US008532647B2
a2y United States Patent (10) Patent No.: US 8.532.647 B2
Shin et al. 45) Date of Patent: Sep. 10, 2013
(54) METHOD AND APPARATUS FOR (358) Field of Classification Search
DETERMINING DOWNLINK USPC .............. 342/354, 359,367, 370/310.2, 328,
BEAMFORMING VECTORS IN 370/338, 339; 455/13.3, 13.4, 19, 25, 63.4,
HIERARCHICAL CELL COMMUNICATION 455/82, 83, 422.1, 443, 444, 449, 500, 561,
SYSTEM 455/562.1, 575.7
See application file for complete search history.
(75) Inventors: Won Jae Shin, Yongin (KR); Nam Yoon (56) References Cited
Lee, Seoul (KR); Won Jong Noh,
Yongin (KR); Young Jun Hong, Seoul U.S. PATENT DOCUMENTS
(KR); Hyun Ho Choi, Suwon (KR): 7,403,748 B1* 7/2008 Keskitalo etal. ............. 455/101
Chang Yong Shin, Seoul (KR); Kyung 2007/0099665 Al* 52007 Kimetal. ......ccccceeenn, 455/561
Hun Jang, Suwon (KR) 2007/0253386 A1* 11/2007 Lietal. .ooooccovcorrnene, 370/338
j 2008/0158057 AlLl* 7/2008 Jin ...oooviiiiiiiiiii, 342/377
2009/0296650 A1  12/2009 Venturino et al.
(73) Assignee: Samsung Electronics Co., Ltd., 2010/0027471 Al 2/2010 Palanki et al.
Suwon-si (KR) 2010/0056140 Al* 3/2010 Hafeez .........ccooeevvviinnnl, 455/434
2010/0056171 Al 3/2010 Ramprashad et al.
| | o | 2010/0323711 Al* 12/2010 Damnjanovic et al. ....... 455/450
(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 44 days. KR 10-2009-0079176 7/2009
KR 10-2009-0100777 9/2009
(21) Appl. No.: 13/236,333 * cited by examiner

Primary Examiner — Wesley Kim
Assistant Examiner — Dinh P Nguyen
(74) Attorney, Agent, or Firm — NSIP Law

(57) ABSTRACT

Provided 1s a method and apparatus for determining a down-
link beamforming vector in a hierarchical cell communica-

(22) Filed: Sep. 19, 2011

(65) Prior Publication Data
US 2012/0077485 Al Mar. 29, 2012

(30) Foreign Application Priority Data tion system. Small base stations may determine transmit
beamiorming vectors of the small base stations so that inter-
Sep. 29,2010 (KR) .o, 10-2010-0094295 terence from the small base stations may be reduced 1n a
macro terminal. A macro terminal and small terminals may
(51) Int.Cl. determine receive beamiorming vectors based on the transmit
HO4W 4/00 (2009.01) beamiorming vectors of the small base stations. A macro base
(52) U.S.Cl station may determine a transmit beamforming vector based
USPC 455/422.1: 370/310.2: 370/328: on effective channels to terminals USiIlg the recetve beam-
370/338; 455/25; 455/63.4; 455/443; 455/444; ~ forming vectors of the terminals.
455/449 10 Claims, 9 Drawing Sheets
ST&EAM 2.3.4
STREAM 1
R = N A |
U
T Vi lyY) Y
FIRST SMALL FIRST SMALL
BASTE STATION TERMINAL STREAM 1.3.4
v STREAM 2
%
STREAM 2 V2
.S’I"RHAM 3 Y FIRST
e K })) MACRO TERMINAL
STREAM 2
V3 Y Y_ ’
Y|
o - ——— —"".
MACRO BASE STATION STREAM 1,34
SECOND MACRO TERMINAL
STREAM 1,23
®
e I “m\ = | Qg #STREAM 4
STREAM 4 | 4 |V T ‘\
SECOND SMALL SECOND SMALL

BASE STATION TERMINAL



U.S. Patent Sep. 10, 2013 Sheet 1 of 9 US 8,532,647 B2
FIG. 1
ST‘RLEAM D34
STREAM |
Y IS \/S/E{EAM 1
U
Vily ’9)) Y
FIRST SMALL F lTRESﬁrl\%\NdfﬂL
BASE STATION STREAM 13.4
v STR].EAM )
T 1 U2 E“\‘//
STREAM 2 Vo
STREAM 3 f FIRST
¥V T, ¢ )] | MACRO TERMINAL
STREAM 2
V3 v Y ,
v | Y3 e _
MACRO BASE STATION STREAM 1,34
SECOND MACRO TERMINAL
STREAM 1,2,3
|
R, Y ‘W\\ = S ¢ STREAM 4
Va4 Yo Usg |
STREAM 4 Y '

SECOND SMALL
BASE STATION

SECOND SMALL
TERMINAL



US 8,532,647 B2

Sheet 2 0of 9

Sep. 10, 2013

U.S. Patent

[euIurIg)

AOUIDLIAIUL [[9D BLU|

[BUTIS PAIISA(]

JJUxlallajul [[°990-JaJU] ————--—-

oopuy R}
{x

A

[BUILI)
100pIMQ)

A

[EUIULI]
100pINQ)

A

[eUIuLId)

x\“_

uoIje)s aseq
O9ld

uoIje)s aseq
OIOBIN

100PU]

A

{uone)s aseq
091

A

¢ IO

[EUIULID) J00PU] @

[eunuIa) /-
100pINQ (o)

8

(199 0914

S UOI1R1S JSP
e1s aseq

Bts

[euIuLI)
100pINQO)

&

[[99 ooﬂ

[BUTULID) 50@5 aosﬁm @mmn_ §
.

\\\

(&)

uone;s aseq
OIDBN

1|90 OIOB|N




US 8,532,647 B2

Sheet 3 of 9

Sep. 10, 2013

U.S. Patent

QOUDIAJIANUI [[30-I1U]

[BUSIS PAIISA(]

[EUTWLID)

0314

[euludl | -

uoIe)s aseq
09ld

100pIN0 &
SULOQUIION |\ ¥

[EUTULID)

uQl]e]s aseq

o1oeW
gurIoqU3IaN

100PINQO

A

uorne)s aseq
OIOBIN

0014

A

uone)s aseq
001d

A

uore)s aseq oroew
3UIIOQU3IIIN

[BUTWLID])

100PU]

[BUTULID)
100pIN0

3ULIOqQU3Id Z@

[[20 0108w SULIOQUITIN

¢ DI

199 0014

e
uone)s gseq

\\Q

014

[BUTULID)

@) 100pINQO

&

199 001

§ uone)s aseq

\
Nd

uone]s aseq
OIOBIN

[[99 OIOBIN




U.S. Patent Sep. 10, 2013 Sheet 4 of 9 US 8,532,647 B2

FIG. 4
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FIG. §

FEED BACK INFO ASSOCIATED WITH 510
INTERFERENCE CHANNELS )

DETERMINE RECEIVE BEAMFORMING VECTOR OF
MACRO TERMINAL WHEN TRANSMIT BEAMFORMING 520
VECTOR OF EACH SMALL BASE STATION IS DETERMINED

CALCULATE EFFECTIVE CHANNEL BASED ON 530
RECEIVE BEAMFORMING VECTOR

FEED BACK INFO ASSOCIATED WITH 54()
EFFECTIVE CHANNEL




U.S. Patent Sep. 10, 2013 Sheet 6 of 9 US 8,532,647 B2

FIG. 6
620 610
TRANSFER UNIT RECEIVER
TRANSMIT BEAMFORMING
630 VECTOR DETERMINING

UNIT

640 PRECODER

4 <l <]I=<



US 8,532,647 B2

Sheet 7 0of 9

Sep. 10, 2013

U.S. Patent

LINI]
2ADvddAdAA

0L

0SL

JOLVIIDIVD
TANNVYHD
AALLD)dAAH

OrL

LINI]1
ONINIWAALAJ dOLIDHA

ONINJOANWVHH HATHOHY

JOLVINLLSH

THNNVYHD

0CL

LI

HHATADH Y

OlL



US 8,532,647 B2

JOUAIJIAIUT [[I-INUJ ---———--
[BUSIS PAIISA(T

[euruId] uorels aseq
0o1d puosog W /|0o1d pu02ag

AYEAN /
VN /
N /

[eUTWIIO)

[129 021d puodag

001d pu02agQh

TN
UOI]E]S a5k(

UOI]e]S a5t

Sheet 8 0f 9

Sep. 10, 2013

U.S. Patent

- 001d Pu09d3ag
o OIJBIN

\ e [BUTULID]
[eUILID] | y | uoness oseq Au OIOBIN
OIORIN /S 1 oIdeN \ _
/ 8 P
: Q 5
/ __ ‘s's
/ [122 021d 1SI1 ] e
/ — &
S [euTurLIa) m uoIje1s aseq \\\\ mm
;o 091d 1811 ] \y ooid 1811 ] __
iy >~ ? ! 8
;S %
;7 _., 4 (o))
[euTuLId] N \| uonels aseq
091d 1811 0o1d 1811 [[99 OLIBN

A

A

8 IIA




U.S. Patent Sep. 10, 2013 Sheet 9 of 9 US 8,532,647 B2

FIG. 9
STREAM | STREAM 1
T Y 8 T
vV, | o/ U
LY ))) | ~_STREAM 2,3
FIRST PICO FIRST PICO .
BASE STATION TERMINAL
STREAM 2 Y ) > [ P,
o \%! ) > U
R Y [ :
STREAM 2
MACRO TERMINAL
MACRO BASE STATION
STREAM 3
Y Y w\\\ | 0
V3 Y Y Uz : &
STREAM 3 —STREAM | 2
SECOND PICO SECOND PICO

BASE STATION TERMINAL



US 8,532,647 B2

1

METHOD AND APPARATUS FOR
DETERMINING DOWNLINK
BEAMFORMING VECTORS IN
HIERARCHICAL CELL COMMUNICATION
SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION(S)

T
.

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application No. 10-2010-0094295, filed
on Sep. 29, 2010, 1n the Korean Intellectual Property Office,
the entire disclosure of which 1s incorporated herein by ret-
erence for all purposes.

BACKGROUND

1. Field

The following description relates to a hierarchical cell
communication system, and more particularly, to a method
and apparatus for determining a downlink transmit beam-
forming vector and a downlink recerve beamfiorming vector

for wireless communication.

2. Description of Related Art

Because of the variety of radio communication technolo-
gies and equipments, the demand for radio communication
resources 1s rapidly increasing. This increase i demand
results 1n a shortage of limited frequency resources. There-
fore, there 1s a need for technology for more effectively using
frequency resources.

A hierarchical cell environment mdicates an environment
in which small cells formed by small base stations within a
macro cell are constructed as a self-organizing network form.
Examples of a small cell include a relay cell, a femto cell, a
pico cell, a cell by home node-B (HNB), a cell by home
enhanced node-B (HeNB), a cell by remote radio head
(RRH), and the like.

The hierarchical cell environment enables the total system
capacity to increase. However, a quality of service (QoS) for
a user may deteriorate because of interference between a
macro base station and a small base station. Accordingly,
there 1s a desire to effectively manage interference between a
macro cell and a small cell.

SUMMARY

In one general aspect, there 1s provided a communication
method of a macro base station, the communication method
including obtaining mformation associated with a first small
elfective channel formed between a first small terminal cor-
responding to a first small base station and a macro base
station, obtaining information associated with a second small
clifective channel formed between a second small terminal
corresponding to a second small base station and the macro
base station, and determining a transmit beamforming vector
ol the macro base station based on information associated
with the first small effective channel and information associ-
ated with the second small effective channel, wherein a
receive beamforming vector of each of the at least one macro
terminal 1s determined based on the transmit beamiorming,
vector of the first small base station and the transmit beam-
forming vector of the second small base station.

The determining may comprise determiming the transmit
beamforming vector of the macro base station based on 1nfor-
mation associated with the first small effective channel and
information associated with the second small effective chan-
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nel, such that interference from the macro base station 1s
nulled in each of the first small terminal and the second small
terminal.

The communication method may further comprise recerv-
ing information associated with a first macro effective chan-
nel formed between a first macro terminal and the macro base
station, and information associated with a second macro
clfective channel formed between a second macro terminal
and the macro base station, wherein the first macro effective
channel 1s associated with a receive beamiorming vector of
the first macro terminal and the second macro etlective chan-
nel 1s associated with a recetve beamforming vector of the
second macro terminal, and the determining may comprise
determining the transmit beamforming vector of the macro
base station based on information associated with the first
macro effective channel and information associated with the
second macro effective channel, such that interference from
the macro base station caused by a signal for the second
macro terminal 1s nulled 1n the first macro terminal and such
that 1nterference from the macro base station caused by a
signal for the first macro terminal 1s nulled 1n the second
macro terminal.

The communication method may further comprise obtain-
ing mformation associated with an effective channel that 1s
formed between a neighboring macro terminal corresponding
to a neighboring macro base station and the macro base sta-
tion, wherein the effective channel 1s associated with a receive
beamiorming vector of the neighboring macro terminal, and
the determining may comprise determining the transmit
beamiorming vector of the macro base station based on 1nfor-
mation associated with the effective channel formed between
the macro base station and the neighboring macro terminal,
such that interference from the macro base station to the
neighboring macro terminal 1s nulled 1n the neighboring
macro terminal.

The receive beamiorming vector of each of the at least one
macro terminal may be determined based on the transmit
beamiorming vector of the first small base station and the
transmit beamforming vector of the second small base sta-
tion, such that interference from the first small base station
and the second small base station 1s nulled 1n each of the at
least one macro terminal.

The communication method may further comprise recerv-
ing information associated with channels formed between
cach of the first small base station and the second small base
station and each of the at least one macro terminal, and
transierring, to the first small base station and the second
small base station, information associated with the channels
formed between each of the first small base station and the
second small base station and each of the at least one macro
terminal.

In another aspect, there 1s provided a communication
method of a macro terminal corresponding to a macro base
station, the commumnication method including feeding back
information associated with a first interference channel
formed between a first small base station and the macro
terminal, and a second interference channel formed between
a second small base station and the macro terminal, determin-
ing areceive beamiorming vector of the macro terminal based
on a transmit beamforming vector of the first small base
station and a transmit beamiforming vector of the second
small base station, calculating an effective channel formed
between the macro base station and the macro terminal based
on the recerve beamiorming vector of the macro terminal, and
teeding back, to the macro base station, information associ-
ated with the effective channel formed between the macro
base station and the macro terminal.
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The feeding back may comprise feeding back information
in which information associated with the first interference
channel and information associated with the second interfer-
ence channel are combined.

The feeding back may comprise feeding back, to the macro
base station, information associated with the first interference
channel and the second interference channel such that infor-
mation associated with the first interference channel and the
second interference channel are transferred to the first small
base station and the second small base station.

The communication method may further comprise receiv-
ing information associated with the transmit beamforming
vector of the first small base station and information associ-
ated with the transmit beamforming vector of the second
small base station, wherein the transmit beamforming vector
of the first small base station and the transmit beamforming
vector of the second small base station are determined such
that interference from the first small base station and inter-
ference from the second small base station are aligned 1n the
macro terminal.

The determining may comprise determining the receive
beamforming vector of the macro terminal such that interfer-
ence from the first small base station 1s cancelled 1n the macro
terminal based on the transmit beamforming vector of the first
small base station and the first interference channel, and such
that interference from the second small base station 1s can-
celled 1n the macro terminal based on the transmit beamform-
ing vector of the second small base station and the second
interference channel.

The determining may comprise determining the receive
beamforming vector of the macro terminal to be orthogonal
with respect to a direction of the interference from the first
small base station and a direction of the interference from the
second small base station.

In another aspect, there 1s provided a macro base station,
including a recerver to obtain information associated with a
first small effective channel formed between a first small
terminal corresponding to a first small base station and a
macro base station, and to obtain information associated with
a second small effective channel formed between a second
small terminal corresponding to a second small base station
and the macro base station, and a transmit beamforming
vector determining unit to determine a transmit beamiforming
vector of the macro base station based on 1nformation asso-
ciated with the first small effective channel and information
assoclated with the second small effective channel, wherein a
receive beamforming vector of each of the at least one macro
terminal 1s determined based on the transmit beamiorming,
vector of the first small base station and the transmit beam-
forming vector of the second small base station.

The transmit beamiorming vector determining unit may be
configured to determine the transmit beamforming vector of
the macro base station based on information associated with
the first small effective channel and information associated
with the second small effective channel, such that interfer-
ence from the macro base station 1s nulled 1n each of the first
small terminal and the second small terminal.

If the at least one macro terminal comprises a first macro
terminal and a second macro terminal, the receiver may be
configured to receirve information associated with a {first
macro effective channel formed between the first macro ter-
minal and the macro base station, and information associated
with a second macro etfective channel formed between the
second macro terminal and the macro base station, the first
macro effective channel 1s associated with a receive beam-
forming vector of the first macro terminal and the second
macro effective channel 1s associated with a receive beam-
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4

forming vector of the second macro terminal, and the transmat
beamiorming vector determining unit may be configured to
determine the transmit beamiorming vector ol the macro base
station based on information associated with the first macro
elfective channel and information associated with the second
macro eifective channel, such that interference from the
macro base station occurring due to a signal for the second
macro terminal 1s nulled 1n the first macro terminal and such
that interference from the macro base station occurring due to
a signal for the first macro terminal 1s nulled 1n the second
macro terminal.

Therecerver may be configured to obtain information asso-
ciated with an effective channel formed between a neighbor-
ing macro terminal corresponding to a neighboring macro
base station and the macro base station, and the effective
channel 1s associated with a receive beamiorming vector of
the neighboring macro terminal, and the transmit beamiorm-
ing vector determining unit may be configured to determine
the transmit beamiorming vector of the macro base station
based on information associated with the effective channel
formed between the macro base station and the neighboring
macro terminal, such that interference from the macro base
station to the neighboring macro terminal i1s nulled 1n the
neighboring macro terminal.

The receive beamforming vector of each of the at least one
macro terminal may be determined based on the transmit
beamiorming vector of the first small base station and the
transmit beamforming vector of the second small base sta-
tion, such that interference from the first small base station
and the second small base station 1s nulled in each of the at
least one macro terminal.

The recerver may be configured to receive information
associated with channels formed between each of the first
small base station and the second small base station and each
of the at least one macro terminal, and the macro base station
may further comprise a transfer umt to transier, to the first
small base station and the second small base station, infor-
mation associated with the channels formed between each of
the first small base station and the second small base station
and each of the at least one macro terminal.

In another aspect, there 1s provided a communication
method of a targeted small terminal corresponding to a tar-
geted small base station, the communication method 1nclud-
ing obtaining information associated with an etfective chan-
nel from a macro base station to the targeted small terminal
based on a transmit beamforming vector of the macro base
station, and information associated with a channel from a
neighboring small base station to the targeted small terminal,
determining a transmit beamiorming vector of the neighbor-
ing small base station such that interference from the macro
base station and interference from the neighboring small base
station are aligned in the targeted small terminal, and deter-
mining a receive beamiorming vector of the targeted small
terminal such that interference from the macro base station 1s
nulled in the targeted small terminal.

The determining of the transmit beamforming vector of the
neighboring small base station may comprise determining the
transmit beamforming vector of the neighboring small base
station based on the same codebook as a codebook used to
generate the transmit beamiorming vector of the macro base
station, and the determining of the receive beamforming vec-
tor of the targeted small base station may comprise determin-
ing the recetve beamforming vector of the targeted small
terminal based on the same codebook as the codebook used to
generate the transmit beamiorming vector of the macro base
station.

Other features and aspects may be apparent from the fol-
lowing detailed description, the drawings, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram illustrating an example of a hierarchical
cell communication system.

FI1G. 2 1s a diagram illustrating an example of a hierarchical
cell communication system that performs a method of deter-

mimng a transmit beamforming vector and a receive beam-
forming vector.

FI1G. 3 1s a diagram illustrating an example of a hierarchical
cell communication system 1n which at least two macro cells
perform a method of determining a transmit beamiorming,
vector and a receive beamiorming vector.

FI1G. 4 1s a flowchart 1llustrating an example of a commu-
nication method of a macro base station.

FIG. 35 1s a flowchart 1llustrating an example of a commu-
nication method of a macro terminal.

FI1G. 6 1s a diagram 1llustrating an example of a macro base
station.

FIG. 7 1s a diagram illustrating an example of a macro
terminal.

FI1G. 8 1s a diagram illustrating an example of a hierarchical
cell communication system i1n which interference from pico
base stations to a macro terminal 1s weak.

FIG. 9 1s a diagram 1illustrating an example of a signal
transmission process of a hierarchical cell communication
system 1n which interference from pico base stations to a
macro terminal 1s weak.

Throughout the drawings and the detailed 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 exaggerated for clanty, illustration,
and convenience.

DETAILED DESCRIPTION

The following detailed description 1s provided to assist the
reader 1n gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
methods, apparatuses, and/or systems described herein may
be suggested to those of ordinary skill in the art. Also, descrip-
tion of well-known functions and constructions may be omit-
ted for increased clarity and conciseness.

Various aspects relate to a method of generating transmait
beamforming vectors and receive beamiorming vectors that
are capable of achieving a communication performance simi-
lar to a method of feeding backing full channel information.
However, as described herein, a relatively smaller amount of
teedback information associated with a channel 1n a hierar-
chical cell communication environment 1s fed back.

Hereinatter, assumptions may be made for ease of descrip-
tion. However, the assumptions do not limit the scope of the
description. For example, even though a number of base
stations, a number of terminals, a number of antennas, and the
like are described, the examples described herein are not
limited thereto. In addition, the assumptions may be similar to
an environment used 1n a next generation mobile communi-
cation standardization organization and the like, for example,
a long term evolved (L'TE)-advanced standardization.

As described herein, a small cell may include a relay cell,
a femto cell, a pico cell, a cell by home node-B (HNB), a cell
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6

by home enhanced node-B (HeNB), a cell by remote radio
head (RRH), and the like.

FIG. 1 illustrates an example of a hierarchical cell commu-
nication system.

Reterring to FIG. 1, one or more small cells may be located
within the coverage of a macro base station (1.e. within the
coverage of amacro cell). In this example, two small cells are
within the macro cell. For example, the macro cell may oper-
ate as a multi-user multiple-input multiple-output (MU-
MIMO) communication system that simultaneously serves
one or more macro terminals. In this example, the macro cell
serves two macro terminals, a first macro terminal and a
second macro terminal. The macro base station may have one
or more antennas, for example, two antennas, four antennas,
s1X antennas, eight antennas, or more antennas. In this
example, the macro base station includes four antennas.

The two small cells may operate as a single-user multiple-
input multiple-output (SU-MIMO) communication system 1n
which small base stations, for example, a first small base
station and a second small base station serve single small
terminals, for example, a first small terminal and a second
small terminal, respectively. A small base station may have
one or more antennas, for example, one antenna, two anten-
nas, four antennas, for more. In this example, each of the first
small base station and the second small base station may have
two antennas. Because a small cell 1s generally manufactured
with relatively smaller costs, a number of antennas installed
in a small base station may be less than a number of antennas
installed 1n a macro base station.

In this example, each of the terminals, for example, each of
macro terminals and small terminals, have two antennas.
Accordingly, each of the terminals may have a two-dimen-

sional (2D) signal space. For example, each terminal may
receive a single stream from a base station serving each
respective terminal using a single signal space, and may align
inter-cell interference and intra cell interference using
another signal space. By doing so, each of the terminals may
completely recerve a single stream.

A signal transmitted from each base station for each termi-
nal may be expressed by Equation 1.

xi:ﬁvz‘g i

In Equation 1, 1=1, 2, 3, 4, and 1 corresponds to a terminal
index. In this example, the first small terminal, the first macro
terminal, the second macro terminal, and the second small
terminal correspond to imndex 1, 2, 3, and 4, respectively. In
this example, s, corresponds to a transmission stream, and v,
corresponds to a transmit beamiforming vector and a unit
norm vector, for example, ||v/|,=1. Furthermore, in this
example, p, corresponds to a transmit power of a data stream.

A signal recerved by each terminal may be expressed as
tollows. Initially, a signal y, recerved by the first small termi-
nal may be expressed by Equation 2.

[Equation 1]

|Equation 2]

Y1

HisV ps vass +n

other-cell interference

(second small celf)

3
Hyyvppvis) + Z Hiav p; vis; +
i—2

other-cell interference

(macro cell)

A signal vy, received by the first macro terminal and a signal
y, recetved by the second macro terminal may be expressed
by Equation 3.
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MAacre
; =

|Equation 3]

3

H..

i\ PiVisith

other-cell interference  J=1.4+2

(macro cell) other-cell interference

(stnall cell)

where i, 1€{2,3}, 1=i
A signal y, received by the second small terminal may be
expressed by Equation 4.

|Equation 4]

Y4

Hy Vpvisy +ny

other-cell interference

( first small cell)

3
HyzV pg vasq + Z HippV p; visi +
i=2

—

other-cell interference

(rmacro)

In Equation 4, H,; corresponds to a channel matrix between
a i base station and an i” terminal, and n, corresponds to
additive white Gaussian noise (AWGN) added to the i ter-
minal. In this example, each of the terminals may obtain an
effective signal using a receive beamforming vector v of
cach of the terminals.

A process of determining transmit beamiorming vectors
and recerve beamiorming vectors of a macro cell and small
cells 1n a system model of FIG. 1 1s further described herein.

First, each small base station may receive information that
1s associated with interference channels from each small base
station to each macro terminal. For example, the first small
base station may receive combined information that 1s asso-
ciated with interference channels of macro terminals, instead
of receiving information H,,, H,,, H,4, and H;, associated
with all the interference channels from the small base stations
to the macro terminals. For example, the first small base
station may receive (H,, )™ "H, , from the first macro terminal,
and may receive (H,,)™ H,, from the second macro terminal.
As another example, the second small base station may
receive (H,,)""H,, and (H,,) 'H,,. For example, the feed-
back information may be transferred from the macro termi-
nals to the first small base station and the second base station
via the macro base station.

Second, the first small base station and the second small
base station may determine a transmit beamforming vector v,
of the first small base station and a transmit beamforming
vector v, of the second small base station such that interfer-
ence from the first small base station and interference from
the second small base station are aligned 1n each macro ter-
minal.

An example of a method of determining a transmit beam-
forming vector of small base stations 1s described using the

tollowing equations.

Hy v =pH;33vy [Equation 3]
Equation 5 may be arranged to Equation 6.
Hs1(a(Ha1 )™  Hosva) = BH3zvy [Equation 6]

I —— — — —

A X B x

= Ax = ABx
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According to a Rayleigh-Ritz method, a transmit beam-
forming vector v, of the second small base station may be
determined according to Equation 7.

Joi [Equation 7]

(Hs3) ' Hsy (Hy ) P Hyzvy = ~ V4

vy = eig((Hzz)  Ha (Hyy ) L Hps)

where e1g(A) denote a eigenvector of A

For example, Equation 7 may be used to calculate an e1gen-
vector of a 2x2 matrix. If the 2x2 matrix includes independent
columns, two e1genvectors may exist.

By substituting Equation 5 with v, a transmit beamiorm-
ing vector v, of the first small base station may be obtained as
shown 1n Equation 8.

sy =p(H,,) T H, sy, [Equation &]

where p is the constant to normalize |v, |

In an example 1n which a small base station receives infor-
mation H,,, H,5, Hs,, and H;, associated with all the inter-
ference channels from the small base stations to macro ter-
minals, an eigenvector with relatively great gain in an aspect
of a sum throughput may be determined as v,. However,
according to various aspects described herein, if the first
macro terminal and the second macro terminal feed back
(H,,)"'H,, and (H,,) 'H,,, any of two eigenvectors may be
selected as v,,.

Third, the terminals may determine receive beamiorming
vectors u,, U,, Uy, and u, of the terminals based on interfer-
ence that occurs due to transmit beamforming vector of the
small base stations. Because the transmit beamforming vec-
tors of the small base stations are already determined, each of
the terminals may determine a receive beamiorming vector
u,”” to cancel or otherwise reduce interference based on the
transmit beamforming vectors of the small base stations and
interference channel information.

For example, the first macro terminal may determine u, as
(H,,v,)" that is in an orthogonal direction with respect to
H,,v, in which interference from the first small base station
and imterference from the second small base station are
aligned. Similarly, the second macro terminal may also deter-
mine u, using the same method.

As another example, the first small terminal may determine
u, as (H, ,v..)" that is in an orthogonal direction with respect
to H,,v, that 1s a direction of interference from the second
small base station. Similarly, the second small terminal may
also determine u, using the same method.

Even though a method of determining the recerve beam-
forming vectors using a direction orthogonal to a direction of
interference 1s described, various aspects may be applicable
to a method of determining, as a receive beamiorming vector,
a mimimum mean square error (MMSE) filter based on noise.

Fourth, each of the terminals may calculate an effective
channel from a macro base station to each terminal, based on
a receive beamiorming vector of each terminal. In this
example, each of the terminals may feed back, to the macro
base station, information that 1s associated with the effective
channel.

In a conventional method, each terminal may feed back
H.,. In this example, 1 corresponds to a terminal index, 1=1, 2,
3, and 4, and H,, corresponds to a 2x4 matrix. However, as
described 1n various aspects herein, each terminal may feed
back, to the macro base station, w,”H., information associ-
ated with an effective channel from the macro base station
based on the receive beamiorming vector of each terminal. In
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this example, 1 corresponds to a terminal index, 1=1, 2, 3, and
4, and H_, corresponds to a 1x4 matrix. Accordingly, it 1s
possible to significantly decrease a feedback overhead.

Fifth, the macro base station may determine transmit
beamtorming vectors v, and v, of the macro base station. The
macro base station may determine the transmit beamiforming
vectors based on the receive beamiforming vectors of each
macro terminal. For example, the macro base station may
determine the transmit beamforming vectors of the macro
base station such that effective channels from the macro base
station to each small terminal may be nulled in each macro
terminal, and such that an effective channel from the macro
base station to another macro terminal may be nulled 1n each
macro terminal. In various aspects, the transmit beamiorming,
vector of the macro base station may be determined based on
an amount of noise 1mstead of being determined such that the
elfective channels may be nulled.

A method of determining the transmit beamforming vec-
tors of the macro base station 1s expressed by Equation 9.

H

v=null([u«,"H u,"H 42%.5&52]) [Equation 9]

where i, je{2,3}, j=i,
null(A) 1s the vector in null space of A with unit norm
Equation 9 may be arranged to Equation 10.

vi =null({sy Hio wy Hyp o Hp 1) = null(Hyz) [Equation 10]

Hf_ﬁ"

< V; = V3

where

Hpeg=U HEV(SVD decomposition)

A 0 0 0
=|uy ur» uz]|l O Xz O O0|[vi v2 vz Va]
0 0 & O

Accordingly, the macro base station may determine the
transmit beamforming vectors of the macro base station using,
the method described with reference to FIG. 1.

In another aspect, a method of determining transmit beam-
forming vectors and recetve beamforming vectors such that
cach terminal may receive each single stream 1s described. An
example of an amount of channel information to be fed back
with respect to a degree of freedom (DOF) 1s shown 1n Table

1.

TABLE 1
Number of feedback

DOF information
TDMA 8/3 (2 x 2): two
(Existing) (2 x 4): two
Hierarchical IA 1 4 (2 x 2): two
(Example) (1 x 4): four
Hierarchical IA 2 4 (2 x 2): four
(Example) (1 x 4): four
IA 4 (2 x 2): eight
(Existing) (2 x 4): four

In Table 1, IA indicates interference aligning. For example,
a hierarchical interference alignment method may be classi-
fied into hierarchical IA 1 and hierarchical 1A 2. In this
example, hierarchical IA 1 corresponds to a method that does
not feed back interference channel information from small
base stations to macro base stations. Hierarchical 1A 2 corre-
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sponds to a method that calculates an eigenvector of Equation
7 based on 1nterference channel information from the small
base stations to the macro base stations. Hierarchical 1A 1
may achieve a performance that 1s proximate to a case in
which full channel mnformation 1s fed back based on a rela-
tively small amount of feedback.

FIG. 2 illustrates an example of a hierarchical cell commu-
nication system that performs a method of determining a
transmit beamiforming vector and a receive beamiforming
vector.

Referring to FIG. 2, two pico cells are present within a
macro cell. For example, a macro base station may service an
outdoor terminal. As another example, a pico base station
within a pico cell may service an indoor terminal. By deter-
mining the transmit beamforming vectors of the macro base
station and each pico base station, and determining receive
beamiorming vectors ol each outdoor terminal and each
indoor terminal using the method described with reference to
FIG. 1, it 1s possible to cancel inter-cell interference and
intra-cell interference as shown 1n FIG. 2.

FIG. 3 illustrates an example of a hierarchical cell commu-
nication system in which at least two macro cells perform a
method of determining a transmit beamforming vector and a
receive beamforming vector.

As shown 1 FIG. 3, a method of determining a transmat
beamiorming vector and a receive beamiorming vector may
be applicable to a case in which at least two macro base
stations are present. In this example, a macro base station may
determine a transmit beamforming vector of the macro base
station such that an effective channel from the macro base
station to a neighboring outdoor terminal that 1s served by a
neighboring macro base station 1s nulled.

FIG. 4 1llustrates an example of a communication method
ol a macro base station.

Referring to FI1G. 4, 11 410, the macro base station recetves
information associated with channels formed between each
of a first small base station included 1n a first small cell and a
second small base station included 1n a second small cell, and
cach of at least one macro terminals that are served by the
macro base station.

In 420, the macro base station transiers, to the first small
base station and the second small base station, information
that 1s associated with the channels that are formed between
cach of the first small base station and the second small base
station and each of the at least one macro terminal, so that a
transmit beamiforming vector of the first small base station
and a transmit beamiorming vector of the second small base
station may be determined.

For example, 11 the transmit beamforming vector of the first
small base station and the transmit beamforming vector of the
second small base station are determined such that interfer-
ence from the first small base station and interference from
the second small base station are aligned 1n each of the at least
one macro terminal, in 430 the macro base station obtains
information associated with a first small effective channel
formed between a first small terminal corresponding to a first
small base station and a macro base station, and information
associated with a second small effective channel formed
between a second small terminal corresponding to a second
small base station and a macro base station.

For example, the macro base station may obtain the infor-
mation associated with the first small effective channel and
the information associated with the second small effective
channel, from the first small terminal and the second small
terminal, respectively. In this example, each of the terminals
may feed back, to the macro base station, information that 1s
associated with the effective channel.”
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In another aspect, the macro base station may obtain the
information from the small terminals via the small base sta-
tions, respectively. In this example, the small terminals trans-
mit the information to the corresponding small base stations.

As another example, the macro base station may obtain the
information from the small terminals via the macro terminals.
In this example, the small terminals transmit the information
to the macro terminals.

In this example, the first small effective channel may be
associated with a recerve beamforming vector of the first
small terminal and the second small effective channel may be
associated with a receive beamforming vector of the second
small base station. The receive beamforming vector of each of
the at least one macro terminal may be determined based on
the transmit beamforming vector of the first small base station
and the transmit beamforming vector of the second small base
station.

In 440, the macro base station determines a transmit beam-
forming vector of the macro base station based on 1nforma-
tion that 1s associated with the first small effective channel
and information that 1s associated with the second small
elfective channel. Inthis example, the macro base station may
determine the transmit beamiorming vector such that inter-
terence from the macro base station may be nulled 1n each of
the first small terminal and the second small terminal.

For example, if the at least one macro terminal includes a
first macro terminal and a second macro terminal, the macro
base station may determine the transmit beamforming vector
ol the macro base station based on the information associated
with the first macro etfective channel and information asso-
ciated with the second macro effective channel such that
interference from the macro base station that occurs due to a
signal for the second macro terminal may be nulled 1n the first
macro terminal and such that interference from the macro
base station occurring due to a signal for the first macro
terminal may be nulled in the second macro terminal.

Also, the macro base station may determine the transmit
beamforming vector of the macro base station based on the
information associated with the effective channel formed
between the macro base station and the neighboring macro
terminal such that interference from the macro base station to
the neighboring macro terminal may be nulled 1n the neigh-
boring macro terminal.

FIG. § 1llustrates an example of a communication method
ol a macro terminal.

Referring to FI1G. 5, in 510, the macro terminal feeds back
information associated with a first interference channel that 1s
formed between a {first small base station and the macro
terminal, and a second interference channel that 1s formed
between a second small base station and the macro terminal.
For example, the macro terminal may feed back information
in which information associated with the first interference
channel and information associated with the second 1nterfer-
ence channel are combined. In this example, the feedback
may be performed via the macro base station, or may be
performed directly with respect to the first small base station
and the second small base station.

If a transmit beamforming vector of the first small base
station and a transmit beamforming vector of the second
small base station are determined, the macro terminal may
receive information that 1s associated with the transmit beam-
forming vector of the first small base station and information
associated with the transmit beamiorming vector of the sec-
ond small base station.

For example, the macro base station may transmit, to the
macro terminal, the information that 1s associated with the
transmit beamforming vector of the first small base station
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and information associated with the transmit beamforming
vector of the second small base station. In this example, the
small base stations transmit information associated with their
transmit beamforming vector, respectively.

In another aspect, the first small base station may transmit,
to the macro terminal, the information that 1s associated with
the transmit beamforming vector of the first small base sta-
tion, and the second small base station may transmit, to the
macro terminal, the information that 1s associated with the
transmit beamiforming vector of the second small base sta-
tion.

In520, the macro terminal determines a receive beamiorm-
ing vector of the macro terminal based on information that 1s
associated with the transmit beamforming vector of the first
small base station and information that 1s associated with the
transmit beamforming vector of the second small base sta-
tion. For example, the macro terminal may determine the
receive beamforming vector of the macro terminal such that
interference from the first small base station may be cancelled
in the macro terminal based on the transmit beamforming
vector of the first small base station and the first interference
channel, and such that interference from the second small
base station may be cancelled 1n the macro terminal based on
the transmit beamforming vector of the second small base
station and the second interference channel. In this example,
the macro terminal may determine the receive beamiforming
vector of the macro terminal to be orthogonal with respect to
a direction of the interference from the first small base station
and a direction of the interference from the second small base
station.

In 530, the macro terminal calculates an effective channel
formed between the macro base station and the macro termi-
nal based on the receive beamforming vector of the macro
terminal.

In 540, the macro terminal feeds back, to the macro base
station, information that 1s associated with the ettective chan-
nel formed between the macro base station and the macro
terminal before the transmit beamiforming vector of the
macro base station 1s determined.

FIG. 6 illustrates an example of a macro base station.

Retferring to FIG. 6, the macro base station includes a
receiver 610, a transfer unit 620, a transmit beamiforming
vector determining unit 630, and a precoder 640.

The receiver 610 may obtain information that 1s associated
with a first small effective channel that 1s formed between a
first small terminal corresponding to a first small base station
and a macro base station, and information that 1s associated
with a second small effective channel that 1s formed between
a second small terminal corresponding to a second small base
station and a macro base station. In this example, the first
macro ellective channel may be associated with a receive
beamiorming vector of the first macro terminal and the sec-
ond macro etfective channel may be associated with a recerve
beamiforming vector of the second macro terminal. The
receiver 610 may receive information that 1s associated with
channels that are formed between each of the first small base
station and the second small base station, and each of the at
least one macro terminal.

The transfer unit 620 may transfer, to the first small base
station and the second small base station, information that 1s
associated with the channels that are formed between each of
the first small base station and the second small base station
and each of the at least one macro terminal. The {first small
base station and the second small base station may use the
information to determine the transmit beamiforming vector of
the first small base station and the transmit beamforming
vector of the second small base station, respectively.
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The transmit beamforming vector determining unmt 630
may determine a transmit beamforming vector of the macro
base station based on information that 1s associated with the
first small effective channel and information that 1s associated
with the second small effective channel.

The precoder 640 may perform precoding using the trans-
mit beamforming vector of the macro base station which 1s
determined by the transmit beamiorming vector determining
unit 630.

FI1G. 7 1llustrates an example of a macro terminal.

Referring to FIG. 7, the macro terminal includes a receiver
710, a channel estimator 720, a feedback unit 730, a receive
beamforming vector determining unit 740, and an effective
channel calculator 750.

The recerver 710 may receive a pilot from a first small base
station and a second small base station. In this example, the
receiver 710 may recerve a demodulation reference signal
(DM-RS) based on a transmit beamforming vector of each of
the first small base station and the second small base station.

The channel estimator 720 may estimate a channel from
each of the first small base station, the second small base
station, and a macro base station, to the macro terminal. That
1s, the channel estimator 720 may estimate a channel formed
between the first small base station and the macro terminal,
may estimate a channel formed between the second small
base station and the macro terminal, and may estimate a
channel formed between the macro base station and the
macro terminal. The channel estimator 720 may estimate an
effective channel from each of the first small base station, the
second small base station, and the macro base station, to the
macro terminal, based on the receive beamforming vector of
the macro terminal. The channel estimator 720 may estimate
the effective channel from each of the first small base station
and the second small base station based on the transmit beam-
forming vector of each of the first small base station and the
second small base station.

The feedback unit 730 may feed back, to the macro base
station, information that 1s associated with a first interference
channel that 1s formed between the first small base station and
the macro terminal, and a second interference channel formed
between the second small base station and the macro termi-
nal. In addition, the feedback unit 730 may feed back, to the
macro base station, information that 1s associated with the
elfective channel formed between the macro base station and
the macro terminal before the transmit beamforming vector
of the macro base station 1s determined.

When the transmit beamforming vector of the first small
base station and the transmit beamforming vector of the sec-
ond small base station are determined, the receive beamtform-
ing vector determining unit 740 may determine the receive
beamforming vector of the macro terminal.

The effective channel calculator 750 may calculate the
elfective channel that 1s formed between the macro base
station and the macro terminal based on the receive beam-
forming vector of the macro terminal.

A macro base station, a macro terminal, and a communi-
cation method of the macro base station and the macro ter-
minal are described herein. Descriptions made herein with
reference to FI1G. 1 through FIG. 3 are applicable to the macro
base station, the macro terminal, and the communication
methods of the macro base station and the macro terminal that
are described with reference to FIGS. 4 through 7. Thus,
turther descriptions are omitted here.

Hereinafter, a method of generating a beamforming vector
when interference from a small base station to a macro ter-
minal 1s weak 1n a hierarchical cell communication system 1s

described.
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FIG. 8 1llustrates an example of a hierarchical cell commu-
nication system in which interference from pico base stations
to a macro terminal 1s weak.

Reterring to FIG. 8, a first pico cell and a second pico cell
are present within a macro cell. A first pico base station
included 1n the first pico cell serves a first pico terminal. A
second pico base station included 1n the second pico serves a
second pico terminal. In the hierarchical cell communication
system of FIG. 8, interference from the first pico base station
and the second base station to the macro terminal may be
weak. A method of determining a beamforming vector in the
above hierarchical cell communication system 1s further
described with reference to FIG. 9.

FIG. 9 1llustrates an example of a signal transmission pro-
cess ol a hierarchical cell communication system 1n which
interference from pico base stations to a macro terminal 1s
weak.

Referring to FIG. 9, the macro terminal receives relatively
small interference from a first pico base station and a second
pico base station. The above assumption may be realized
when cooperative scheduling 1s performed such that the same
frequency resource as pico cells may be assigned to the macro
terminal that receives a relatively small amount of interfer-
ence from the pico cells.

Even though a pico cell 1s used as an example, various
aspects may be applicable to other small cells.

With the above assumption, the macro terminal may not
receive interference and thus, may operate like communica-
tion performed 1n a unit cell.

For example, a signal transmitted by each base station for
cach terminal may be expressed by Equation 11.

xf:\/EVIS i

In this example, 1=1, 2, 3, and 1, 2, 3 corresponds to a first
pico terminal, a macro terminal, and a second pico terminal,
respectively. A principle of symbols used for the description
of FIG. 9 1s similar to the symbols used for the description of
FIG. 1.

A signal y,7*“° recerved by the first pico terminal, a signal
v, received by the macro terminal, and a signal y.#*°°
received by the second pico terminal may be expressed by

Equation 12, Equation 13, and Equation 14, respectively.

[Equation 11]

Pico

pico

|Equation 12]

Y=
Hiyyvpivisi+ HpVprvasy + HpvVpsviss +nm
other-cell interference  other-cell interference
(Macro) (Pico)
MAcio uation 13
Yo = HpNp2vasz+m [Eq |
yﬂ;’"m _ [Equation 14]

HysV p3 vass + HppVvppvasy + H3yVpvisy +my

other-cell interference

(Macro)

other-cell interference

(Pico)

Each terminal may obtain an effective signal based on a
receive beamforming vector u,” of each terminal.

For example, a process of determining transmit beamiorm-
ing vectors and receive beamiorming vectors of a macro cell
and pico cells 1n the system model of FIG. 9 1s described.

First, a macro base station may schedule the pico cells and
a macro terminal that 1s not receiving interference from the
pico cells among macro terminals.

Second, the macro terminal may measure a channel from
the macro base station to the macro terminal, and may deter-
mine an optimal transmit beamforming vector v, and a
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receive beamforming vector u, in a unit cell aspect. In the
example of a unit cell terminal that 1s not recerving inter-cell
interference, the optimal transmit beamforming vector and
the receive beamiorming vector 1n a capacity aspect may be
determined according to Equation 15.

[22]

Vp = V| 2]

Uy = ulh |Equation 13]

where

Hy,, = UNZV(SVD decomposition)
Al

22
0 AT

122

221 17

22 22 22
=[ME] [""’E] V[]]
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Third, the macro terminal may feed back the transmit
beamforming vector v, of the macro base station to the macro
base station via an uplink channel. In this example, the macro
terminal may feed back the transmit beamforming vector v,
of the macro base station to the macro base station using a
preferred matrix index (PMI) such as a method of using a unit
cell codebook.

Fourth, the macro base station may transmit information
that 1s associated with the transmit beamforming vector v, of
the macro base station to a first pico terminal and a second
pico terminal. For example, the macro base station may trans-
mit a v, precoded DM-RS to the first pico terminal and the
second pico terminal, or may feed forward, to the first pico
base station and the second pico base station via an X2 inter-
face, information that 1s associated with v, and imformation
that 1s associated with an interference channel from the macro
base station to each of the first pico terminal and the second
pico terminal.

Fifth, each of the first pico terminal and the second pico
terminal may recognize a signal space 1 which effective
interference from the macro base station 1s received. The first
pico terminal may determine a transmit beamforming vector
v, of the second pico base station and a receive beamiorming
vector u, of the first pico terminal that are capable of cancel-
ling interference that 1s recerved at the first pico terminal, such
that interference may be aligned 1n the corresponding signal
space. Similarly, the second pico terminal may also determine
v, and u, using the same method.

For example, based on the transmit beamtforming vector v,
of the macro base station, an interference channel that is
formed from the macro base station, and an interference
channel that 1s formed from a neighboring pico base station,
the pico terminal may determine a transmit beamiforming,
vector v, of a neighboring pico base station and the receive
beamforming vector u, of the pico terminal as shown 1n Equa-
tion 16.

Hj-}l (Hpvo) |Equation 16]

HG (Hipvo)l

Vi

where i, je{l,3}, i+ J

w; = null((H;v)™)

In this example, a zero-forcing scheme 1s used as an
example to completely cancel interference. It should also be
appreciated that a recerve beamiorming vector may be deter-
mined based on 1nterference or noise.

Sixth, the first pico terminal may transmit the transmuit
beamforming vector of the second pico base station using an
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uplink resource of the first pico terminal. For example, the
second pico terminal may transmit the transmit beamforming,
vector of the first pico base station using an uplink resource of
the second pico terminal. As an example, the first pico termi-
nal and the second pico terminal may also directly transmit
the transmit beamiorming vector ol the neighboring pico base
station to the neighboring pico base station using an uplink
coordinated multi-point (CoMP) scheme.

The above method may satisiy an interference alignment
condition at the pico terminal while the macro cell uses the
optimal transmit beamforming vector and the receive beam-
forming vector. For example, 1f a mobility of the macro ter-
minal 1s great, or if the macro cell does not use the optimal
transmit beamforming vector and the receive beamiorming
vector, the transmit beamforming vector of the macro base
station may be arbitrarily determined. Other beamiorming
vectors of all the base stations and terminals may be deter-
mined by repeating fourth through sixth operations. In this
example, all the base stations and terminals may use the same

codebook.
An amount of channel information to be ted back with

respect to a DOF 1s shown in

TABLE 2
number of feedback

DOF information
TDMA(existing) 2 (2 x 2): three
TDMA + CoMP 2 (2 x 2): three
Hierarchical IA 3 (2 x 1): three
(Max-SINR/ZF)
[terative IS(existing) 3 (2 x 2): 81X

In various aspects, a hierarchical 1A technology may have
a relatively high DOF gain compared to a time division mul-
tiple access (IDMA) and a combined form of the TDMA and
a CoMP. In addition, compared to iterative IA using full
channel state information at the transmitter (CSIT), the hier-
archical 1A technology may achieve the same DOF with a
significantly small amount of channel information feedback.

As a non-exhaustive 1llustration only, the terminal device
described herein may refer to mobile devices such as a cellu-
lar 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 net-
work communication consistent with that disclosed herein.

A computing system or a computer may include a micro-
processor that 1s 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 1s pro-
cessed or will be processed by the microprocessor and N may
be 1 or an integer greater than 1. Where the computing system
or computer 1s a mobile apparatus, a battery may be addition-
ally provided to supply operation voltage of the computing
system or computer.

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.
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The processes, functions, methods and/or software
described herein may be recorded, stored, or fixed 1n 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 1n combination with the
program 1nstructions, 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 1n the computer
soltware arts. Examples of computer-readable media include

magnetic media such as hard disks, tloppy disks, and mag-
netic tape; optical media such as CD ROM disks and DV Ds;
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), ran-
dom 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 con-
figured to act as one or more soiftware modules that are
recorded, stored, or {ixed in one or more computer-readable
storage media, 1n order to perform the operations and meth-
ods described above, or vice versa. In addition, a computer-
readable storage medium may be distributed among com-
puter systems connected through a network and non-
transitory computer-readable codes or program instructions
may be stored and executed 1n a decentralized manner.

A number of examples have been described above. Never-
theless, 1t should be understood that various modifications
may be made. For example, suitable results may be achieved
if the described techniques are performed 1n a different order
and/or 1 components 1n a described system, architecture,
device, or circuit are combined 1n 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.

What 1s claimed 1s:
1. A communication method of a macro base station, the
communication method comprising:
obtaining information associated with a first small effec-
tive channel formed between a first small terminal cor-
responding to a first small base station and a macro base
station;
obtaining information associated with a second small
effective channel formed between a second small termi-
nal corresponding to a second small base station and the
macro base station; and
determining a transmit beamforming vector of the macro
base station based on information associated with the
first small effective channel and information associated
with the second small effective channel,
wherein a receive beamforming vector of each of the at
least one macro terminal 1s determined based on the
transmit beamforming vector of the first small base sta-
tion and the transmit beamforming vector of the second
small base station;
wherein determining the transmit beamforming vector of
the macro base station based on information associated
with the first small effective channel and information
associated with the second small effective channel, such
that interference from the macro base station 1s nulled in
each of the first small terminal and the second small
terminal.
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2. The communication method of claim 1, further compris-
ng:

recerving information associated with a first macro effec-
tive channel formed between a first macro terminal and
the macro base station, and information associated with
a second macro eilective channel formed between a
second macro terminal and the macro base station,

wherein the first macro effective channel 1s associated with
a recerve beamforming vector of the first macro terminal
and the second macro effective channel i1s associated
with a receive beamiorming vector of the second macro
terminal, and the determining comprises determining
the transmit beamforming vector of the macro base sta-
tion based on information associated with the first macro
clifective channel and information associated with the
second macro effective channel, such that interference
from the macro base station caused by a signal for the
second macro terminal 1s nulled 1n the first macro termai-
nal and such that interference from the macro base sta-
tion caused by a signal for the first macro terminal 1s
nulled in the second macro terminal.

3. The communication method of claim 1, further compris-

ng:

obtaining information associated with an effective channel
that 1s formed between a neighboring macro terminal
corresponding to a neighboring macro base station and
the macro base station,

wherein the effective channel 1s associated with a recerve
beamiorming vector of the neighboring macro terminal,
and the determining comprises determining the transmait
beamiorming vector of the macro base station based on
information associated with the eflective channel
formed between the macro base station and the neigh-
boring macro terminal, such that interference from the
macro base station to the neighboring macro terminal 1s
nulled 1n the neighboring macro terminal.

4. The communication method of claim 1, wherein the
receive beamforming vector of each of the at least one macro
terminal 1s determined based on the transmit beamiforming
vector of the first small base station and the transmit beam-
forming vector of the second small base station, such that
interference from the first small base station and the second
small base station 1s nulled 1n each of the at least one macro
terminal.

5. The communication method of claim 1, further compris-
ng:

receving information associated with channels formed
between each of the first small base station and the
second small base station and each of the at least one
macro terminal; and

transierring, to the first small base station and the second
small base station, information associated with the chan-
nels formed between each of the first small base station
and the second small base station and each of the at least
one macro terminal.

6. A macro base station, comprising;:

a receiver to obtain information associated with a first
small effective channel formed between a first small
terminal corresponding to a first small base station and a
macro base station, and to obtain information associated
with a second small effective channel formed between a
second small terminal corresponding to a second small
base station and the macro base station; and

a transmit beamforming vector determining unit to deter-
mine a transmit beamforming vector of the macro base
station based on information associated with the first
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small eftective channel and information associated with
the second small effective channel,

wherein a recerve beamiorming vector of each of the at

least one macro terminal 1s determined based on the
transmit beamforming vector of the first small base sta-
tion and the transmit beamforming vector of the second
small base station;

wherein the transmit beamiforming vector determining unit

1s configured to determine the transmit beamiforming
vector of the macro base station based on information
associated with the first small effective channel and
information associated with the second small effective
channel, such that interference from the macro base
station 1s nulled 1n each of the first small terminal and the
second small terminal.

7. The macro base station of claim 6, wherein:
if the at least one macro terminal comprises a first macro

terminal and a second macro terminal, the receiver 1s
configured to receive iformation associated with a first
macro effective channel formed between the first macro
terminal and the macro base station, and information
assoclated with a second macro effective channel
formed between the second macro terminal and the
macro base station, the first macro effective channel 1s
associated with a receive beamiorming vector of the first
macro terminal and the second macro effective channel
1s associated with a receive beamiorming vector of the
second macro terminal, and

the transmit beamforming vector determining unit 1s con-

figured to determine the transmit beamiorming vector of
the macro base station based on information associated
with the first macro ettective channel and information
assoclated with the second macro effective channel,
such that interference from the macro base station occur-
ring due to a signal for the second macro terminal 1s
nulled 1n the first macro terminal and such that interfer-
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ence from the macro base station occurring due to a
signal for the first macro terminal 1s nulled 1n the 10
second macro terminal.

8. The macro base station of claim 6, wherein:

the recerver 1s configured to obtain information associated
with an effective channel formed between a neighboring
macro terminal corresponding to a neighboring macro
base station and the macro base station, and the effective
channel 1s associated with a recerve beamforming vector
of the neighboring macro terminal, and the transmit
beamiorming vector determining umt i1s configured to
determine the transmit beamforming vector of the macro
base station based on information associated with the
effective channel formed between the macro base station
and the neighboring macro terminal, such that interfer-
ence from the macro base station to the neighboring
macro terminal 1s nulled 1n the neighboring macro ter-
minal.

9. The macro base station of claim 7, wherein the receive
beamiorming vector of each of the at least one macro terminal
1s determined based on the transmit beamforming vector of
the first small base station and the transmit beamforming
vector of the second small base station, such that interterence
from the first small base station and the second small base
station 1s nulled 1n each of the at least one macro terminal.

10. The macro base station of claim 6, wherein:

the recerver 1s configured to recerve information associated
with channels formed between each of the first small
base station and the second small base station and each
of the at least one macro terminal, and the macro base
station further comprises:

a transier unit to transter, to the first small base station and
the second small base station, information associated
with the channels formed between each of the first small
base station and the second small base station and each
of the at least one macro terminal.
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