL CG can be performed using a predetermined rule
defining that all downlink carriers associated with all uplink carriers belonging to a PC
UL CG according to HARQ feedback constitutes the PC DL GC mapped to the PC UL
CG. When this rule is implemented the identifier of the PC DL CG does not need to be
transmitted. The carrier aggregation message includes the information as shown in
Table 3 below.

[89] Table 3
[Table 3]
[Table |

Name Description

> aggregated carrier information

>> downlink carrier information

>>> DL CCid Downlink carrier identifier
>>> Carrier Frequency Center frequency of downlink carrier
>>> Bandwidth Bandwidth of downlink carrier

>> uplink carrier information

>>> UL CCid Uplink carrier identifier

>>> Carrier Frequency Center frequency of uplink carrier

>>> Bandwidth Bandwidth of uplink carrier

>>> PC UL CG information Identifier of PG UL CG including uplink carrier
[90]
[91] Table 4 shows the information carried by a carrier aggregation message in an ag-

gregation of three downlink carriers and four uplink carriers.
[92] Table 4
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[Table 4]
[Table |
> carrier aggregation in- > carrier aggregation in-
formation formation
>>downlink carrier information >>downlink carrier information
>>>DL CCid 1 >>>DL CCid 2
>>> Carrier Frequency fl >>> Carrier Frequency 3
>>> Bandwidth 5MHz [>>> Bandwidth 5 MHz
>> uplink carrier information >> uplink carrier information
>>> UL CCid 1 >>> UL CCid 2
>>> Carrier Frequency 2 >>> Carrier Frequency 4
>>> Bandwidth 5MHz [>>> Bandwidth 5 MHz
>>> PC UL CG information 1 >>> PC UL CG information 1
> carrier aggregation in- > carrier aggregation in-
formation formation
>>downlink carrier information >>downlink carrier information
>>>DL CCid 3 >>>DL CCid 3
>>> Carrier Frequency 5 >>> Carrier Frequency 5
>>> Bandwidth 5MHz [>>> Bandwidth 5 MHz
>> uplink carrier information >> uplink carrier information
>>> UL CCid 3 >>> UL CCid 4
>>> Carrier Frequency {6 >>> Carrier Frequency 7
>>> Bandwidth 5MHz [>>> Bandwidth 5 MHz
>>> PC UL CG information 2 >>> PC UL CG information 2

[93]
[94]

As shown in Table 4, UL CC 1 and UL CC 2 belong to the same PC UL CG, and UL
CC 3 and UL CC 4 belong to another PC UL CG. The UL CC 1 and UL CC 2 are as-
sociated with the respective DL CC 1 and DL CC 2 according to HARQ feedback,
such that the transmission powers of UL CC 1 and UL CC 2 are adjusted on the basis

of the uplink transmission power control commands received through DL. CC 1 DL CC
2. UL CC 3 and UL CC 4 are associated with the respective DL CC 3 and DL CC 4
according to HARQ feedback such that the transmission powers of UL CC 3 and UL
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14

CC 4 are adjusted on the basis of the uplink transmission power control command
received through DL CC 3.

The PC UL CG information may include a reference uplink carrier identifier on
behalf of the PC UL CG identifier. Specifically, the uplink carriers assigned the same
reference downlink carrier identifier can be regarded as belonging to the same PC UL
CG.

Referring again to FIG. 6, when the carrier aggregation control information is
received by the UE 605 at step 615 from the network 610, the UE 605 sends a response
message at step 620, monitors the control channel of the aggregated downlink carriers,
receives and transmits data through the aggregated downlink and uplink carriers
according to the instruction of the network 610, and transmits and receives the HARQ
feedback information through the uplink and downlink carriers mapped to the ag-

gregated downlink and uplink carriers.

If a Transmission Power Control (TPC) command is received at step 625, the UE 605
checks the PC DL CG to which the downlink carrier belongs. The UE then adjusts the
uplink transmission power of the uplink carriers belonging to the PC UL CG mapped
to the PC DL CG by a value indicated by the TPC command at step 630. Specifically,
the uplink transmission power variables of the uplink carriers are adjusted by the value
indicated by the TPC command.

Referring now to FIG. 7, a flowchart illustrates an exemplary transmission power ad-
justment methodology of a UE, according to the first exemplary embodiment of the

present invention.

A TCP is received through a downlink carrier at step 705. The UE identifies the PC
DL CG to which the downlink carrier belongs at step 710. The relationship between
the downlink carrier and the PC DL CG is configured by the network in the call estab-
lishment process or the carrier aggregation process. The UE checks the PC UL CG
mapped to the PC DL CG at step 715. The mapping relationship between the PC DL
CG and the PC UL CG is also determined by the network in the call establishment
process or the carrier aggregation process. The UE adjusts the transmission powers of
all the uplink carriers belonging to the PC UL CG by the value indicated by the TPC at
step 720. Specifically, the transmission power adjustment variables of the uplink
carriers are adjusted by the value indicated by the TPC. Prior to performing uplink

transmission, the UE calculates the transmission power of the uplink carriers at a pre-
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determined time point using Equation (1) below.

Uplink transmission power = MIN[Pcyax, f (resource amount for uplink

transmission, MCS, constant, transmission power adjustment variable, and path loss)]

- (1)

"Peyaxe denotes a maximum transmission power permitted by the network. "f" is a
function that outputs an appropriate value to the input such as resource amount for
uplink transmission, MCS level, and transmission power adjustment variable. The
output value is in proportion of the input value in general. The transmission power ad-
justment variable can be managed per uplink carrier, and the variable is obtained by

accumulating the TPCs received until a current time.

The operations of the UE in FIG. 7 are illustrated under the assumption of the
downlink carriers explicitly belonging to a PC DL CG and the uplink carriers
belonging to a PC UL CG, and the explicit signaling of the control message informing
the correlation between the PC DL CG and the PC UL CG. The relationship between

the downlink and uplink carriers can be determined according to a predetermined rule.

Referring to FIG. 8, a flowchart illustrates exemplary operations of another UE,
according to the first exemplary embodiment of the present invention. FIG. 8 shows
the operations of the UE when downlink carriers are correlated with uplink carriers
according to HARQ feedback. If a TPC command is received through a downlink
carrier at step 805, the UE identifies an uplink carrier correlated with the downlink
carrier according to HARQ feedback and adjusts the transmission power of the
identified uplink carrier by an amount indicated by the transmission power control
command at step 810. The UE identifies other uplink carriers that are aggregated with
the uplink carrier correlated with the downlink carrier and adjusts the other aggregated
uplink carriers by the amount indicated by the transmission power control command at
step 815. The other uplink carriers have an identical reference downlink carrier or
belong to the same PC UL CG.

In the first exemplary embodiment of the present invention, multiple TPC commands
can be received for a single uplink carrier (or for a PC UL CG). The UE updates the
transmission power adjustment variable of the uplink carrier (or the entire PC UL CG
to which the uplink carrier belongs) with the summing result of the multiple

transmission power control commands.
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As shown in Equation 1, the path loss of the downlink carrier is considered in order
to obtain the uplink power. When the carriers are aggregated, may be unclear which
downlink carrier is to be considered for the path loss determination in order to
calculate the uplink transmission power of an uplink carrier. One method is to use the
path loss of the downlink carrier correlated with the uplink carrier according to HARQ
feedback. However, when the uplink carrier is correlated with multiple downlink
carriers according to HARQ feedback, it becomes difficult to determine the downlink
carrier for the path loss with only the HARQ feedback.

Accordingly, a second exemplary embodiment of the present invention, the rela-
tionship between the uplink carrier and the downlink carrier in which path loss is used
for calculating the transmission power of the uplink carrier is indicated explicitly
through the control message. For instance, when the multiple uplink carriers are po-
sitioned in adjacent frequency bands, or in close proximity thereto, the pass loss of a
single downlink carrier may be used for calculating the transmission power of the

uplink carriers.

Referring to FIG. 9, a diagram illustrates an exemplary configuration of a Path Loss
Uplink Carrier Group (PL UL CG), according to the second exemplary embodiment of
the present invention. In this example, UE uses four aggregated downlink carriers, DL
CC 1(905), DL CC 2 (910), DL CC 3 (915), DL CC 4 (920), and three aggregated
uplink carriers, UL CC 1 (930), UL CC 2 (935), UL CC 3 (940). The downlink and
uplink carriers are correlated according to HARQ feedback as expressed with dotted
lines as shown in FIG. 9. A group of uplink carriers of which transmission powers are
calculated using the path loss of a specific downlink carrier is defined as a PL. UL CG
as expressed with a solid line. In FIG. 9, the UL CC 1 (930) and the UL CC 2 (935)
belong to PL UL CG 1 (945), and the UL CC 3 (940) belongs to PL UL CG 2 (950).
The transmission power of the uplink carriers belonging to the PL UL CG 1 (945) are
calculated using the path loss of the DL CC 1 (905). The transmission power of the
uplink carriers belonging to the PL. UL CG 2 (950) are calculated using the path loss of
the DL CC 3 (915).

Referring to FIG. 10, a message flow diagram illustrates exemplary message flows
between a network and a UE, according to the second exemplary embodiment of the
present invention. Specifically, FIG. 10 shows message flows between a UE 1005 and
a network 1010 for carrier aggregation. The network 1010 can be an ENB. The
network 1010 sends messages to the UE 1005 in a manner similar to that described

above with reference to FIG. 6. The control message includes information on the
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carriers to be aggregated. The control message also may include information on the PL
UL CG. The PL UL CG information includes information about the uplink carriers ag-
gregated into the PL. UL CG and the reference downlink carrier of the PL UL CG.

The information contained in the carrier aggregation message is described as shown
in Table 5. Lower level information of the carrier aggregation information is identical

with those described with reference to Tables 1 and 3.

Table 5

[Table 5]

[Table |

Name Description

> Carrier aggregation in- Information on the aggregated carriers. Multiple

formation carrier aggregation information entities can be
included in a control message.

> PL UL CG information Information on PL. UL CG. Multiple PL UL CG
entities can be included in a control message.

>> UL CCid Identifier assigned to uplink carriers belonging to a
corresponding PL. UL CG. Multiple UL CC ids can
be included.

>> Reference downlink carrier  |Identifier of a reference downlink carrier of which
path loss is measured.

Table 6 shows the information carried by an exemplary carrier aggregation message
in aggregations of four downlink carriers and three uplink carriers as shown in FIG. 9.
Table 6

[Table 6]

[Table |

> Carrier aggregation information See table 2 or table 4.
> PL UL CG information

>> UL CCid ULCCI1,ULCC2
>> Reference downlink carrier DLCC1

> PL UL CG information

>> UL CCid UL CC3

>> Reference downlink carrier DL CC3
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When the PL UL CG is configured as shown in Table 6, the uplink transmission
powers of the UL CC 1 (930) and the UL CC 2 (935) are calculated using the path loss
of the DL CC 1 (905), and the uplink transmission power of the UL CC 3 (940) is
calculated using the path loss of the DL CC 3 (915).

If the UE determines the reference downlink carrier according to a predetermined
rule, the PL. UL CG information can be included in the carrier aggregation information
as shown in Table 7.

Table 7
[Table 7]

[Table |

Name Description

> Carrier aggregation information

>> Downlink carrier information

>>> DL CCid Downlink carrier identifier
>>> Carrier Frequency Center frequency of downlink carrier
>>> Bandwidth Bandwidth of downlink carrier

>> Uplink carrier information

>>> UL CCid Uplink carrier identifier

>>> Carrier Frequency Center frequency of uplink carrier

>>> Bandwidth Bandwidth of uplink carrier

>>> PL. UL CG information Identifier of PL UL CG including uplink carrier

If the carrier aggregation information is received, the UE can identify the uplink
carriers aggregated in a PL. UL CG and select a downlink carrier having the lowest
center frequency among the downlink carriers correlated with the uplink carriers
according to HARQ feedback as a reference carrier. The UE also can randomly select
one of the downlink carriers correlated with the uplink carriers according to HARQ
feedback. This is possible because there is no need to select a specific downlink carrier
as the reference downlink carrier from the viewpoint of path loss since the path loss
differences among the downlink carriers positioned adjacent to or in close proximity
with each other are likely to be small. Table 8 shows the information carried by a
exemplary carrier aggregation message in aggregations of four downlink carriers and

three uplink carriers as shown in FIG. 9.
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Table 8
[Table 8]
[Table |
> Carrier aggregation in- > Carrier aggregation in-
formation formation
>>Downlink carrier information >>Downlink carrier information
>>>DL CCid 1 >>>DL CCid 2
>>> Carrier Frequency fl >>> Carrier Frequency 3
>>> Bandwidth 5MHz |>>> Bandwidth 5 MHz
>> Uplink carrier information >> Uplink carrier information
>>> UL CCid 1 >>> UL CCid 2
>>> Carrier Frequency 2 >>> Carrier Frequency t4
>>> Bandwidth 5MHz |>>> Bandwidth 5 MHz
>>> PL UL CG information 1 >>> PL UL CG information 1
> Carrier aggregation in- > Carrier aggregation in-
formation formation
>>Downlink carrier information >>Downlink carrier information
>>>DL CCid 3 >>>DL CCid 4
>>> Carrier Frequency 5 >>> Carrier Frequency 5
>>> Bandwidth 5MHz |>>> Bandwidth 5 MHz
>> Uplink carrier information >> Uplink carrier information
>>> UL CCid 3 >>> UL CCid 3
>>> Carrier Frequency {6 >>> Carrier Frequency 16
>>> Bandwidth 5MHz |>>> Bandwidth 5 MHz
>>> PL UL CG information 2 >>> PL UL CG information 2

[137]
[138]

As shown in Table 8, the UE calculates the transmission powers of UL CC 1 (930)

and UL CC 2 (935) using the path loss of a downlink carrier selected in accordance

with a predetermined rule among the downlink carriers correlated with the uplink

carriers. For example, the UE can use the path loss of the downlink carrier having the

highest center frequency or the lowest center frequency or having a path loss mea-

surement value at the time of determining the transmission power. In this example, it is
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noted that the downlink carrier must be correlated with one of the uplink carriers
belonged to the corresponding PL. UL CG according to HARQ feedback.

Alternatively, the downlink carrier of which path loss is used for determining the

uplink transmission power can be explicitly indicated in the uplink carrier information

as shown in Table 9.
Table 9

[Table 9]

[Table |

Name

Description

> Carrier aggregation information

>> Downlink carrier information

>>>DL CCid

Downlink carrier identifier

>>> Carrier Frequency

Center frequency of downlink carrier

>>> Bandwidth

Bandwidth of downlink carrier

>> Uplink carrier information

>>> UL CCid

Uplink carrier identifier

>>> Carrier Frequency

Center frequency of uplink carrier

>>> Bandwidth

Bandwidth of uplink carrier

>>> Reference downlink carrier in-

formation

Identifier of a downlink carrier of which path loss
is measured for determining transmission power

of uplink carrier.

Table 10 shows the information carried by an exemplary carrier aggregation message

in aggregations of four downlink carriers and three uplink carriers as shown in FIG. 9.

Table 10
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[Table 10]
[Table |
> Carrier aggregation information > Carrier aggregation in-
formation
>>Downlink carrier information >>Downlink carrier information
>>>DL CCid 1 >>>DL CCid 2
>>> Carrier Frequency f1 >>> Carrier Frequency 3
>>> Bandwidth 5 MHz |>>> Bandwidth 5
MHz
>> Uplink carrier information >> Uplink carrier information
>>> UL CCid 1 >>> UL CCid 2
>>> Carrier Frequency 2 >>> Carrier Frequency t4
>>> Bandwidth 5 MHz |>>> Bandwidth 5
MHz
>>> Reference downlink carrier |1 >>> PL UL CG information 1
information
> Carrier aggregation information > Carrier aggregation in-
formation
>>Downlink carrier information >>Downlink carrier information
>>>DL CCid 3 >>>DL CCid 4
>>> Carrier Frequency 5 >>> Carrier Frequency 5
>>> Bandwidth 5 MHz |>>> Bandwidth 5
MHz
>> Uplink carrier information >> Uplink carrier information
>>> UL CCid 3 >>> UL CCid 3
>>> Carrier Frequency 16 >>> Carrier Frequency 16
>>> Bandwidth 5 MHz |>>> Bandwidth 5
MHz
>>> Reference downlink carrier |3 >>> Reference downlink carrier |3

[145]
[146]

information

information

As shown in Table 10, the reference downlink carriers of both UL CC 1 (930) and
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UL CC 2 (935) are set to DL CC 1 (905) such that the UE determines the transmission
powers of UL CC 1 (930) and UL CC 2 (935) using the path loss of DL. CC 1 (905).

Referring again to FIG. 10, when the carrier aggregation information is received, the

UE 1005 functions in a manner similar to that described above in FIG. 6.

The UE 1005 receives an uplink transmission resource allocation signal at step 1025,
after sending the response message at step 1020. The uplink transmission resource al-
location signal includes information related to a transmission resource and an MCS
level for the uplink transmission. Upon receipt of the uplink transmission resource al-
location signal, the UE 1005 identifies the PL UL CG to which the uplink carriers for
the uplink transmission belongs and determines the uplink transmission power using
the path loss of the reference downlink carrier of the identified PL. UL CG at step
1030.

Referring to FIG. 11, a diagram illustrates an exemplary transmission power deter-
mination methodology of a UE, according to the second exemplary embodiment of the

present invention.

When an uplink transmission allocation signal for the uplink carrier is received, the
UE detects a need for performing uplink transmission through one of the aggregated
uplink carriers at step 1105. The UE identifies the PL. UL CG to which the uplink
carrier belongs at step 1110. The relationship between the uplink carrier and the PL. UL
CG is configured in a call establishment process or a carrier aggregation process. The
UE identifies the reference downlink carrier of the PL. UL CG at step 1115. The
mapping relationship between the PL UL CG and the reference downlink carrier can
be configured by the network in the call establishment process or carrier aggregation
process, or determined by the UE according to a predetermined rule. The UE de-
termines the transmission power of the uplink carrier using the path loss of the

identified reference downlink carrier at step 1120.

Referring to FIG. 12, a diagram illustrates another exemplary transmission power de-
termination methodology of a UE, according to the second exemplary embodiment of
the present invention. Specifically, FIG. 12 shows the operations of the mobile
terminal in case that the reference carrier information is included in the uplink carrier
information as shown in Table 9. When an uplink grant for the uplink carrier is
received, the UE detects a need for performing uplink transmission through one of the

aggregated uplink carriers at step 1205. The UE identifies the reference downlink
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carrier of the uplink carrier at step 1210. The relationship between the uplink carrier
and the reference downlink carrier may be configured in a call establishment process
or a carrier aggregation process. The UE determines the transmission power of the

uplink carrier using the path loss of the reference downlink carrier in step 1215.

Referring to FIG. 13, a diagram illustrates an exemplary configuration of a receiving
device of a UE, according to an exemplary embodiment of the present invention. The
device includes a transceiver 1305, a TPC processor 1315, an uplink transmission
power controller 1310, a multiplexer/demultiplexer 1320, a control message processor
1335, and other upper layer devices 1325 and 1330.

The transceiver 1305 receives data and predetermined control signals via downlink
carriers and transmits data and predetermined control signals via uplink carriers. The
TPC processor 1315 analyzes a TPC command received through the downlink carrier
and outputs an uplink transmission power adjustment value to the uplink transmission

power controller 1310.

The uplink transmission power controller 1310 updates the uplink transmission
power adjustment variables for an uplink carrier with the uplink transmission power
adjustment value provided by the TPC processor 1315. The uplink transmission power
controller 1310 also calculates an uplink transmission power of an uplink carrier using
the value stored in an uplink transmission power adjustment variable corresponding to
the uplink carrier. The uplink transmission power controller 1310 also controls the
transceiver 1305 to perform uplink transmission with the transmission power de-

termined by the transmission power controller 1310.

The multiplexer/demultiplexer 1320 performs multiplexing on the data output from
the upper layer devices 1325 and 1330 and the control message processor 1335,
performs demultiplexing on the data output by the transceiver 1305, and delivers the
demultiplexed data to the upper layer devices 1325 and 1330 and/or the control

message processor 1335.

The control message processor 1335 processes the control message transmitted by
the network and performs appropriate operations as described above. For example, the
control message processor 1335 extracts the PC DL CG information, PC UL CG in-
formation, and/or PL. UL CG information from the carrier aggregation message and

sends the extracted information to the TPC processor 1315.
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The upper layer devices 1325 and 1330 can be configured for processing the data
generated with the user services, such as File Transfer Protocol (FTP) or Voice over 1P
(VolP), and transfers the processed user service data to the multiplexer or transfers the

data demultiplexed by the demultiplexer to the upper layer service applications.

In the third embodiment of the present invention, the transmission power of the
uplink carrier is determined in consideration of the path loss of one of a plurality of

downlink carriers.

The uplink transmission power should be determined in accordance with the channel
conditions of the uplink carriers. For example, it is preferred to assign high
transmission power for bad channel condition and low transmission power for good
channel condition. Since the uplink channel condition cannot be measured by the UE,
the UE estimates the uplink channel condition using the path loss of a downlink
carrier. If there exists multiple downlink carriers of which channel conditions are
similar to each other, i.e. multiple downlink carriers positioned in the same frequency
band, there may be no significant difference in performance expected even when es-
timating the uplink channel condition using the path loss of one of the downlink
carriers. If there exists a plurality of downlink carriers available for estimating the
channel condition of a certain uplink carrier, it is preferred for the UE to estimate the
channel condition of the uplink carrier using the downlink carrier of which channel

condition can be most precisely measured.

In the present invention, an uplink carrier is associated with a plurality of downlink
carrier in terms of pass loss, and the UE selects one of the associated downlink carriers
and determines the uplink transmission power by using the path loss of the selected
downlink carrier under a predetermined rule when performing uplink transmission.
The rule is defined such that the downlink carrier providing the most precise path loss

measurement value can be selected.

Referring to FIG. 14, a message flow diagram illustrates exemplary message flows
between a network and a UE according to the third exemplary embodiment of the
present invention. The network 1410 can be an ENB. The network 1410 can determine
the carrier aggregation of the UE 1405 in consideration of the loads of the carriers or
the traffic condition required by the UE 1405. The network sends the UE 1405 a
control message defined for indicating carrier aggregation at step 1415. The control
message includes the information on the carriers to be aggregated. In case of uplink

carrier aggregation, the control message can include the information on the center fre-
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quencies and bandwidths of the uplink carriers to be aggregated. The control message
also can include a list of the downlink carriers associated, in terms of pass loss, with
the aggregated uplink carriers. The downlink carriers associated with an uplink carrier
in terms of pass loss belongs to the same frequency band and can be the downlink
carriers that are already aggregated or to be aggregated soon. Association between the
uplink and downlink carriers in terms of pass loss means that the path loss of the

downlink carrier is considered to compute the uplink transmission power.

The UE 1405 aggregates the carriers based on the received carrier aggregation
control information and sends the network 1410 a response message at step 1420. The
UE 1405 monitors the control channels of the aggregated downlink carriers, transmit
uplink data through aggregate uplink carriers, receive downlink data through ag-

gregated downlink carrier, and transmit and/or HARQ feedback information.

The UE 1405 receives an uplink transmission resource allocation signal for an uplink
carrier through a downlink carrier at step 1425. The uplink transmission resource al-
location signal can includes the information on the transmission resource and MCS
level for the uplink transmission. The UE 1405 checks which downlink carriers are as-
sociated with the uplink carrier for the uplink transmission in terms of path loss and
selects one of the associated downlink carriers under a predetermined rule at step 1427.
The UE 1405 calculates the uplink transmission power using the path loss of the
selected downlink carrier at step 1430. The rule for selecting one of the downlink

carriers associated in terms of path loss can be exemplary defined as follows.

<Rule 1>

- Select an activated downlink carrier among the associated downlink carriers first.

- Select, if several activated carriers exist, one of the several activated carriers
randomly.

- Select, if no activated carrier exists, the downlink carrier of which Reference Signal

Received Power (RSRP) is measured most recently.

The downlink carriers are aggregated by means of a control message and used for
transmitting and/or receiving data when a base station is activated. Accordingly, the
downlink carriers aggregated for a UE can be consisted of activated downlink carriers
and deactivated downlink carriers. Since the activated downlink carriers are more
frequently measured, the accuracy of the channel condition of an activated downlink

carrier is higher than that of the de-activated downlink carrier. For reference purpose,
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the channel condition is determined based on the reference signal received power, and
the reference signal received power is closely related with the path loss value. The
reference signal received power of a downlink carrier is a signal strength value of a

Cell Reference Signal of the carrier.

<Rule 2>

- Select the downlink carrier of which RSRP is expected to be most precise among
the associated downlink carriers.

- Select, if several downlink carriers of which RSRPs are expected to be most

precise, one of the several downlink carriers randomly.

The RSRP measurement is performed at a predetermined interval, and the shorter the

RSRP measurement interval is, the higher the measurement accuracy is.

FIG. 15 is a flowchart illustrating an uplink transmission power control methodology

according to the third embodiment of the present invention.

The UE 1405 detects a need for performing uplink transmission through one of the
aggregated uplink carriers at step 1505. The receipt of an uplink transmission resource
allocation signal initiates the need of uplink transmission. The UE 1405 identifies the
downlink carriers associated with the uplink carrier in terms of pass loss at step 1510.
The downlink carriers associated with an uplink carrier is notified to the network 1410
in a call setup process or a carrier aggregation process. The UE 1405 selects one of the
downlink carriers associated with the uplink carrier in terms of path loss at step 1515.
This selection can be performed under a predetermined rule, e.g. <rule 1> or <rule 2>.
The UE 1405 determines the uplink transmission power using the path loss of the

selected downlink carrier at step 1520.

In the fourth embodiment of the present invention, the transmission powers of all the

uplink carriers are determined using the path loss of a single downlink carrier.

As aforementioned, the path loss of the downlink carriers can be used to estimate the
channel conditions of the uplink carriers. Since the downlink carriers and the uplink
carriers are positioned in different frequency bands, it is difficult to estimate the
channel condition of an uplink carrier precisely using the path loss of a downlink
carrier, and thus the UE takes into account the value obtained by adding a prede-
termined constant to the path loss value of the downlink carrier to compensate for the

difference of channel conditions caused by difference of the frequency bands. In an
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exemplary embodiment of the present invention, in order for the UE to calculate the
transmission powers of uplink carriers positioned in different frequency bands using
the path loss of a single downlink carrier, the base station sends the UE the per-carrier
compensation constants to be used for calculation of the transmission powers of the
uplink carriers along in the uplink carrier aggregation request. The compensation
constant can be determined so as to be proportional to the difference of the center fre-

quencies of the uplink carrier and the reference downlink carrier.

Referring to FIG. 16, a flowchart illustrates an exemplary uplink transmission power
control methodology according to the fourth exemplary embodiment of the present

invention.

The UE identifiers the reference downlink carrier among the downlink carriers in the
call setup process or the carrier aggregation process at step 1600. The reference
downlink carrier is the carrier, called anchor carrier, which provides its path loss to be
used for calculating the transmission powers of the uplink carriers and is always in

active state.

The UE detects a need for performing uplink transmission through one of the ag-
gregated uplink carriers at step 1605. For example, the need of uplink transmission can
be detected when an uplink transmission resource allocation signal for the uplink
carrier received. The UE extracts the compensation value corresponding to the uplink
carrier at step 1610. As aforementioned, the UE receives the compensation constants
corresponding to individual uplink carriers from the base station. In some exemplary
embodiment, the UE can obtain the compensation constants by its own calculation
rather than receiving from the base station. As aforementioned, each compensation
constant is determined depending on the distance between the corresponding uplink
carrier and the reference downlink carrier. For example, the compensation constant can
be determined so as to be proportional to the distance between the center frequencies
of the uplink carrier and the reference downlink carrier. The UE determines the
transmission powers of the uplink carriers using the path loss of the reference
downlink carrier and the compensation constants of the uplink carriers at step 1615.
For example, the uplink transmission powers can be calculated using Equation (2)

below.

Uplink Transmission Power = MIN[Pcyiax, Prequired] --- (2)

Pcuvax denotes the maximum transmission power allowed by the network as in
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equation (1). The P,.q..a can be calculated using Equation (3) below.

Pequirea = (value related to resource amount to be used for uplink transmission) +
(value related to MCS to be adopted for uplink transmission) + (transmission power
adjustment variable) + (a corresponding uplink carrier) x (path loss of reference

downlink carrier) + compensation constant of corresponding uplink carrier) ... (3)

The value related to resource amount to be used for uplink transmission is the value
determined in one-to-one correspondence to the resource amount. The value related to
MCS to be adopted for uplink transmission is the value determined in one-to-one cor-
respondence to the MCS level. The compensation constant and o are the value sent per
uplink carrier and used for compensation of the frequency difference between uplink

and downlink carriers.

Referring to FIG. 17, a diagram illustrates an exemplary configuration of a UE
according to an exemplary embodiment of the present invention. The UE includes a
transceiver 1705, an uplink transmission power controller 1710, a multiplexer/de-
multiplexer 1720, upper layer devices 1725 and 1730, and a control message processor
1735.

In the third embodiment, the transceiver 1705 transmits and receives data and control
signals through uplink and downlink carriers. The transceiver 1705 can receive the in-
formation on the downlink carriers associated with the uplink carriers in terms of path
loss from the network and deliver the information to the control message processor
1735.

The control message processor 1735 analyzes the information on the downlink
carriers associated with the uplink carriers in terms of path loss and provides the uplink

transmission power controller 1710 with the analysis result.

The uplink transmission power controller 1710 identifiers the downlink carriers as-
sociated with the uplink carriers in terms of path loss using the information provided
by the control message processor 1735. The uplink transmission power controller 1710
selects a downlink carrier of which path loss is to be used among the identified
downlink carriers and determined the transmission powers of the uplink carriers using
the path loss of the selected downlink carrier. In order to determine the transmission
power of the uplink carrier, Equation (1) can be used. The operations of the uplink

transmission power controller 1710 have been described above with reference to FIGs.
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14 and 15. The transceiver 1705 transmits data through the uplink carriers with the de-

termined transmission power.

The functions and configurations of the multiplexer/demultiplexer 1720 and the
upper layer devices 1725 and 1730 have been described above with reference to FIG.
13.

In the fourth embodiment, the transceiver 1705 transmits and receives data and
control signals through the uplink can downlink carriers. The transceiver 1705 can
receive the information on the reference downlink carrier and compensation constants
corresponding to the uplink carriers from the network and deliver the information to

the control message processor 1735.

The control message processor 1735 analyzes the information on the reference
downlink carrier and the compensation constants corresponding to the uplink carriers

and provides the uplink transmission power controller 1710 with the analysis result.

The uplink transmission power controller 1710 identifiers the reference downlink
carrier and extracts the compensation constants corresponding to the uplink carriers
using the information provided by the control message processor 1735. The uplink
transmission power controller 1710 determines the transmission powers of the uplink
carriers using the path loss of the reference downlink carrier and the compensation
constants of the uplink carriers. The transmission powers of the uplink carriers can be
calculated using Equation (2) and Equation (3). The operations of the uplink
transmission power controller 1710 have been described above with reference to FIG.
16. The transceiver 1705 transmits data through the uplink carriers with determined

transmission powers.

The functions and configurations of the multiplexer/demultiplexer 1720 and the

upper layer devices 1725 and 1730 have been described with reference to FIG. 13.

It is to be understood that the functions of the diagrams and the steps flowcharts can
be implemented in the form of computer program instructions. Such computer program
instructions can be stored in the processor of a specific computer or other pro-
grammable data processing device, and thus the instructions executed by the computer
or the programmable data procession device create the means for performing the
functions described above with reference to the flowcharts. The computer program in-

structions can be stored in the computer-executable or computer-readable memory for
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use in the computer or other programmable data processing devices to be implement in
special manner such that the instructions stored the computer-usable or computer-ex-
ecutable memory can be fabricated in the forms of product items containing in-
structions means for performing the functions described with reference to the
flowcharts. Since the computer instructions can be installed in a computer or other pro-
grammable data processing device, it is possible to create the processes executed in
series on the computer or other programmable data processing device to provide the

execution steps described with reference to the flowcharts.

Also, each step can be a part of a module, a segment, or a code which includes at
least one executable instruction for executing specific logical function(s). In some
substitute execution examples, it should be noted that the functions of the afore-
mentioned steps can occur out of order. For example, two steps depicted in temporal
order can be executed at the same time or in reverse order depending on the imple-

mentation.

In the exemplary embodiments of the present invention, the term '~ unit' means a
software component or a hardware component such as FPGA or ASIC. However, the
term '~ unit' is not limited to the software or hardware. A '~ unit' can be configured so
as to be in an addressable storage medium or reproduce one or more processors. For
example, '~ unit' includes components (such as software components, object-oriented
software components, class components, and task components) and processes,
functions, attributes, procedures, subroutines, segments of program code, drivers,
arrays, and variables. The function provided along with the components within '~ unit'
can be combined with other components and '~ unit' or subdivided into '~ units'. Fur-
thermore, the components and '~ units' can be implemented to operate one or more

CPUs within a device or a secure multimedia card.

As described above, the method and apparatus for controlling uplink transmission
power is advantageous to minimize the signaling overhead and processing load of the

user equipment aggregating multiple carriers in a wireless communication system.

It should be understood by those skilled in the art that the present invention can be
practiced in other detailed forms without departing from the technical concept or the
main features of the present invention. Therefore, the foregoing embodiments are used
by way of example only to facilitate understanding the present invention and in no way
to limit the scope of the present invention. The scope of the present invention is

clarified not by the above explanation but by claims, and is intended to include all
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modifications within the scope of claims and within uniform means and ranges.

Industrial Applicability

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

equivalents.
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Claims

A method for controlling uplink transmission power of a user
equipment in a wireless communication system, comprising:
aggregating a plurality of uplink carriers into an uplink carrier group by
frequency;

selecting one of a plurality of downlink carriers associated with at least
one of the uplink carriers of the uplink carrier group in terms of path
loss; and

determining transmission power of the uplink carriers based on the path
loss of the selected downlink carrier.

The method of claim 1, wherein selecting one of a plurality of
downlink carriers comprises:

identifying at least one downlink carriers associated with the at least
one of the uplink carriers of the uplink carrier group in terms of path
loss; and

selecting one of the at least one identified downlink carrier of which the
path loss is used.

The method of claim 2, wherein selecting one of the at least one
identified downlink carrier comprises selecting an activated downlink
carrier among the at least one identified downlink carrier.

The method of claim 3, wherein selecting one of the at least one
identified downlink carrier comprises selecting, when no activated
downlink carrier exists, the downlink carrier of which reference signal
is measured most recently among the at least one identified downlink
carrier.

The method of claim 2, wherein selecting one of the at least one
identified downlink carrier comprises selecting the downlink carrier of
which reference signal-received power is measured most recently
among the at least one identified downlink carrier.

The method of claim 2, wherein selecting one of the at least one
identified downlink carrier comprises selecting the downlink carrier of
which reference signal-received power is expected to be most precise
among the at least one identified downlink carrier.

The method of claim 6, wherein selecting the downlink carrier of which
reference signal-received power is expected to be most precise
comprises selecting the downlink carrier of which reference signal-

received power measurement interval is shortest.
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A user equipment for controlling uplink transmission power in a
wireless communication system, comprising:

a transceiver which transmits and receives data and control signals on
uplink and downlink carriers; and

an uplink transmission power controller which aggregates a plurality of
uplink carriers into an uplink carrier group by frequency, selects one of
a plurality of downlink carriers associated with at least one of the
uplink carriers of the uplink carrier group in terms of path loss, and de-
termines transmission power of the uplink carriers based on the path
loss of the selected downlink carrier.

The user equipment of claim 8, wherein the uplink transmission power
controller identifies at least one downlink carriers associated with the at
least one of the uplink carriers of the uplink carrier group in terms of
path loss and selects one of the at least one identified downlink carrier
of which the path loss is used.

The user equipment of claim 9, wherein the uplink transmission power
controller selects an activated downlink carrier among the at least one
identified downlink carrier.

The user equipment of claim 10, wherein the uplink transmission power
controller selects, when no activated downlink carrier exists, the
downlink carrier of which reference signal is measured most recently
among the at least one identified downlink carrier.

The user equipment of claim 9, wherein the uplink transmission power
controller selects the downlink carrier of which reference signal-
received power is measured most recently among the at least one
identified downlink carrier.

The user equipment of claim 9, wherein the uplink transmission power
controller selects the downlink carrier of which reference signal-
received power is expected to be most precise among the at least one
identified downlink carrier.

The user equipment of claim 13, wherein the uplink transmission power
controller selects the downlink carrier of which reference signal-

received power measurement interval is shortest.



WO 2010/151040 176 PCT/KR2010/004067

[Fig. 1]

114

IP NETWORK

- FAST SCHEDULING
[_UE 101 ~ HARQ
- ARQ
- AMIC
[Fig. 2]
200

CENTER FREQUENCY = F2 %
7

CENTER FREQUENCY = F1




WO 2010/151040 PCT/KR2010/004067

2/6
[Fig. 3]
305 310 315 320 325
{ / ! ! /

[rw\[mor)  [owr) [wee) [aws)

/ uLcc 1 \/ ULCCZ\ ULCCG3

) )
330 335 340
[Fig. 4]
405 410
{ {

[ oz

—
~

T
| ~
|
]

~—e
~
~
~u

[ [z

) )
415 420
[Fig. 5]
550
5(@< N i fim

( / DL CC 1 \/ mccz\ )

530 56& 535 540 5655 520
e |

( / UL CC 1 \/ ULccz\ | { /ULCCS \/ ULCCll\ )

7
-

N
~ - ~
~ -~ -~ -~
- - ~ ——
Se—— — S~ —

PC UL Carrier Group 1 PC UL Carrier Group 2



WO 2010/151040

[Fig. 6]
605
!

UE

615

3/6

L\
Carrier Addition [ DL carrier info, UL carrier info, UL PC info 1

PCT/KR2010/004067

610

N/W

620

arrier Addition Response

625

ﬁ(} ina DL CC

630

O AdiUSt\ﬁC variables of UL GCs belonging to the associated

PC UL GG
[Fig. 7]
RECEIVE TPC COMMAND ~-700
]
IDENTIFY PC DL CG ~710
i
IDENTIFY MAPPED PC UL CG  |~-715
r
ADJUST TRANSMISSION POWERS
OF ALL UPLINK CARRIERS ~-720
BELONG TO PC UL GG
[Fig. 8]
RECEIVE TPC COMMAND |~ 805
Y
ADJUST TRANSMISSION POWER
OF UPLINK CARRIER CORRELATED |~-810
IN VIEW OF HARQ FEEDBACK
Y
ADJUST TRANSMISSION POWERS
OF UPLINK CARRIERS CONFIGURED [~--815
TO BE ADJUSTED TOGETHER WITH
THE UPLINK GARRIER




WO 2010/151040 PCT/KR2010/004067

4/6
[Fig. 9]
905 910 915 920
<, < 2 <
/mcc1 \/ mccz\ /mccs\/ mcca\
I i
930 N | g35
Pl s
( / UL CC 1 \/ ULccz\ ]
(945] PL UL Carrier Group 1 (950) PL UL Carrier Group 2
[Fig. 10]
1005 1010
= -
UE N/W

1015

—
Carrier Addition [ DL carrier info, UL carrier info, PL UL CG info ]

1020
e .
Carrier Addition Response

1025
ﬁ grant

1030

—
O Compute UL Tx power based on the PL of the reference DL
CC of the PL UL CG

[Fig. 11]
DETECT NEED OF UPLINK 1105
TRANSMISSION
]
IDENTIFY PL UL CG OF L1110
UPLINK CARRIER
/
IDENTIFY REFERENCE DOWNLINK L1115
CARRIER OF PL UL CG
]

DETERMINE TRANSMISSION POWER

OF UPLINK CARRIER USING PATH |~—1120

LOSS OF THE REFERENCE DOWNLINK
CARRIER




WO 2010/151040 PCT/KR2010/004067

5/6
[Fig. 12]
DETECT NEED OF UPLINK 1205
TRANSMISSION
y
IDENTIFY REFERENCE DOWNLINK | 1210
CARRIER
y
DETERMINE TRANSMISSION POWER
OF UPLINK CARRIER USING PATH |~ 1215
LOSS OF REFERENCE DOWNLINK
CARRIER
[Fig. 13]
1325 1330 1335
o o o
UPPER LAYER| [UPPER LAYER CONTROL MESSAGE
DEVICE DEVICE PROCESSOR
1320 1310 1315
o ~ ~
| MULTIPLEXER/DEMULTIPLEXER UPLINK
TRANSMISSION TPC
POWER PROCESSOR
CONTROLLER
1305
~
| TRANSCEIVER |
[Fig. 14]
1405 1410
- -
UE N/W
1419

—
Carrier Addition [ UL carrier info, linked DL list ]

1420
e .
Carrier Addition Response

1425
- ﬁ grant
1427
.
O Select a linked DL CC for PL
1430

.
O Compute UL Tx power based on the PL of the selected DL
CC of the PL UL CG




PCT/KR2010/004067

WO 2010/151040
6/6
[Fig. 15]
DETECT NEED OF UPLINK | 1505
TRANSMISSION
Y
IDENTIFY DL CC ASSOCIATED | ..o
WITH UPLINK CARRIER
\]
SELECT DL CC ASSOCIATED
WITH UPLIN CARRIER IN ~_1515
TERMS OF PATH LOSS
M
DETERMINE UPLINK TRANSMISSION
POWER USING PATHLOSS OF  }~_1520
SELECTED DOWNLINK CARRIER
[Fig. 16]
IDENTIFY REFERENCE DOWNLINK |, e
CARRIER
Y
DETECT NEED OF UPLINK
TRANSMISSION ~-1605
Y
EXTRACT COMPENSATION
CONSTANT CORRESPONDING TO  |~— 1610
UPLINK CARRIER
/
DETERMINE UPLINK TRANSMISSION
POWER USING PATH LOSS OF
REFERENCE DOWNLINK CARRIER |~ 1615
AND COMPENSATION CONSTANT OF
UPLINK CARRIER
[Fig. 17]
1725 1730 1735
-~ -~ -~
UPPER LAYER | |UPPER LAYER CONTROL MESSAGE
DEVICE DEVICE PROCESSOR
1720 1710
-~ o
| MULTIPLEXER/DEMULTIPLEXER | UPLINK
TRANSMISSION POWER
CONTROLLER
1705
=
| TRANSCEIVER |

VAV N



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

