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Description

Title of Invention: COMMUNICATION APPARATUS AND

PRECODING METHOD BASED ON MULTIPLE CELLS AND

MULTIPLE USERS
Technical Field

[1] The following description relates to technology that may control interference that

occurs in a terminal device and that is caused by signals transmitted from a plurality of

base stations in a communication system.

Background Art
[2] Generally, a terminal device that is present in a communication system may receive

interference signals from neighboring base stations that are adjacent to the coverage

area of a serving base station.

[3] For example, a terminal device located at a cell edge may receive interference from

base stations of an adjacent cell rather than terminal devices located within a corre

sponding cell. The interference signal may cause a decrease in a data rate of a

transmission signal.

[4] Research is currently being conducted on a scheme of enhancing system capacity in a

multi-user interference channel environment in which a plurality of base stations may

interfere with each other and simultaneously transmit data to a plurality of terminal

devices.

[5] In an actual environment, inter-cell interference caused by neighboring base stations

and intra-cell interference caused by neighboring terminal devices that are present in

the coverage area of a serving base station may occur.

[6] Accordingly, there is a desire for interference control technology that may enhance

the use of limited radio resources based on inter-cell interference and intra-cell in

terference.

Disclosure of Invention
[7] In one general aspect, there is provided a precoding method, comprising aligning, in

the same space, interference channels of one or more terminal devices included in a

cell edge region of an interference base station, and generating a reception

beamforming vector of one or more terminal devices included in a cell edge region of a

serving base station, based on the interference channels of the interference base station

that are aligned in the same space.

[8] The precoding method may further comprise generating a precoding vector of the

one or more terminal devices included in the cell edge region of the serving base

station, based on a basis vector of each of the interference channels of the interference



base station that are aligned in the same space, and an interference channel of the

serving base station.

[9] The precoding method may further comprise transmitting, to the one or more

terminal devices included in the cell edge region of the serving base station, at least

one of the reception beamforming vector and data that is precoded using the generated

precoding vector.

[10] The aligning may comprise aligning, in the same space, the interference channels of

the one or more terminal devices included in the cell edge region of the interference

base station to be partially overlapped with each other.

[11] In another aspect, there is provided a communication apparatus, comprising an in

terference channel alignment unit to align, in the same space, interference channels of

one or more terminal devices included in a cell edge region of an interference base

station, and a reception beamforming vector generator to generate a reception

beamforming vector of one or more terminal devices included in a cell edge region of a

serving base station, based on the interference channels of the interference base station

that are aligned in the same space.

[12] The communication apparatus may further comprise a precoder to generate a

precoding vector of the one or more terminal devices included in the cell edge region

of the serving base station, based on a basis vector of each of the interference channels

of the interference base station that are aligned in the same space, and an interference

channel of the serving base station.

[13] The precoder may transmit, to the one or more terminal devices included in the cell

edge region of the serving base station, at least one of the reception beamforming

vector and data that are precoded using the generated precoding vector.

[14] The interference channel alignment unit may align, in the same space, the in

terference channels of the one or more terminal devices included in the cell edge

region of the interference base station to be partially overlapped with each other.

[15] In another aspect, there is provided a method of generating a reception beamforming,

comprising obtaining interference channels of one or more terminal devices included

in a cell edge region of an interference base station, aligning the obtained interference

channels in the same space, and generating a reception beamforming vector of one or

more terminal devices included in a cell edge region of a serving base station, based on

the interference channels of the interference base station that are aligned in the same

space.

[16] The method may further comprise feeding back, to the serving base station, at least

one of the aligned interference channels and a serving channel.

[17] The aligning may comprise aligning, in the same space, the interference channels of

the one or more terminal devices included in the cell edge region of the interference



base station to be partially overlapped with each other.

[18] In another aspect, there is provided a terminal device, comprising an interference

channel obtainment unit to obtain interference channels of one or more terminal

devices included in a cell edge region of an interference base station, an interference

channel alignment unit to align the obtained interference channels in the same space,

and a reception beamforming vector generator to generate a reception beamforming

vector of one or more terminal devices included in a cell edge region of a serving base

station, based on the interference channels of the interference base station that are

aligned in the same space.

[19] The terminal device may further comprise a feedback unit to feed back, to the serving

base station, at least one of the aligned interference channels and a serving channel.

[20] The interference channel alignment unit may align, in the same space, the in

terference channels of the one or more terminal devices included in the cell edge

region of the interference base station to be partially overlapped with each other.

[21] In another aspect, there is provided a precoding method, comprising calculating a

zero-forcing precoding vector to process interference occurring between a plurality of

terminal devices served by a serving base station, calculating an interference alignment

precoding vector to align interference caused by a plurality of neighboring base

stations located adjacent to the serving base station and interference occurring between

the plurality of terminal devices served by the serving base station, generating a

precoding matrix based on the zero-forcing precoding vector and the interference

alignment precoding vector, and precoding data based on the generated precoding

matrix.

[22] The precoding method may further comprise determining whether each of the

plurality of terminal devices is located in a cell interior region or a cell edge region,

wherein a terminal device located in the cell edge region and a terminal device located

in the cell interior region use the same frequency band.

[23] The calculating of the zero-forcing precoding vector may comprise calculating the

zero-forcing precoding vector when at least one terminal device from among the

plurality of terminal devices is located in the cell interior region, and at least two

signals may be transmitted to the at least one terminal device located in the cell interior

region.

[24] The calculating of the interference alignment precoding vector may comprise cal

culating the interference alignment precoding vector when at least one terminal device

from among the plurality of terminal devices is located in the cell edge region.

[25] The determining may comprise determining whether each of the plurality of terminal

devices is located in the cell interior region or the cell edge region based on location

information of the plurality of terminal devices or a signal-to-interference plus noise



ratio (SINR) of each of the plurality of terminal devices.

[26] The precoding method may further comprise selecting at least one terminal device

from a plurality of terminal devices located in the cell edge region of each of the

serving base station and the plurality of neighboring base stations, and selecting at least

one terminal device from a plurality of terminal devices located in cell interior regions

of each of the serving base station and the plurality of neighboring base stations,

wherein the generating comprises generating the precoding matrix based on at least

two zero-forcing precoding vectors that are calculated with respect to the selected at

least one terminal device located in the cell interior region.

[27] When the selected at least one terminal device is located in the cell edge region of

each of the serving base station and the plurality of neighboring base stations, the

method may further comprise selecting, from a plurality of terminal devices located in

the cell interior region of the serving base station, at least one terminal device either to

increase a sum of throughputs of selected terminal devices located in the cell edge

region or to increase a throughput of a terminal device having a minimum throughput

from among the selected terminal devices located in the cell edge region.

[28] The precoding method may further comprise selecting, from a plurality of terminal

devices located in the cell interior region of the serving base station, at least one

terminal device to increase throughputs of terminal devices located in the cell edge

region of each of the serving base station and the plurality of neighboring base stations,

wherein the generating comprises generating the precoding matrix based on at least

two zero-forcing precoding vectors that are calculated with respect to the selected at

least one terminal device.

[29] When selected at least one terminal device is located in the cell edge region of each

of the serving base station and the plurality of neighboring base stations, the method

may further comprise selecting, from a plurality of terminal devices located in the cell

interior region of the serving base station, a plurality of terminal devices enabling

throughputs of selected terminal devices located in the cell edge region to be greater

than or equal to a predetermined reference value, and selecting a terminal device

having a greater throughput from the selected plurality of terminal devices located in

the cell interior region.

[30] The precoding method may further comprise selecting, from a plurality of terminal

devices located in the cell interior region of the serving base station, a terminal device

to increase a sum of throughputs of the terminal devices, wherein the generating

comprises generating the precoding matrix based on at least two zero-forcing

precoding vectors that are calculated with respect to the selected terminal device.

[31] In another aspect, there is provided a communication apparatus, comprising a

calculator to calculate a zero-forcing precoding vector to process interference



occurring between a plurality of terminal devices served by a serving base station, and

to calculate an interference alignment precoding vector to align interference caused by

a plurality of neighboring base stations located adjacent to the serving base station and

interference occurring between the plurality of terminal devices served by the serving

base stations, a generator to generate a precoding matrix based on the zero-forcing

precoding vector and the interference alignment precoding vector, and a precoder to

precode data based on the generated precoding matrix.

[32] The communication apparatus may further comprise a decision unit to determine

whether each of the plurality of terminal devices is located in a cell interior region or a

cell edge region, wherein a terminal device located in the cell edge region and a

terminal device located in the cell interior region use the same frequency band.

[33] The decision unit may determine whether each of the plurality of terminal devices is

located in the cell interior region or the cell edge region based on location information

of each of the plurality of terminal devices or an SINR of each of the plurality of

terminal devices.

[34] The calculator may calculate the zero-forcing precoding vector when at least one

terminal device from among the plurality of terminal devices is located in the cell

interior region, and at least two signals may be transmitted to the at least one terminal

device located in the cell interior region.

[35] The calculator may calculate the interference alignment precoding vector when at

least one terminal device from among the plurality of terminal devices is located in the

cell edge region.

[36] The communication apparatus may further comprise a selector to select, from a

plurality of terminal devices located in the cell interior region of the serving base

station, at least one terminal device either to increase a sum of throughputs of selected

terminal devices located in the cell edge region or to increase a throughput of a

terminal device having a minimum throughput from among the selected terminal

devices located in the cell edge region, when at least one terminal device is selected

from a plurality of terminal devices located in the cell edge region of each of the

serving base station and the plurality of neighboring base stations, wherein the

generator generates the precoding matrix based on at least two zero-forcing precoding

vectors that are calculated with respect to the selected at least one terminal device.

[37] In another aspect, there is provided a terminal device, comprising a decoding matrix

generator to extract channel information from precoded data received from a serving

base station, and to generate a decoding matrix based on the extracted channel in

formation, and a decoder to decode the precoded data based on the generated decoding

matrix, wherein a precoding matrix included in the channel matrix includes a zero-

forcing precoding vector and an interference alignment precoding vector.



[38] The decoding matrix generator may generate the decoding matrix including a zero-

forcing decoding vector and an interference alignment decoding vector based on the

channel information, or generate the decoding matrix using a minimum mean square

error (MMSE) estimation scheme.

[39] The zero-forcing decoding vector may be used to reduce interference between the

terminal device and a plurality of neighboring terminal devices of the serving base

station, and the interference alignment decoding vector may be used to align a desired

signal received from the serving base station in a first space and interference signals

caused by the plurality of neighboring terminal devices of the serving base station and

a plurality of neighboring base stations in a different space.

[40] The zero-forcing decoding vector and the interference alignment decoding vector

may be orthogonal to the interference signals.

[41] Other features and aspects may be apparent from the following description, the

drawings, and the claims.

Brief Description of Drawings
[42] FIG. 1 is a diagram illustrating an example of a communication system including a

plurality of cells and a plurality of terminal devices.

[43] FIGS. 2 and 6 are diagrams illustrating examples of a process for controlling in

terference that occurs in a terminal device based on a location of the terminal device.

[44] FIG. 3 is a diagram illustrating an example of a communication apparatus.

[45] FIG. 4 is a diagram illustrating an example of terminal devices that use the same

frequency band.

[46] FIG. 5 is a flowchart illustrating an example of a method for controlling interference

in a communication apparatus.

[47] FIG. 7 is a diagram illustrating an example of a terminal device.

[48] FIG. 8 and FIG. 9 are diagrams illustrating examples of a multi-cell-based commu

nication system that includes terminal devices located in a cell edge region.

[49] FIG. 10 is a diagram illustrating an example of a communication apparatus that

generates a reception beamforming vector.

[50] FIG. 11 is a flowchart illustrating an example of a method of a communication

apparatus that generates a reception beamforming vector.

[51] FIG. 12 is a diagram illustrating an example of a terminal device that generates a

reception beamforming vector.

[52] FIG. 13 is a flowchart illustrating an example of a method of a terminal device that

generates a reception beamforming vector.

[53] FIG. 14 is a diagram illustrating an example of a process for generating a precoding

vector based on aligned effective interference channels.



[54] Throughout the drawings and the description, unless otherwise described, the same

drawing reference numerals should 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
[55] The following description is provided to assist the reader in gaining a comprehensive

understanding of the methods, apparatuses, and/or systems described herein. A c

cordingly, various changes, modifications, and equivalents of the methods, ap

paratuses, and/or systems described herein may be suggested to those of ordinary skill

in the art. Also, description of well-known functions and constructions may be omitted

for increased clarity and conciseness.

[56] FIG. 1 illustrates an example of a communication system that includes a plurality of

cells and a plurality of terminal devices. The plurality of cells may include, for

example, a communication apparatus such as a cellular base station, a femto base

station, a fixed base station, a mobile base station, a relay, a terminal device, a com

bination thereof, and the like.

[57] Inter-cell interference may be caused by a signal transmitted from a neighboring base

station and the like located in an adjacent cell. That is, terminal devices located in a

cell edge region may receive inter-cell interference that is caused by a signal

transmitted from a neighboring base station, and the like, that are located in the

adjacent cell.

[58] Referring to the communication system of FIG. 1, when a serving base station of a

first terminal device (MSI) 210 and a second terminal device (MS2) 220 corresponds

to a first base station (BSl) 110, the MS2 220 that is located at a cell edge region of the

first base station 110 may receive interference that is caused by a signal transmitted

from a second base station (BS2) 120. In this example, the second base station 120 cor

responds to a neighboring base station that serves a third terminal device (MS3) 230

and a fourth terminal device (MS4) 240.

[59] Similarly, the MS3 230 located at a cell edge region of the second base station 120

may receive interference that is caused by a signal transmitted from the BSl 110 to the

MSI 210 and MS2 220.

[60] For example, interference may occur in terminal devices located at a cell edge region

caused by a signal transmitted from a serving base station to terminal devices being

served by the serving base station. Accordingly, because of the signal transmitted from

the serving base station to other terminal devices within a corresponding cell, the

terminal devices located at the cell edge region may receive intra-cell interference. The

intra-cell interference is also referred to as inter use interference.



[61] For example, the MS2 220 may receive interference that is caused by a signal

transmitted from the BSl 110 to the MSI 210. Similarly, the MS3 230 may receive in

terference that is caused by a signal transmitted from the BS2 220 to the MS4 240.

[62] When terminal devices located within a cell and terminal devices located at a cell

edge region use the same frequency band as shown in FIG. 4, the terminal devices

located within the cell may also receive interference that is caused by a signal

transmitted from a serving base station to other terminal devices. The terminal devices

located within the cell may receive intra-cell interference due to the other terminal

devices belonging to the serving base station.

[63] For example, the MSI 210 may receive interference that is caused by a signal

transmitted from the BSl 110 to the MS2 220. The MS4 240 may receive interference

due to a signal transmitted from the BS2 120 to the MS3 230.

[64] Accordingly, when a plurality of terminal devices are served by a single base station

in a multi-cell system, inter-cell interference and intra-cell interference may be

controlled.

[65] Described herein is a technology for controlling interference based on a location of

each terminal device when a plurality of base stations and a plurality of terminal

devices are present in multiple cells and use the same frequency.

[66] FIG. 3 illustrates an example of a communication apparatus.

[67] For ease of description, it is assumed in FIG. 3 that the BSl 110 of FIG. 1 cor

responds to a serving base station and the BS2 120 corresponds to a neighboring base

station. FIG. 3 is described herein in association with FIG. 1.

[68] Referring to FIG. 3, communication apparatus 300 includes an information gathering

unit 310, a decision unit 320, a selector 330, a calculator 340, a generator 350, and a

precoder 360.

[69] The information gathering unit 310 may receive channel information from a plurality

of terminal devices that are served by the serving base station.

[70] For example, referring to FIG. 1, the information gathering unit 310 may receive

channel information from the MSI 210 and the MS2 220 that are served by the BSl

110.

[71] The information gathering unit 310 may receive, from a plurality of neighboring base

stations, channel information associated with a plurality of terminal devices that are

served by the plurality of neighboring base stations, respectively.

[72] For example, referring to FIG. 1, the information gathering unit 310 may receive,

from the BS2 120, channel information associated with the MS3 230 and the MS4 240

that are served by the BS2 120.

[73] The decision unit 320 may determine whether each of the terminal devices that are

served by the serving base station is located in a cell interior region or a cell edge



region. In this example, terminal devices located in the cell interior region and terminal

devices located in the cell edge region may use the same frequency band, for example,

as shown in FIG. 4.

[74] The decision unit 320 may determine whether the terminal devices are located in the

cell interior region or the cell edge region based on location information associated

with the plurality of terminal devices and/or based on an amount of interference of

each of the terminal devices.

[75] Using the location information the decision unit 320 may calculate a distance

between the serving base station and each of the terminal devices.

[76] For example, when the calculated distance is less than a predetermined reference

distance, the decision unit 320 may determine a corresponding terminal device is a

terminal device that is located in the cell interior region. When the calculated distance

is greater than or equal to the reference distance, the decision unit 320 may determine

the corresponding terminal device is a terminal device that is located in the cell edge

region. The location information may be received from the terminal device or a

satellite, and the serving base station may calculate a location of the terminal device,

for example, using triangulation, and the like.

[77] The decision unit 320 may measure a strength of the signal received from the

plurality of terminal devices. For a terminal device of which the measured signal

strength is greater than or equal to a predetermined reference strength, the decision unit

320 may determine that the terminal device is located in the cell interior region.

[78] For a terminal device of which the measured signal strength is less than the reference

strength, the decision unit 320 may determine that the terminal device is located in the

cell edge region.

[79] For example, referring to FIG. 1, when a signal strength of the MSI 210 is greater

than or equal to the reference strength and a signal strength of the MS2 220 is less than

the reference strength, the decision unit 320 of the BS1 110 may determine the MSI

210 is located in the cell interior region and that the MS2 220 is located in the cell edge

region.

[80] Using the amount of interference and a ratio of interference caused by a plurality of

neighboring base stations, the decision unit 320 may determine whether each of the

terminal devices are located in the cell edge region or the cell interior region. For

example, the decision unit 320 may determine the location of the terminal device based

on a signal-to-interference plus noise ratio (SINR), a reference signal received power

(RSRP), a reference signal received quality (RSRQ), and the like, of each of the

terminal devices.

[81] To generate a precoding matrix the selector 330 may select at least one terminal

device from the terminal devices located in the cell edge region and at least one



terminal device from the terminal devices located in the cell interior region, using

scheduling.

[82] The selector 330 may select the terminal devices that are located in the cell edge

region and select the terminal devices that are located in the cell interior region. The

selected terminal devices located in the cell interior region may affect a throughput of

the pre-selected terminal devices located in the cell edge region. Accordingly, criteria

from various points of views may be used to select the terminal devices located in the

cell interior region.

[83] For example, referring to FIG. 1, when the MS2 220 and the MS3 230 are selected as

the terminal devices located in the cell edge region, the selector 330 may select, from

the terminal devices located in the cell interior region, a terminal device to increase a

sum of throughputs of the selected MS2 220 and the MS3 230, as shown by Equation 1

below.

[84] In this example, at least one terminal device located in the cell interior region may be

selected. The throughput may include a transmission capacity and a proportional

fairness metric.

[85] [Equation 1]

arg max(C 2 + C3)
1,4

[86] In Equation 1, C2 corresponds to a throughput of the MS2 220 and C3 corresponds to

a throughput of the MS3 230.

[87] When the MS2 220 and the MS3 230 are selected from the plurality of terminal

devices located in the cell edge region, the selector 330 may select terminal devices

located in the cell interior region to increase a throughput of a terminal device that has

the least throughput from among the throughputs of the selected MS2 220 and the MS3

230, as shown by the following Equation 2.

8 8 [Equation 2]

arg max min ( 2,C3)
1,4

[89] When the MS2 220 and the MS3 230 are selected from the plurality of terminal

devices located in the cell edge region, the selector 330 may select terminal devices

located in the cell interior region to enable throughputs of the selected MS2 220 and

the MS3 230 to be greater than or equal to a predetermined reference value

δ
as given by Equation 3 below. In this example, the selector 330 may select, from the

selected terminal devices, any terminal device having a maximum throughput.



[90] [Equation 3]

[91] In Equation 3, 'i' corresponds to an index of a corresponding terminal device and

δ
corresponds to the predetermined reference value.

[92] As described above, a single serving base station may select at least one terminal

device from the terminal devices included in a cell of the serving base station and at

least one terminal device from terminal devices located in a cell interior region present

in a different cell. However, this is only an example and it should be understood that a

serving base station of each cell may select terminal devices located in a respective

corresponding cell interior region.

[93] The selector 330 may select, from the terminal devices located in the cell interior

region, a terminal device that increases the throughputs of all the terminal devices

located in the cell edge region.

[94] For example, the selector 330 may select a terminal device located in the cell interior

region using Equation 4 below.

[95] [Equation 4]

arg max(C 2 ) , arg max(C 3 )
1 4

[96] According to Equation 4, and referring to FIG. 1, the selector 330 may select the

MSI 210 as a terminal device to increase the throughput of the MS2 220. The selector

330 may also select the MS4 240 as the terminal device to increase the throughput of

the MS3 230.

[97] The selector 330 may select terminal devices located in the cell interior region to

increase a sum of throughputs of terminal devices included in a communication

system.

[98] For example, the selector 330 may select a terminal device to increase a sum of

throughputs of terminal devices located in the cell interior region and the cell edge

region. In this example, the selected terminal device is located in the cell interior

region.

[99]
[Equation 5]

[100] The calculator 340 may calculate a zero forcing (ZF) precoding vector and an in-



terference alignment (IA) precoding vector based on channel information of the

selected terminal device or the selected terminal devices.

[101] The ZF precoding vector may be used to control interference that occurs between a

plurality of terminal devices that are served by a serving base station. For example, the

ZF precoding vector may be used to reduce intra-cell interference that occurs in a

terminal device located in the cell interior region.

[102] The IA precoding vector may be used to control interference that is caused by a

plurality of neighboring base stations and interference that occurs between terminal

devices that are served by the serving base station.

[103] For example, the IA precoding vector may be used to align intra-cell interference and

inter-cell interference in a signal space that is different from a desired signal.

[104] For example, assuming that the communication apparatus 300 includes four

antennas, and each of terminal devices 400 includes two antennas, the MSI 210 and

the MS4 240 may be selected as terminal devices located in the cell interior region, and

the MS2 220 and the MS3 230 may be selected as terminal devices located in the cell

edge region.

[105] FIG. 2 illustrates an example of a process for controlling interference that occurs in a

terminal device based on a location of the terminal device

[106] Referring to FIG. 2, for example, the BS1 110 corresponding to the serving base

station may transmit two signals to the MSI 210 that is located in the cell interior

region, and may transmit a single signal to the MS2 220 that is located in the cell edge

region. A signal transmitted from the serving base station to terminal devices may be

expressed by the following Equation 6.

[107] [Equation 6]

[108] In Equation 6,

corresponds to a symbol transmitted from the serving base station to a terminal

device,

V ,

corresponds to a precoding vector, and

corresponds to transmission power of the symbol to be transmitted. The precoding

vector

V ,

may have a unit norm condition



09] A signal

y

received from each of terminal devices may be given by Equation 7 below. In

Equation 7, 'j' corresponds to the number of terminal devices.

10] [Equation 7]

[111] In Equation 7,

corresponds to channel information transmitted from an 1th base station to a j 1

terminal device, and

corresponds to additive white Gaussian noise (AWGN) in the j 1terminal device.

[112] The calculator 340 may calculate the ZF precoding vector to reduce the interference

that occurs in a terminal device that is located in the cell interior region selected using

ZF.

[113] For example, when the MSI 210 and the MS4 240 correspond to the terminal devices

that are located in the cell interior region, the calculator 340 may generate the ZF

precoding vector to reduce interference that occurs in the MSI 210 and MS4 240, as

given by the following Equation 8.

[114] [Equation 8]

J - O , H v = 0 .

[115] When the MS2 220 and the MS3 230 correspond to the terminal devices that are

located in the cell edge region, the calculator 340 may generate the IA precoding

vector to align interference that occurs in the MS2 220 and the MS3 230, as given by

the following Equation 9.

[116] [Equation 9 ]

J ( U, ) ¾ OT [-¾,_,¥, , H ,v ,HJ V , Η ν , H . v ]

span(n ) v, , Η 1ν , H v , H 3 v , H v ] .



[117] In Equation 9,

corresponds to a signal space of the MS2 220 where interference signals are aligned,

and

corresponds to a signal space of the MS3 230 where interference signals are aligned.

[118] For example, when the MS2 220 includes two antennas, the calculator 340 may

calculate the IA precoding vector to align, in different signal spaces, five different

types of interference signals based on channel information as shown in FIG. 2. For

example, streams 1, 2, 4, 5, and 6, may be aligned in a first signal space and a desired

signal such as stream 3 may be aligned in a different signal space,.

[119] As another example, when the MS3 230 includes two antennas, the calculator 340

may calculate the IA precoding vector to align, in different signal spaces, different

types of five interference signals, for example, streams 1, 2, 3, 5, and 6, in a first signal

space and a desired signal such as stream 4 in a different signal space.

[120] The generator 350 may generate a precoding matrix based on ZF precoding vectors

and IA precoding vectors. The generator 350 may generate a precoding matrix to

reduce and align interference existing in terminal devices, using the following

Equation 10.

[121]
[Equation 10]

[122] In Equation 10,

corresponds to a constant.

[123] For example, a norm of all precoding vectors and decoding vectors included in the

generated precoding matrix may be "1".

[124] For example, when two signals are transmitted to the terminal device located in the

cell interior region and a signal is transmitted to the terminal device located in the cell



edge region, the generator 350 may generate the precoding matrix including precoding

vectors that satisfy Equation 11 below.

[125] A norm of all precoding vectors

v,, 0 =1,2,· · · , 6)

and decoding vectors

u 0 = 1,2)

may be "1", as given by the following Equation 11.

[126] [Equation 11]

A (u ) = ||u,|| - l = 0 , = 1,2 .

[127] In Equation 11,

v , ( = 1,2,· -, 6)

corresponds to the precoding vector and

(/= 1,2)

corresponds to the decoding vector.

[128] The precoding vectors included in the precoding matrix may be independent from

each other.

[129] For example, referring to FIG. 2, the calculator 340 may calculate the ZF precoding

vector and the IA precoding vector such that precoding vectors , v 2 , and v 3 corre

sponding to the BS1 110 are independent from each other each other as given by

Equation 12 below. The calculator 340 may also calculate the ZF precoding vector and

the IA precoding vector such that precoding vectors v 4 , v 5 , and v corresponding to the

BS2 120 are independent from each other each other.

[130] To be independent from each other, the precoding vectors may satisfy the following

Equation 12.

[131]
[Equation 12]

1 0 0

T = [t, t t ] = w v(v ) V= 0 1 0 = I , V = v v,].

0 0 1

[132] In Equation 12, pinv corresponds to a Moore-Penrose pseudoinverse matrix and T

corresponds to a unit identify matrix.

[133] Equation 12 may be expressed by the following Equation 13.

[134]



[Equation 13]

i( i.v ,v ) = (t - 1= 0 ,

2(vi . . ) = ( - 1= 0 ,

'3(v . . ) = ( - 1= 0 .

[135] The generator 350 may generate the precoding matrix based on the ZF precoding

vectors and the IA precoding vectors.

[136] For example, the calculator 340 may calculate precoding vectors that satisfy

Equation 11 and Equation 12, according to Equation 14 below. The generator 350 may

generate the precoding matrix including the calculated precoding vectors.

[137] For example, conditions f through
2

to reduce and align interference existing in a

terminal device, conditions i through i3 for precoding vectors to be independent from

each other, and norm conditions g l through g , of precoding vectors and decoding

vectors, may be expressed by the following Equation 14.

[138] [Equation 14]

( 0, - , v )

* (*. ) = 0 , z = [ 1, -- , 1 , , u , , · · · ] .

[139] Solutions for Equation 14 may become precoding vectors constituting the precoding

matrix. For example, the generator 350 may generate the precoding matrix including

the solutions calculated using Equation 14. The solutions according to Equation 14

may be obtained using Newton's method. The obtained solutions may include Ui, u 2, i



, v2, v3, v5, and v .

[140] The precoder 360 may precode data based on the generated precoding matrix. The

precoded data may be transmitted to the terminal devices 400 via antennas.

[141] When the number of antennas included in a base station is M = 4, and the number of

antennas included in a terminal device is N = 2, 42 ((2+2x5+2)xN+3x2+2+6)) number

of equations may exist and a total of 42 (2xN+6xM+5x2+4) number of unknown

quantities may exist according to Equation 14. Accordingly, Equation 14 may have at

least one solution based on Bezout's theory.

[142] FIG. 5 illustrates an example of a method for controlling interference in a commu

nication apparatus. The communication apparatus may be, for example, the commu

nication apparatus 300 of FIG. 3.

[143] In 510, the information gathering unit 310 may receive channel information from a

plurality of terminal devices that are served by a serving base station and from a

plurality of terminal devices that are served by neighboring base stations.

[144] Each of the neighboring base stations may transmit channel information to the

serving base station. The channel information may be associated with a plurality of

terminal devices that are served by a corresponding neighboring base station. For

example, the channel state information associated with a plurality of terminal devices

included in a communication system may be fed back to the serving base station.

[145] In 520, the decision unit 320 may determine a location of each of the terminal

devices based on a respective signal strength received from each of the plurality of

terminal devices.

[146] For example, the decision unit 320 may determine whether each of the terminal

devices is located in a cell interior region or a cell edge region based on the location in

formation of each of the terminal devices or based on an interference amount of each

of the terminal devices. The signal strength of a corresponding terminal device may be

used as the location information. An SINR, an RSRP, and/or an RSRQ may be used as

the interference amount.

[147] As shown in FIG. 4, terminal devices located in the cell interior region and terminal

devices located in cell edge region may use the same frequency band.

[148] In 530, the selector 330 may select at least one terminal device used to generate a

precoding vector. For example, the selected at least one terminal device may be located

in the cell interior region.

[149] For example, when at least one terminal device is selected from a plurality of

terminal devices located in a cell edge region of each of the serving base station and a

plurality of neighboring base stations, the selector 330 may select a terminal device

that increases a sum of throughputs of the selected terminal devices located in the cell

edge region. In this example, the selector 330 may select at least one terminal device



located in the cell interior region.

[150] The selector 330 may select terminal devices located in the cell interior region to

increase a throughput of a terminal device that has the least throughput from among the

selected terminal devices located in the cell edge region as shown Equation 2.

[151] The selector 330 may select a terminal device that has a maximum throughput from

the terminal devices located in the cell interior region using a reference value as shown

in Equation 3.

[152] The selector 330 may select a terminal device located in the cell interior region to

increase a throughput of only a selected terminal device located in the cell edge region.

[153] In some embodiments, the selector 330 may select a terminal device to increase a

sum of throughputs of all the terminal devices being served by the serving base station

and a plurality of neighboring base stations, as shown in Equation 5.

[154] The calculator 340 may calculate a ZF precoding vector and an IA precoding vector

with respect to the selected terminal devices located in the cell edge region and the

selected terminal devices located in the cell interior region. In 540, the generator 350

may generate a precoding matrix based on ZF precoding vectors and IA precoding

vectors.

[155] The ZF precoding vectors may be used to reduce interference that occurs in the

terminal devices located in the cell interior region. For example, the interference that

occurs in the terminal devices located in the cell interior region may include intra-cell

interference.

[156] The IA precoding vectors may be used to align interference signals that occur in the

terminal devices located in the cell edge region in a predetermined signal space.

[157] For example, when a serving base station includes four antennas, the serving base

station may transmit two signals to terminal devices located in the cell interior region,

and transmit a single signal to terminal devices located in the cell edge region. A c

cordingly, two ZF precoding vectors may be calculated in 540. As another example,

when the serving base station includes four or more antennas, two or more ZF

precoding vectors may be calculated.

[158] In 550, the precoder 360 may precode data based on the generated precoding matrix.

The precoded data may be transmitted to the plurality of terminal devices.

[159] FIG. 7 illustrates an example of a terminal device.

[160] Referring to FIG. 7, terminal device 700 includes a decoding matrix generator 710

and a decoder 720. The decoding matrix generator 710 may estimate a channel state of

a channel that is formed between a serving base station 600 and the terminal device

700. The precoded data may be received from the serving base station 600 via an

antenna.

[161] The decoding matrix generator 710 may estimate a channel formed between the



serving base station 600 and the terminal device 700, and extract channel information

from the precoded data. The channel information may include a precoding matrix V

generated at the serving base station 600, and a channel matrix Η between the serving

base station 600 and the terminal device 700. For example, the precoding matrix V

may include ZF precoding vectors and IA precoding vectors.

[162] The decoding matrix generator 710 may generate a decoding matrix based on the

channel information. The decoding matrix may include ZF decoding vectors and IA

decoding vectors.

[163] Accordingly, when the terminal device 700 is located in the cell edge region, the

terminal device 700 may align received interference signals in a first space and a

desired signal in a different signal space. The decoding vectors included in a decoding

matrix may be orthogonal to the interference signals.

[164] When the terminal device 700 is located in the cell interior region, the terminal

device 700 may reduce interference signals that exist in received streams. The decoder

720 may decode the precoded data based on the generated decoding matrix.

[165] The generated precoding matrix may include precoding vectors to align interference

that occurs in terminal devices located in the cell edge region in order to reduce in

terference.

[166] For the terminal devices located in the cell edge region, interference signals may be

controlled using an IA scheme. In addition, the terminal devices located in the cell

edge region may reduce interference signals using a ZF scheme.

[167] The serving base station 600 may generate a precoding matrix that includes

precoding vectors generated using ZF. For example, when the precoding matrix is

generated using ZF, the number of antennas included in the serving base station 600

may increase to five or more. In this example, terminal devices located in the cell edge

region and terminal devices located in the cell interior region may use the same

frequency band.

[168] As described above, the terminal device 700 may estimate a channel and align or

reduce interference signals. The terminal device 700 may directly receive a decoding

vector or a decoding matrix from the serving base station 600. The terminal device 700

may decode precoded data based on the received decoding vector or decoding matrix,

and align or reduce interference signals. The serving base station 600 may quantize the

decoding vector or the decoding matrix, and transmit the quantized decoding vector or

decoding matrix to the terminal device 700.

[169] Although FIG. 7 is described based on a single serving base station, it is merely for

purposes of example. It should be understood that similar descriptions may be ap

plicable to examples where a plurality of serving base stations are present.

[170] As described in the example above, after the terminal devices located in the cell edge



region are selected, the terminal devices located in the cell interior region may be

selected. In some examples, the selector 330 may simultaneously select the terminal

devices located in the cell interior region and the terminal devices located in the cell

edge region.

[171] Also, in some examples, the selector 330 may select the terminal devices located in

the cell interior region, and then select the terminal devices located in the cell edge

region using the terminal devices located in the cell interior region.

[172] As described above, the decoding matrix may be generated such that decoding

vectors and interference signals are orthogonal to each other. However, this is merely

for purposes of example and it should be understood that the decoding matrix may be

generated using various decoding schemes such as a minimum mean square error

MMSE estimation scheme.

[173] A process of generating a precoding matrix using at least one of a terminal device

included in a cell edge region and a terminal device included in a cell interior region in

multiple cells, and then passively receiving, by the corresponding terminal device,

precoded data that may be used to generate a decoding matrix for removing in

terference is described above with reference to FIG. 1 through FIG. 7. Hereinafter, a

process of initially generating a reception beamforming vector using terminal devices

included in a cell edge region and then generating a precoding vector using the

generated reception beamforming vector are described.

[174] FIG. 8 and FIG. 9 illustrate examples of a multi-cell-based communication system

that includes terminal devices located in a cell edge region. Even though two cells are

shown in FIG. 8 for ease of description, three or more cells may exist.

[175] Referring to FIG. 8, a plurality of cells may include a communication apparatus such

as a cellular base station, a femto base station, a fixed base station, a mobile base

station, a relay, a terminal, a combination thereof, and the like. The plurality of devices

may be located in cell edge regions of the cells.

[176] Terminal devices located in a cell edge region may receive inter-cell interference due

to a signal transmitted from an interference base station, and the like, that are located

in an adjacent cell.

[177] For example, a first terminal device (MSI) 910 and a second terminal device (MS2)

920 included in a cell edge region of a serving base station (BS1) 810 may receive in

terference caused by signals transmitted from an interference base station (BS2) 820 to

a third terminal device (MS3) 930 and a fourth terminal device (MS4) 940 included in

a cell edge region of the BS2 820. Referring to FIG. 9, the MSI 910 and the MS2 920

may receive inter-cell interference from an interference base station included in an

adjacent cell.

[178] Mutual interference may also occur between the MSI 910 and the MS2 920 served



by the BSl 810. For example, referring to FIG. 9, the MSI 910 may receive inter-user

interference caused by a signal transmitted from the BSl 810 to the MS2 920. The

MS2 920 may also receive inter-user interference caused by a signal transmitted from

the BSl 810 to the MSI 910. In this example, the BSl 810 may decrease the inter-cell

interference and the inter-user interference by initially generating a reception

beamforming vector of each of the MSI 910 and the MS2 920 that are served by the

BSl 810.

[179] In FIGS. 8 and 9, an interference base station corresponds to a base station included

in a cell adjacent to the cell where the serving base station is located. Referring to FIG.

9, when the BSl 810 corresponds to the serving base station, the BS2 820 corresponds

to the interference base station. Likewise, when the BS2 820 corresponds to the

serving base station, the BSl 810 corresponds to the interference base station.

[180] FIG. 10 illustrates an example of a communication apparatus that generates a

reception beamforming vector. Hereinafter, descriptions are made based on the a s

sumption that the BSl 810 corresponds to the serving base station and the BS2 820

corresponds to the interference base station in the communication system of FIG. 9.

[181] Referring to FIG. 10, communication apparatus 1000 includes an interference

channel alignment unit 1001, a reception beamforming vector generator 1002, and a

precoder 1003. In this example, three antennas are installed in each of the serving base

station and the interference base station, and two antennas are installed in a terminal

device.

[182] According to an interference alignment scheme, a precoding vector

of a k terminal device included in an 1th cell may be represented by the following

Equation 15.

[183] Equati on 15]

[184] In Equation 15, null(A) corresponds to an orthonormal basis constituting a null space

of A,

w

corresponds to a reception beamforming vector of a

terminal device included in a cell edge region of the serving base station i,

H [E.i]

corresponds to a channel of the



terminal device included in the cell edge region of the serving base station i,

corresponds to an interference channel by the k terminal device included in the cell

edge region of the serving base station i,

w

corresponds to a reception beamforming vector of the k terminal device included in a

cell edge region of an interference base station

T H k ]

corresponds to a channel of the k terminal device included in the cell edge region of

the interference base station

i

and

(w k H [ )H

corresponds to an interference channel by the k terminal device included in the cell

edge region of the interference base station

i

. In this example,

(w "i H 'i )

corresponds to an interference channel by inter-user interference, and

(w k, H [ ' )

corresponds to an interference channel by inter-cell interference.

[185] For example, when two terminal devices (k = 1, 2) are located in a cell edge region

of each of two cells (i = 1, 2), Equation 15 may be represented by the following

Equation 16.

[186] [Equation 16]

v c ul w k i

[187] In Equation 16,

(w 1- H , i )

corresponds to an interference channel of the MS3 930, and

(w ' H 2
' )H

corresponds to an interference channel of the MS4 940.



[188] Referring again to FIG. 10, the interference channel alignment unit 1001 may align

interference channels of terminal devices included in the cell edge region of the in

terference base station in the same space.

[189] For example, the interference channel alignment unit 1001 may align, in the same

space, the interference channels

(w 1 H )

and

of the MS3 930 and the MS4 940 by generating a space including

(w 1- H , i )

and

according to the following Equation 17.

[190] [Equation 17]

spa H Hw 1' H ) = span(Hi 2 w 2 )

[191] According to Equation 17, the interference channel alignment unit 1001 may align, in

the same space, the interference channels of the MS3 930 and the MS4 940 by cal

culating a rank or value of the interference channels of the MS3 930 and the MS4 940

to have a value of 1 or a proximate value of 1, by calculating

rank(w 1 H [ H, w H 2 ) 1 .

[192] The serving base station may transmit data to the terminal devices included in the

cell edge region of the serving base station using three antennas.

[193] In this example, the interference channel alignment unit 1001 may generate the space

where the interference channels of the terminal devices included in the cell edge region

of the interference base station. Also, the interference channel alignment unit 1001

may also generate the space where the interference channels of the terminal devices

included in the cell edge region of the interference base station. For example, the in

terference channels of the terminal devices served by the BS2 820 may be overlapped

with each other.

[194] The interference channel alignment unit 1001 may calculate a basis vector of in

terference channels of the interference base station that are aligned in the same space.

[195] For example, the interference channel alignment unit 1001 may calculate the basis

vector



of the interference channels of the interference base station using Equation 18 below.

In this example, the basis vector

corresponds to an aligned interference channel to be transmitted from a serving base

station i to terminal devices served by an interference base station

i

. For example,

h

may indicate an alignment direction of the interference channels of the interference

base station that are aligned in the same space.

[196] [Equation 18]

[197] In Equation 18,

corresponds to a vector obtained by scaling the reception beamforming vector of the

third terminal device served by the interference base station

i

and

1

corresponds to a vector obtained by scaling the reception beamforming vector of the

fourth terminal device.

[198] The reception beamforming vector generator 1002 may generate the reception

beamforming vector of each of the terminal devices included in the cell edge region of

the serving base station using the interference channels of the interference base station

that are aligned in the same space. For example, the reception beamforming vector

generator 1002 may generate the reception beamforming vector of each of the terminal

devices included in the cell edge region of the serving base station by normalizing a

matrix including vectors that are obtained by scaling reception beamforming vectors of

the terminal devices served by the interference base station.

[199] The reception beamforming vector generator 1002 may generate a matrix Mi

including an identify matrix and a channel of each of the terminal devices served by

the interference base station through normalization, as shown by Equation 19 below.

The reception beamforming vector generator 1002 may generate a matrix xi including



the basis vector

of the interference channels of the interference base station that are aligned in the same

space and the vector obtained by scaling the reception beamforming vector of the

terminal device served by the interference base station.

[200] When a null space of the generated matrix M exists, a multiplication Μ Χ of the

generated matrices may become zero. In this example, the reception beamforming

vector generator 1002 may calculate x enabling the multiplication Μ Χ of the

generated matrices to become zero using Equation 19 below. The reception

beamforming vector generator 1002 may generate the reception beamforming vector of

each of the terminal devices served by the serving base station by normalizing x .

[201] [Equation 19]

[203] In Equation 19, IM corresponds to the identity matrix,

rresponds to a channel of the third terminal device, and

corresponds to a channel of the fourth terminal device. According to Equation 19, the

reception beamforming vector generator 1002 may generate the reception

beamforming vector

of the first terminal device, for example, the MSI 910 and the reception

beamforming vector

of the second terminal device, for example, the MS2 920.

[204] In this example, the precoder 1003 may transmit the generated reception



beamforming vector to a corresponding terminal device. For example, the precoder

1003 may transmit the reception beamforming vector of the MSI 910 to the MSI 910,

and may transmit the reception beamforming vector of the MS2 920 to the MS2 920.

[205] The precoder 1003 may transmit a reception beamforming matrix including the

generated reception beamforming vectors to a plurality of terminal devices served by

the serving base station. For example, the precoder 1003 may transmit the reception

beamforming matrix to the MSI 910 and the MS2 920.

[206] The precoder 1003 may generate a precoding vector

of the terminal devices included in the cell edge region of the serving base station i,

based on the basis vector

of the interference channels of the interference base station and the interference

channel

of the serving base station. For example, the precoder 1003 may generate the

precoding vector of each of the MSI 910 and the MS2 920 included in the cell edge

region of the BS1 810 according to the following Equation 20.

[207] Equation 20]

[208] According to Equation 20, the precoder 1003 may generate a vector that is or

thogonal to a span space where the basis vector

of the interference channels of the BS2 820 and the interference channel

( ν · "Η! ' )

of the BS1 810 are aligned.

[209] For example, referring to FIG. 14, when generating a precoding vector of a first

terminal device (MSI) included in a cell edge region of a serving base station (BS1) ,

the precoder 1003 may generate a space 1410 including

and the interference channel

second terminal device (BS2) , and thereby align



h

and

in the generated space. The precoder 1003 may generate, as the precoding vector of the

MSI, a vector 1420 that is orthogonal to the generated space 1410. The precoder 1003

may generate a space where a portion of or all of

h

and

are overlapped with each other.

] The precoder 1003 may transmit data that is precoded using the generated precoding

vector, to the plurality of terminal devices included in the cell edge region of the

serving base station. The precoder 1003 may contain the generated reception

beamforming vector in the precoded data and thereby transmit the precoded data to the

plurality of terminal devices included in the cell edge region of the serving base

station. The terminal device served by the serving base station may align inter-user in

terference and inter-cell interference by decoding the precoded data using the reception

beamforming vector. The inter-user alignment and the inter-cell interference may be

reduced through the above alignment, and thus the terminal device served by the

serving base station may extract a desired signal.

] FIG. 11 illustrates an example of a method of a communication apparatus that

generates a reception beamforming vector.

] In 1110, the interference channel alignment unit 1001 may align interference

channels of terminal devices included in a cell edge region of an interference base

station.

] For example, referring to FIG. 8, when the MS3 930 and the MS4 940 are included

in the cell edge region of the BS2 820, the interference channel alignment unit 1001

may generate a space where a portion of or all of the interference channels of the MS3

930 and the MS4 940 are overlapped with each other. The interference channel

alignment unit 1001 may align the interference channels of the MS3 930 and the MS4

940 in the generated space. In this example, the interference channel alignment unit

1001 may generate a space where a predetermined ratio of the interference channels of

the MS3 930 and the MS4 940 are overlapped with each other.

] In 1120, the reception beamforming vector generator 1002 may generate a reception

beamforming vector of each of the terminal devices included in the cell edge region of

the serving base station, based on the interference channels of the interference base



station that are aligned in the generated space.

[215] For example, the reception beamforming vector generator 1002 may generate the

reception beamforming vector of each of the terminal devices included in the cell edge

region of the serving base station by normalizing a matrix including vectors obtained

by scaling reception beamforming vectors of terminal devices served by the in

terference base station. The precoder 1003 may transmit the generated reception

beamforming vector to a corresponding terminal device served by the serving base

station.

[216] In 1130, the precoder 1003 may generate the precoding vector based on a basis

vector of each of the aligned interference channels.

[217] For example, as shown in FIG. 14, the precoder 1003 may generate the space 1410

including the basis vector

of the aligned interference channels of the interference base station and an in

terference channel of the terminal device served by the serving base station. The

precoder 1003 may generate the precoding vector 1420 to be orthogonal to the

generated space 140.

[218] In 1140, the precoder 1003 may precode data using the generated precoding vector.

[219] In 1150, the precoder 1003 may transmit the precoded data to a corresponding

terminal device served by the serving base station. In this example, the precoder 1003

may include the precoded data in the reception beamforming vector of the corre

sponding terminal device served by the serving base station, and thereby transmit the

precoded data.

[220] FIG. 12 illustrates an example of a terminal device that generates a reception

beamforming vector.

[221] Referring to FIG. 12, terminal device 2000 includes an interference channel ob-

tainment unit 2001, an interference channel alignment unit 2002, a reception

beamforming vector generator 2003, and a feedback unit 2004.

[222] The interference channel obtainment unit 2001 may obtain interference channels of

terminal devices included in a cell edge region of an interference base station.

[223] For example, referring again to FIG. 8, the interference channel obtainment unit 2001

may obtain interference channels of the MS3 930 and the MS4 940 that are served by

the BS2 820 that corresponds to an interference base station. The interference channel

obtainment unit 2001 may obtain the interference channels of the MS3 930 and the

MS4 940 served by the BS2 820 from the BS1 810, the BS2 820, or the terminal

devices served by the BS2 820.

[224] The interference channel alignment unit 2002 may align, in the same space, the in-



terference channels of the terminal devices served by the interference base station. For

example, the interference channel alignment unit 2002 may generate the space

including the interference channels of the MS3 930 and the MS4 940 using Equation

17. The interference channels of the MS3 930 and the MS4 940 may be aligned in the

same space.

[225] For example, the interference channel alignment unit 2002 may generate a space

where a portion of or all of the interference channels of the terminal devices served by

the interference base station are overlapped with each other. For example, the in

terference channel alignment unit 2002 may generate a space where at least a prede

termined ratio of the interference channels of the MS3 930 and the MS4 940 are

overlapped with each other, and thereby align the interference channels in the space.

[226] The feedback unit 2004 may feed back the aligned interference channels of the in

terference base station to the serving base station. In this example, the feedback unit

2004 may include the interference channels of the interference base station in a serving

channel of the terminal device 2000 and thereby feed back the same to the serving base

station. While feeding back channel information to the serving base station, the

feedback unit 2004 may also feed back the aligned interference channels of the in

terference base station to the serving base station.

[227] In this example, the serving base station may generate a precoding vector based on

the fed back interference channels of the interference base station and the interference

channel of the terminal device served by the serving base station. For example, the

serving base station may generate the precoding vector using Equation 20.

[228] Referring again to FIG. 12, the reception beamforming vector generator 2003 may

generate the reception beamforming vector of each of the terminal devices served by

the cell edge region of the serving base station, based on the aligned interference

channels.

[229] For example, according to Equation 19, the reception beamforming vector generator

2003 may generate the reception beamforming vector of each of the terminal devices

included in the cell edge region of the serving base station by normalizing the matrix

including vectors obtained by scaling the reception beamforming vectors of the

terminal devices of the interference base station. A process of generating the reception

beamforming vector using Equation 19 is described above with reference to FIG. 10,

and thus further description is omitted here.

[230] FIG. 13 illustrates an example of a method of a terminal device that generates a

reception beamforming vector.

[231] In 1310, the interference channel obtainment unit 2001 may obtain interference

channels of terminal devices included in a cell edge region of an interference base

station.



[232] In 1320, the interference channel alignment unit 2002 may align the obtained in

terference channels. For example, the interference channel alignment unit 2002 may

generate a space including the interference channels of the terminal devices served by

the interference base station, and may align, in the generated space, the interference

channels of the terminal devices served by the interference base station. In this

example, the interference channel alignment unit 2002 may align, in the generated

space, a portion of or all of the interference channels to be overlapped with each other.

[233] In 1330, the reception beamforming vector generator 2003 may generate a reception

beamforming vector of each of the terminal devices served by the serving base station

based on the aligned interference channels of the terminal devices served by the in

terference base station. The reception beamforming vector generator 2003 may

generate the reception beamforming vector of each of the terminal devices served by

the serving base station using Equation 19.

[234] In 1340, the feedback unit 2004 may feed back, to the serving base station, the in

terference channels of the terminal devices served by the interference base station.

[235] For example, the feedback unit 2004 may feed back, to the serving base station, a

basis vector

h

of the aligned interference channels. The feedback unit 2004 may contain the basis

vector

in a serving channel of the terminal device 2000 and thereby feed back the same to

the serving base station.

[236] While feeding back channel information, the feedback unit 2004 may also feed back

the basis vector

hi

[237] The serving base station may generate the precoding vector based on the basis vector

of the aligned interference channels and an interference channel of a terminal device

served by the serving base station. For example, referring to FIG. 14, the serving base

station may generate the precoding vector 1420 that is orthogonal to the space 1410

including the basis vector

h

and the interference channel of the terminal device served by the serving base station,



as described above. The serving base station may transmit, to the terminal devices

served by the serving base station, data that is precoded using the generated precoding

vector.

[238] For example, when precoded data is received by the MSI 910 in 1350, in 1360 the

MSI 910 may decode the precoded data using the reception beamforming vector

generated in 1330. Interference signals received by the MSI 910 may be aligned in an

interference signal space. Accordingly, the MSI 910 may extract a desired signal.

[239] Described herein are a precoding method and a communication apparatus that may

remove or align inter-cell interference and intra-cell interference based on a location of

each terminal device.

[240] Also, described herein are a precoding method and a communication apparatus that

may align, in the same space, interference channels of terminal devices served by an

interference base station.

[241] Also, described herein are a precoding method and a communication apparatus that

may decrease the number of antennas in a serving base station as interference channels

of terminal devices served by an interference base station are aligned in the same

space.

[242] Also, described herein are a precoding method and a communication apparatus that

may generate a reception beamforming vector of a terminal device corresponding to a

cell edge region, and generate a precoding vector using the generated reception

beamforming vector.

[243] As a non-exhaustive illustration only, the terminal device described herein may refer

to mobile devices such as a cellular phone, a personal digital assistant (PDA), a digital

camera, a portable game console, an MP3 player, a portable/personal multimedia

player (PMP), a handheld e-book, a portable lab-top personal computer (PC), a global

positioning system (GPS) navigation, and devices such as a desktop PC, a high

definition television (HDTV), an optical disc player, a setup box, and the like, capable

of wireless communication or network communication consistent with that disclosed

herein.

[244] A computing system or a computer may include a microprocessor that is electrically

connected with a bus, a user interface, and a memory controller. It may further include

a flash memory device. The flash memory device may store N-bit data via the memory

controller. The N-bit data is processed or will be processed by the microprocessor and

N may be 1 or an integer greater than 1. Where the computing system or computer is a

mobile apparatus, a battery may be additionally provided to supply operation voltage

of the computing system or computer.

[245] It should be apparent to those of ordinary skill in the art that the computing system or

computer may further include an application chipset, a camera image processor (CIS),



a mobile Dynamic Random Access Memory (DRAM), and the like. The memory

controller and the flash memory device may constitute a solid state drive/disk (SSD)

that uses a non-volatile memory to store data.

[246] The methods described above may be recorded, stored, or fixed in one or more

computer-readable storage 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. Examples of computer-readable storage 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.

[247] A number of examples have been described above. Nevertheless, it should 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.



Claims
A precoding method, comprising:

aligning, in the same space, interference channels of one or more

terminal devices included in a cell edge region of an interference base

station; and

generating a reception beamforming vector of one or more terminal

devices included in a cell edge region of a serving base station, based

on the interference channels of the interference base station that are

aligned in the same space.

The precoding method of claim 1, further comprising:

generating a precoding vector of the one or more terminal devices

included in the cell edge region of the serving base station, based on a

basis vector of each of the interference channels of the interference

base station that are aligned in the same space, and an interference

channel of the serving base station.

The precoding method of claim 2, further comprising:

transmitting, to the one or more terminal devices included in the cell

edge region of the serving base station, at least one of the reception

beamforming vector and data that is precoded using the generated

precoding vector.

The precoding method of claim 1, wherein the aligning comprises

aligning, in the same space, the interference channels of the one or

more terminal devices included in the cell edge region of the in

terference base station to be partially overlapped with each other.

A communication apparatus, comprising:

an interference channel alignment unit to align, in the same space, in

terference channels of one or more terminal devices included in a cell

edge region of an interference base station; and

a reception beamforming vector generator to generate a reception

beamforming vector of one or more terminal devices included in a cell

edge region of a serving base station, based on the interference

channels of the interference base station that are aligned in the same

space.

The communication apparatus of claim 5, further comprising:

a precoder to generate a precoding vector of the one or more terminal

devices included in the cell edge region of the serving base station,

based on a basis vector of each of the interference channels of the in-



terference base station that are aligned in the same space, and an in

terference channel of the serving base station.

[Claim 7] The communication apparatus of claim 6, wherein the precoder

transmits, to the one or more terminal devices included in the cell edge

region of the serving base station, at least one of the reception

beamforming vector and data that are precoded using the generated

precoding vector.

[Claim 8] The communication apparatus of claim 5, wherein the interference

channel alignment unit aligns, in the same space, the interference

channels of the one or more terminal devices included in the cell edge

region of the interference base station to be partially overlapped with

each other.

[Claim 9] A method of generating a reception beamforming, comprising:

obtaining interference channels of one or more terminal devices

included in a cell edge region of an interference base station;

aligning the obtained interference channels in the same space; and

generating a reception beamforming vector of one or more terminal

devices included in a cell edge region of a serving base station, based

on the interference channels of the interference base station that are

aligned in the same space.

[Claim 10] The method of claim 9, further comprising:

feeding back, to the serving base station, at least one of the aligned in

terference channels and a serving channel.

[Claim 11] The method of claim 9, wherein the aligning comprises aligning, in the

same space, the interference channels of the one or more terminal

devices included in the cell edge region of the interference base station

to be partially overlapped with each other.

[Claim 12] A terminal device, comprising:

an interference channel obtainment unit to obtain interference channels

of one or more terminal devices included in a cell edge region of an in

terference base station;

an interference channel alignment unit to align the obtained in

terference channels in the same space; and

a reception beamforming vector generator to generate a reception

beamforming vector of one or more terminal devices included in a cell

edge region of a serving base station, based on the interference

channels of the interference base station that are aligned in the same

space.



The terminal device of claim 12, further comprising:

a feedback unit to feed back, to the serving base station, at least one of

the aligned interference channels and a serving channel.

The terminal device of claim 12, wherein the interference channel

alignment unit aligns, in the same space, the interference channels of

the one or more terminal devices included in the cell edge region of the

interference base station to be partially overlapped with each other.

A precoding method, comprising:

calculating a zero-forcing precoding vector to process interference

occurring between a plurality of terminal devices served by a serving

base station;

calculating an interference alignment precoding vector to align in

terference caused by a plurality of neighboring base stations located

adjacent to the serving base station and interference occurring between

the plurality of terminal devices served by the serving base station;

generating a precoding matrix based on the zero-forcing precoding

vector and the interference alignment precoding vector; and

precoding data based on the generated precoding matrix.

The precoding method of claim 15, further comprising:

determining whether each of the plurality of terminal devices is located

in a cell interior region or a cell edge region,

wherein a terminal device located in the cell edge region and a terminal

device located in the cell interior region use the same frequency band.

The precoding method of claim 16, wherein:

the calculating of the zero-forcing precoding vector comprises cal

culating the zero-forcing precoding vector when at least one terminal

device from among the plurality of terminal devices is located in the

cell interior region, and

at least two signals are transmitted to the at least one terminal device

located in the cell interior region.

The precoding method of claim 16, wherein the calculating of the in

terference alignment precoding vector comprises calculating the in

terference alignment precoding vector when at least one terminal

device from among the plurality of terminal devices is located in the

cell edge region.

The precoding method of claim 16, wherein the determining comprises

determining whether each of the plurality of terminal devices is located

in the cell interior region or the cell edge region based on location in-



formation of the plurality of terminal devices or a signal-to-interference

plus noise ratio (SINR) of each of the plurality of terminal devices.

[Claim 20] The precoding method of claim 16, further comprising:

selecting at least one terminal device from a plurality of terminal

devices located in the cell edge region of each of the serving base

station and the plurality of neighboring base stations, and selecting at

least one terminal device from a plurality of terminal devices located in

cell interior regions of each of the serving base station and the plurality

of neighboring base stations,

wherein the generating comprises generating the precoding matrix

based on at least two zero-forcing precoding vectors that are calculated

with respect to the selected at least one terminal device located in the

cell interior region.

[Claim 21] The precoding method of claim 20, wherein:

when the selected at least one terminal device is located in the cell edge

region of each of the serving base station and the plurality of

neighboring base stations, the method further comprises selecting, from

a plurality of terminal devices located in the cell interior region of the

serving base station, at least one terminal device either to increase a

sum of throughputs of selected terminal devices located in the cell edge

region or to increase a throughput of a terminal device having a

minimum throughput from among the selected terminal devices located

in the cell edge region.

[Claim 22] The precoding method of claim 16, further comprising:

selecting, from a plurality of terminal devices located in the cell interior

region of the serving base station, at least one terminal device to

increase throughputs of terminal devices located in the cell edge region

of each of the serving base station and the plurality of neighboring base

stations,

wherein the generating comprises generating the precoding matrix

based on at least two zero-forcing precoding vectors that are calculated

with respect to the selected at least one terminal device.

[Claim 23] The precoding method of claim 20, wherein:

when selected at least one terminal device is located in the cell edge

region of each of the serving base station and the plurality of

neighboring base stations, the method further comprises selecting, from

a plurality of terminal devices located in the cell interior region of the

serving base station, a plurality of terminal devices enabling



throughputs of selected terminal devices located in the cell edge region

to be greater than or equal to a predetermined reference value; and

selecting a terminal device having a greater throughput from the

selected plurality of terminal devices located in the cell interior region.

[Claim 24] The precoding method of claim 16, further comprising:

selecting, from a plurality of terminal devices located in the cell interior

region of the serving base station, a terminal device to increase a sum

of throughputs of the terminal devices,

wherein the generating comprises generating the precoding matrix

based on at least two zero-forcing precoding vectors that are calculated

with respect to the selected terminal device.

[Claim 25] A communication apparatus, comprising:

a calculator to calculate a zero-forcing precoding vector to process in

terference occurring between a plurality of terminal devices served by a

serving base station, and to calculate an interference alignment

precoding vector to align interference caused by a plurality of

neighboring base stations located adjacent to the serving base station

and interference occurring between the plurality of terminal devices

served by the serving base stations;

a generator to generate a precoding matrix based on the zero-forcing

precoding vector and the interference alignment precoding vector; and

a precoder to precode data based on the generated precoding matrix.

[Claim 26] The communication apparatus of claim 25, further comprising:

a decision unit to determine whether each of the plurality of terminal

devices is located in a cell interior region or a cell edge region,

wherein a terminal device located in the cell edge region and a terminal

device located in the cell interior region use the same frequency band.

[Claim 27] The communication apparatus of claim 26, wherein the decision unit

determines whether each of the plurality of terminal devices is located

in the cell interior region or the cell edge region based on location in

formation of each of the plurality of terminal devices or an SINR of

each of the plurality of terminal devices.

[Claim 28] The communication apparatus of claim 26, wherein:

the calculator calculates the zero-forcing precoding vector when at least

one terminal device from among the plurality of terminal devices is

located in the cell interior region, and

at least two signals are transmitted to the at least one terminal device

located in the cell interior region.



[Claim 29] The communication apparatus of claim 26, wherein the calculator

calculates the interference alignment precoding vector when at least

one terminal device from among the plurality of terminal devices is

located in the cell edge region.

[Claim 30] The communication apparatus of claim 26, further comprising:

a selector to select, from a plurality of terminal devices located in the

cell interior region of the serving base station, at least one terminal

device either to increase a sum of throughputs of selected terminal

devices located in the cell edge region or to increase a throughput of a

terminal device having a minimum throughput from among the selected

terminal devices located in the cell edge region, when at least one

terminal device is selected from a plurality of terminal devices located

in the cell edge region of each of the serving base station and the

plurality of neighboring base stations,

wherein the generator generates the precoding matrix based on at least

two zero-forcing precoding vectors that are calculated with respect to

the selected at least one terminal device.

[Claim 31] A terminal device, comprising:

a decoding matrix generator to extract channel information from

precoded data received from a serving base station, and to generate a

decoding matrix based on the extracted channel information; and

a decoder to decode the precoded data based on the generated decoding

matrix,

wherein a precoding matrix included in the channel matrix includes a

zero-forcing precoding vector and an interference alignment precoding

vector.

[Claim 32] The terminal device of claim 31, wherein the decoding matrix generator

generates the decoding matrix including a zero-forcing decoding vector

and an interference alignment decoding vector based on the channel in

formation, or generates the decoding matrix using a minimum mean

square error (MMSE) estimation scheme.

[Claim 33] The terminal device of claim 32, wherein:

the zero-forcing decoding vector is used to reduce interference between

the terminal device and a plurality of neighboring terminal devices of

the serving base station, and

the interference alignment decoding vector is used to align a desired

signal received from the serving base station in a first space and in

terference signals caused by the plurality of neighboring terminal



devices of the serving base station and a plurality of neighboring base

stations in a different space.

[Claim 34] The terminal device of claim 33, wherein the zero-forcing decoding

vector and the interference alignment decoding vector are orthogonal to

the interference signals.
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