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Description

Title of Invention: COMMUNICATION SYSTEM HAVING

NETWORK ACCESS STRUCTURE
Technical Field

[1] The following description relates to a communication system for an inter-cell co

operation, and more particularly, to a communication system having an improved

network access structure in a multi-cell environment or a hierarchical cell environment.

Background Art
[2] Various technologies have been proposed to enhance performance of communication

systems. Since there are constraints on improvements that may be obtained with

respect to a single base station, the proposed technologies may enhance the system per

formance through an inter-cell cooperation.

[3] A structure of a communication system for the inter-cell cooperation may vary;

however, communication systems proposed generally include some limitations. For

example, a relatively frequent demand for handover may result in a communication

system having a relatively low efficiency in utilizing radio resources.

Disclosure of Invention
[4] In one general aspect, a central unit includes a central controller that forms at least

one virtual cell by merging at least two cells among a plurality of cells of radio access

units, or forms the at least one virtual cell by separating at least one cell among the

plurality of the cells of the radio access units, first processing modules that perform

signal processing in a radio resource control (RRC) layer, a media access control

(MAC) layer, and a physical (PHY) layer for the at least one virtual cell, and a switch

to connect the first processing modules to radio access units according to whether the

cells of the radio access units are merged or are separate. Each of the radio access units

includes a second processing module, and each of the second processing modules

transmit and receive a radio frequency (RF) signal using at least one antenna.

[5] The central controller may merge or separate the cells of the radio access units

according to at least one condition selected from a group including a distribution of

terminals served by the radio access units, statuses of channels formed between the

radio access units and the terminals, a amount of traffic for the terminals, and any com

bination thereof.

[6] The central controller may include a database to manage information associated with

the statuses of the channels formed between the radio access units and the terminals,

and to manage information associated with the amount of traffic.

[7] The central controller may include a mobility manager to gather information as-



sociated with a mobility of the terminals.

[8] The central controller may include a virtual cell manager to manage and control the

at least one virtual cell.

[9] The central controller may include an inter-cell interference coordinator to control in

terference occurring in the at least one virtual cell.

[10] The central controller may include a quality of service (QoS) manager to manage a

requested QoS or a priority of the terminals.

[11] If a single particular virtual cell is formed based on a cell of a particular radio access

unit, the switch may connect a second processing module included in the particular

radio access unit to one of the first processing modules.

[12] If a cell of a first radio access unit and a cell of a second radio access unit are merged

into a single virtual cell, the switch may connect a second processing module included

in the first radio access unit and a second processing module included in the second

radio access unit to one of the first processing modules.

[13] An RF module to convert between the RF signal and a baseband signal may be

included in at least one of the first processing modules and the second processing

modules.

[14] The radio access units and the central unit may transmit or receive the RF signal or

the baseband signal.

[15] If a particular radio access unit includes both a first processing module and a second

processing module, the switch may directly connect the particular radio access unit to

the central controller.

[16] If the particular radio access unit and another radio access unit that includes a second

processing module are merged with each other to form a single virtual cell, the switch

may connect the second processing module included in the particular radio access unit

and the second processing module included in the another radio access unit to one of

the first processing modules.

[17] If the first processing module included in the particular radio access unit is connected

to a second processing module included in another radio access unit so that the

particular radio access unit and the other radio access unit form a single virtual cell, the

switch may directly connect the first processing module included in the particular radio

access unit and the second processing module included in the another radio access unit

to the central controller.

[18] The central unit may be connected to another central unit.

[19] A cell of a particular radio access unit associated with the central unit may be merged

with a cell of another radio access unit associated with the another central unit to form

a virtual cell.

[20] In another general aspect, a method of operating a terminal includes transmitting, to



at least one of a plurality of radio access units, information associated with at least one

condition selected from a group including a data rate requested by the terminal, a

requested QoS, a channel status, an interference amount, and any combination thereof,

receiving, from at least one of the plurality of radio access units, information a s

sociated with a virtual cell, the virtual cell formed by merging cells of the plurality of

radio access units or by separating the cells of the plurality of radio access units for co

operative communication with respect to the terminal, and performing an initialization

for communication with the plurality of radio access units in the virtual cell.

[21] Information associated with the virtual cell may include an identifier of the virtual

cell.

[22] The method may further include requesting a merging or separating of the cells of the

plurality of radio access units.

[23] In another general aspect, a computer-readable medium may store a program to

implement a method of operating a terminal including transmitting, to at least one of a

plurality of radio access units, information associated with at least one condition

selected from a group including a data rate requested by the terminal, a requested QoS,

a channel status, an interference amount, and any combination thereof, receiving, from

at least one of the plurality of radio access units, information associated with a virtual

cell, the virtual cell formed by merging cells of the plurality of radio access units or by

separating the cells of the plurality of radio access units for cooperative commu

nication with respect to the terminal, and performing an initialization for commu

nication with the plurality of radio access units in the virtual cell.

[24] According to certain examples, a frequency of handovers may be decreased, and a

utilization efficiency of radio resources may be enhanced by appropriately forming a

virtual cell.

[25] According to certain examples, a communication system may have an improved

network access structure by appropriately providing first processing modules and

second processing modules to a central unit or radio access units.

[26] Other features and aspects will be apparent from the following detailed description,

the drawings, and the claims.

Brief Description of Drawings
[27] FIG. 1 is a diagram illustrating an example of a multi-cell or hierarchical cell com

munication system, according to a related art.

[28] FIG. 2 is a diagram illustrating an example of a cooperative communication, where

two base stations utilize a coordinated multi-point transmission/reception (CoMP)

scheme, according to a related art.

[29] FIG. 3 is a diagram illustrating an example of a cooperative communication, where a



distributed antenna system (DAS) and a remote radio head (RRH) are provided,

according to a related art.

[30] FIG. 4 is a diagram illustrating an example of a load being uniformly distributed

among cells in a multi-cell communication system including radio access units and a

central unit.

[31] FIG. 5 is a diagram illustrating an example of a terminal being absent in a particular

cell in a multi-cell communication system.

[32] FIG. 6 is a diagram illustrating an example of a relatively small load being dis

tributed in a particular cell in a multi-cell communication system.

[33] FIG. 7 is a block diagram illustrating examples of a central unit, radio access units,

and virtual cells.

[34] FIG. 8 is a diagram illustrating examples of functions included in a first processing

module and a second processing module.

[35] FIG. 9 is a block diagram illustrating an example of a central unit.

[36] FIG. 10 is a diagram illustrating an example of a relationship between a central unit

and radio access units, where a radio access unit includes a third processing module

and the third processing module performs both a function of a first processing module

and a function of a second processing module.

[37] FIG. 11 is a diagram illustrating an example of a relationship between a central unit

and radio access units where a radio access unit includes a third processing module for

performing a function of a first processing module for another radio access unit, and

the third processing module performs both the function of the first processing module

and a function of a second processing module.

[38] FIG. 12 is a diagram illustrating an example of a communication system including

two central units connected to each other to form virtual cells.

[39] FIG. 13 is a diagram illustrating an example of a communication system including

radio access units that perform a function of a central unit, without employing the

central unit.

[40] FIG. 14 is a diagram illustrating an example of a method of operating a commu

nication system.

[41] FIG. 15 is a diagram illustrating an example of applying a central unit and radio

access units.

[42] Throughout the drawings and the detailed description, unless otherwise described,

the same drawing reference numerals will be understood to refer to the same elements,

features, and structures. The relative size and depiction of these elements may be ex

aggerated for clarity, illustration, and convenience.

Mode for the Invention



[43] The following detailed description is provided to assist the reader in gaining a com

prehensive understanding of the methods, apparatuses, and/or systems described

herein. Accordingly, various changes, modifications, and equivalents of the systems,

apparatuses, and/or methods described herein will be suggested to those of ordinary

skill in the art. The progression of processing steps and/or operations described is an

example; however, the sequence of steps and/or operations is not limited to that set

forth herein and may be changed as is known in the art, with the exception of steps

and/or operations necessarily occurring in a certain order. Also, description of well-

known functions and constructions may be omitted for increased clarity and con

ciseness.

[44] FIG. 1 illustrates an example of a multi-cell or hierarchical cell communication

system, according to a related art.

[45] Referring to FIG. 1, a multi-cell or hierarchical cell communication system may

include a macro base station, femto base stations 1, 2, 3, and 4, and terminals A, B, C,

D, E, and F. The femto base stations 1, 2, 3, and 4 may be substituted with various

similar types of apparatuses, for example, relay stations, pico base stations, and the

like.

[46] Generally, since a femto base station typically has a small cell coverage, the number

of terminals included in each of the femto cells and a load occurring in each of the

femto cells may be different. For example, in FIG. 1, three terminals, for example, the

terminals A, B, and C are associated with the femto base station 1, and no terminal is

associated with the femto base station 4.

[47] A femto cell using a relatively large amount of radio resources may be present,

whereas a femto base station having sufficient redundant resources may also be

present. For example, radio resources may be insufficient in the cell of the femto base

station 1, and the cells of the femto base stations 2, 3, and 4 may have unused radio

resources. In this example, a method for utilizing the unused radio resources may be

implemented for load balancing.

[48] A terminal having a poor channel status may be present, and a cooperative commu

nication may be performed to increase a transmission capacity of the terminal. For

example, if a status of a channel formed between the terminal E and the femto base

station 3 is poor, the femto base station 4 may cooperate with the femto base station 3

to increase the transmission capacity of terminal E.

[49] Since femto cells have a relatively small cell coverage in the multi-cell commu

nication system, handover may occur relatively frequently. Frequent handovers may

increase overhead in the multi-cell communication system. Accordingly, it may be

preferable to reduce the frequency of handovers.

[50] FIG. 2 illustrates an example of a cooperative communication, where a first base



station (BSl) and a second base station (BS2) utilize a coordinated multi-point

transmission/reception (CoMP) scheme, according to a related art.

[51] Referring to FIG. 2, BSl and BS2 cooperate with each other according to the CoMP

scheme, and are connected to each other via a backhaul link. Each of BSl and BS2

includes a processing module for performing signal processing in a radio resource

control (RRC) layer, a processing module for performing signal processing in a media

access control (MAC) layer, a processing module for performing signal processing in a

physical (PHY) layer, and a radio frequency (RF) module for performing a conversion

between an RF signal and a baseband signal, and an antenna module. Further, BSl and

BS2 may independently include the aforementioned modules.

[52] However, adaptively coping with a distribution of terminals and a distribution of a

load in multiple cells may present difficulties if only a CoMP scheme is implemented.

A moving terminal may increase a handover frequency.

[53] FIG. 3 illustrates an example of a cooperative communication, where a distributed

antenna system (DAS) 310 and a remote radio head (RRH) 320 are provided,

according to a related art.

[54] The DAS 310 includes antenna modules that are physically separate from each other.

The DAS 310 may reduce inter-cell interference by applying a distributed multiple

input multiple output (MIMO) communication method to the separate antenna

modules.

[55] The RRH 320 includes a baseband unit with a processing module for performing

signal processing in an RRC layer and a processing module for performing signal

processing in a PHY layer. The RRH 320 also includes two RF antenna units that may

be physically separate from each other. Each of the two RF antenna units includes an

RF module and an antenna module.

[56] The DAS 310 and the RRH 320 may be provided by simply expanding a single base

station. Accordingly, the DAS 310 and the RRH 320 may be prevented from achieving

a performance greater than a maximum performance of the single base station.

[57] As described above, the CoMP scheme, the DAS 310, and the RRH 320 may present

various limitations or difficulties in implementation. Hereinafter, a communication

system designed to substantially overcome these limitations and difficulties is

described.

[58] Examples including a virtual cell formed by separating or merging cells are described

below, with reference to FIG. 4 through FIG. 6. Operations of a central unit and radio

access units are described below with reference to FIG. 7 through FIG. 14.

[59] - Separate cell:

[60] FIG. 4 illustrates an example of a load being uniformly distributed among cells 1, 2,

3, and 4 in a multi-cell communication system including radio access units (RAU1,



RAU2, RAU3, and RAU4) and a central unit.

[61] Referring to FIG. 4, RAUl, RAU2, RAU3, and RAU4 are each connected to the

central unit, and each of RAUl, RAU2, RAU3, and RAU4 forms a single physical cell.

For example, RAUl, RAU2, RAU3, and RAU4 may form the cells 1, 2, 3, and 4, re

spectively. The virtual cell may be formed by the cells 1, 2, 3, and 4 either being

merged with each other or being separated from each other. In FIG. 4, the cells 1, 2, 3,

and 4 are separate from each other and form a single virtual cell. However, even if a

uniform load is distributed in the cells 1, 2, 3, and 4, the virtual cell may be formed by

the cells 1, 2, 3, and 4 of RAUl, RAU2, RAU3, and RAU4 being merged with each

other.

[62] - Merged cell:

[63] FIG. 5 illustrates an example of a terminal being absent in a particular cell in a multi-

cell communication system, for example, a cell 3 of RAU3.

[64] Referring to FIG. 5, similar to FIG. 4, RAUl, RAU2, RAU3, and RAU4 are

connected to a central unit, and each of RAUl, RAU2, RAU3, and RAU4 forms a

single cell.

[65] Terminals A, B, and C are located within cells 1, 2, and 4, respectively; however, no

terminal is present in the cell 3. In this example, the cell 1 and the cell 3 may be

merged with each other to form a single virtual cell. A dotted line of FIG. 5 indicates

the merged cell.

[66] RAU3 may serve the terminal A in cooperation with RAUl to increase a capacity of

data transmitted to or from the terminal A. In particular, if a channel status of the

terminal A is poor, or if the terminal A requests a high quality of service (QoS) or a

high data rate, RAU3 may cooperate with RAUl to improve data transmission.

[67] In particular, if the cell 1 and the cell 3 are merged into the single virtual cell and the

terminal A moves to the cell 3, handover may not occur. Handover may not be

necessary, because a single identifier is utilized for the virtual cell formed by merging

the cell 1 and the cell 3.

[68] - Partially merged cell:

[69] FIG. 6 illustrates an example of a relatively small load being distributed in a

particular cell in a multi-cell communication system.

[70] Referring to FIG. 6, two terminals are located within in each of cells 1, 2, and 4;

however, a single terminal is present in a cell 3. In this example, terminals A and B are

located within the cell 1, terminals C and D are located within in the cell 2, terminals E

and F are located within in the cell 4, and a terminal G is located within in the cell 3.

[71] If each of the terminals A, B, C, D, E, F, and G provide similar loads, a relatively

small load may be distributed in the cell 3 compared to the cells 1, 2, and 4. A c

cordingly, the cell 3 may have surplus radio resources. In this example, RAU3 may



serve the terminal G and may also use the surplus radio resources to serve the

terminals A and B, together with RAUL

[72] The terminals A and B may operate as if the cell 1 and the cell 3 are merged into a

single cell. The terminal G may operate as if the cell 1 and the cell 3 are independent

from each other.

[73] FIG. 7 illustrates examples of a central unit 710, radio access units 720, and virtual

cells 730.

[74] FIG. 8 illustrates examples of functions included in a first processing module and a

second processing module.

[75] Referring to FIG. 7, the central unit 710 includes a central controller, first processing

modules, and a switch. Each of the radio access units 720 includes a second processing

module. The virtual cells 730 may be formed by the radio access units 720 either being

merged with each other or being separated from each other. For example, a radio

access unit 721 may independently form a virtual cell 1 (VCl). A radio access unit 722

and a radio access unit 723 may be merged with each other to form a virtual cell 2

(VC2). A radio access unit 724, a radio access unit 725, and a radio access unit 726

may be merged with each other to form a virtual cell 3 (VC3).

[76] Referring to FIG. 8, the first processing module and the second processing module

may perform different functions.

[77] According to an example 1, the first processing module performs signal processing in

an RRC layer, a MAC layer, and a PHY layer. The second processing module includes

an RF module to convert between an RF signal and a baseband signal and an antenna

module to transmit and receive the RF signal. According to the example 1, the

baseband signal may pass through a link between the first processing module and the

second processing module.

[78] According to an example 2, the first processing module performs signal processing in

the RRC layer, the MAC layer, and the PHY layer, and also includes the RF module.

The second processing module includes only the antenna module. An RF signal may

pass through a link between the first processing module and the second processing

module.

[79] Referring again to FIG. 7, the central controller of the central unit 710 may form at

least one virtual cell by merging at least two cells among cells of the radio access units

720 for cooperative communication. For example, the central controller may form VC2

by merging the radio access unit 722 and the radio access unit 723. In addition, the

central controller may form VC3 by merging the radio access unit 724, the radio access

unit 725, and the radio access unit 726.

[80] The central controller may also separate the cells of the radio access units 720. For

example, VCl indicates a separate cell.



[81] The central controller may merge or separate the cells of the radio access units 720

based on at least one of: a distribution of terminals served by the radio access units

720, statuses of channels formed between the radio access units 720 and the terminals,

and an amount of traffic for the terminals. For example, the central controller may

form the virtual cells 730 to decrease a frequency of handovers of the terminals, to

satisfy a requested QoS of the terminals, or to increase a utilization efficiency of radio

resources.

[82] If the virtual cells 730 are formed using the central controller of the central unit 710,

the switch of the central unit 710 may appropriately connect the first processing

modules included in the central unit 710 and the second processing modules of radio

access units 720. For example, since the radio access unit 721 forms VC1 as a separate

cell, the switch connects the second processing module included in the radio access

unit 721 to one of the first processing modules included in the central unit 710. Since

the radio access unit 722 and the radio access unit 723 are merged to form VC2, the

switch connects the second processing module included in the radio access unit 722

and the second processing module included in the radio access unit 723 to one of the

first processing modules. Since the radio access unit 724, the radio access unit 725, and

the radio access unit 726 are merged to form VC3, the switch connects the second

processing module included in the radio access unit 724, the second processing module

included in the radio access unit 725, and the second processing module included in

the radio access unit 726 to one of the first processing modules.

[83] The second processing modules and the respective first processing modules

connected thereto may operate as a single base station. For example, the second

processing module included in the radio access unit 724, the second processing module

included in the radio access unit 725, and the second processing module included in

the radio access unit 726, and the respective first processing module connected thereto

may operate as a single base station in VC3. Similarly, the second processing module

included in the radio access unit 722, the second processing module included in the

radio access unit 723, and the respective first processing module connected thereto

may operate as a single base station in VC2.

[84] FIG. 9 illustrates an example of a central unit.

[85] Referring to FIG. 9, the central unit includes a backhaul interface, a database, a

virtual cell manager, a mobility manager, an inter-cell interference coordinator, a QoS

manager, a first processing module interface, first processing modules, and a switch.

[86] The backhaul interface may provide an interface to communicate with another central

unit over a wired or wireless network.

[87] The database may store and manage information associated with statuses of channels

formed between radio access units and terminals, and information associated with an



amount of traffic for the terminals. Additionally, database may store and manage in

formation associated with a distribution of the terminals served by the radio access

units, for example, information associated with locations of the terminals. Information

stored in the database may be used to form virtual cells or to apply interference control

technologies.

[88] The virtual cell manager may manage virtual cells. For example, the virtual cell

manager may manage identifiers of the virtual cells, changes in the virtual cells, and

the like.

[89] The mobility manager may gather information associated with the mobility of the

terminals between the virtual cells, information associated with a relative location

change of a terminal, and the like.

[90] The inter-cell coordinator may control interference occurring among the virtual cells.

In particular, the inter-cell coordinator may select one of a variety of interference

control technologies, for example, a transmit power control technology, an interference

alignment technology, a multi-cell MIMO technology, and the like, and implement the

selected interference control technology.

[91] The QoS manager may manage a requested QoS or a priority of the terminals. For

example, the requested QoS and the priority of the terminals may be different for each

terminal. Accordingly, the QoS manager may store and manage information associated

with the requested QoS and the priority of the terminals. The stored information may

be utilized to select one of the interference control technologies or to form the virtual

cells.

[92] FIG. 10 illustrates an example of a relationship between a central unit 1010 and radio

access units 1021, 1022, and 1023, where a radio access unit includes a third

processing module and the third processing module performs both a function of a first

processing module and a function of a second processing module.

[93] Referring to FIG. 10, the radio access unit 1021 and the radio access unit 1022 each

include the third processing module. In this example, the radio access unit 1023 does

not include the third processing module. The third processing module may perform

both the function of the first processing module and the function of the second

processing module. For example, the third processing module may perform signal

processing in an RRC layer, a MAC layer, and a PHY layer, and the third processing

module may also include an RF module and an antenna module to transmit and receive

an RF signal. A radio access unit operating using the third processing module may

operate as a single independent base station, and may perform the same or similar

functions as a pico base station or a femto base station.

[94] The radio access unit 1021 forms a single virtual cell 1 (VC1) as a separate cell. The

radio access unit 1021 includes the third processing module; therefore, there is no need



to connect the radio access unit 1021 to one of the first processing modules included in

the central unit 1010. Accordingly, the switch of the central unit 1010 may directly

connect the radio access unit 1021 to a central controller of the central unit 1010.

[95] The radio access unit 1022 and the radio access unit 1023 are merged with each other

to form a single virtual cell 2 (VC2). The switch of the central unit 1010 may connect a

second processing module included in the radio access unit 1022 and a second

processing module included in the radio access unit 1023 to one of the first processing

modules. In this example, the second processing module of the radio access unit 1022

and the second processing module of the radio access unit 1023, together with the first

processing module connected thereto, may cooperate with each other to function as an

actual base station in VC2.

[96] FIG. 11 illustrates an example of a relationship between a central unit 1110 and radio

access units 1121 and 1122, where a radio access unit includes a third processing

module for performing a function of a first processing module for another radio access

unit, and the third processing module performs both the function of the first processing

module and a function of a second processing module.

[97] Referring to FIG. 11, the radio access unit 1121 includes the second processing

module and the third processing module, and the radio access unit 1122 includes only

the second processing module. The radio access unit 1121 operates as a master, and the

radio access unit 1122 operates as a slave.

[98] For example, the third processing module included in the radio access unit 1121 may

provide the functionality of a first processing module for the radio access unit 1122, in

place of the central unit 1110. The second processing module of the radio access unit

1122 and the third processing module of the radio access unit 1121 may be connected

to each other via a switch of the central unit 1110. The third processing module of the

radio access unit 1121 may be connected to a central controller via the switch.

[99] That is, the radio access unit 1121 and the radio access unit 1122 may cooperate with

each other to function as a base station in a virtual cell 4 (VC4), without using the first

processing modules of the central unit 1110.

[100] According to an embodiment, the radio access unit 1121 may include a module to

provide the functionality of the central controller. In this example, the central unit 1110

and the radio access unit 1121 may be disconnected from each other.

[101] FIG. 12 illustrates an example of a communication system including two central

units 1210 and 1220 connected to each other to form virtual cells.

[102] Referring to FIG. 12, the two central units 1210 and 1220 are connected to each other

to perform operations for the virtual cells.

[103] A radio access unit 1231 forms a virtual cell (VC1) as a separate cell. The radio

access unit 1231 includes a third processing module and may operate as an in-



dependent base station. The radio access unit 1231 may also be directly connected to a

central controller of the central unit 1210, via a switch of the central unit 1210.

[104] A radio access unit 1232, a radio access unit 1233, and a radio access unit 1241 may

be merged with each other to form a single virtual cell 2 (VC2). In this example, a

second processing module included in the radio access unit 1232 and a second

processing module included in the radio access unit 1233 may be connected to one of

first processing modules included in the central unit 1210, via the switch of the central

unit 1210. The radio access unit 1241 includes the third processing module and may be

directly connected to a central controller of the central unit 1220. The radio access unit

1232 and the radio access unit 1233 may operate as a single independent base station.

The radio access unit 1241 may operate as another independent base station. Since

each of the independent base stations is connected to one of the central units 1210 and

1220, and the central units 1210 and 1220 are connected to each other, VC2 formed by

merging the three radio access units 1232, 1233, and 1241 may be regarded as being

formed based on two independent base stations.

[105] A radio access unit 1242 and a radio access unit 1243 may be merged with each other

to form a virtual cell 3 (VC3). A second processing module included in the radio

access unit 1242 and a second processing module included in the radio access unit

1243 may be connected to one of first processing modules included in the central unit

1220.

[106] FIG. 13 illustrates an example of a communication system including radio access

units 1310, 1320, 1330, and 1340 that perform a function of a central unit, without

employing the central unit.

[107] In this example, it is assumed that at least one of the radio access unit 1310 and the

radio access unit 1330 is designed to include functionality of the central unit.

[108] Referring to FIG. 13, without employing the central unit, the four radio access units

1310, 1320, 1330, and 1340 are merged with each other to form a single virtual cell 1

(VC1). The radio access unit 1310 and the radio access unit 1330 operate as a master

with respect to the radio access unit 1320 and the radio access unit 1340, respectively.

[109] The radio access unit 1310 and the radio access unit 1320 may be merged with each

other to function as a single independent base station. The radio access unit 1330 and

the radio access unit 1340 may also be merged with each other to function as another

independent base station. The two independent base stations may be merged with each

other to form the single virtual cell (VC1).

[110] FIG. 14 illustrates an example of a method of operating a communication system.

[Ill] In this example, it is assumed that a terminal is located within a cell associated with

RAU2.

[112] Referring to FIG. 14, a radio access unit 1 (RAU1) affects interference at the



terminal. The terminal measures the interference caused by RAUL The terminal also

measures a channel between a radio access unit 2 (RAU2) and the terminal.

[113] The terminal reports to RAU2 information regarding a data rate requested by the

terminal, a requested QoS, a status of the channel formed between RAU and the

terminal, and a measurement of interference caused by RAUL

[114] Where the above information is gathered, at least one of a central unit, RAU1, and

RAU2 may determine whether to merge a cell of RAU1 and a cell of RAU2 into a

single virtual cell, or whether to separate the cell of RAU1 and the cell of RAU2 into

two virtual cells. If it is determined that the cell of RAU and the cell of RAU2 are to be

separate, the terminal may continuously communicate with RAU2 according to a

general scheme.

[115] If it is determined that the cell of RAU and the cell of RAU2 are to be merged,

RAU2 transmits a "merging ready" message. In response to the "merging ready"

message, the terminal transmits a "merging acknowledgment (ACK)" message to

RAU2.

[116] RAU2 transmits information associated with a virtual cell to the terminal using a

"merging cell info" message. Information associated with the virtual cell may include

an identifier of the virtual cell. If a merged cell is formed, an identifier of the cell of

RAU1 and an identifier of the cell of RAU2 may both be included in the identifier of

the virtual cell. Accordingly, if the terminal moves within the virtual cell, a handover

may not occur.

[117] In response to the "merging cell info" message, the terminal transmits a "merging

cell info ACK" message. The corresponding cells of the central unit, RAU1, and

RAU2 may merge to form the single virtual cell. RAU1 and RAU2 broadcast control

information for communication with the terminal. A communication initialization

process may be executed based on the control information.

[118] FIG. 15 illustrates an example of applying a central unit and radio access units.

[119] Referring to FIG. 15, the radio access units may be installed in a building and may be

connected to the central unit. The central unit may be connected to the Internet.

[120] As shown in FIG. 15, certain examples may be applicable to a building that includes

various radio access units and the like.

[121] The processes, functions, methods, and/or software described above, including a

terminal operating method, may be recorded, stored, or fixed in one or more computer-

readable media that includes program instructions to be implemented by a computer to

cause a processor to execute or perform the program instructions. The media may also

include, alone or in combination with the program instructions, data files, data

structures, and the like. The media and program instructions may be those specially

designed and constructed, or they may be of the kind well-known and available to



those having skill in the computer software arts. Examples of computer-readable media

include magnetic media such as hard disks, floppy disks, and magnetic tape; optical

media such as CD ROM disks and DVDs; magneto-optical media such as optical

disks; and hardware devices that are specially configured to store and perform program

instructions, such as read-only memory (ROM), random access memory (RAM), flash

memory, and the like. Examples of program instructions include both machine code,

such as produced by a compiler, and files containing higher level code that may be

executed by the computer using an interpreter. The described hardware devices may be

configured to act as one or more software modules in order to perform the operations

and methods described above, or vice versa. In addition, a computer-readable storage

medium may be distributed among computer systems connected through a network and

computer-readable codes or program instructions may be stored and executed in a de

centralized manner.

A number of examples have been described above. Nevertheless, it will be u n

derstood that various modifications may be made. For example, suitable results may be

achieved if the described techniques are performed in a different order and/or if

components in a described system, architecture, device, or circuit are combined in a

different manner and/or replaced or supplemented by other components or their

equivalents. Accordingly, other implementations are within the scope of the following

claims.



PCT7KR2010/003758

Claims
A central unit, comprising:

a central controller configured to form at least one virtual cell by

merging at least two cells among a plurality of cells of radio access

units, or to form the at least one virtual cell by separating at least one

cell among the plurality of the cells of the radio access units;

first processing modules configured to perform signal processing in a

radio resource control (RRC) layer, a media access control (MAC)

layer, and a physical (PHY) layer for the at least one virtual cell; and

a switch configured to connect the first processing modules to radio

access units according to whether the cells of the radio access units are

merged or are separate,

wherein each of the radio access units comprises a second processing

module, and each second processing module is configured to transmit

and receive a radio frequency (RF) signal using at least one antenna.

The central unit of claim 1, wherein the central controller is further

configured to merge or separate the cells of the radio access units

according to at least one condition selected from a group consisting of a

distribution of terminals served by the radio access units, statuses of

channels formed between the radio access units and the terminals, an

amount of traffic for the terminals, and any combination thereof.

The central unit of claim 2, wherein the central controller comprises a

database configured to:

manage information associated with the statuses of the channels formed

between the radio access units and the terminals; and

manage information associated with the amount of traffic.

The central unit of claim 2, wherein the central controller comprises a

mobility manager configured to gather information associated with a

mobility of the terminals.

The central unit of claim 2, wherein the central controller comprises a

virtual cell manager configured to manage and control the at least one

virtual cell.

The central unit of claim 2, wherein the central controller comprises an

inter-cell interference coordinator configured to control interference

occurring in the at least one virtual cell.

The central unit of claim 2, wherein the central controller comprises a

quality of service (QoS) manager configured to manage a requested



PCT7KR2010/003758

QoS or a priority of the terminals.

The central unit of claim 1, wherein, if a single particular virtual cell is

formed based on a cell of a particular radio access unit, the switch is

further configured to connect a second processing module included in

the particular radio access unit to one of the first processing modules.

The central unit of claim 1, wherein, if a cell of a first radio access unit

and a cell of a second radio access unit are merged into a single virtual

cell, the switch is further configured to connect a second processing

module included in the first radio access unit and a second processing

module included in the second radio access unit to one of the first

processing modules.

The central unit of claim 1, wherein an RF module configured to

convert between the RF signal and a baseband signal is included in at

least one of the first processing modules and the second processing

modules.

The central unit of claim 10, wherein the radio access units and the

central unit are further configured to transmit or receive the RF signal

or the baseband signal.

The central unit of claim 1, wherein, if a particular radio access unit

includes both a first processing module and a second processing

module, the switch is further configured to directly connect the

particular radio access unit to the central controller.

The central unit of claim 12, wherein, if the particular radio access unit

and another radio access unit that includes a second processing module

are merged with each other to form a single virtual cell, the switch is

further configured to connect the second processing module included in

the particular radio access unit and the second processing module

included in the another radio access unit to one of the first processing

modules.

The central unit of claim 12, wherein, if the first processing module

included in the particular radio access unit is connected to a second

processing module included in another radio access unit so that the

particular radio access unit and the other radio access unit form a single

virtual cell, the switch is further configured to directly connect the first

processing module included in the particular radio access unit and the

second processing module included in the another radio access unit to

the central controller.

The central unit of claim 1, wherein the central unit is connected to
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another central unit.

[Claim 16] The central unit of claim 15, wherein a cell of a particular radio access

unit associated with the central unit is merged with a cell of another

radio access unit associated with the another central unit to form a

virtual cell.

[Claim 17] A method of operating a terminal, the method comprising:

transmitting, to at least one of a plurality of radio access units, in

formation associated with at least one condition selected from a group

consisting of a data rate requested by the terminal, a requested QoS, a

channel status, an interference amount, and any combination thereof;

receiving, from at least one of the plurality of radio access units, in

formation associated with a virtual cell, the virtual cell formed by

merging cells of the plurality of radio access units or by separating the

cells of the plurality of radio access units for cooperative commu

nication with respect to the terminal; and

performing an initialization for communication with the plurality of

radio access units in the virtual cell.

[Claim 18] The method of claim 17, wherein information associated with the

virtual cell comprises an identifier of the virtual cell.

[Claim 19] The method of claim 17, further comprising requesting a merging or

separating of the cells of the plurality of radio access units.

[Claim 20] A non-transitory computer-readable recording medium storing a

program to implement a method of operating a terminal, the method

comprising:

transmitting, to at least one of a plurality of radio access units, in

formation associated with at least one condition selected from a group

consisting of a data rate requested by the terminal, a requested QoS, a

channel status, an interference amount, and any combination thereof;

receiving, from at least one of the plurality of radio access units, in

formation associated with a virtual cell, the virtual cell formed by

merging cells of the plurality of radio access units or by separating the

cells of the plurality of radio access units for cooperative commu

nication with respect to the terminal; and

performing an initialization for communication with the plurality of

radio access units in the virtual cell.
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