US 20180034602A1

a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2018/0034602 A1

Park et al.

43) Pub. Date: Feb. 1, 2018

(54)

(71)
(72)

@
(22)

(86)

(1)

LINK ADAPTATION METHOD IN WIRELESS
COMMUNICATION SYSTEM EMPLOYING
INTER-CELL INTERFERENCE
RANDOMIZATION TECHNIQUE

Applicant: LG Electronics Inc., Seoul (KR)

Inventors: Kungmin Park, Seoul (KR); Heejeong
cho, Seoul (KR); Hyunsoo Ko, Seoul

(KR); Ilmu Byun, Seoul (KR)
Appl. No.: 15/553,029
PCT Filed: Feb. 23, 2015
PCT No.: PCT/KR2015/001686
§ 371 (e)(D),
(2) Date: Aug. 23, 2017

Publication Classification

Int. CL.
HO4L 5/00 (2006.01)
H04B 17/318 (2006.01)

2

F

HO4B 17/345 (2006.01)
HO4W 24/02 (2006.01)
(52) US.CL
CPC ... HO4L 5/0032 (2013.01); HO4W 24/02

(2013.01); HO4B 17/318 (2015.01); HO4B
17/345 (2015.01)

(57) ABSTRACT

A disclosure of the present specification provides a method
for performing link adaptation by a serving cell which
performs interference randomization for inter-cell interfer-
ence control. The method may comprise the steps of: acquir-
ing interference information on at least one coordination cell
to which interference coordination is to be applied among
neighbor cells; and performing link adaptation on the basis
of the interference information, wherein the interference
information includes information on a modulation level,
which indicates a modulation scheme for the coordination
cell.

20a

L

\ 10—

N

10

3



Patent Application Publication  Feb. 1,2018 Sheet 1 of 6 US 2018/0034602 A1

FIG. 1

20b




LT TN
¥ 195 UONeUIPI00?) dieuAq ( )
~ S

S— T

€ 195 UOIJBUIPI00?) JIWeUAQ O

- -

US 2018/0034602 A1

2 195 UOIJBUIPI00) dIweukq ¢

~ —

| 18S UOIeUIPJOOY) diweuAq P\

S~

Feb. 1,2018 Sheet 2 of 6

(fouanbauy/ swn)
UOISIAIp 824n0SaJ Jud)sIsiad-1was [emnw bulk|ddy

¢ Ol

Patent Application Publication



Feb.1,2018 Sheet 3 of 6 US 2018/0034602 A1

Patent Application Publication

v 3n Aq paaiaday

JoquiAg

Jusuodwo) sduaIapR|

Jusuodwo)) |oquifs

L-L]spo) buikjddy

—_—

loquiAs
AN A INEL
Jauodwo) souasapeiuld NI FANE €Y
- G9-y €9-1 €9
¢4, 097 049

Jusuodwo) joquis< B e LeY,0e

[L1]8p0o) buif|ddy

Aueq bunywsues|

Janueoqns
9- % 59- mg- Ak S €4
EN 1ANE 29 04
vm- yeY, se-1 e
e/ 07 0e

U

¢ Ol

g 1192 Aq payywisuei]

v (182 Aq paniwsues)



(002S)
uoljerdepe yul| Wopdd

(091S) paidde aq 0y S| uoNBUIPIODD BDUBIBHAIUI LYPIYM O] ||BD
10y [eubis yuiumop jo Jemod uciidadas [eubis uo uonewloyul BJinboy

US 2018/0034602 A1

(051S) paidde ag 03 SI UOIEUIPIO0D BDURIDHIIUI YDIYMm 0} ||92
10} [eubis yuijumop Jo Jamod uodadas eubis uo uoiewloul 1sanbay

(ov1S) peidde aqg 03 SI UOnEUIPIO0D
ADUBIBDIUI YIIYM 0} |93 O} [9AS] UOHBINpOW
pue peo| dijeJ} uo uonewlojul aJinboy

(0£1S) paidde aqg 03 I uoneulpJo0d
80UBJBBIUI YDIYM 0} |[8D IO} [9AS| UoNhe|npow
pue peo| diyjes} uo uonew.ojul isanbay

Feb. 11,2018 Sheet 4 of 6

(021S) uonewuoyur |83 Joqybiau ainboy

(0L 1S) uonewuoyur |22 Joqybisu isanbay

sji@) (uen)iogquybia
g3pON (@) e oN g3pON(a)
00l 00€ 00¢

¥ Dl

Patent Application Publication



Feb.1,2018 Sheet S of 6 US 2018/0034602 A1

Patent Application Publication

3N pue |32 UIIMIq O
S][eD UdBMIAQ UOISSIWSURS 77 7

leubis Bujwiopad

118D

091S

)

091S

ovLS

\<§/\/
/§>\/\j

S
S
-

NN NN
AN

g

N
7N

(

<

G,

15—
\\\‘

[192 (Wanyoqybiau Japuo 1s|

N

(

oﬁm 192 Buinies

3‘«: oy
o W\s\\\w\\\\\‘
KPR S

[182 (8nyoqybiau Japio pug

S Ol

OLS

EE%J




Patent Application Publication  Feb. 1,2018 Sheet 6 of 6 US 2018/0034602 A1

FIG. 6

100 200
| {
102 202
{ {
Memory Memory
101 103 ~ 203 201
{ { { {
Processor RF Unit RF Unit Processor




US 2018/0034602 Al

LINK ADAPTATION METHOD IN WIRELESS
COMMUNICATION SYSTEM EMPLOYING
INTER-CELL INTERFERENCE
RANDOMIZATION TECHNIQUE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the National Stage filing under
35 U.S.C. 371 of International Application No. PCT/
KR2015/001686, filed on Feb. 23, 2015, the contents of
which are all hereby incorporated by reference herein in
their entirety.

BACKGROUND OF THE INVENTION

Field of the invention

[0002] The present invention relates to mobile communi-
cation.

Related Art
[0003] Performance of a system may be significantly

changed depending on a location of a terminal in a cell in a
cellular network system. In particular, inter-cell interference
may significantly degrade the performance of the terminal
positioned on a cell boundary. Further, as frequency reuse
efficiency increases, a higher data rate may be obtained at a
cell center, but the inter-cell interference becomes worse.
Therefore, on the cell boundary, there is large interference
from an adjacent cell, and as a result, a signal to interference
plus noise ratio (SINR) may be more severely degraded.
[0004] In order to cope with the inter-cell interference, a
technique for avoiding the inter-cell interference, a tech-
nique for averaging an influence of the inter-cell interfer-
ence, a technique for removing the inter-cell interference,
and the like are researched.

[0005] Meanwhile, in recent years, an environment in
which a plurality of small-scaled cells or small cells is
constructed or an environment in which a plurality of small
cells and macro cells are mixed is considered and it is
expected that the inter-cell interference will become even
larger according to the consideration.

[0006] Moreover, it is expected that in a next communi-
cation system (for example, a fifth generation communica-
tion system), the small cells are arranged more densely. In
such an environment, in the existing method of removing or
avoiding the interference based on accurate information on
the interference will become useless. Therefore, although an
interference randomization technique that overcomes the
interference based on approximate information on the inter-
ference may be useful, the interference randomization tech-
nique may not accurately predict an interference control gain
by applying the technique, and as a result, there is a
disadvantage in that it is difficult to the interference control
gain to an actual gain.

SUMMARY OF THE INVENTION

[0007] Accordingly, the disclosure of the present specifi-
cation has been made in an effort to solve the problem.

[0008] In an aspect, a method for performing link adap-
tation is provided. The method may be performed by a
serving cell which performs interference randomization for
inter-cell interference control. The method may include:
determining at least one coordination cell to which interfer-
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ence coordination is to be applied among neighbor cells;
acquiring information on a modulation level representing a
modulation scheme of the determined coordination cell; and
performing link adaptation on the basis of the information
on the modulation level.

[0009] Further, the method may further include acquiring
information on a downlink traffic load for the coordination
cell and information on signal reception power of a down-
link signal for the coordination cell and the link adaptation
may be performed on the basis of the information on the
modulation level, the information on the traffic load, and the
information on the signal reception power.

[0010] In another aspect, a method for performing link
adaptation is provided. The method may be performed by a
serving cell which performs interference randomization for
inter-cell interference control. The method may include:
acquiring interference information for at least one coordi-
nation cell to which interference coordination is to be
applied among neighbor cells and performing link adapta-
tion based on the interference information and the interfer-
ence information may include information on a modulation
level representing a modulation scheme of the neighbor cell.
[0011] The neighbor cells may include a 1° neighbor cell
adjacent to the serving cell and a 2" neighbor cell adjacent
to the 1% neighbor cell, and the acquiring of the information
on the modulation level may include generating a cell list for
the coordination cell, and acquiring the information on the
modulation level on the basis of the cell list for the coordi-
nation cell.

[0012] Further, the generating of the cell list for the
coordination cell may include requesting the cell list for the
2"¢ neighbor cell to the 1 neighbor cell, acquiring the cell
list for the 2”¢ neighbor cell from the 1° neighbor cell, and
generating the cell list for the coordination cell based on the
cell list for the 2" neighbor cell.

[0013] In addition, the interference information may fur-
ther include information on a downlink traffic load for the
coordination cell and information on signal reception power
of a downlink signal for the coordination cell and the
acquiring of the interference information may include
requesting the information on the traffic load and the infor-
mation on the modulation level to the 1°* neighbor cell and
acquiring the requested information and requesting the
information on the signal reception power to terminals
activated by the serving cell and acquiring the requested
information.

[0014] The downlink signal may be a reference signal
transmitted by the neighbor cell.

[0015] In this case, the information on the signal reception
power may include a measurement result for the signal
reception power of the reference signal, and the requesting
and acquiring of the information on the signal reception
power may include transmitting information on at least one
of a location of a resource element corresponding to the
reference signal, a reference-signal sequence, and a trans-
mission period of the reference signal to the active terminal
and receiving a report regarding the measurement result of
the signal reception power of the reference signal from the
active terminal.

[0016] The active terminal may skip the report of the
measurement result of the reference signal of a specific cell
or report that an influence of interference is small to the
serving cell when it is determined that it is impossible to
measure the signal reception power for the reference signal
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of the specific cell among the coordination cells or the
influence of the interference by the specific cell is small.

[0017] The modulation level may have a value which
increases as a modulation order increases and the informa-
tion on the modulation level may include information related
with at least one of the average modulation level and the
minimum modulation level for each of one or more coor-
dination cells.

[0018] The information on the modulation level or inter-
ference may be a value applied/measured with respect to the
full downlink band of each coordination cell, a value
applied/measured with respect to each of a plurality of
subbands, or a value applied/measured with respect to only
a specific subband. Further, the information on the modu-
lation level and the information on the interference may be
values applied/measured with respect to different subbands.
For example, the information on the interference may be
measured in the specific subband and the information on the
modulation level may be information on the modulation
level applied to a full band.

[0019] The serving cell and each of one or more coordi-
nation cells configure the modulation level limited interval
in which the modulation level needs to be equal to or higher
than a reference modulation level and the reference modu-
lation level may be the average modulation level or the
minimum modulation level corresponding to the serving cell
and each of one or more coordination cells. Further, the
reference modulation level may be defined differently for
each cell or designated as a cell common value through
inter-cell agreement.

[0020] Further, the serving cell and each of one or more
coordination cells may define a protection space in which it
is difficult to maintain a high SINR and modulation level
limitation of other cells is thus required and notify the
protection space to the other cells.

[0021] When the serving cell defines the protection space
and notifies the defined protection space to other cells
(coordination cells), the other cells may configure the pro-
tection space as a modulation level limited zone that limits
the modulation level in downlink transmission thereof and
share the configured protection space with other cells or
when the serving cell defines the protection space and
notifies the defined protection space to another cell, the
serving cell may request another cell to configure the
modulated level limited zone including a part/the entirety of
the protection space.

[0022] Meanwhile, the interference information may be
periodically updated at a first period and at least one of the
modulation level limited interval and the protection space
may be periodically updated at a second period and the
second period may be larger than the first period.

[0023] In yet another aspect, a base station for performing
interference randomization for inter-cell interference control
and performing link adaptation by applying the interference
randomization is provided. The base station may include: an
RF unit acquiring interference information for at least one
coordination cell to which interference coordination is to be
applied among neighbor cells and a processor performing
link adaptation based on the interference information and the
interference information may include information on a
modulation level representing a modulation scheme of the
neighbor cell.
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[0024] Herein, the neighbor cells may include a 1% neigh-
bor cell directly adjacent to the base station and a high order
neighbor cell adjacent to an outer direction of the 1%
neighbor cell.

[0025] Further, the processor configures a modulation
level limited interval in which the modulation level needs to
be equal to or higher than a reference modulation level and
a protection space in which in which it is difficult to maintain
a high SINR and modulation level limitation of the neighbor
cells is thus required, and the reference modulation level
may be an average modulation level or a minimum modu-
lation level corresponding to the base station.

[0026] In addition, the processor may configure the modu-
lation level limited interval by considering the protection
space corresponding to the coordination cell.

[0027] Instill yet another aspect, a terminal fir performing
communication with a base station which performs interfer-
ence randomization for inter-cell interference control and
performs link adaptation by applying the interference ran-
domization is provided. The terminal includes: an RF unit
acquiring a cell list for at least one coordination cell to which
interference coordination is to be applied among neighbor
cells from the base station; and a processor measuring signal
reception power for a downlink signal transmitted by each of
cells included in the cell list and reporting a measurement
result for the signal reception power to the base station, and
the base station may perform link adaptation on the basis of
the measurement result.

[0028] According to the disclosure of the present specifi-
cation, the problem in the related art is solved. In more
detail, according to the disclosure of the present specifica-
tion, when the interference randomization technique is
applied in order to control inter-cell interference, link adap-
tation is performed based on interference information such
as a modulation level for an adjacent cell which becomes an
interference control target, and as a result, a received SINR
increases again and the interference randomization tech-
nique is optimized and efficient link adaptation is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 illustrates a wireless communication sys-
tem.

[0030] FIG. 2 illustrates an example of inter-cell interfer-
ence control.

[0031] FIG. 3 illustrates one example of an interference

randomization technique.

[0032] FIG. 4 is an exemplary diagram illustrating a
method for performing link adaptation according to a first
disclosure of the present specification.

[0033] FIG. 5 is an exemplary diagram illustrating a
method for acquiring interference information according to
the first disclosure of the present specification.

[0034] FIG. 6 is a block diagram illustrating a wireless
communication system in which the disclosure of the pres-
ent invention is implemented.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] Hereinafter, based on 3rd Generation Partnership
Project (3GPP) long term evolution (LTE) or 3GPP LTE-
advanced (LTE-A), the present invention will be applied.
This is just an example, and the present invention may be
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applied to various wireless communication systems. Here-
inafter, LTE includes LTE and/or LTE-A.

[0036] The technical terms used herein are used to merely
describe specific embodiments and should not be construed
as limiting the present invention. Further, the technical terms
used herein should be, unless defined otherwise, interpreted
as having meanings generally understood by those skilled in
the art but not too broadly or too narrowly. Further, the
technical terms used herein, which are determined not to
exactly represent the spirit of the invention, should be
replaced by or understood by such technical terms as being
able to be exactly understood by those skilled in the art.
Further, the general terms used herein should be interpreted
in the context as defined in the dictionary, but not in an
excessively narrowed manner.

[0037] The expression of the singular number in the
present invention includes the meaning of the plural number
unless the meaning of the singular number is definitely
different from that of the plural number in the context. In the
following description, the term ‘include’ or ‘have’ may
represent the existence of a feature, a number, a step, an
operation, a component, a part or the combination thereof
described in the present invention, and may not exclude the
existence or addition of another feature, another number,
another step, another operation, another component, another
part or the combination thereof.

[0038] The terms ‘first” and ‘second’ are used for the
purpose of explanation about various components, and the
components are not limited to the terms ‘first’ and ‘second’.
The terms ‘first” and ‘second’ are only used to distinguish
one component from another component. For example, a
first component may be named as a second component
without deviating from the scope of the present invention.

[0039] It will be understood that when an element or layer
is referred to as being “connected to” or “coupled to”
another element or layer, it can be directly connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly connected to” or “directly
coupled to” another element or layer, there are no interven-
ing elements or layers present.

[0040] Hereinafter, exemplary embodiments of the present
invention will be described in greater detail with reference
to the accompanying drawings. In describing the present
invention, for ease of understanding, the same reference
numerals are used to denote the same components through-
out the drawings, and repetitive description on the same
components will be omitted. Detailed description on well-
known arts which are determined to make the gist of the
invention unclear will be omitted. The accompanying draw-
ings are provided to merely make the spirit of the invention
readily understood, but not should be intended to be limiting
of the invention. It should be understood that the spirit of the
invention may be expanded to its modifications, replace-
ments or equivalents in addition to what is shown in the
drawings.

[0041] As used herein, ‘base station’ generally refers to a
fixed station that communicates with a wireless device and
may be denoted by other terms such as eNB (evolved-
NodeB), BTS (base transceiver system), or access point.

[0042] As used herein, ‘user equipment (UE)’ may be
stationary or mobile, and may be denoted by other terms
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such as device, wireless device, terminal, MS (mobile sta-
tion), UT (user terminal), SS (subscriber station), MT (mo-
bile terminal) and etc.

[0043] FIG. 1 illustrates a wireless communication sys-
tem.
[0044] As seen with reference to FIG. 1, the wireless

communication system includes at least one base station
(BS) 20. Each base station 20 provides a communication
service to specific geographical areas (generally, referred to
as cells) 20a, 205, and 20c. The cell can be further divided
into a plurality of areas (sectors).

[0045] The UE generally belongs to one cell and the cell
to which the UE belong is referred to as a serving cell. A base
station that provides the communication service to the
serving cell is referred to as a serving BS. Since the wireless
communication system is a cellular system, another cell that
neighbors to the serving cell is present. Another cell which
neighbors to the serving cell is referred to a neighbor cell. A
base station that provides the communication service to the
neighbor cell is referred to as a neighbor BS. The serving
cell and the neighbor cell are relatively decided based on the
UE.

[0046] Hereinafter, a downlink means communication
from the base station 20 to the UE 10 and an uplink means
communication from the UE 10 to the base station 20. In the
downlink, a transmitter may be a part of the base station 20
and a receiver may be a part of the UE 10.

[0047] In the uplink, the transmitter may be a part of the
UE 10 and the receiver may be a part of the base station 20.
[0048] <Interference Coordination Technique>

[0049] Meanwhile, a next-generation mobile communica-
tion system stably supports a high data rate and promotes
real-time multi-media supporting regardless of a location of
a user.

[0050] Therefore, it is anticipated that a method that
implements small base stations (small-scaled cells or small
cells) densely will be used in order to support the high data
rate and support the multi-media in real time with low
CAPAX and OPEX.

[0051] According to the existing small-scaled cell
research, respective terminals are enabled to simultaneously
receive signals having strong intensities from two or more
base stations by reduction in inter-cell distance and down-
link transmissions is controlled 1) so as to allow the terminal
to simultaneously receive information from two or more
base stations or 2) so as to prevent adjacent base stations
from interfering with each other through real-time collab-
orative communication between neighbor cells.

[0052] The cell-to-cell distance or cell density required by
the next generation mobile communication may greatly
exceed the density considered in the existing small-scaled
cell or small-cell research and the number of cells that may
interfere with communication of each cell is greatly
increased as compared with the existing network.

[0053] Forexample, in the existing small-cell research, the
inter-cell interference control is promoted through control
information sharing among a maximum of 7 cells and
real-time collaborative communication among a maximum
of 3 cells, but in the next-generation mobile communication
system, it is anticipated that the interference occurs in
mutual communication up to a 2" tier cell (control of 18
cells) or higher tier cells, and as a result, a countermeasure
for the interference is required.
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[0054] Herein, a tier cell (neighbor cell or adjacent cell)
may mean a cell adjacent to a specific base station or a
serving cell.

[0055] According to one disclosure of the present speci-
fication, the tier cell (neighbor cell or adjacent cell) may be
classified according to how the tier cell is adjacent to the
specific base station or service cell.

[0056] Referring first to FIG. 5, in step ST20, cells (di-
rectly) adjacent to the serving cell in an outer direction of the
serving cell may be 1% order tier cells or 1% order neighbor
cells.

[0057] Further, cells (directly) adjacent to the 1% tier cells
or 1* order tier cells may become 2" order tier cells or 2%
order neighbor cells.

[0058] Similarly, cells (directly) adjacent to the 2" tier
cells or 24 neighbor cells in the outer direction may become
3 tier cells or 3’7 neighbor cells.

[0059] Herein, 2"¢ or higher tier cells or neighbor cells
may be referred to as high order tier cells or high order
neighbor cells.

[0060] Accordingly, the high order tier cell or high order
neighbor cell may be indirectly adjacent to the specific base
station or serving cell (through the 1 tier cell or 1°* neighbor
cell).

[0061] Meanwhile, interference coordination technologies
are classified as below.

[0062] First, a technique for controlling the inter-cell
interference may be classified into 1) dynamic coordination
and semi-persistent coordination according to signaling
overhead and process complexity for supporting the signal-
ing overhead.

[0063] Further, the technique for controlling the inter-cell
interference may be divided into 1) frequency domain
interference division, 2) time domain interference division,
and 3) spatial domain interference division according to
which domain a radio resource used by each cell is differ-
entiated for communication without the interference.
[0064] The spatial domain interference division among the
three techniques may be implemented only through inter-
cell dynamic coordination and coordinated multi-point
(CoMP) of LTE Rel-11 corresponds to the technology.
[0065] The frequency domain interference division has an
advantage in that the frequency domain interference division
may be implemented by a simplest structure and smallest
signaling overhead and inter cell interference coordination
(ICIC) of LTE Rel-8 corresponds to the frequency domain
interference division.

[0066] The signaling overhead and design complexity
increase as compared with the technologies, but enhanced
inter cell interference coordination (eICIC) of LTE Rel-10to
11 and further enhanced inter cell interference coordination
(FelCIC) correspond to the time domain interference divi-
sion method which is advantageous in supporting multiple-
access and configuring a dense hierarchical network.
[0067] Meanwhile, when the inter-cell dynamic coordina-
tion is supported, a gist of a dense small base station
configuration, which intends to maintain CAPEX (inter-cell
high performance interference implementation) and COPEX
(an increase in energy consumption of the cell and the
increase in operation complexities of the terminal and the
base station) to be low may not be satisfied.

[0068] Accordingly, the dynamic coordination may be
performed among the neighbor cells and the inter-cell inter-
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ference control may be performed through semi-persistent
coordination among other cells.

[0069] FIG. 2 illustrates an example of inter-cell interfer-
ence control.
[0070] Referring to FIG. 2, as one example of an optimi-

zation method which may be implemented through appro-
priate combinations of the existing techniques, the dynamic
coordination may be performed among the neighbor cells
(among cells in one set among dynamic coordination sets 1
to 4) and the semi-persistent coordination may be performed
among other cells (among cells which belong to dynamic
coordination sets are different from each other).

[0071] When such a structure is applied, the radio
resources usable by each cell are restricted, and area
throughput and spectral efficiency will decrease as compared
with the case where the dynamic coordination among all
cells is supported.

[0072] <Interference Randomization Technique>

[0073] Meanwhile, the inter-cell interference is controlled
without the inter-cell dynamic coordination and the inter-
ference randomization (IR) technique may be applied in
order to prevent the radio resources used by each cell from
being restricted.

[0074] The interference randomization technique may
serve to transform the interference-cell interference into a
Gaussian job which is easy to overcome through cooperation
between a transmitter end and a receiver end without divid-
ing inter-cell resources and attenuate the intensity of the
interference to some extent.

[0075] That is, the interference randomization technique is
advantageous in terms of an area capacity because all cells
may use a maximum of radio resources.

[0076] Accordingly, it is possible to increase the area
throughput by a method that replaces the existing persistent
cell coordination with the IR or partially mixes the existing
persistent cell coordination.

[0077] FIG. 3 illustrates one example of an interference
randomization technique.

[0078] Referring to FIG. 3, in the interference randomiza-
tion technique according to one disclosure of the present
specification, each of Cell A and Cell B may transmit one
symbol each twice.

[0079] However, Cell A transmits symbols a0 to a2 with
the same symbol (+) both twice and transmits symbols a3 to
a5 with different symbols (+and -) and Cell B also transmits
symbols b0 to b2 with the same symbol (+) both twice and
transmits symbols b3 to b5 with different symbols (+and -)
and respective transmission orders may be the same as those
illustrated in FIG. 3.

[0080] In this case, Terminal A restores the symbols by
applying maximum ratio combining (MRC) as illustrated in
FIG. 3 in receiving the symbols, and as a result, reception
power of other symbols other than a target symbol is
randomized to improve reception performance.

[0081] <Disclosures of Present Specification>

[0082] Meanwhile, in order to connect the increase in area
capacity acquired by replacing the existing inter-cell semi-
persistent coordination with the interference randomization
(IR) to an actual performance gain, efficient link adaptation
depending on variation of a signal to interference plus noise
ratio (SINR) may be performed.

[0083] However, since it may be difficult that each cell
anticipates the SINR variation by the variation of the inter-
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cell interference at the time of applying the interference
randomization (IR), the efficient link adaptation may be
difficult.

[0084] Accordingly, it is necessary to develop and apply a
technique that allows a variation width of the inter-cell
interference by the interference randomization (IR) to be
constant or to be within an anticipation range.

[0085] The disclosures of the present specification gener-
ally present two methods given below in order to stabilize a
received SINR upward and support the link adaptation
technique considering the variation of the received SINR.
[0086] A first method is a method in which each cell
calculates an average interference randomization (IR) gain
or the SINR gain and performs link adaptation based on the
calculated average interference randomization gain or SINR
gain. To this end, each cell shares information on a modu-
lation level that influences the interference randomization
gain.

[0087] A second method is a method in which each cell
defines (alternatively, sets) a modulation level limited sub-
space in which the modulation level is limited and shares
information the modulation level limited subspace (the
modulation level is limited) with other cells in order to
stabilize the SINR.

[0088] Each cell may perform the link adaptation by
referring to the information on the modulation level limited
subspace corresponding to other cells.

[0089] In other words, the modulation level limited sub-
space may mean a modulation level limited interval in which
the modulation level set by each cell needs to be equal to or
higher than a reference modulation level.

[0090] Herein, the reference modulation level may be an
average modulation level or a minimum modulation level
corresponding to each cell.

[0091] The modulation level may represent a modulation
scheme.
[0092] Accordingly, the modulation level may be a modu-

lation order (see 3GPP TS 36.211 Release 10) or a corre-
sponding parameter and may be a value which increases as
the modulation order increases.

[0093] For reference, the value of the modulation order
may be 2 with respect to QPSK transmission, 4 with respect
to 16 QAM transmission, and 6 with respect to 64 QAM
transmission.

[0094] Further, the modulation level may be a modulation
and coding scheme (see 3GPP TS 36.213 Release 10) level
or an MCS index or a parameter corresponding thereto and
may be a value which increases as the value of the MCS
level or MCS index increases.

[0095] Hereinafter, the disclosures of the present specifi-
cation will be described with reference to drawings.
[0096] In detail, a first disclosure among the disclosures of
the present specification proposes the method that performs
the link adaptation based on the SINR gain and a second
disclosure among the disclosures of the present specification
proposes a method for configuring the modulation level
limited interval in which the modulation level is limited for
additional SINR stabilization.

[0097] 1. First Disclosure of Present Specification

[0098] Final SINR variation depending on application of
the interference randomization (IR) may occur by four
following elements.

[0099] 1. Signal strength variation of desired signal
[0100] 2. Interfere changing of interference source
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[0101] 3. Interference strength variation of each interfer-
ence signal

[0102]
ference

[0103] Among the terms, in Term 1, each cell is enabled
to arbitrarily coordinate or timely monitor the signal strength
variation and in Terms 2 and 3, it is difficult to control the
interferer changing, and consequently, controlling an effect
by Term 4 is a method that may increase accuracy of the link
adaptation depending on the SINR variation.

[0104] In acommercial communication system, a primary
element for determining a signal form for each time/radio
resource/cell is the modulation level and further, each cell
determines the modulation level according to the received
SINR anticipated in downlink transmission. That is, the
modulation level of the downlink transmission is determined
by the inter-cell interference and also influences a size of the
inter-cell interference and the first disclosure of the present
specification proposes a method that estimates the SINR
gain based on modulation level information of the neighbor
cell (coordination cell) and performs the link adaptation.

[0105] In detail, even though each base station does not
determine a downlink transmission status of the neighbor
cell, which time-varies, when each base station may know
an average transmission aspect, each base station is enabled
to acquire approximate information regarding actual inter-
ference which influences the downlink transmission thereof
at the time of applying adjacent cell interference and inter-
ference randomization (IR) based on the average transmis-
sion aspect.

[0106] In order to acquire the approximate information of
the actual interference, each base station or cell may require
information on following parameters for the neighbor cells.
[0107] 1. Downlink transmission frequency (related with a
downlink traffic load situation)

[0108] 2. Average reception power of the signal when the
signal is to be received as the interference by the downlink
transmission

[0109] 3. Average modulation level when the signal acts as
the interference

[0110] Herein, the parameters as information for acquiring
the appropriate information regarding the actual interference
may be referred to as interference information.

[0111] After all of the parameters are shared, the gain for
the interference randomization may be calculated and the
SINR variation width may be calculated only by the infor-
mation on the average modulation level which is some of the
parameters according to a characteristics of the interference
randomization technique applied to each cell. Each cell
needs to perform operations given below in order to acquire
each of the information on the parameter.

[0112] 1. An operation of notifying information or a situ-
ation for a downlink traffic load of each cell

[0113] 2. An operation of requesting measuring and
reporting of signal reception power for the coordination cell
to active UEs of each cell

[0114] Upon the request, the base station may request
measurement for a full downlink band or request measure-
ment for a specific band such as the modulation scheme
limited band clearly described in the second disclosure of
the present invention, or the like, or request reporting
measurement of each of multiple subbands.

4. Interference signal-form variation of each inter-
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[0115] 3. An operation of transferring the average modu-
lation level or minimum modulation level of the downlink
transmission of each cell to the coordination cells

[0116] The information on the modulation level may be
information on the full downlink band, information on each
of the multiple subbands, or information on a specific
subband.

[0117] The operations may be performed with different
periods or the operations of Terms 1 and 2 among the
operations may not be performed and in this case, each cell
estimates the SINR variation width based on the modulation
level secured by Term 3.

[0118] The method for performing the link adaptation
according to the first disclosure of the present specification
as the method for performing the link adaptation by the
serving cell that performs the interference randomization for
the inter-cell interference control may include determining
at least one coordination cell which becomes an interference
coordination target among the neighbor cells, acquiring the
information on the modulation level representing the deter-
mined modulation scheme of the coordination cell, and
performing the link adaptation based on the information on
the modulation level.

[0119] Further, the method may further include acquiring
information on a downlink traffic load for the coordination
cell and information on signal reception power of the
downlink signal for the coordination cell and the link
adaptation may be performed based on the information on
the modulation level, the information on the traffic load, and
the information on the signal reception power.

[0120] In addition, the downlink signal may be a reference
signal transmitted by the neighbor cell and the information
on the signal reception power may include a measurement
result for the signal reception power of the reference signal.

[0121] In this case, the acquiring of the information on the
signal reception power may include transmitting informa-
tion on at least one of a location of a resource element
corresponding to the reference signal, a reference-signal
sequence, and a transmission period of the reference signal
to a UE in which the coordination cell is designated as the
serving cell and activated and receiving a report regarding
the measurement result of the signal reception power of the
reference signal from the active UE.

[0122] That is, the method for performing the link adap-
tation according to the first disclosure of the present speci-
fication as the link adaptation performing method by the
serving cell that performs the interference randomization for
the inter-cell interference control may include acquiring, by
an interference coordination target among the neighbor
cells, the interference information for at least one coordina-
tion cell or coordination target cell in order for the serving
cell to estimate the SINR gain by the interference random-
ization and performing the link adaptation based on the
interference information.

[0123] According to the first disclosure, the interference
information may include information on the modulation
level representing the modulation scheme of the coordina-
tion cell.

[0124] Herein, the neighbor cell may include a 1% neigh-
bor cell (alternatively, a 1% tier cell) adjacent to the serving
cell and a 2" neighbor cell (alternatively, a 2" tier cell)
adjacent to the 1* neighbor cell.
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[0125] In detail, the 1* neighbor cell may mean a cell
directly adjacent to the serving cell in the outer direction of
the serving cell (see FIG. 5).

[0126] Further, the 2"¢ neighbor cell as a cell directly
adjacent to the 1* neighbor cell in the outer direction may
mean a cell indirectly adjacent to the serving cell through the
1* neighbor cell (see FIG. 5).

[0127] In addition, the neighbor cell may be a broad
concept including a high order neighbor cell (indirectly)
adjacent to the serving cell in the outer direction. Herein, the
high order neighbor cell may mean a 2" or higher neighbor
cell.

[0128] Meanwhile, the acquiring of the interference infor-
mation may include generating a cell list for the coordina-
tion cell and acquiring the interference information based on
the cell list for the coordination cell.

[0129] The coordination cell as a cell that shares related
information with the serving cell for the interference control
or interference randomization and the serving cell performs
the link adaptation based on the interference information for
the coordination cell.

[0130] In detail, the serving cell may request neighbor cell
information to the 1°* neighbor cell in order to generate
(alternatively, learn or acquire) a cell list for the coordination
cells.

[0131] The neighbor cell information may be information
on or the cell list for the neighbor cells adjacent to the
serving cell. In this case, the neighbor cell information may
be the cell list of the 1* neighbor cells and the high order
neighbor cells.

[0132] Further, the neighbor cell information may be the
information on or the cell list of the 1* neighbor cells and the
2"¢ peighbor cells when an adjacent boundary which
becomes the interference control target is the 2 neighbor
cell or the 2" tier cell.

[0133] However, on the assumption that the serving cell
already knows the information on or the cell list of the 1%
neighbor cell, the neighbor cell information which means
adjacent cells of the 1° neighbor cell may mean only the cell
list of the 2" neighbor cells or the information on or the list
of the high order neighbor cells.

[0134] The coordination cell may mean the neighbor cell
itself or all of the neighbor cells in the aforementioned cases
and mean only cells which have a significant interference
degree is severe or which become a particular concern
target.

[0135] In a latter case, the coordination cell may be
determined or selected by considering the interference infor-
mation related with at least one of a distance from the
neighbor cell, the signal strength (e.g., signal reception
power) of the downlink signal, the transmission frequency
of the downlink signal, the downlink traffic load, the infor-
mation (e.g., the information on the average modulation
level or the minimum modulation level of the corresponding
cell) on the modulation level, the interference degree, and
the interference frequency.

[0136] According to the first disclosure of the present
specification, the generating of the cell list of the coordina-
tion cells may include requesting the cell list of the 274
neighbor cells to the 1°* neighbor cell, acquiring the cell list
of the 2"¢ neighbor cells to the 1% neighbor cell, and
generating the cell list of the coordination cells based on the
cell list of the 2”4 neighbor cells.
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[0137] In detail, the serving cell may generate the cell list
of the coordination cells based on the information on or the
cell list of the 1* neighbor cells which is already known and
the acquired cell list of the 2" neighbor cells.

[0138] For example, the cell list of the coordination cells
may be the cell lists of the 1° neighbor cells and the 2”4
neighbor cells or the list of the cells which have the
significant interference degree and become the interference
control target among the 1% neighbor cells and the 274
neighbor cells.

[0139] According to the first disclosure of the present
specification, the cell list of the coordination cells may be
updated periodically or as necessary.

[0140] Accordingly, when the coordination cell list is
updated, the interference information may also be updated
together.

[0141] According to the first disclosure of the present
specification, the interference information may include at
least one of the information on the downlink traffic load for
the coordination cell and the information on the signal
reception power of the downlink signal for the coordination
cell.

[0142] Accordingly, the acquiring of the interference
information may include requesting the information on the
traffic load and the information on the modulation level to
the 1% neighbor cell and acquiring the requested information
and requesting the information on the signal reception power
to the UEs activated by the serving cell and acquiring the
requested information.

[0143] In detail, the downlink signal may be the reference
signal transmitted by the neighbor cell.

[0144] In this case, the information on the signal reception
power may include the measurement result for the signal
reception power of the reference signal.

[0145] Accordingly, the acquiring of the information on
the signal reception power may include transmitting infor-
mation on at least one of the location of the resource element
corresponding to the reference signal, the reference-signal
sequence, and the transmission period of the reference signal
to the active UE and receiving the report regarding the
measurement result of the signal reception power of the
reference signal from the active UE.

[0146] The active UE may generate the measurement
result by measuring the signal reception power of the
reference signal based on the location of the resource
element corresponding to the transmitted reference signal,
the reference-signal sequence, or the transmission period of
the reference signal.

[0147] Further, the active UE may skip the report of the
measurement result of the reference signal of the specific
cell or report that the influence of the interference is small
to the serving cell when it is determined that it is impossible
to measure the signal reception power for the reference
signal of a specific cell among the coordination cells or the
influence of the interference by the specific cell is small.
[0148] The method for performing the link adaptation
according to the first disclosure of the present specification
is summarized in FIG. 4.

[0149] FIG. 4 is an exemplary diagram illustrating a
method for performing link adaptation according to a first
disclosure of the present specification.

[0150] Referring to FIG. 4, the method for performing link
adaptation according to the first disclosure of the present
specification may be performed in the following order.
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[0151] First, a specific base station ((e)NodeB) 200 or
serving cell may request neighbor cell information to a 1%
order neighbor cell or 1% order tier cell (S110).

[0152] As one example, the neighbor cell information may
be information on or a cell list for a 2*¢ order neighbor cell
or 2"¢ order tier cell adjacent to the 1 order neighbor cell in
an outer direction.

[0153] Next, the base station 200 may obtain the neighbor
cell information from the 1* neighbor cell ($120).

[0154] Next, the base station 200 may request to the 1%
neighbor cell information on a traffic load and a modulation
level for an interference coordination target cell, a coordi-
nation target cell, or a coordination cell based on the
neighbor cell information (S130).

[0155] Next, the base station 200 may obtain the infor-
mation on the traffic load and the modulation level from the
1** neighbor cell (S140).

[0156] Next, the base station 200 may request information
on signal reception power of a downlink signal for the
interference coordination target cell to an active UE thereof
(8150).

[0157] Next, the base station 200 may obtain the infor-
mation on the signal reception power of the downlink signal
from the active UE thereof (S160).

[0158] Next, the base station 200 may perform the link
adaptation based on the traffic load, the modulation level,
and the information on the signal reception power of the
downlink signal (5200).

[0159] FIG. 5 is an exemplary diagram illustrating a
method for acquiring interference information according to
the first disclosure of the present specification.

[0160] Referring to FIG. 5, the serving cell 200 or base
station may request neighbor cell information or a neighbor
cell list to 1% order neighbor cell (ST10).

[0161] Herein, the neighbor cell information or neighbor
cell list may include the cell list for the 2”¢ order neighbor
cell adjacent to the 1% neighbor cell in the outer direction.
[0162] As necessary, the neighbor cell list may further
include a cell list for 3" or higher neighbor cells.

[0163] Next, the 1% neighbor cell may transmit the neigh-
bor cell list to the serving cell 200 (ST20).

[0164] Next, the serving cell 200 may request to the 1%
neighbor cell the information on the modulation level and
the downlink traffic load for the coordination cell which
becomes an interference coordination or control target based
on the neighbor cell list and acquire the requested informa-
tion (ST30).

[0165] Next, the serving cell 200 may request the infor-
mation on the signal reception power or signal reception
strength of the downlink signal for the coordination cell to
active UEs thereof (ST40).

[0166] Herein the coordination cell may include both of
the 1° neighbor cells and the 2*“ neighbor cells (alterna-
tively, high order neighbor cells) adjacent to the serving cell
200 or include only cells in which the traffic load is
determined to be large.

[0167] That is, the serving cell 200 may request the active
UEs to determine the signal reception power or signal
reception strength for all neighbor cells adjacent to the
serving cell 200 or in particular, request the active UEs to
determine the signal reception power or signal reception
strength for only the cells in which the traffic load is
determined to be large.
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[0168] In such a method, the neighbor cell list may be
generated, the neighbor cell list may be updated with a
specific period, and the interference information including
the information the modulation level, the downlink traffic
load, and the signal reception power of the downlink signal
may also be updated together (ST50).

[0169] When the cell list for the neighbor cell or coordi-
nation cell is reset, steps ST10 to ST50 may be performed
again (ST60).

[0170] Meanwhile, according to the first disclosure of the
present specification, the serving cell 200 or base station
may estimate the average modulation levels of the coordi-
nation target cell and the serving cell 200 or base station and
serving cell 200 and the coordination target cells may share
the average modulation levels thereof (estimating and shar-
ing the average value of the modulation level).

[0171] In estimating the average modulation level, there
may be two schemes including 1) a scheme considering the
modulation level in transmitting all downlink data and 2) a
scheme considering only a large packet modulation level of
a large packet which acts as actual interference.

[0172] In the case of 2) (when only the large packet
modulation level is considered), information on a weight
occupied by large packet transmission among the informa-
tion is shared with the coordination cell in addition to the
information on the downlink traffic, and as a result, another
cell may secure more precise interference information.

[0173] As another example, each cell may notify not the
modulation level but the minimum modulation level to other
cells.

[0174] Further, in detecting and reporting the reception
signal power for a high order neighbor cell or high order tier
cell, since there is a high possibility that the signal of the
high order tier cell will be received by the UE with low
reception power, there is a possibility that the UE will not be
able to detect the signal by the existing neighbor cell
detection method.

[0175] Accordingly, the following schemes may be pro-
vided with respect to the following high order tier cell.

[0176] That is, 1) the base station may perform an opera-
tion of transferring the transmission period of the measure-
ment reference signal so that the UE detects the measure-
ment reference signal of the corresponding cell by receiving
the measurement reference signal of the corresponding cell
multiple times and thereafter, combining the measurement
reference signals in addition to transferring a cell ID of the
corresponding cell or the location of the resource and the
reference sequence information used for transmitting the
measurement reference signal according to the existing
method when requesting the UE to detect the reception
power of the high order tier cell and 2) the UE may skip the
report of the measurement result or report that excessively
low reception power is meaningless due to the interference
when determining that the reception power of the measure-
ment reference signal is excessively low, and as a result, it
is impossible to measure the reception power or a possibility
that the excessively low reception power will act as the
interference is low to the base station or serving cell 200.
[0177] When described in detail, the downlink signal may
be the reference signal transmitted by the neighbor cell and
the information on the signal reception power may include
the measurement result for the signal reception power of the
reference signal.
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[0178] Accordingly, the acquiring of the information on
the signal reception power may include transmitting infor-
mation on at least one of the location of the resource element
corresponding to the reference signal, the reference-signal
sequence, and the transmission period of the reference signal
to the active UE and receiving the report regarding the
measurement result of the signal reception power of the
reference signal from the active UE.

[0179] In this case, the active UE may skip the report of
the measurement result of the reference signal of the specific
cell or report that the influence of the interference is small
to the serving cell when it is determined that it is impossible
to measure the signal reception power for the reference
signal of a specific cell among the coordination cells or the
influence of the interference by the specific cell is small.
[0180] Meanwhile, when the serving cell or base station
requests the UE to detect the high order cell (detect the
neighbor cell), the serving cell or base station may 1)
transfer the request to a specific UE in a format of control
information, or 2) notifies the request to all active UEs in a
broadcasting format, or 3) request the UE to perform peri-
odic reporting.

[0181] In this case, information on a measurement period
may be transferred in a system information format.

[0182] Further, information on a measurement target is
enabled to be transferred simultaneously with the measure-
ment request or transferred in another time slot.

[0183] For example, the base station may transfer the
information on the measurement target to the active UE
through a dedicated channel in advance and integrally
request measurement for the coordination target cell to be
performed and reported through broadcasting as necessary.
[0184] II. Second Disclosure of Present Specification
[0185] Meanwhile, even in a situation in which an average
modulation level of each cell is known, when a modulation
level of a neighbor cell varies severely, for example, when
all cells apply a low modulation level at a time, each cell
may undergo a difficulty in link adaptation due to larger
interference than expected.

[0186] Accordingly the second disclosure of the present
specification proposes a method for configuring a modula-
tion level limited interval in which the modulation level is
limited for additional SINR stabilization.

[0187] Each cell needs to select and operate the modula-
tion level limited interval in which the modulation level is
limited at the time of using a specific space (space, time/
frequency radio resource).

[0188] The modulation level limited interval is periodi-
cally repeated and a period and a frequency of the modu-
lation level limited interval may be selected differently for
each cell.

[0189] The modulation level in the modulation level lim-
ited interval may be limited to the average modulation level
reported by each cell or higher or limited to a minimum
modulation level collaborated among coordination cells or
higher.

[0190] The modulation level limited interval may be inde-
pendently selected by each cell, but information on the
modulation level limited interval may be shared by the
coordination cells.

[0191] In this case, 1) each cell may request the coordi-
nation cells to change the period/frequency of the interval
and 2) each cell defines a protection space thereof and
notifies the defined protection space to the coordination cells
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to request the coordination cells to preferentially consider
the protection space thereof when defining the interval.
[0192] The protection space is a space in which it is
difficult to maintain a high SINR without a stable interfer-
ence randomization (IR) gain and each cell may allocate
multiple protection spaces.

[0193] Further the protection space may be a subband, a
time slot, or information on the subband and the time slot.
[0194] The method for performing the link adaptation
according to the second disclosure of the present specifica-
tion as the method for performing the link adaptation by the
serving cell that performs the interference randomization for
the inter-cell interference control may include determining
at least one coordination cell which becomes an interference
coordination target among the neighbor cells, acquiring the
information on the modulation level representing the deter-
mined modulation scheme of the coordination cell, and
performing the link adaptation based on the information on
the modulation level.

[0195] The method for performing the link adaptation
according to the second disclosure of the present specifica-
tion as the method for performing the link adaptation by the
serving cell that performs the interference randomization for
the inter-cell interference control may include acquiring
interference information for at least one coordination cell
which becomes an interference coordination target among
the neighbor cells and performing the link adaptation based
on the interference information.

[0196] The interference information may include informa-
tion on the modulation level.

[0197] Herein, the modulation level has a value which
increases as a modulation order increases and the informa-
tion on the modulation level may include information related
with at least one of the average modulation level and the
minimum modulation level for each of one or more coor-
dination cells.

[0198] The information on the modulation level or inter-
ference may be a value applied/measured with respect to the
full downlink band of each coordination cell, a value
applied/measured with respect to each of a plurality of
subbands, or a value applied/measured with respect to only
a specific subband. Further, the information on the modu-
lation level and the information on the interference may be
values applied/measured with respect to different subbands.
For example, the information on the interference may be
measured in the specific subband and the information on the
modulation level may be information on the modulation
level applied to a full band.

[0199] In this case, the serving cell and each of one or
more coordination cells configure the modulation level
limited interval in which the modulation level needs to be
equal to or higher than a reference modulation level and the
reference modulation level may be the average modulation
level or the minimum modulation level corresponding to the
serving cell and each of one or more coordination cells.
Further, the reference modulation level may be defined
differently for each cell or designated as a cell common
value through inter-cell agreement.

[0200] Herein, the modulation level limited interval may
be notified to other cells.

[0201] Therefore, the serving cell may know the modula-
tion level limited intervals for the neighbor cells and per-
form the link adaptation by referring to the modulation level
limited intervals for the neighbor cells.
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[0202] Further, the serving cell and each of one or more
coordination cells may define the protection space in which
it is difficult to maintain the high SINR and modulation level
limitation of other cells is thus required and notify the
protection space to the other cells.

[0203] Therefore, the serving cell may know the protec-
tion spaces for the neighbor cells and perform the link
adaptation by referring to the protection spaces for the
neighbor cells.

[0204] Further, each of the cells may request other cells to
preferably consider the protection space thereof at the time
of configuring the modulation level limited interval.
[0205] Accordingly, the serving cell may configure the
modulation level limited interval thereof by considering the
protection spaces of other cells at the time of configuring the
modulation level limited interval thereof.

[0206] Further, the neighbor cell or coordination cells may
configure the modulation level limited intervals thereof by
considering the protection space of the serving cell at the
time of configuring the modulation level limited intervals
thereof.

[0207] When the serving cell defines the protection space
and notifies the defined protection space to other cells
(coordination cells), the other cells may configure the pro-
tection space as the modulation level limited interval that
limits the modulation level in downlink transmission thereof
and share the configured protection space with other cells or
when the serving cell defines the protection space and
notifies the defined protection space to another cell, the
serving cell may request another cell to configure the
modulated level limited interval including a part/the entirety
of the protection space.

[0208] According to the second disclosure of the present
specification, the interference information (e.g., the infor-
mation on the modulation level) is periodically updated at a
first period and at least one of the modulation level limited
interval and the protection space is periodically updated at a
second period and the second period may be larger than the
first period.

[0209] Further, according to the second disclosure of the
present specification, the modulation level limited interval
may be periodically repeated and the period or an occur-
rence frequency of the modulation level limited interval may
be configured or selected differently for each cell.

[0210] Further, each of the cells may request other cells to
change the period or occurrence frequency of the modula-
tion level limited interval.

[0211] The embodiments of the present invention which
has been described up to now may be implemented through
various means. For example, the embodiments of the present
invention may be implemented by hardware, firmware,
software, or combinations thereof. In detail, the embodi-
ments will be descried with reference to the drawings.
[0212] FIG. 6 is a block diagram illustrating a wireless
communication system in which the disclosure of the pres-
ent specification is implemented.

[0213] A base station 200 includes a processor 201, a
memory 202, and a radio frequency (RF) unit 203. The
memory 202 is connected with the processor 201 to store
various pieces of information for driving the processor 201.
The RF unit 203 is connected with the processor 201 to
transmit and/or receive a radio signal. The processor 201
implements a function, a process, and/or a method which are
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proposed. In the aforementioned embodiment, the operation
of the base station may be implemented by the processor
201.

[0214] A user equipment (UE) 100 includes a processor
101, a memory 102, and an RF unit 103. The memory 102
is connected with the processor 101 to store various pieces
of information for driving the processor 101. The RF unit
103 is connected with the processor 101 to transmit and/or
receive a radio signal. The processor 101 implements a
function, a process, and/or a method which are proposed.
[0215] The processor may include an application-specific
integrated circuit (ASIC), another chipset, a logic circuit
and/or a data processing apparatus. The memory may
include a read-only memory (ROM), a random access
memory (RAM), a flash memory, a memory card, a storage
medium, and/or other storage devices. The RF unit may
include a baseband circuit for processing the radio signal.
When the embodiment is implemented by software, the
aforementioned technique may be implemented by a module
(a process, a function, and the like) that performs the
aforementioned function. The module may be stored in the
memory and executed by the processor. The memory may be
positioned inside or outside the processor and connected
with the processor by various well-known means.

[0216] The base station according the disclosures of the
present specification as a base station that performs inter-
ference randomization for inter-cell interference control and
performs link adaptation depending on application of the
interference randomization may include an RF unit that
acquires information on a modulation level for at least one
coordination cell which becomes an interference coordina-
tion target and a processor that determines the at least one
coordination cell which becomes the interference coordina-
tion target among neighbor cells and performs the link
adaptation based on the information on the modulation level.
[0217] That is, the base station according to the disclo-
sures of the present specification as a base station for
performing interference randomization for inter-cell inter-
ference control and performing link adaptation by applying
the interference randomization includes an RF unit acquiring
interference information for at least one coordination cell to
which interference coordination is to be applied among
neighbor cells and a processor performing link adaptation
based on the interference information and the interference
information may include information on a modulation level
representing a modulation scheme of the neighbor cell.
[0218] As described above, the neighbor cells may include
the 1% neighbor cell directly adjacent to the base station and
the high order neighbor cell adjacent to an outer direction of
the 1°* neighbor cell.

[0219] The processor configures a modulation level lim-
ited interval in which the modulation level needs to be equal
to or higher than a reference modulation level and a pro-
tection space in which in which it is difficult to maintain a
high SINR and modulation level limitation of the neighbor
cells is thus required, and the reference modulation level
may be an average modulation level or a minimum modu-
lation level corresponding to the base station.

[0220] Further, the processor may configure the modula-
tion level limited interval by considering the protection
space corresponding to the coordination cell.

[0221] In addition, the terminal according to the disclo-
sures of the present specification as a terminal performing
communication with a base station for performing interfer-

Feb. 1,2018

ence randomization for inter-cell interference control and
performing link adaptation by applying the interference
randomization includes: an RF unit acquiring a cell list for
at least one coordination cell to which interference coordi-
nation is to be applied among neighbor cells from the base
station; and a processor measuring signal reception power
for a downlink signal transmitted by each of cells included
in the cell list and reporting a measurement result for the
signal reception power to the base station, and the base
station may perform link adaptation on the basis of the
measurement result.

[0222] In the aforementioned exemplary system, methods
have been described based on flowcharts as a series of steps
or blocks, but the methods are not limited to the order of the
steps of the present invention and any step may occur in a
step or an order different from or simultaneously as the
aforementioned step or order. Further, it can be appreciated
by those skilled in the art that steps shown in the flowcharts
are not exclusive and other steps may be included or one or
more steps do not influence the scope of the present inven-
tion and may be deleted.

[0223] As described above, according to the disclosure of
the present specification, the problem in the related art is
solved. In more detail, according to the disclosure of the
present specification, when the interference randomization
technique is applied in order to control inter-cell interfer-
ence, link adaptation is performed based on interference
information such as a modulation level for an adjacent cell
which becomes an interference control target, and as a result,
a received SINR increases again and the interference ran-
domization technique is optimized and efficient link adap-
tation is performed.

[0224] Further, in the method for performing link adapta-
tion according to the disclosure of the present specification,
when an inter-cell interference randomization technique is
used for the inter-cell interference control, a received SINR
increases and inter-cell semi-persistent signaling is rein-
forced and a related process is defined so as to enable stable
and more efficient link adaptation by considering character-
istics of the interference randomization technique.

What is claimed is:

1. A method for performing link adaptation, the method
performed by a serving cell which performs interference
randomization for inter-cell interference control and com-
prising:

determining at least one coordination cell to which inter-

ference coordination is to be applied among neighbor
cells;

acquiring information on a modulation level representing

a modulation scheme of the determined coordination
cell; and

performing link adaptation on the basis of the information

on the modulation level.

2. The method of claim 1, wherein the neighbor cells
include a 1% neighbor cell adjacent to the serving cell and a
2"¢ neighbor cell adjacent to the 1 neighbor cell, and

the acquiring of the information on the modulation level

includes

generating a cell list for the coordination cell, and

acquiring the information on the modulation level on the

basis of the cell list for the coordination cell.

3. The method of claim 2, wherein the generating of the
cell list for the coordination cell includes:
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requesting the cell list for the 2" neighbor cell to the 1*

neighbor cell,

acquiring the cell list for the 2" neighbor cell from the 1%

neighbor cell, and

generating the cell list for the coordination cell based on

the cell list for the 2" neighbor cell.
4. The method of claim 2, further comprising:
acquiring information on a downlink traffic load for the
coordination cell and information on signal reception
power of a downlink signal for the coordination cell,

wherein the link adaptation is performed on the basis of
the information on the modulation level, the informa-
tion on the traffic load, and the information on the
signal reception power.

5. The method of claim 4, wherein the downlink signal is
a reference signal transmitted by the neighbor cell,

the information on the signal reception power includes a

measurement result for the signal reception power of
the reference signal, and

the acquiring of the information on the signal reception

power includes

transmitting information on at least one of a location of a

resource element corresponding to the reference signal,
a reference-signal sequence, and a transmission period
of the reference signal to a terminal activated by the
serving cell, and

receiving a report of the measurement result for the signal

reception power of the reference signal from the active
terminal.

6. The method of claim 5, wherein the active terminal
skips the report of the measurement result of the reference
signal of a specific cell or report that an influence of
interference is small to the serving cell when it is determined
that it is impossible to measure the signal reception power
for the reference signal of the specific cell among the
coordination cells or the influence of the interference by the
specific cell is small.

7. The method of claim 2, wherein the modulation level
has a value which increases as a modulation order increases,
and

the information on the modulation level includes infor-

mation related with at least one of an average modu-
lation level and a minimum modulation level for each
of one or more coordination cells.

8. The method of claim 7, wherein the serving cell and
each of one or more coordination cells configure a modu-
lation level limited interval in which the modulation level
needs to be equal to or higher than a reference modulation
level, and

the reference modulation level is the average modulation

level or the minimum modulation level corresponding
to the serving cell and each of one or more coordination
cells.

9. The method of claim 8, wherein the serving cell and
each of one or more coordination cells define a protection
space in which it is difficult to maintain a high SINR and
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modulation level limitation of other cells is thus required
and notify the protection space to the other cells.

10. The method of claim 9, wherein the information on the
modulation level is periodically updated at a first period and
at least one of the modulation level limited interval and the
protection space is periodically updated at a second period
and the second period is larger than the first period.

11. A base station for performing interference random-
ization for inter-cell interference control and performing link
adaptation by applying the interference randomization, the
base station comprising:

an RF unit configured to acquire information on a modu-

lation level for at least one coordination cell to which
interference coordination is to be applied; and

a processor configured to determine the at least one

coordination cell to which the interference coordination
is to be applied among neighbor cells and perform link
adaptation on the basis of the information on the
modulation level.

12. The method of claim 11, wherein the neighbor cells
include a 1% neighbor cell directly adjacent to the base
station and a high order neighbor cell adjacent to an outer
direction of the 1%* neighbor cell.

13. The base station of claim 11, wherein the processor
configures a modulation level limited interval in which the
modulation level needs to be equal to or higher than a
reference modulation level and a protection space in which
in which it is difficult to maintain a high SINR and modu-
lation level limitation of the neighbor cells is thus required,
and

Wherein the reference modulation level is an average

modulation level or a minimum modulation level cor-
responding to the base station.

14. The base station of claim 12, wherein the processor
configures the modulation level limited interval by consid-
ering the protection space corresponding to the coordination
cell.

15. A terminal for performing communication with a base
station which performs interference randomization for inter-
cell interference control and performs link adaptation by
applying the interference randomization, the terminal com-
prising:

an RF unit configured to acquire a cell list for at least one

coordination cell to which interference coordination is
to be applied among neighbor cells from the base
station; and
a processor configured to measure signal reception power
for a downlink signal transmitted by each of cells
included in the cell list and reporting a measurement
result for the signal reception power to the base station,

wherein the base station performs link adaptation on the
basis of the measurement result.

16. The terminal of claim 15, wherein the neighbor cells
include a 1% neighbor cell directly adjacent to the base
station and a high order neighbor cell adjacent to an outer
direction of the 1%* neighbor cell.
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