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Description
Title of Invention: METHOD AND APPARATUS FOR UPLINK

POWER CONTROL IN WIRELESS COMMUNICATION

SYSTEM
Technical Field

[1] The present invention relates to a method and an apparatus for communicating in a

wireless communication system. More particularly, the present invention relates to a

method and apparatus for uplink power control in a wireless communication system.

Background Art
[2] Recently, with the increasing demand for data communication and the continuing de

velopment of various communication services in a wireless communication system,

there is an urgent need to increase transmission capacity. As a way to satisfy this need

for an increase in transmission capacity, technology for heterogeneous networks is

being actively studied. A heterogeneous network refers to a communication system in

which cells with various phases, cell coverage, and characteristics are mixed and

operated.

[3] Hereinafter, a configuration of a related heterogeneous network will be described

with reference to FIG. 1.

[4] FIG. 1 illustrates an example of a related heterogeneous network.

[5] Referring to FIG. 1, a heterogeneous network includes a system in which a macro

cell 100 and at least one small cell (e.g., pico cells 102, 104, 106) with different- sized

cell coverage are overlaid and operated. Although not shown in FIG. 1, the small cell

in the cellular network 100 of the macro cell may include a femto cell, a pico cell, and/

or the like.

[6] In the heterogeneous network, the transmission capacity of the overall system can be

increased by reusing transmission resources of the small cells (e.g., the pico cells 102,

104, 106, a femto cell, or the like) included in the macro cell 100. For example, when

one small cell with a transmission band of 10 MHz is included in the macro cell 100 in

which a transmission band of 10 MHz is used, a transmission band of 20 MHz in total

is available in the macro cell 100. That is, when N small cells are included in one

macro cell, a transmission band that is N times as large as an existing transmission

band is available in the macro cell, and thus a transmission rate can be increased by N

times.

[7] However, in the actual wireless communication environment, there is a problem in

that even when N small cells are included in one macro cell, a transmission rate corre

sponding to N times of an existing transmission rate cannot be obtained and smaller



transmission gain is achieved due to interference between heterogeneous cells and non

uniform distribution of mobile terminals. That is, in a related heterogeneous network

system, performance degradation may be caused by interference between a macro cell

and a small cell, or by interference between small cells. Also, in a related het

erogeneous network system, non-uniform distribution of mobile terminals with respect

to small cells may cause some resources to be unusable, thereby resulting in per

formance degradation of the related heterogeneous network system.

[8] Active research has recently been conducted on a network coordinate system

employing a centralized control scheme, which uses direct connection links between

cells inside and outside a heterogeneous network. The network coordinate system

employing a centralized control scheme allows various individual cells included in a

wireless communication system to analyze mutual influences between corresponding

cells and the associated effects of such influences to collaboratively perform wireless

transmission and reception operations. Therefore, in the network coordinate system

employing a centralized control scheme, mutual influences between cells can be

minimized, and system efficiency can be maximized.

[9] Hereinafter, a related network coordinate system employing a centralized control

scheme will be discussed with reference to FIG. 2.

[10] FIG. 2 illustrates an example of a related network coordinate system employing a

centralized control scheme.

[11] Referring to FIG. 2, the network coordinate system employing a centralized control

scheme includes a central controller 200 for generally controlling cells connected

thereto through links or cells connected thereto through a specific network, a macro

base station 210 for servicing a wide area or central region, and small cell base stations

220, 230, and 240, each for servicing a narrow area or partial region. For example,

each of the small cell base stations 220, 230, and 240 may be a Distributed Antenna

System (DAS) cell base station, or relay station.

[12] The macro base station 210 and the small cell base stations 220, 230, and 240 are

connected to each other through the central controller 200 and the links. Also, the

macro base station 210 and the small cell base stations 220, 230, 240 connected to the

central controller 200 can share information with each other. Thus, the macro base

station 210 and the small cell base stations 220, 230, and 240 can collaboratively

control transmission power or regulate interference.

Disclosure of Invention

Technical Problem
[13] However, a method for controlling power using the above-mentioned centralized

control scheme has not been concretely designed. As a result, communication systems



must use an existing inefficient power control method in the related network co

ordinate system employing a centralized control scheme, which results in performance

degradation of the related network coordinate system.

[14] Therefore, a need exists for a method and apparatus for effectively controlling the

power in a network coordinate system employing a centralized control scheme.

[15] The above information is presented as background information only to assist with an

understanding of the present disclosure. No determination has been made, and no

assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present invention.

Solution to Problem
[16] Aspects of the present invention are to address at least the above-mentioned

problems and/or disadvantages and to provide at least the advantages described below.

Accordingly, an aspect of the present invention is to provide a method and apparatus

for uplink power control in a wireless communication system.

[17] Another aspect of the present invention is to provide a method and apparatus for

allowing one or more cells to collaboratively control uplink power and minimizing

mutual interference when the corresponding one or more cells are controlled in a cen

tralized control scheme.

[18] Yet another aspect of the present invention is to provide a method and apparatus for

enhancing data transmission efficiency by making it possible to actively regulate in

terference and optimize a channel condition.

[19] In accordance with an aspect of the present invention, a method for uplink power

control by a first base station in a wireless communication system is provided. The

method includes periodically measuring interference for a cell of a second base station

neighboring the first base station, determining an average of the periodically measured

interference, broadcasting the determined average of the periodically measured in

terference to mobile terminals located in a cell of the first base station, determining a

weight for the determined average of the periodically measured interference, based on

one of resource allocation information for the cell of the second base station and

whether a specific message for interference regulation is received from the second base

station, and transmitting the determined weight to the mobile terminals.

[20] In accordance with another aspect of the present invention, a method for uplink

power control for a mobile terminal in a wireless communication system is provided.

The method includes receiving average interference for a cell of a second base station

neighboring a first base station, which corresponds to a serving base station, and a

weight for the average interference from the first base station, determining uplink

power by using the received average interference and the received weight, and



transmitting an uplink signal to the first base station by using the determined uplink

power.

[21] In accordance with yet another aspect of the present invention, a first base station in a

wireless communication system is provided. The first base station includes a controller

for periodically measuring interference for a cell of a second base station neighboring

the first base station, determining an average of the periodically measured interference,

for broadcasting the determined average of the periodically measured interference to

mobile terminals located in a cell of the first base station, for determining a weight for

the determined average of the periodically measured interference, based on one of

resource allocation information for the cell of the second base station and whether a

specific message for interference regulation is received from the second base station,

and for transmitting the determined weight to the mobile terminals, a base station

interface for receiving the resource allocation information for the cell of the second

base station and the specific message for interference regulation from the second base

station, under control of the controller, a transmitter for transmitting the determined

average of the periodically measured interference and the determined weight to the

mobile terminals, and a memory for storing the determined average of the periodically

measured interference and the determined weight, under control of the controller.

[22] In accordance with still yet another aspect of the present invention, a mobile terminal

in a wireless communication system is provided. The mobile terminal includes a

controller for operatively receiving average interference for a cell of a second base

station neighboring a first base station, which corresponds to a serving base station,

and a weight for the average interference from the first base station, for determining

uplink power by using the received average interference and the received weight, and

for operatively transmitting an uplink signal to the first base station by using the de

termined uplink power, a receiver for receiving the average interference and the

weight, a memory for storing the average interference and the weight, and a transmitter

for transmitting the uplink signal to the first base station.

[23] In accordance with an aspect of the present invention, a method for uplink power

control by a first base station in a wireless communication system is provided. The

method includes measuring interference for a cell of a second base station neighboring

the first base station, determining an average of the measured interference, determining

a weight for the determined average of the measured interference, based on one of

resource allocation information for the cell of the second base station and whether a

specific message for interference regulation is received from the second base station,

and transmitting the determined weight to the mobile terminals.

[24] Other aspects, advantages, and salient features of the invention will become apparent

to those skilled in the art from the following detailed description, which, taken in con-



junction with the annexed drawings, discloses exemplary embodiments of the

invention.

Advantageous Effects of Invention
[25] Exemplary embodiments of the present invention allow one or more cells to collabo

ratively control uplink power in a wireless communication system in which the corre

sponding cells are controlled in a centralized control scheme. Thus, according to

exemplary embodiments of the present invention, unnecessary interference between

the corresponding cells can be reduced and/or minimized, and needless power con

sumption can be reduced and/or prevented, which thereby improves the power ef

ficiency of a mobile terminal. Also, exemplary embodiments of the present invention

can enhance transmission efficiency by actively regulating interference and optimizing

a channel condition.

Brief Description of Drawings
[26] The above and other aspects, features, and advantages of certain exemplary em

bodiments of the present invention will be more apparent from the following de

scription taken in conjunction with the accompanying drawings, in which:

[27] FIG. 1 illustrates an example of a related heterogeneous network;

[28] FIG. 2 illustrates an example of a related network coordinate system employing a

centralized control scheme;

[29] FIG. 3 illustrates a configuration of a wireless communication system according to an

exemplary embodiment of the present invention;

[30] FIG. 4 illustrates a configuration of a wireless communication system in which an

uplink power control equation is applied according to an exemplary embodiment of the

present invention;

[31] FIG. 5 is a flowchart illustrating a method for setting a weight x for uplink power

control in a serving base station according to an exemplary embodiment of the present

invention;

[32] FIG. 6 is a flowchart illustrating a method for setting a weight x for uplink power

control in a serving base station according to an exemplary embodiment of the present

invention;

[33] FIG. 7 is a flowchart illustrating an operation of a serving base station according to

an exemplary embodiment of the present invention;

[34] FIG. 8 is a flowchart illustrating an operation of a mobile terminal according to an

exemplary embodiment of the present invention;

[35] FIG. 9 is a block diagram illustrating an internal structure of a serving base station

according to an exemplary embodiment of the present invention; and

[36] FIG. 10 is a block diagram illustrating an internal structure of a mobile terminal



according to an exemplary embodiment of the present invention.

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

depict the same or similar elements, features, and structures.

Best Mode for Carrying out the Invention
[38] The following description with reference to the accompanying drawings is provided

to assist in a comprehensive understanding of exemplary embodiments of the invention

as defined by the claims and their equivalents. It includes various specific details to

assist in that understanding but these are to be regarded as merely exemplary. A c

cordingly, those of ordinary skill in the art will recognize that various changes and

modifications of the embodiments described herein can be made without departing

from the scope and spirit of the invention. In addition, descriptions of well-known

functions and constructions may be omitted for clarity and conciseness.

[39] The terms and words used in the following description and claims are not limited to

the bibliographical meanings, but, are merely used by the inventor to enable a clear and

consistent understanding of the invention. Accordingly, it should be apparent to those

skilled in the art that the following description of exemplary embodiments of the

present invention is provided for illustration purpose only and not for the purpose of

limiting the invention as defined by the appended claims and their equivalents.

[40] It is to be understood that the singular forms "a," "an," and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, reference to

"a component surface" includes reference to one or more of such surfaces.

[41] An exemplary embodiment of the present invention proposes a method and apparatus

for uplink power control in a wireless communication system. More specially, an

exemplary embodiment of the present invention proposes a method and apparatus for

allowing one or more cells to collaboratively control uplink power in a wireless com

munication system in which the corresponding cells are controlled in a centralized

control scheme. In a description of exemplary embodiments of the present invention, it

should be noted that the term "cell" is mingled with the term "base station".

[42] In a related wireless communication system, individual cells operate independently

of each other or exchange only very restrictive information between each other. For

example, even when the cells exchange information with each other such information

is limited. Thus, in order to control the uplink power, each cell must independently use

an uplink power control equation. Also, when a specific cell receives information on

neighboring cells, only restrictive information with small overhead is received for long

periods.

[43] Accordingly, when interference from neighboring cells is abruptly changed, related

methods for uplink power control (e.g., using a related uplink power control equation)



experience many problems. More particularly, there are many difficulties in controlling

interference from neighboring cells. For example, interference from neighboring cells

may abruptly change as the position of a mobile terminal, affecting the interference,

varies every frame. Consequently, a related wireless communication has a problem in

that it is impossible to improve a data transfer rate and optimize a channel condition

through uplink power control.

[44] An uplink power control equation used in a related wireless communication system is

represented by Equation 1.

[45] MathFigure 1

[Math.l]

P
Tx

L +NI + SINR
[46] Referring to Equation 1,

denotes transmission power used by a mobile terminal to transmit an uplink signal, L

denotes a compensation value for compensating for propagation loss according to a

distance between a Base Station (BS) and a mobile terminal, NI denotes a com

pensation value for compensating for noise and interference received from cells other

than a serving cell of the mobile terminal, and SINR denotes the target reception

strength of a signal to be received by the BS, that is, a target signal to interference and

noise ratio.

[47] Equation 1 is used when each of the cells other than the serving cell of the mobile

terminal is an independent cell, and when interference from other cells is differently set

for each cell. Therefore, it is difficult for a corresponding BS or mobile terminal to

control or manage interference from other cells.

[48] Recently, a wireless communication system may include a heterogeneous network

including cells connected according to a centralized control scheme, or including cells

that can exchange and share information with each other in real time by using direct

connection links. In such a wireless communication system, one or more cells can col

laboratively perform transmission and reception operations in real time. More p ar

ticularly, one or more cells may share information on allocated resources and allocated

mobile terminals between cells that are controlled in a centralized control scheme. A c

cordingly, active interference control can be performed. Active interference control

corresponds to an operation in which each of the cells connected according to a cen

tralized control scheme controls interference by using information transmitted/received

between corresponding cells. Interference that can be controlled or managed by the



active interference control may be referred to as "controllable interference".

[49] Hereinafter, a configuration of a wireless communication system according to an

exemplary embodiment of the present invention will be described with reference to

FIG. 3.

[50] FIG. 3 illustrates a configuration of a wireless communication system according to an

exemplary embodiment of the present invention.

[51] Referring to FIG. 3, the wireless communication system includes a macro BS 305 for

controlling a macro cell (i.e., p2 cell 300), a small cell BS 315 for controlling a small

cell (i.e., p i cell 310) included in the p2 cell 300, a mobile terminal 320 in the small

cell (i.e., p i cell 310), a mobile terminal 330 in the macro cell (i.e., p2 cell 300), and a

central controller (not illustrated). The macro BS 305 and the small cell BS 315

perform communications by using a direct connection link. Also, the central controller

is connected to the macro BS 305 and the small cell BS 315, and simultaneously

controls the macro BS 305 and the small cell BS 315.

[52] According to exemplary embodiments of the present invention, if wireless commu

nication system has such a configuration, then the macro BS 305 and the small cell BS

315 can exchange or share information with each other in real time through the direct

connection link. More specially, because the macro BS 305 and the small cell BS 315

are controlled by the same central controller, the macro BS 305 can receive from the

small cell BS 315, channel allocation information and positions of mobile terminals, to

which channels are allocated, or channel characteristic information associated with the

p i cell 310 of the small cell BS 315. Similarly, the small cell BS 315 can receive from

the macro BS 305, channel allocation information, information describing positions of

mobile terminals, to which channels are allocated, and/or channel characteristic in

formation in the p2 cell 300 of the macro BS 305.

[53] Accordingly, the macro BS 305 can predict the existence of interference

affecting the mobile terminal 330 and its strength, and the small cell BS 315 can also

predict the existence of interference

affecting the mobile terminal 320 and its strength. Based on such predictions, the

macro BS 305 and the small cell BS 315 can perform collaborative power control and

regulate mutual interference.

[54] In this way, cells connected according to a centralized control scheme can perform

collaborative control in real time, and thus provide network-coordinated service. More

particularly, cells connected according to a centralized control scheme can control



mutual interference by performing collaborative control for signal transmission.

According to an exemplary embodiment of the present invention, existing in

terference is divided into two types of interference. For example, the existing in

terference may be divided into

outer

and

control

, as represented by Equation

MathFigure 2

[Math.2]

control o tS
[57] Equation 2 is an interference and noise calculation equation according to an

exemplary embodiment of the present invention. Referring to Equation 2, NI denotes

interference and noise in a corresponding cell (hereinafter referred to as a "serving

cell"),

outer

denotes interference from an outer cell not connected to the central controller,

control

denotes controllable interference, that is, interference from any other cell connected

to the central controller (hereinafter referred to as a "centralized controlled neighboring

cell"), and Noise denotes noise in a serving cell or a repeater.

[58] By applying Equation 2 to Equation 1 (i.e., the conventional uplink power control

equation), Equation 1 can be represented by Equation 3.

[59] MathFigure 3

[Math.3]

P + r + N oise) + I
T

+SINR
P

Tx
= J ~ N T

outer
+ /

control
+

[60] Referring to Equation 3,



denotes transmission power used by a mobile terminal in a serving cell to transmit an

uplink signal,

o t r

and Noise denote interference and noise from an outer cell not connected to the central

controller and correspond to

1 outer

, and

control

denotes interference from the centralized controlled neighboring cell.

[61] By modifying

control

for ease of implementation in Equation 3, Equation 3 can be rewritten as Equation 4.

[62] MathFigure 4

[Math.4]

/ - x f
control control average

p
Tx

—J + N T
outer

+ xf
control__average

+ TNR

[63] Referring to Equation 4,

/
control average

denotes an average of interference from the centralized controlled neighboring cell,

and x denotes a weight for

/
control average

[64] More specially, x is an instant weight transmitted by a BS of a serving cell

(hereinafter referred to as a "serving BS") to a mobile terminal in the serving cell.

According to exemplary embodiments of the present invention, x has multiple bit



values. The weight x is transmitted to a corresponding mobile terminal in an in

stantaneous manner. In other words, the weight x is transmitted to a corresponding

mobile terminal at short periods below a threshold value, or each time a mobile

terminal is allocated every frame by using a unicast method (in which a signal is

transmitted only for a corresponding mobile terminal) or broadcast method (in which a

signal is simultaneously transmitted to all mobile terminals or to one or more mobile

terminals).

[65] According to exemplary embodiments of the present invention, the serving BS peri

odically measures interference received from the mobile terminal, and transmits

/
control average

to the mobile terminal at longer periods than a preset period by using a broadcast

method.

/
control average

has a bit value greater and more precise than the bit value of x, and is transmitted

from the serving BS to the mobile terminal at periods longer than the period at which x

is transmitted.

[66] As an example, when x has a bit value of 3, x may indicate one of the following eight

values: [0 (000), 0.25 (001), 0.5 (010), 0.75 (011), 1 (100), 1.25 (101), 1.5 (110), 1.75

(111)]. Accordingly, if x indicates a binary signal of 001, then x corresponds to a value

of 0.25, and thus 0.25 times control_average is used in the uplink power control

equation.

[67] Hereinafter, a method for uplink power control according to an exemplary em

bodiment of the present invention will be described with reference to FIG. 4.

[68] FIG. 4 illustrates a configuration of a wireless communication system in which an

uplink power control equation is applied according to an exemplary embodiment of the

present invention.

[69] Referring to FIG. 4, the wireless communication system includes a macro BS 405 for

controlling a macro cell (i.e., p2 cell 400), a small cell BS 415 for controlling a small

cell (i.e., p i cell 410) included in the p2 cell 400, a first mobile terminal 421 in the p i

cell 410, a second mobile terminal 422, and a third mobile terminal 423 in the p2 cell

400, and a central controller (not illustrated). The macro BS 405 and the small cell BS

415 perform communication by using a direct connection link. Also, the central

controller is connected to the macro BS 405 and the small cell BS 415, and simul

taneously controls the macro BS 405 and the small cell BS 415.

[70] According to exemplary embodiments of the present invention, in such a wireless



communication system, a weight x to be used in the uplink power control equation may

be set by two methods.

[71] A first one of these two methods for using the weight x is a method in which a

serving BS divides a weight x into a plurality of values, and sets the weight x to one of

the plurality of values, based on resource allocation information in a centralized

controlled neighboring cell. A second one of the two methods for using the weight x is

a method in which a serving BS divides a weight x into a plurality of values, and sets

the weight x to one of the plurality of values, based on whether or not the serving BS

receives a message for interference regulation from a BS of a centralized controlled

neighboring cell, and whether or not an operation according to the received message is

performed.

[72] When a serving cell is the macro cell 400, a centralized controlled neighboring cell

may be the small cell 410. Also, when a serving cell is the small cell 410, a centralized

controlled neighboring cell may be the macro cell 400. For the convenience of de

scription, the following description of a method of setting a weight x will be described

based on the assumption that a serving cell is the small cell 410 and a centralized

controlled neighboring cell is the macro cell 400. Of course, the method of setting a

weight x may be used in a similar manner when a serving cell is the macro cell 400 and

a centralized controlled neighboring cell is the small cell 410. Hereinafter, an

exemplary method of setting a weight x will be described with reference to FIG. 5.

[73] FIG. 5 illustrates a method of setting a weight x for uplink power control in a serving

BS according to an exemplary embodiment of the present invention.

[74] Referring to FIG. 5, for the convenience of description, reference will be made to the

wireless communication system shown in FIG. 4, and it is assumed that a serving BS is

the small cell BS 415. As mentioned above, a serving BS may also be the macro BS

405, and in this case, a centralized controlled neighboring cell may be the small cell

410.

[75] According to an exemplary embodiment of the present invention, when a serving BS

is the small cell BS 415, the small cell BS 415 may receive resource allocation in

formation for the macro cell 400 from the macro BS 405. The resource allocation in

formation from the macro BS 405 may be transmitted to the small cell BS 415 at the

request of the small cell BS 415 or under instructions from a central controller. Upon

receiving the resource allocation information from the macro BS 405, the small cell BS

415 performs the following operation by using the received resource allocation in

formation.

[76] In step 500, the small cell BS 405 determines if the macro BS 405 does not use a

specific band (i.e., a band where the p i cell 410 is affected by interference) or if the

macro BS 405 performs a muting operation. That is, the small cell BS 415 determines



if the macro BS 405 does not allocate a mobile terminal to a specific band or uses a

muting subframe, in which allocation is not performed for the overall subframe, at the

request of the small cell BS 415 or according to the judgment of the macro BS 405

itself.

[77] When the macro BS 405 does not use the specific band or when the macro BS 405

performs the muting operation, in step 502, the small cell BS 415 sets a weight x to 0

(i.e., x = 0). Also, the small cell BS 415 transmits the weight x (i.e., x being set to 0) to

the first mobile terminal 421 while allocating a resource to the first mobile terminal

421. The first mobile terminal 421 can recognize that there is no interference from the

macro BS 405 when transmitting an uplink signal by using the allocated resource. A c

cordingly, the first mobile terminal may perform uplink power control in consideration

of only interference from an outer cell not connected to the central controller, when

necessary. In such an example, the equation used for uplink power control may be rep

resented by Equation 5.
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[79] When uplink power control is performed using Equation 5, power consumption can

be reduced and/or minimized because power used by such a system is less than power

used by related communication systems. Further, uplink interference may be reduced

and/or minimized.

[80] When the macro BS 405 uses the specific band or does not perform the muting

operation in step 500, the small cell BS 415 proceeds to step 504.

[81] In step 504, the small cell BS 415 determines whether the macro BS 405 allocates a

resource to a mobile terminal far away from the small cell BS 415 (e.g., the third

mobile terminal 423). The mobile terminal located far away from the small cell BS 415

refers to a mobile terminal that is located beyond a predetermined distance from the

small cell BS 415.

[82] When the macro BS 405 allocates a resource to the third mobile terminal 423, the

small cell BS 415 determines that uplink interference caused by the third mobile

terminal 423 is smaller than uplink interference caused by other mobile terminals. For

example, the small cell BS 415 may determine that the uplink interference caused by

the third mobile terminal 423 is smaller than the uplink interference caused by any

other mobile terminal. Accordingly, the small cell BS 415 proceeds to step 506, and

sets a weight x to a value between 0 and 1 (0 < x < 1). Also, the small cell BS 415

transmits the weight x (i.e., the weight x being set to a value between 0 and 1) to the

first mobile terminal 421.



[83] When the macro BS 405 does not allocate a resource to the third mobile terminal 423

in step 504, the small cell BS 415 proceeds to step 508. In step 508, the small cell BS

415 determines whether the macro BS 405 allocates a resource to a mobile terminal

located near to the small cell BS 415 (e.g., the second mobile terminal 422). The

mobile terminal located near to the small cell BS 415 refers to a mobile terminal that is

located within a predetermined distance from the small cell BS 415.

[84] When the macro BS 405 allocates a resource to the second mobile terminal 422, the

small cell BS 415 determines that uplink interference caused by the second mobile

terminal 423 is larger than uplink interference caused by another mobile terminal. For

example, the small cell BS 415 may determine whether uplink interference caused by

the small mobile terminal 423 is larger than uplink interference caused by any other

mobile terminal. Accordingly, the small cell BS 415 proceeds to step 510, and sets a

weight x to a value greater than 1 (x > 1). Also, the small cell BS 415 transmits the

weight x (e.g., the weight x being set to a value greater than 1) to the first mobile

terminal 421.

[85] When the macro BS 405 does not allocate a resource to the second mobile terminal

422 in step 508 (e.g., when the macro BS 405 uses a related uplink power control

equation), the small cell BS 415 proceeds to step 514, and sets a weight x to 1 (x = 1).

Also, the small cell BS 415 transmits the weight x (e.g., the weight x being set to 1) to

the first mobile terminal 421. An equation used for uplink power control may be rep

resented by Equation 6.

[86] MathFigure 6
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[87] Referring to Equation 6, when a weight x is set to 1, the uplink power control

equation is the same as the uplink power control equation used in related systems such

as that having an uplink power control equation given in Equation 1.

[88] An exemplary method for setting a weight x for uplink power control will be

described with reference to FIG. 6.

[89] FIG. 6 illustrates a method for setting a weight x for uplink power control in a

serving BS according to an exemplary embodiment of the present invention.

[90] Referring to FIG. 6, for the convenience of description, reference will be made to a

wireless communication system such as, for example, the wireless communication

system illustrated in FIG. 4. It is assumed that a serving BS is the small cell BS 415.

As mentioned above, a serving BS may also be the macro BS 405, and in this case, a

centralized controlled neighboring cell may be the small cell 410.



[91] According to an exemplary embodiment of the present invention, if a serving BS is

the small cell BS 415, then the small cell BS 415 can receive a message for in

terference regulation from the macro BS 405. The message for interference regulation

includes an interference down request message, and an interference up grant message.

More specially, when interference imposed on the p2 cell 400 by the small cell BS 415

exceeds a threshold value, the macro BS 405 transmits to the small cell BS 415 an in

terference down request message, which indicates a request to reduce interference,.

Contrarily, when interference imposed on the p2 cell 400 by the small cell BS 415 does

not exceed a threshold value, the macro BS 405 transmits to the small cell BS 415 an

interference up grant message, which indicates a grant to increase interference from the

p i cell 410.

[92] Thus, in step 600, the small cell BS 415 determines whether an interference down

request message is received from the macro BS 405. When the small cell BS 415

receives an interference down request message and accepts an interference down

request according to the interference down request message, the small cell BS 415

proceeds to step 602, and sets a weight x to a value less than 1 (i.e., x < 1). Also, the

small cell BS 415 transmits the weight x (e.g., the weight x being set to a value less

than 1) to the first mobile terminal 421. The first mobile terminal 421 lowers uplink

power by using the weight x set to a value less than 1, and thus the interference

imposed on the p2 cell 400 can be reduced.

[93] When an interference down request message is not received from the macro BS 405

in step 600, the small cell BS 415 proceeds to step 604 and determines whether an in

terference up grant message is received from the macro BS 405.

[94] When an interference up grant message is received from the macro BS 405 and there

is a need to enhance reception signal sensitivity for a signal transmitted from the first

mobile terminal 421, the small cell BS 415 proceeds to step 606, and sets a weight x to

a value greater than 1 (i.e., x > 1). Also, the small cell BS 415 transmits the weight x

(e.g., the weight x being set to a value greater than 1) to the first mobile terminal 421.

Thus, the uplink transmission power of the first mobile terminal 421 is increased, and

thus the small cell BS 415 can receive a signal, the signal sensitivity of which is

improved.

[95] When an interference up grant message is not received from the macro BS 405 in

step 604 and there is no need to enhance reception signal sensitivity for a signal

transmitted from the first mobile terminal 421 or when uplink power and interference

control using the conventional uplink power control equation is desired, the small cell

BS 415 proceeds to step 608, and sets a weight x to 1 (i.e., x = 1). Also, the small cell

BS 415 transmits the weight x (e.g., weight x being set to 1) to the first mobile terminal

421.



[96] According to exemplary embodiments of the present invention, methods for setting a

weight x as illustrated in FIGs. 5 and 6 can be summarized as shown in Table 1.

[97] Table 1

[Table 1]

[98] Hereinafter, an exemplary operation of a serving BS will be described with reference

to FIG. 7.

[99] FIG. 7 illustrates an operation of a serving BS according to an exemplary em

bodiment of the present invention.

[100] Referring to FIG. 7, in step 700, the serving BS periodically measures interference

from a centralized controlled neighboring cell for a predetermined period
control

of time, and determines average interference γ corresponding

control average
to an average of the measured interference. In step 702, the serving BS determines

whether a transmission period for the average interference is reached.

[101] When a transmission period for the average interference is reached, the serving BS

proceeds to step 704, and transmits the determined average interference to mobile

terminals located in its cell over a broadcast channel. Also, in step 706, the serving BS

determines whether a transmission period for a weight x for each mobile terminal, to

be used for uplink power control, is reached.

[102] When a transmission period for the weight x is reached, the serving BS proceeds to

step 708, and determines the weight x in consideration of a resource allocation state, a

channel allocation state, and states and positions of mobile terminals in the macro cell.

A procedure of determining the weight x has been described above with reference to

FIGs. 5 and 6, so a detailed description thereof will be omitted here.



Upon the weight x being determined, the serving BS proceeds to step 710, and

transmits the determined weight x to a corresponding mobile terminal by using a

unicast or broadcast method.

An exemplary operation of a mobile terminal will be described with reference to

FIG. 8.

FIG. 8 illustrates an operation of a mobile terminal according to an exemplary em

bodiment of the present invention.

Referring to FIG. 8, in step 800, the mobile terminal receives average interference

γ for a centralized controlled neighboring cell from a serving

control average
BS. For example, the mobile terminal may receive the average interference

γ for a centralized controlled neighboring cell from a serving

control average
BS over a broadcast channel. Also, in step 802, the mobile terminal receives a weight x

for the average interference from the serving BS. The mobile terminal may receive the

weight x for the average interference over a unicast or broadcast channel. The mobile

terminal may periodically receive the average interference and the weight x , and the

time to receive the average interference and the time to receive the weight x may be the

same or different depending on when the serving BS transmits the average interference

and the weight x.

In step 804, the mobile terminal determines whether it is time to transmit an uplink

signal to the serving BS. When it is time to transmit an uplink signal to the serving BS,

in step 806, the mobile terminal determines uplink power by using the average in

terference and the weight x. More specially, the mobile terminal determines uplink

power by using the uplink power control equation according to an exemplary em

bodiment the present invention (i.e., "

PTx L outer control average SINR
" given in Equation 4). Also, in step 808, the mobile terminal transmits the uplink

signal to the serving BS by using the determined uplink power.

Hereinafter, an internal structure of a serving BS will be described with reference to

FIG. 9.

FIG. 9 illustrates an exemplary internal structure of a serving BS according to an

exemplary embodiment of the present invention.

Referring to FIG. 9, the serving BS includes a controller 900, a transmitter 910, a

receiver 920, a memory 930, and a BS interface 940.



[111] The controller 900 operatively controls the transmitter 901, the receiver 920, the

memory 930, and the BS interface 940. Further, the controller 900 operatively controls

the overall operation of the serving BS. More particularly, the controller 900 performs

operations corresponding to the serving BS's operations as illustrated and described

above in FIGs. 5 to 7.

[112] More specially, the controller 900 measures interference from a centralized

controlled neighboring cell, and determines average interference corresponding to an

average of the measured interference. Also, when a transmission period for the average

interference is reached, the controller 900 operatively transmits the determined average

interference to mobile terminals located in a cell of the serving BS over a broadcast

channel.

[113] Further, when a transmission period for a weight x to be used for uplink power

control is reached, the controller 900 determines the weight x for the determined

average interference. With regard to this, the controller 900 determines the weight x in

consideration of a resource allocation state, a channel allocation state, and position and

state information for mobile terminals in the centralized controlled neighboring cell.

Upon the weight x being determined, the controller 900 operatively transmits the de

termined weight x to a corresponding mobile terminal. For example, the controller 900

may operatively transmit the determined weight x using a unicast or broadcast method.

[114] The transmitter 910 transmits the average interference to mobile terminals located in

the cell of the serving BS by using a broadcast method, under the control of the

controller 900. Also, the transmitter 910 transmits the weight x for the average in

terference to a corresponding mobile terminal. For example, according to exemplary

embodiments of the present invention, the transmitter 910 transmits the weight x by

using a unicast or broadcast method.

[115] The receiver 920 receives an uplink signal from a mobile terminal, under the control

of the controller 900.

[116] The memory 930 stores the average interference and the weight x , under the control

of the controller 900.

[117] The BS interface 940 performs communications with the centralized controlled

neighboring cell. More specially, the BS interface 940 receives a resource allocation

state, a channel allocation state, and position and state information for mobile terminals

in the centralized controlled neighboring cell from the centralized controlled

neighboring cell.

[118] An exemplary internal structure of a mobile terminal will be described with reference

to FIG. 10.

[119] FIG. 10 illustrates an internal structure of a mobile terminal according to an

exemplary embodiment of the present invention.



[120] Referring to FIG. 10, the mobile terminal includes a controller 1000, a transmitter

1010, a receiver 1020, and a memory 1030.

[121] The controller 1000 controls the transmitter 1010, the receiver 1020, and the memory

1030, and controls the overall operation of the mobile terminal. More particularly, the

controller 1000 performs an operation corresponding to the mobile terminal's

operation as illustrated and described in FIG. 8.

[122] More specially, on receiving average interference for a macro cell and a weight x for

the average interference from a serving BS, the controller 1000 determines whether it

is time to transmit an uplink signal to the serving BS. When it is time to transmit an

uplink signal to the serving BS, the controller 1000 determines uplink power by using

the received average interference and the received weight x . For example, according to

exemplary embodiments of the present invention, the controller 1000 determines

uplink power by using the uplink power control equation provided in Equation 4 (i.e., "

Ρ χ L +NI
r 4 xl control age SINR

"). Also, the controller 1000 operatively transmits the uplink signal to the serving BS

by using the determined uplink power.

[123] The transmitter 1010 transmits the uplink signal to the serving BS, under the control

of the controller 1000.

[124] The receiver 1020 receives the average interference over a broadcast channel, under

the control of the controller 1000. Also, the receiver 1020 receives the weight x over a

unicast or broadcast channel, under the control of the controller 1000. The receiver

1020 may periodically receive the average interference and the weight x , and the time

to receive the average interference and the time to receive the weight x may be the

same or different depending on when the serving BS transmits them.

[125] The memory 1030 stores the average interference, the weight x , and the uplink

power, under the control of the controller 1000.

[126] As described above, exemplary embodiments of the present invention allow one or

more cells to collaboratively control uplink power in a wireless communication system

in which the corresponding cells are controlled in a centralized control scheme. Thus,

according to exemplary embodiments of the present invention, unnecessary in

terference between the corresponding cells can be reduced and/or minimized, and

needless power consumption can be reduced and/or prevented, which thereby improves

the power efficiency of a mobile terminal. Also, exemplary embodiments of the

present invention can enhance transmission efficiency by actively regulating in

terference and optimizing a channel condition.

[127] While the invention has been shown and described with reference to certain



exemplary embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims and their

equivalents.



WO 2012/111974 PCT/KR2012/001132

Claims
[Claim 1] A method for uplink power control by a first base station in a wireless

communication system, the method comprising:

periodically measuring interference for a cell of a second base station

neighboring the first base station;

determining an average of the periodically measured interference;

broadcasting the determined average of the periodically measured in

terference to mobile terminals located in a cell of the first base station;

determining a weight for the determined average of the periodically

measured interference, based on one of resource allocation information

for the cell of the second base station and whether or not a specific

message for interference regulation is received from the second base

station; and

transmitting the determined weight to the mobile terminals.

[Claim 2] The method of claim 1, wherein the determining of the weight

comprises:

setting the weight to a first value if it is determined that the second base

station does not use a band in which the cell of the first base station is

affected by interference or if it is determined that the second base

station uses a muting subframe;

setting the weight to a value between the first value and a second value

if it is determined that the second base station allocates a resource to a

mobile terminal located beyond a predetermined distance from the cell

of the first base station; and

setting the weight to a value greater than the second value if it is de

termined that the second base station allocates a resource to a mobile

terminal located within the predetermined distance from the cell of the

first base station.

[Claim 3] The method of claim 1, wherein the determining of the weight

comprises:

setting the weight to a value less than a first value if the first base

station receives a message requesting the first base station to down-

regulate interference imposed on the cell of second cell from the cell of

the first cell as the message for interference regulation from the second

base station; and

setting the weight to a value greater than the first value if the first base

station receives a message granting the first base station to up-regulate
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the interference as the message for interference regulation from the

second base station.

[Claim 4] The method of claim 1, further comprising receiving an uplink signal

from each of the mobile terminals,

wherein each of the mobile terminals transmits the uplink signal to the

first base station by using transmission power that is determined using

the determined average of the periodically measured interference and

the determined weight.

[Claim 5] The method of claim 4, wherein the first and second base stations com

municate with each other under control of a central controller, and

wherein the transmission power is determined using a following

equation,

/ = x f
control control average

p
Tx

f + M
outer

+ x
control __average
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where, denotes interference from the cell of the second
control

base station, x denotes the weight, , denotes the determined

average of the periodically measured interference, denotes the
T x

transmission power, L denotes a compensation value for compensating

for propagation loss according to a distance between the first base

station and a corresponding mobile terminal, - denotes
- - r

noise and interference from the cell of the second base station and other

cells, and SINR denotes a target signal to interference and noise ratio of

a signal to be received by the first base station.

[Claim 6] A method for uplink power control for a mobile terminal in a wireless

communication system, the method comprising:

receiving average interference for a cell of a second base station

neighboring a first base station, which corresponds to a serving base

station, and a weight for the average interference from the first base

station;

determining uplink power by using the received average interference

and the received weight; and

transmitting an uplink signal to the first base station by using the de-
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termined uplink power.

[Claim 7] The method of claim 6, wherein the first and second base stations com

municate with each other under control of a central controller, and

wherein the determining of the uplink power comprises determining the

uplink power by using a following equation,

/ x f
control control _average

P — J + N T +
Tx outer control __ ver ge

+ SINR

where, denotes interference from the cell of the second
control

base station, x denotes the weight, denotes

control_ average

the average interference, r denotes the uplink power, L denotes a
Tx

compensation value for compensating for propagation loss according to

a distance between the first base station and the mobile terminal,

denotes noise and interference from the cell of the second
outer

base station and other cells, and SINR denotes a target signal to in

terference and noise ratio of a signal to be received by the first base

station.

[Claim 8] A first base station in a wireless communication system, the first base

station comprising:

a controller for periodically measuring interference for a cell of a

second base station neighboring the first base station, for determining

an average of the periodically measured interference, for operatively

broadcasting the determined average of the periodically measured in

terference to mobile terminals located in a cell of the first base station,

for determining a weight for the determined average of the periodically

measured interference, based on one of resource allocation information

for the cell of the second base station and whether a specific message

for interference regulation is received from the second base station, and

for operatively transmitting the determined weight to the mobile

terminals;

a base station interface for receiving the resource allocation information

for the cell of the second base station and the specific message for in-
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terference regulation from the second base station under control of the

controller;

a transmitter for transmitting the determined average of the periodically

measured interference and the determined weight to the mobile

terminals; and

a memory for storing the determined average of the periodically

measured interference and the determined weight under control of the

controller.

[Claim 9] The first base station of claim 8, wherein the controller sets the weight

to a first value if it is determined that the second base station does not

use a band in which the cell of the first base station is affected by in

terference or uses a muting subframe, sets the weight to a value

between the first value and a second value if it is determined that the

second base station allocates a resource to a mobile terminal located

beyond a predetermined distance from the cell of the first base station,

and sets the weight to a value greater than the second value if it is de

termined that the second base station allocates a resource to a mobile

terminal located within the predetermined distance from the cell of the

first base station.

[Claim 10] The first base station of claim 8, wherein the controller sets the weight

to a value less than a first value if the first base station receives a

message requesting the first base station to down-regulate interference

imposed on the cell of second cell from the cell of the first cell as the

message for interference regulation from the second base station, and

sets the weight to a value greater than the first value if the first base

station receives a message granting the first base station to up-regulate

the interference as the message for interference regulation from the

second base station.

[Claim 11] The first base station of claim 8, further comprising a receiver for

receiving an uplink signal from each of the mobile terminals,

wherein each of the mobile terminals transmits the uplink signal to the

first base station by using transmission power that is determined using

the determined average of the periodically measured interference and

the determined weight.

[Claim 12] The first base station of claim 11, wherein the first and second base

stations communicate with each other under control of a central

controller, and

wherein the transmission power is determined using a following
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equation,

/ -
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where, denotes interference from the cell of the second
control

base station, x denotes the weight, denotes

control _ average

the determined average of the periodically measured interference,

- denotes the transmission power, L denotes a compensation
r ¬

value for compensating for propagation loss according to a distance

between the first base station and a corresponding mobile terminal,

denotes noise and interference from the cell of the second
- outer

base station and other cells, and SINR denotes a target signal to in

terference and noise ratio of a signal to be received by the first base

station.

[Claim 13] A mobile terminal in a wireless communication system, the mobile

terminal comprising:

a controller for operatively receiving average interference for a cell of a

second base station neighboring a first base station, which corresponds

to a serving base station, and a weight for the average interference from

the first base station, for determining uplink power by using the

received average interference and the received weight, and for op

eratively transmitting an uplink signal to the first base station by using

the determined uplink power;

a receiver for receiving the average interference and the weight;

a memory for storing the average interference and the weight; and

a transmitter for transmitting the uplink signal to the first base station.

[Claim 14] The mobile terminal of claim 13, wherein the first and second base

stations communicate with each other under control of a central

controller, and

wherein the controller determines the uplink power by using a

following equation,
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where, denotes interference from the cell of the second
control

base station, x denotes the weight, denotes

control _ average

the average interference, denotes the uplink power, L denotes a

compensation value for compensating for propagation loss according to

a distance between the first base station and the mobile terminal,

denotes noise and interference from the cell of the second
- - outer

base station and other cells, and SINR denotes a target signal to in

terference and noise ratio of a signal to be received by the first base

station.
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