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FIG.1 

MCS INDEX MODULATION ORDER TBS INDEX 

I MCS OM ]TBS 

0 2 0 
1 2 1 
2 2 2 
3 2 3 
4 2 4 
5 2 5 
6 2 6 
7 2 7 
8 2 8 
9 2 9 
10 4 9 
11 4 10 
12 4 11 
13 4 12 
14 4 13 
15 4 14 
16 4 15 
17 6 15 
18 6 16 
19 6 17 
20 6 18 
21 6 19 
22 6 20 
23 6 21 
24 6 22 
25 6 23 
26 6 24 
27 6 25 
28 6 26 
29 2 
30 4 RESERVED 
31 6 



U.S. Patent Jun.26,2018 

♦ 

♦ 

♦ 

♦ 

◄• * C) 

~ ffi 
----.J 

~ 
OJ 

© 

~ 
0:: 
< 
Cf) 

a 
Lu 
0:: 
:S 
C) 
Lu 
0:: 

lO C) lO 

Sheet 2 of 25 

♦ 

♦ 

SNR 

♦ 

♦ 

♦ 

lO 
I 

♦ 

US 10,009,161 B2 

lO 

CY) 

CJ) 

ts 
a 
:S 
6 
0 

I'-..._ 

CY) 

C) -
I 



C
Q

I 
IN

D
E

X
 

M
O

D
U

L
A

T
IO

N
 

0 1 
Q

P
S

K
 

2 
Q

P
S

K
 

3 
Q

P
S

K
 

4 
Q

P
S

K
 

5 
Q

P
S

K
 

6 
Q

P
S

K
 

7 
1

6
Q

A
M

 

8 
1

6
Q

A
M

 

9 
1

6
Q

A
M

 

1
0

 
6

4
Q

A
M

 

11
 

6
4

Q
A

M
 

12
 

6
4

Q
A

M
 

13
 

6
4

Q
A

M
 

1
4

 
6

4
Q

A
M

 

15
 

6
4

Q
A

M
 

F
IG

.3
 

C
O

D
E

 R
A

TE
 X

 1
0

2
4

 

O
U

T
 O

F 
R

A
N

G
E

 

7
8

 

1
2

0
 

19
3 

30
8 

4
4

9
 

6
0

2
 

37
8 

4
9

0
 

6
1

6
 

4
6

6
 

56
7 

6
6

6
 

7
7

2
 

87
3 

9
4

8
 

E
FF

IC
IE

N
C

Y
 

0.
15

23
 

0.
23

44
 

0.
37

70
 

0.
60

16
 

0.
87

70
 

1
.1

7
5

8
 

1
.4

7
6

6
 

1
.9

1
4

1
 

2.
40

63
 

2.
73

05
 

3.
32

23
 

3.
90

23
 

4
.5

2
3

4
 

5.
11

52
 

5.
55

47
 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

2' ? N
 

'"a
--­ N
 

0 .... Q
O

 

rJ
J =­ ('D ('

D
 .....
 
~
 

0 .... N
 

U
l d r.,;
_ "'""
' '"=
 =
 

=
 

'""
-0

 

"'""
' 

0-
-,

 

"'""
' =
 

N
 



U.S. Patent Jun.26,2018 Sheet 4 of 25 US 10,009,161 B2 

FIG.4 

CQI INDEX IMCS ITBs 
CODE RATE* 

EFFICIENCY 
1024 

2 0 0 120 0.2344 

1 1 157 0.3057 

3 2 2 193 0.3770 
- 3 3 251 0.4893 

4 4 4 308 0.6016 
- 5 5 379 0.7393 

5 6 6 449 0.8770 
- 7 7 526 1.0264 

6 8 8 602 1.1758 

9 
9 

679 
1.3262 -

10 340 

7 11 10 378 1.4766 
- 12 11 434 1.6954 
8 13 12 490 1.9141 
- 14 13 553 2.1602 

9 15 14 616 2.4063 

16 
-

17 
15 

658 
438 

2.5684 

10 18 16 466 2.7305 
- 19 17 517 3.0264 

11 20 18 567 3.3223 

21 19 616 3.6123 

12 22 20 666 3.9023 

- 23 21 719 4.2129 

13 24 22 772 4.5234 
- 25 23 822 4.8193 

14 26 24 873 5.1152 
- 27 25 910 5.3350 

15 28 26 948 5.5547 
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FIG.JO 

CQI INDEX TARGET SNR 

10 7.2095 

11 10.2152 

12 13.2210 

13 16.2267 

14 19.2324 

15 22.2382 
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FIG.17 

R=CODE RATE*1024 MODULATION TARGET SNR 

R22 256QAM 16.6748 

R24 256QAM 18.5293 

R26 256QAM 20.3837 

948 256QAM 22.2382 
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FIG.19 

R=CODE RATE*1024 MODULATION TARGET SNR 

R22 256QAM 16.7053 

R24 256QAM 18.5901 

R25 256QAM 20.4750 

952 256QAM 22.3599 



F
IG

.2
0

 

C
Q

I 
IN

D
E

X
 

R
 

M
O

D
U

L
A

T
IO

N
 

TA
R

G
E

T 
R

eq
. 

S
N

R
 

12
 

71
1 

2
5

6
Q

A
M

 
16

.7
05

3 

13
 

80
0 

2
5

6
Q

A
M

 
18

.5
90

1 

1
4

 
88

6 
2

5
6

Q
A

M
 

20
.4

75
0 

15
 

95
2 

2
5

6
Q

A
M

 
22

.3
59

9 

E
st

. 
R

eq
. 

S
N

 R
 

16
.7

04
2 

18
.5

99
9 

20
.4

82
7 

22
.3

59
9 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

2' ? N
 

'"C
l's 

N
 

0 .... Q
O

 

rJ
J =­ ('D ('

D
 .....
 

N
 

0 0 .... N
 

U
l d r.,;
_ "'""
' 

-..=
 =
 

=
 

'""
-0

 

"'""
' 

0-
-,

 

"'""
' =
 

N
 



F
IG

.2
1

 

C
Q

I 
IN

D
E

X
 

R
 

M
O

D
U

L
A

T
IO

N
 

TA
R

G
E

T 
R

eq
. 

S
N

R
 

12
 

7
1

1
 

2
5

6
Q

A
M

 
16

.7
05

3 

13
 

7
9

7
 

2
5

6
Q

A
M

 
18

.5
29

3 

1
4

 
88

2 
2

5
6

Q
A

M
 

20
.3

83
7 

15
 

9
4

8
 

2
5

6
Q

A
M

 
22

.2
38

2 

E
st

. 
R

eq
. 

S
N

R
 

1
6

.7
0

4
2

 

1
8

.5
3

6
0

 

20
.3

77
9 

22
.2

38
2 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

2' ? N
 

'"C
l's 

N
 

0 .... Q
O

 

rJ
J =­ ('D ('

D
 .....
 

N
 .... 0 .... N
 

U
l d r.,;
_ "'""
' '"=
 =
 

=
 

'""
-0

 

"'""
' 

0-
-,

 

"'""
' =
 

N
 



U.S. Patent Jun.26,2018 Sheet 22 of 25 US 10,009,161 B2 

FIG.22 

START 

RECEIVE REFERENCE SIGNAL S2200 

SELECT CQI IN DEX S2210 

TRANSMIT CHANNEL STATE INFORMATION S2220 
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FIG.24 
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METHOD FOR TRANSMITTING AND 
RECEIVING THE CHANNEL STATE 

INFORMATION AND APPARATUS THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

2 
CQI information included in the channel state information 
signal, which is mapped with QPSK, 16QAM, and 64QAM, 
to the base station. However, due to sharp increase in data 
traffic and data speed a new modulation method has been 

5 demanded. Furthermore, it has been also demanded for a 
method for indicating such a new modulation method in the 
CQI information having a limited size. 

The present application is continuation application of U.S. 
patent application Ser. No. 14/664,853 (filed on Mar. 21, 
2015), which claims priority under 35 U.S.C. § 119 to 10 

Korean Patent Application Nos. 10-2014-0033579 (filed on 
Mar. 21, 2014), 10-2014-0034955 (filed on Mar. 25, 2014), 
10-2014-0037394 (filed on Mar. 31, 2014), and 10-2014-
0175190 (filed on Dec. 8, 2014). 

SUMMARY OF THE INVENTION 

In order to address the demands mentioned above, the 
present disclosure provides an apparatus and a method for 
newly configuring a CQI index table in the case of adopting 
256QAM as a newly defined modulation method. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present disclosure relates to an apparatus and a 

method for transmitting and receiving channel state infor­
mation of a terminal that supports 256-state quadrature 
amplitude modulation (256QAM), and more particularly, to 
an apparatus and a method for transmitting and receiving 
channel state information that includes channel quality indi­
cators (CQI) in order to support 256QAM in addition to 
three typical modulation methods, i.e., quadrature phase 
shift keying (QPSK), 16-state quadrature amplitude modu­
lation (16QAM), and 64-state quadrature amplitude modu­
lation (64QAM). 

2. Description of the Prior Art 

15 In addition, the present disclosure provides an apparatus 
and a method for transmitting a channel state information 
signal including a newly defined CQI index table. 

In accordance with an aspect of the present disclosure, a 
method may be provided for transmitting channel state 

20 information by a User Equipment (UE). The method may 
include: receiving a reference signal for measuring channel 
quality from a base station; measuring the channel quality 
based on the reference signal, and selecting a CQI index 
value from a predetermined CQI index table including CQI 

25 index values for 256QAM modulation, based on the mea­
surement result of the channel quality; and transmitting 
channel state information including the selected CQI index 
value to the base station. 

In accordance with another aspect of the present disclo-
30 sure, a method may be provided for receiving channel state 

information by a base station. The method may include: 
creating a reference signal for measuring channel quality; 
transmitting the reference signal to a User Equipment; and 

Information may be transmitted through a signal using 
signal properties such as intensities, frequencies, and phases 
thereof. Modulation is a process of transforming such signal 
properties into proper waveforms according to channel 
characteristics of a transmission medium. A digital signal 35 

may be used to transmit digital information by mapping the 
digital information to one of bit stream and a digitalized 
analog signal (sampled or analog-to-digital converted sig­
nal). Digital modulation is a process of transforming such 
digital signals (i.e., digital symbol sequences) to a proper 40 

signal according to the channel characteristics of a trans­
mission medium. One of the typical modulation methods 
having high bandwidth efficiency is an M-ary QAM method 
that is expressed as 2M QAM, for example, QPSK (or 
4QAM), 16QAM, or 64QAM. 

receiving channel state information including a CQI index 
selected from a predetermined CQI index table including 
CQI index values for 256QAM modulation, based on a 
measurement result of the channel quality, from the User 
Equipment. 

In accordance with another aspect of the present disclo­
sure, a User Equipment may be provided for transmitting 
channel state information. The user equipment may include: 
a receiver, a controller, and a transmitter. The receiver may 
be configured to receive a reference signal for measuring 
channel quality from a base station. The controller may be 

45 configured to measure the channel quality based on the 
reference signal and to select a CQI index value from a 
predetermined CQI index table including CQI index values 
for 256QAM modulation, based on the measurement result 
of the channel quality. The transmitter may be configured to 

The modulation methods ofQPSK, 16QAM, and 64QAM 
are used for downlink data transmission in wireless com­
munication systems such as Long Term Evolution (LTE) or 
LTE-Advanced. A base station transmits data to a terminal 
using such modulation methods, and the terminal receives 
data by demodulating transmitted signals. 

Recently, an amount of data transmitted and received 
between terminals and associated base stations has been 
increased abruptly due to sharp increase in the number of 
user terminals and in the data usage. This requires a modu­
lation method that can rapidly process a large amount of data 
traffic. 

Meanwhile, a base station selects one of the modulation 
methods by considering a downlink channel state, and 
informs an associated terminal of the same using downlink 
control information (DCI). The terminal identifies the 
received downlink control information, and performs 
demodulation of data corresponding to the modulation 
method to thereby receive the data. 

To this end, the terminal measures the downlink channel 
state, and transmits information on the measured channel 
state to the base station. At this time, the terminal transmits 

50 transmit channel state information including the selected 
CQI index value to the base station. 

In accordance with another aspect of the present disclo­
sure, a base station may be provided for transmitting channel 
state information. The base station may include: a controller, 

55 a transmitter, and a receiver. The controller may be config­
ured to create a reference signal for measuring channel 
quality. The transmitter may be configured to transmit the 
reference signal to a User Equipment. The receiver may be 
configured to receive channel state information including a 

60 CQI index selected from a predetermined CQI index table 
including CQI index values for 256QAM modulation, based 
on a measurement result of the channel quality, from the 
User Equipment. 

In accordance with at least one embodiment of the present 
65 disclosure, an apparatus and a method for newly configuring 

a CQI index table in the case of adopting 256QAM may be 
provided as a newly defined modulation method. 
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FIG. 23 is a flowchart illustrating an operation of a base 
station according to another embodiment of the present 
disclosure; 

In addition, an apparatus and a method may be provided 
for transmitting a channel state information signal including 
a newly defined CQI index table In accordance with at least 
one embodiment of the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 24 is a diagram illustrating a configuration of a UE 
5 according to another embodiment of the present disclosure; 

and 

The above and other objects, features and advantages of 
the present disclosure will be more apparent from the 
following detailed description taken in conjunction with the 10 

accompanying drawings, in which: 
FIG. 1 is a table showing the relationship among modu­

FIG. 25 is a diagram illustrating a configuration of a base 
station according to another embodiment of the present 
disclosure. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

lation orders, MCS indexes, and TBS indexes; 
FIG. 2 is a diagram illustrating CQI block 

(BLER) performance; 
error rate 

15 
Hereinafter, various embodiments of the present disclo-

sure will be described in detail with reference to the accom-FIG. 3 illustrates a typical CQI index table; 
FIG. 4 is a mapping table of a typical CQI index table, 

MCS indexes, and TBS indexes; 
FIG. 5 is a diagram illustrating BLER performance of 

64QAM and 256QAM at a transmission efficiency of 5.333, 20 

5.460 and 5.587 in a channel model of EPA 3 km/h; 
FIG. 6 is a diagram illustrating a required signal to noise 

ratio (SNR) at a BLER of 10% depending on the transmis­
sion efficiency of 64QAM and 256QAM; 

FIG. 7 is a table showing an example of the transmission 25 

efficiency of 64QAM and required SNR values in FIG. 6; 
FIG. 8 is a table showing an example of the transmission 

efficiency of 256QAM and required SNR values in FIG. 6; 
FIG. 9 is a signal flow diagram illustrating operations of 

a UE and a base station according to an embodiment of the 30 

present disclosure; 
FIG. 10 is a table showing target SNRs of CQI index 

values according to the first embodiment of the present 
disclosure; 

FIG. 11 illustrates an example of a CQI index table 35 

according to the first embodiment of the present disclosure; 
FIG. 12 illustrates another example of a CQI index table 

according to the first embodiment of the present disclosure; 
FIG. 13 illustrates an example ofMCS indexes reused for 

new CQI indexes of 64QAM according to the second 40 

embodiment of the present disclosure; 
FIG. 14 illustrates an example of a CQI index table 

according to the second embodiment of the present disclo-
sure; 

FIG. 15 illustrates another example of a CQI index table 45 

according to the second embodiment of the present disclo-
sure; 

parrying drawings. In the following description, the same 
elements will be designated by the same reference numerals 
although they are shown in different drawings. Further, in 
the following description of the present disclosure, a 
detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the 
subject matter of the present disclosure rather unclear. 

In the present specifications, a MTC UE refers to a UE 
that is low cost (or is not very complexity), a UE that 
supports coverage enhancement, or the like. In the present 
specifications, the MTC UE refers to a UE that supports low 
cost (or low complexity) and coverage enhancement. Alter­
natively, in the present specifications, the MTC UE refers to 
a UE defined as a predetermined category for maintaining 
low costs (or low complexity) and/or coverage enhance­
ment. 

In other words, in the present specifications, the MTC UE 
may refer to a newly defined 3GPP Release 13 low cost (or 
low complexity) UE category/type, which executes LTE­
based MTC related operations. Alternatively, in the present 
specifications, the MTC UE may refer to a UE category/type 
that is defined in or before 3GPP Release 12 that supports the 
enhanced coverage in comparison with the existing LTE 
coverage, or supports low power consumption, or may refer 
to a newly defined Release 13 low cost (or low complexity) 
UE category/type. 

The wireless communication system may be widely 
installed so as to provide various communication services, 
such as a voice service, a packet data service, and the like. 
The wireless communication system may include a User 
Equipment (UE) and a Base Station (BS or an eNB). 
Throughout the specifications, the user equipment may be an 

FIG. 16 illustrates an example of a CQI index table up to 
64QAM according to the third embodiment of the present 
disclosure; 

FIG. 17 illustrates an example of target SNRs in the 
256QAM modulation method according to the third embodi­
ment of the present disclosure; 

FIG. 18 illustrates an example of a CQI index table in the 
256QAM modulation method according to the third embodi­
ment of the present disclosure; 

50 inclusive concept indicating a user terminal utilized in 
wireless communication, including a UE (User Equipment) 
in wideband code division multiple access (WCDMA), long 
term evolution (LTE), high speed packet access (HSPA), and 
the like, and an mobile station (MS), a user terminal (UT), 

FIG. 19 illustrates another example of target SNRs in the 
256QAM modulation method according to the third embodi­
ment of the present disclosure; 

FIG. 20 illustrates another example of a CQI index table 
in the 256QAM modulation method according to the third 
embodiment of the present disclosure; 

FIG. 21 illustrates still another example of a CQI index 
table in the 256QAM modulation method according to the 
third embodiment of the present disclosure; 

FIG. 22 is a flowchart illustrating an operation of a UE 
according to another embodiment of the present disclosure; 

55 an subscriber station (SS), a wireless device, and the like in 
global system for mobile communications (GSM). 

A base station or a cell may generally refer to a station 
where communication with a User Equipment (UE) is 
performed, and may also be referred to as a Node-B, an 

60 evolved Node-B (eNB), a Sector, a Site, a Base Transceiver 
System (BTS), an Access Point, a Relay Node, a Remote 
Radio Head (RRH), a Radio Unit (RU), and the like. 

That is, the base station 20 or the cell may be construed 
as an inclusive concept indicating a portion of an area 

65 covered by a Base Station Controller (BSC) in CDMA, a 
NodeB in WCDMA, an eNB or a sector (e.g., site) in LTE, 
and the like, and the concept may include various coverage 
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areas, such as a megacell, a macrocell, a microcell, a 
picocell, a femtocell, a communication range of a relay 
node, and the like. 

6 
(PCFICH), a Physical HybridARQ Indicator Charmel (PR­
ICH), a Physical Uplink Control Channel (PUCCH), an 
Enhanced Physical Downlink Control Charmel (EPDCCH), 
and the like, and may be configured as a data charmel, such Each of the above mentioned various cells has a base 

station that controls a corresponding cell. Thus, the base 
station may be construed in two ways: i) the base station 
may be a device itself that provides a megacell, a macrocell, 

5 as a Physical Downlink Shared Charmel (PDSCH), a Physi­
cal Uplink Shared Charmel (PUSCH), and the like, so as to 
transmit data. 

a microcell, a picocell, a femtocell, and a small cell in 
association with a wireless area; or ii) the base station may 
indicate a wireless area itself. In i), all devices that interact 10 

with one another so as to enable the devices that provide a 
predetermined wireless area to be controlled by an identical 
entity or to cooperatively configure the wireless area, may be 
indicated as a base station. Based on a configuration type of 
a wireless area, an eNB, an RRH, an antenna, an RU, a Low 15 

Power Node (LPN), a point, a transmission/reception point, 
a transmission point, a reception point, and the like may be 
embodiments of a base station. In ii), a wireless area itself 
that receives or transmits a signal from a perspective of a UE 
or a neighboring base station, may be indicated as a base 20 

station. 
Therefore, a megacell, a macrocell, a microcell, a pico­

cell, a femtocell, a small cell, an RRH, an antenna, an RU, 
an LPN, a point, an eNB, a transmission/reception point, a 
transmission point, and a reception point are commonly 25 

referred to as a base station. 

Control information may be transmitted using an 
enhanced PDCCH or extended PDCCH (EPDCCH). 

In the present specification, a cell may refer to the 
coverage of a signal transmitted from a transmission/recep­
tion point, a component carrier having the coverage of the 
signal transmitted from the transmission/reception point 
(transmission point or transmission/reception point), or the 
transmission/reception point itself. 

A wireless communication system, to which embodiments 
of present disclosure are applied, may be a coordinated 
multi-point transmission/reception system (CoMP system), 
in which two or more coordinated transmission/reception 
points transmit signals, a coordinated multi-antenna trans-
mission system, or a coordinated multi-cell communication 
system. The CoMP system may include at least two multiple 
transmission/reception points and a UE. 

The multiple transmission/reception points may be at least 
one RRH that is connected to a base station or a macro-cell 
(hereinafter, referred to as "eNB") by optical cables or 
optical fibers to be controlled, and that has high transmission 
power or low transmission power in the macro-cell area. 

Hereinafter, the term "downlink" means communication 
or a communication path from the multiple transmission/ 
reception points to the UE, and the term "uplink" means 
communication or a communication path from the UE to the 
multiple transmission/reception points. In the downlink, a 

In the specifications, the user equipment and the base 
station are used as two inclusive transceiving subjects to 
embody the technology and technical concepts described in 
the specifications, and may not be limited to a predetermined 30 

term or word. The user equipment and the base station are 
used as two inclusive transceiving subjects (Uplink and 
Downlink) to embody the technology and technical concepts 
described in the specifications, and may not be limited to a 
predetermined term or word. Here, Uplink (UL) refers to a 
scheme for a UE to transmit and receive data to/from a base 
station, and Downlink (DL) refers to a scheme for a base 
station to transmit and receive data to/from a UE. 

35 transmitter may be one of multiple transmission/reception 
points and a receiver may be a part of the UE. In the uplink, 
a transmitter may be a part of the UE and a receiver may be 
a part of multiple transmission/reception points. 

Hereinafter, the situation in which a signal is transmitted 
40 and received through a PUCCH, a PUSCH, a PDCCH, a 

PDSCH, or the like may be described through the expres­
sion, "a PUCCH, a PUSCH, a PDCCH, or a PDSCH 1s 
transmitted or received". 

Multiple access schemes may be unrestrictedly applied to 
the wireless communication system. The wireless commu­
nication system may utilize varied multiple access schemes, 
such as Code Division Multiple Access (CDMA), Time 
Division Multiple Access (TDMA), Frequency Division 
Multiple Access (FDMA), Orthogonal Frequency Division 
Multiple Access (OFDMA), OFDM-FDMA, OFDM- 45 

TDMA, OFDM-CDMA, and the like. An embodiment of the 
present disclosure may be applicable to resource allocation 
in an asynchronous wireless communication scheme that is 
advanced through GSM, WCDMA, and HSPA, to be LTE 
and LTE-advanced, and may be applicable to resource 50 

allocation in a synchronous wireless communication scheme 
that is advanced through CDMA and CDMA-2000, to be 
UMB. The present disclosure may not be limited to a 
specific wireless communication field, and may include all 
technical fields to which the technical idea of the present 55 

disclosure is applicable. 
Uplink transmission and downlink transmission may be 

performed based on a Time Division Duplex (TDD) scheme 
that performs transmission based on different times, or based 
on an Frequency Division Duplex (FDD) scheme that per- 60 

forms transmission based on different frequencies. 
Further, in a system such as LTE and LTE-A, a standard 

may be developed by configuring an uplink and a downlink 
based on a single carrier or a pair of carriers. The uplink and 
the downlink may transmit control information through a 65 

control channel, such as a Physical Downlink Control Chan­
nel (PDCCH), a Physical Control Format Indicator Channel 

In addition, hereinafter, the expression "a PDCCH is 
transmitted or received, or a signal is transmitted or received 
through a PDCCH" includes "an EPDCCH is transmitted or 
received, or a signal is transmitted or received through an 
EPDCCH". 

That is, a downlink control channel used herein may 
indicate a PDCCH or an EPDCCH, and may indicate a 
meaning including both a PDCCH and an EPDCCH. 

In addition, for ease of description, an EPDCCH, which 
corresponds to an embodiment of the present disclosure, 
may be applied to the part described using a PDCCH and to 
the part described using an EPDCCH. 

Hereinafter, higher layer signaling includes an RRC sig­
naling that transmits RRC information including an RRC 
parameter. 

An eNB executes downlink transmission to UEs. The 
eNB 110 may transmit a Physical Downlink Shared Channel 
(PDSCH) which is a primary physical channel for unicast 
transmission. The eNB 110 may transmit a Physical Down­
link Control Charmel (PDCCH) for transmitting downlink 
control information, such as scheduling required for recep-
tion of a PDSCH, and scheduling grant information for 
transmission of an uplink data charmel (for example, a 
Physical Uplink Shared Channel (PUSCH)). Hereinafter, 
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transmission and reception of a signal through each channel 
will be described as transmission and reception of a corre­
sponding channel. 

Modulation refers to transforming signal information 
such as intensity, displacement, frequency, phase, or the like 5 

of a signal into a predetermined waveform to be appropriate 
for the channel characteristics of a transmission medium. In 
addition, digital modulation refers to transforming a digital 
signal ( e.g., a digital symbol sequences) for transmitting 
digital information in correspondence with one of various 10 

available signals (a signal set), into a signal appropriate for 
a channel characteristic. As a representative digital modu­
lation scheme which has high bandwidth efficiency, a M-ary 
QAM modulation scheme expressed by 2M QAM, such as, 
QPSK ( or 4QAM), 16QAM, and 64QAM, are used. Here, M 15 

denotes a modulation order, which indicates the number of 
digital symbols that are modulated for each time, and the 
modulation orders of QPSK, 16QAM, 64QAM, and 
256QAM are 2, 4, 6, and 8, respectively. 

A modulation scheme used for downlink data transmis- 20 

sion in 3GPP LTE includes QPSK, 16QAM, and 64QAM. A 
base station selects one of the above described modulation 
schemes based on a downlink channel state, and informs a 
UE of the same using Downlink Control Information (DCI). 

FIG. 1 is a table showing relationship among modulation 25 

orders, MCS indexes, and TBS indexes. 
A modulation and coding scheme (MCS) index, included 

in DCI, is famed of 5 bits. The MCS index may inform the 
UE of a modulation scheme used for transmission, which is 
one of the three modulation methods, as shown in FIG. 1. In 30 

FIG. 1, MCS index 0 to MCS index 28 may be used to 
indicate initial transmission of a hybrid automatic repeat 
request (HARQ), and MCS index 29 to MCS index 31 may 
be used to indicate re-transmission of the HARQ. 

More specifically, MCS index O to MCS index 9 may be 35 

used to indicate that the QPSK modulation method is used 
for downlink data transmission in, and MCS index 10 to 
MCS index 16 may be used to indicate that 16QAM modu­
lation method is used for downlink data transmission. In 
addition, MCS index 17 to MCS index 28 may be used to 40 

indicate that 64QAM modulation method is used for down­
link data transmission. 

As described above, a plurality of MCS indexes may 
indicate the same modulation method, and each MCS index 
may denote that data can be transmitted using codewords of 45 

different code rates. In a good channel state, a base station 
increases bandwidth efficiency using a high MCS index, and 
in a bad channel state, the base station performs robust 
transmission using a low MCS index in order to cope with 
the channel state. That is, a MCS may be adjusted according 50 

to a channel state. Such an operation may be referred to as 
"link adaptation". That is, the link adaptation denotes the 
operation of adjusting the MCS index by compensating 
wireless channel characteristics that vary depending on time, 

8 
resource block (PRB) pairs, considering that a transmission 
resource size from one pair of physical resource blocks 
(PRBs) to 110 pairs of PRBs can be allocated to the UE 
according to the definition of the 3GP TS 36.213 document. 

FIG. 2 is a graph illustrating CQI block error rate (BLER) 
performance, and FIG. 3 is a typical CQI index table. 

The UE should feed information on the channel state back 
to the base station for link adaptation of the base station 
according to the channel state of the UE. The information 
that is fed back to the base station by the UE is called 
channel state information (CSI). The channel state informa-
tion (CSI) includes a pre-coding matrix indicator (PMI), a 
rank indicator (RI), and a channel quality indicator (CQI). 
Here, the PMI and the RI are the channel state information 
related to multiple-input multiple-output (MIMO) transmis­
sion, the CQI indicates modulation methods, a code rate 
value (code ratex1024), and a transmission efficiency 
(=modulation orderxcode rate value), which can be used 
according to the channel state of the UE. In a good channel 
state, the UE feeds a CQI index indicating a high transmis­
sion efficiency to the base station, and in a bad channel state, 
the UE feeds a CQI index indicating a low transmission 
efficiency to the base station. 

A size of typical CQI feedback information is 4 bits. The 
typical CQI feedback information shows sixteen transmis­
sion efficiencies s. FIG. 2 shows required SNR values that 
satisfy a block error rate (BLER) of 10% with respect to a 
transmission efficiency depending on CQI performance of 
FIG. 3, in the experimental environment considering a single 
transmission antenna and two reception antennas in the 
AWGN channel environment. In FIG. 2, required SNR 
values at a BLER 10% in typical CQI indexes have a range 
of about -10 dB to 17 dB. Each CQI index is assigned with 
a transmission efficiency to have a uniform interval of a 
SNR, such as a uniform interval of 1.9 dB. 

FIG. 4 illustrates a mapping table of a typical CQI index 
table including MCS indexes, and TBS indexes. 

The base station identifies the CQI index received from 
the UE. The base station determines an amount of resource 
allocated to the UE and the MCS index to be used for 
transmission, based on the received CQI index. At this time, 
the MCS index set forth in FIG. 1 and the CQI index of FIG. 
3 have the relation as shown in FIG. 4. 

Referring to FIG. 4, MCS indexes CIMcs) 0, 2, 4, 6, 8, 11, 
13, 15, 18, 20, 22, 24, 26, and 28 may be configured to have 
the same transmission efficiency as that of CQI indexes 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15, respectively. In 
addition, an MCS index positioned between two consecutive 
CQI indexes is configured to have an intermediate transmis-
sion efficiency value between transmission efficiency values 
of two CQI indexes. 

However, MCS index 9 and MCS index 10, by which the 
modulation order is changed from QPSK into 16QAM, have 
the same transmission efficiency value, and MCS index 16 

in order to maximize a system processing rate. 55 and MCS index 17, by which the modulation order is 
changed from 16QAM into 64QAM, have the same trans­
mission efficiency value as well. In addition, since the MCS 
indexes that have different modulation orders are configured 

While MCS index O to MCS index 28 may be used to 
indicate initial transmission of the HARQ, MCS index 29, 
MCS index 30, and MCS index 31 may be used to distin­
guish a modulation scheme used for re-transmission of the 
HARQ. That is, MCS index 29, MCS index 30, and MCS 60 

index 31 may indicate QPSK modulation, 16QAM, and 
64QAM, used for re-transmission of the HARQ, respec­
tively. 

Referring to FIG. 1, each MCS index I Mes is respectively 
mapped to an associated transport block size (TBS) index 
ITBs· Per each TBS index ITBs, a TBS is defined to have a 
size of information bits that can transmit 110 physical 

to have the same TBS index, the same TBS index may be 
transmitted with respect to the same amount of transmission 
resource. 

The base station identifies the channel state through the 
CQI index received from the UE, and selects a size of 
transmission resource allotment to the UE and the MCS to 

65 be used in the corresponding transmission resources, based 
on the received CQI index. At this time, determination of a 
code rate value of the MCS is the same as the determination 
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of the TBS that is a size of information bits to be transmitted 
by the corresponding transmission resource. 

The present disclosure suggests an apparatus and a 
method for transmitting and receiving channel state infor­
mation that is transmitted from the UE to the base station in 5 

the case where 256QAM is added to the typical three 
modulation methods, such as QPSK, 16QAM, and 64QAM, 
in order to increase transmission traffic and a transmission 
speed. More specifically, the present disclosure suggests an 
apparatus and a method for configuring CQI indexes 10 

included in the channel state information. 
Since the typical modulation methods do not have a CQI 

index indicating 256QAM, it is required to define a CQI 
index corresponding to the modulation method of 256QAM 
in order to transmit data using 256QAM. That is, when 15 

64QAM and 256QAM are used in the same transmission 
efficiency, the CQI index for 256QAM needs to be defined 

10 
IF R,;888, 

Estimated Required SNR~0.0187*R-1.504 

ELSE, 

Estimated Required SNR~4.164532*10-5 *R2 -

0.0514*R+27.906 

IF R,;874, 

Estimated Required SNR~0.0213 *R+l.5599 

ELSE, 

Estimated Required SNR~3.196*10-5 *R2 -

0.0303*R22.24 

Equation 1 

Equation 2 

As shown in FIG. 6, FIG. 7, and FIG. 8, there is very little 
difference between the estimated required SNR value using 

so that 256QAM is used at a transmission efficiency value at 
which the BLER performance of 256QAM is equal to or 
better than that of 64QAM. 

FIG. 5 is a graph illustrating BLER performance of 
64QAM and 256QAM at a transmission efficiency of 5.333, 
5.460 and 5.587 in a charmel model of Extended Pedestrian 

20 Equation 1 and Equation 2 above and actual values mea­
sured in the experimental environment set forth above. That 
is, FIGS. 7 and 8 show that "Esti.Reg.SNR-Eval.Reg.SNR" 
is nearly zero. 

A model (EPA) 3 km/h. 
Referring to FIG. 5, the BLER performance of 64QAM is 25 

the same as that of 256QAM at a transmission efficiency 
value of 5.587. Accordingly, in the present disclosure, 
considering that the maximum transmission efficiency value 
is 5.5547 in the typical CQI index table in FIG. 3, a new CQI 
index using the modulation method of 256QAM is config- 30 

ured to support a transmission efficiency value equal to or 
greater than the typical transmission efficiency value of 
5.5547. 

Now, a method for transmitting and receiving channel 
state information including new CQI indexes will be 
described. 

FIG. 9 is a signal flow diagram illustrating operations of 
a UE and a base station according to an embodiment of the 
present disclosure. 

A method for transmitting channel state information by a 
UE, according to an embodiment of the present disclosure, 
may include: receiving a reference signal for measuring 
channel quality from a base station; measuring the channel 
quality based on the reference signal, and selecting a CQI In order to define a new CQI index supporting 256QAM 

with a size, i.e., 4 bits, of the typical CQI feedback infor­
mation maintained, some of the typical CQI indexes should 
be removed to thereby define a new transmission efficiency. 

35 index value from a predetermined CQI index table including 
CQI index values for 256QAM modulation, based on the 
measurement result of the charmel quality; and transmitting 
channel state information including the selected CQI index 
value to the base station. 

According to an embodiment of the present disclosure, 
considering that the TBS indexes are configured to support 
VoIP services from ITBs Oto ITBs 16 in the typical TBS table, 40 

CQI index Oto CQI index 10 corresponding to ITBs 16 may 
not be removed to define new CQI indexes. That is, in order 
not to have an influence on VoIP services, typical CQI 
indexes 0 to 10 may be reused, and CQI indexes 11 to 15 
may be defined with transmission efficiency supporting 45 

64QAM and 256QAM. 
In another embodiment, the typical CQI indexes Oto 10 

may be newly defined, and the CQI indexes 11 to 15 for 
64QAM and 256QAM may be newly defined as well. 

A method for receiving channel state information by a 
base station, according to an embodiment of the present 
disclosure, may include: creating a reference signal for 
measuring charmel quality; transmitting the reference signal 
to a UE; and receiving charmel state information including 
a CQI index selected from a predetermined CQI index table 
including CQI index values for 256QAM modulation, based 
on a measurement result of the charmel quality, from the UE. 

FIG. 6 is a graph illustrating a required signal to noise 50 

ratio (SNR) at a BLER of 10% depending on transmission 
efficiency of 64QAM and 256QAM. 

Referring to FIG. 9, the base station 900 of the present 
disclosure needs to identify information on downlink chan­
nel characteristics of the base station 900 and the UE 910, 
in order to transmit downlink data to the UE 910. To this 
end, the base station 900 may create a reference signal for 
measuring the downlink channel features, and may transmit 
the same to the UE 910 (S910). The reference signal for 
measuring the downlink charmel characteristics may be CRS 
or CSI-RS, but it is not limited thereto. 

FIG. 7 is a table showing an example of transmission 
efficiency of 64QAM and required SNR values in FIG. 6. 

FIG. 8 is a table showing an example of transmission 55 

efficiency of 256QAM and required SNR values in FIG. 6. 
FIG. 7 shows the transmission efficiency of 64QAM and 

required SNR values in FIG. 6, and FIG. 8 shows the 
transmission efficiency of 256QAM and required SNR val­
ues in FIG. 6. 

In the present disclosure, in order to calculate an esti­
mated required SNR depending on the transmission effi­
ciency, Equation 1 is used for the transmission efficiency 
using 64QAM, and Equation 2 is used for the transmission 
efficiency using 256QAM. In the following Equations 1 and 
2, R=code ratex2014. In addition, R is expressed by a code 
rate value in the present specification. 

The UE 910 may receive the reference signal from the 
base station 900, and may measure charmel quality. After­
wards, according to the measurement result of the channel 

60 quality, the UE 910 may select a CQI index value corre­
sponding to the measurement result of the charmel quality 
using the CQI index table (S930). 

The UE 910 may transmit charmel state information 
including the selected CQI index value to the base station 

65 900. As mentioned above, the channel state information 
(CSI) may include the PMI, the RI, and the CQI, and the 
CQI may have a size of 4 bits. 
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transmission efficiencies from CQI index 11 to CQI index 
15, which is defined so that differences of the required SNRs 
between adjacent CQI indexes are almost the same, accord­
ing to the method mentioned above. FIG. 11 illustrates an 

The base station 900 may determine an amount of 
resource allocation using the received channel state infor­
mation, and may determine an MCS that conforms to the 
channel characterisitics to thereby transmit downlink data to 
the UE 910. 

Meanwhile, in selecting the CQI index value, the UE 910 
5 example of a CQI index table according to the first embodi­

ment of the present disclosure. 
of the present disclosure may select a CQI index value 
corresponding to the measurement result of the channel 
quality from the CQI index table including 256QAM rather 
than the typical CQI index table. Accordingly, a new CQI 10 

index table different from the typical CQI index table needs 
to be configured, and in order to effectively process data 
traffic and increase a transmission speed, it is very important 

FIG. 12 illustrates another example of a CQI index table 
according to the first embodiment of the present disclosure. 

In the second detailed method, the maximum value of "R" 
to be used for the maximum transmission efficiency of a new 
CQI may be defined as 952, considering the maximum code 
rate, i.e., 0.93,.,952/1024 that has been used in configuring 
the typical TBS. In this case, the transmission efficiency of to effectively configure a CQI index table including a CQI 

index value for 256QAM. 
Therefore, according to various embodiments of the pres­

ent disclosure, a method for configuring a CQI index table 
including a CQI index value of 256QAM, to which the UE 
refers, will be described in detail hereinafter. 

15 
CQI index 11 to CQI index 15, which is defined in the same 
manner as the first detailed method in which differences of 
the required SNRs between adjacent CQI indexes are almost 
the same, is shown in FIG. 12. 

The First Embodiment 
A method for configuring a CQI index table according to 

the first embodiment of the present disclosure may configure 
a CQI index table by defining transmission efficiency for five 
new CQI indexes that are added based on typical CQI index 
10. 

20 

25 

The Second Embodiment 
A method for configuring a CQI index table according to 

the first embodiment of the present disclosure provides a 
method for configuring the transmission efficiency of five 
new CQI indexes that are added on the basis of typical CQI 
index 10. 

The first detailed method provides a method for reusing 
typical MCS indexes that have been used for 64QAM. The 
MCS indexes may be selected so that differences of esti­
mated required SNRs at a BLER of 10% between the 
adjacent CQI indexes are almost the same, including CQI 

In the first detailed method, the transmission efficiency 
may be configured to have uniform difference of required 
SNR between two adjacent CQI indexes at a BLER of 10% 
from a CQI index 10. Provided that a code rate value that is 
used for the maximum transmission efficiency of a new CQI 
index is expressed as "R", the maximum value of "R" may 
be defined as 948 as shown in FIG. 3. 

30 index 10 (or MCS index 18), from among MCS index 18 to 
MCS index 28 that have been used for typical 64QAM in 
FIG. 4 described above. 

In this case, the required SNR of CQI index 10 may be 
used as the minimum SNR, and the required SNR calculated 
by Equation 2 at R=948 set forth above may be used as the 35 

maximum SNR. Accordingly, the SNR interval between 
adjacent CQI indexes may be obtain from the following 
Equation 3. 

FIG. 13 illustrates an example ofMCS indexes reused for 
new CQI indexes of 64QAM according to the second 
embodiment of the present disclosure. 

The CQI indexes newly defined above may be mapped as 
new MCS indexes when defining a new MCS table support­
ing 256QAM. At this time, since the TBS indexes that 
satisfy transmission efficiency of the newly defined CQI 

SNR Interval~(Maximum SNR-Minimum SNR)/5~ 
(22.2382-7.2095)/5~3.0057 Equation 3 

FIG. 10 is a table showing target SNRs respectively 
assigned with CQI index values according to the first 
embodiment of the present disclosure. 

40 indexes have already been defined in the TBS table, the 
typical TBS indexes can be reused without defining new 
TBS indexes again, compared to the first embodiment. 

Target SNRs may be defined from CQI index 11 to CQI 
index 15 as shown in FIG. 10 using the SNR interval value 
that is calculated according to Equation 3. 

The CQI indexes for 64QAM may be defined in the 
method described above, and the remaining two indexes 

45 may be defined with the transmission efficiency used in 
256QAM. 

Afterwards, "R" values almost approximating the target 
SNRs of the CQI indexes in FIG. 10 may be calculated by 
considering both modulation methods, i.e., 64QAM and 50 

256QAM. In the case of 64QAM, an SNR value is calcu­
lated with respect to a certain "R" value using Equation 1, 
and then the calculated SNR value is compared with the 
target SNR to obtain a difference between them. In the case 

FIG. 14 illustrates an example of a CQI index table 
according to the second embodiment of the present disclo­
sure. 

In the first embodiment, the required SNR of CQI index 
13 in FIG. 13 may be used as the minimum SNR, and the 
required SNR calculated using R =948 in Equation 2 set forth 
above may be used as the maximum SNR, as described 
above. Accordingly, the transmission efficiencies of CQI 
index 14 and CQI index 15 are defined in the same manner 
as the first embodiment so that differences of required SNRs 
between the adjacent CQI indexes are almost the same, as 
shown in FIG. 14. 

of 256QAM, an SNR value is calculated with respect to a 55 

certain "R" value using Equation 2, and then the calculated 
SNR value is compared with the target SNR to obtain a 
difference between them. At this time, 952 is used as the 
maximum "R" value in 64QAM, and 714 is used as the 
minimum "R" value in 256QAM. 

FIG. 15 illustrates another example of a CQI index table 
60 according to the second embodiment of the present disclo-

In other words, SNR values may be calculated with 
respect to a certain "R" value using Equation 1 and Equation 
2, and the calculated values may be compared with the target 
SNRs to get differences. After that, an value corresponding 
to the minimum difference and a modulation method con- 65 

sidered in calculating the SNRs may be defined as the 
transmission efficiency of a new CQI. FIG. 11 shows the 

sure. 
As a second detailed method, the required SNR of CQI 

index 13 in FIG. 13 may be used as the minimum SNR, and 
the required SNR calculated using R=952 in Equation 2 set 
forth above may be used as the maximum SNR. In this case, 
the transmission efficiencies ofCQI index 14 and CQI index 
15 are defined in the same manner as the first embodiment 
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so that differences of required SNRs between the adjacent 
CQI indexes are almost the same as shown in FIG. 15. 

As a third detailed method, while remaining CQI index 10 
to CQI index 14 of FIG. 11 and FIG. 15, an "R" value ofCQI 
index 15 may be used after changing it into 952. 

As a fourth detailed method, while remaining CQI index 
10 to CQI index 14 of FIG. 12 and FIG. 15, an "R" value of 
CQI index 15 may be used after changing it into 948. 

The first embodiment and the second embodiment 
described above do not influence the typical VoIP TBS 
indexes. In this case, differences of required SNRs between 
the adjacent CQI indexes are configured to be relatively 
small in a low SNR section where QPSK and 16QAM are 
used. However, differences of required SNRs between the 
adjacent CQI indexes are configured to be relatively large in 
a high SNR section where 64QAM and 256QAM are used. 

Hereinafter, the third embodiment of the present disclo­
sure in which differences of required SNRs between adja­
cent CQI indexes are configured to be relatively small in a 
high SNR section where 64QAM and 256QAM are used, 
will be described with reference to the drawings. 

The Third Embodiment 
The third embodiment of the present disclosure shows a 

method for configuring a CQI index table in which differ­
ences of required SNRs between adjacent CQI indexes in a 
high SNR section, where 64QAM and 256QAM are used, 
are configured to be relatively small, by eliminating some of 
the CQI indexes in a low SNR section. 

14 
example of target SNRs in the 256QAM modulation method 
according to the third embodiment of the present disclosure. 

FIG. 18 illustrates an example of a CQI index table in the 
256QAM modulation method according to the third embodi-

5 ment of the present disclosure. 
"R" values are determined so that differences of the 

required SNRs between adjacent CQI indexes are almost the 
same using required SNRs of FIG. 17 and Equation 2. Thus, 
"R" values that satisfy the target SNRs may be calculated as 

10 shown in FIG. 18. 

15 

FIG. 19 illustrates another example of target SNRs in the 
256QAM modulation method according to the third embodi­
ment of the present disclosure. 

According to the second detailed method, in the CQI 
index table provided by the present disclosure, considering 
that the maximum code rate that has been used for config­
uring the typical TBS is 0.93,.,952/1024, the maximum value 
of "R" to be used for the maximum transmission efficiency 

20 of a new CQI index may be defined as 952. 
In this case, the required SNR ofCQI index 11 in FIG. 16 

may be used as the minimum SNR, and the required SNR 
calculated using R=952 in Equation 2 set forth above may be 
used as the maximum SNR. Target SNRs with respect to 

25 CQI indexes 12, 13, 14, and 15 may be defined as shown in 
FIG. 19. 

FIG. 16 illustrates an example of a CQI index table up to 30 
64QAM according to the third embodiment of the present 
disclosure. 

FIG. 20 illustrates another example of a CQI index table 
in the 256QAM modulation method according to the third 
embodiment of the present disclosure. 

"R" values are determined so that differences of the 
required SNRs between adjacent CQI indexes are almost the 
same using required SNRs of FIG. 19 and Equation 2. Thus, 
"R" values that satisfy the target SNRs may be calculated as 
shown in FIG. 20. 

First, some of CQI indexes in FIG. 3 may be eliminated 
so that differences of required SNRs between adjacent CQI 
indexes are almost constant from among the typical CQI 35 
indexes for QPSK. For example, CQI index 2, CQI index 3, 
and CQI index 6 of FIG. 3 may be eliminated. 

In the third detailed method, according to another 
embodiment of the present disclosure, while CQI indexes 12 
to 14 of FIG. 18 described above remain, an "R" value of 
CQI index 15 may be changed into 952. In addition, the CQI entry except for CQI index 15 that 

shows the same BLER performance as 256QAM with 
respect to the same transmission efficiency as shown in FIG. 
5 may be replaced with a new CQI entry. A new CQI table 
configured in such a manner is shown in FIG. 16 in part. 

That is, a CQI index table that includes predetermined 
CQI index values for 256QAM modulation selected by the 
UE, may include three CQI index values for QPSK modu­
lation, three CQI index values for 16QAM modulation, five 
CQI index values for 64QAM modulation, and four CQI 
index values for 256QAM modulation. 

Next, in order to configure a CQI index table of the 
present disclosure, various detailed methods for defining 
R12, R13, R14, and R15 corresponding to CQI indexes 12, 
13, 14, and 15 will be described. 

In the first detailed method for defining R12, R13, R14, 
and R15, the required SNR ofCQI index 11 in FIG. 16 may 
be used as the minimum SNR, and the required SNR 
calculated using R =948 in Equation 2 set forth above may be 
used as the maximum SNR. The SNR interval value calcu­
lated using the first detailed method may be expressed as 
Equation 4. 

SNR Interval= (Maximum SN R - Minimum Interval)/ 4 = Equation 4 

(22.2382-14.8204)/4 = 1.8544 

Target SNRs may be defined using the SNR interval value 
calculated by Equation 4 as in FIG. 17. FIG. 17 illustrates an 

In the fourth detailed method, according to another 
40 embodiment of the present disclosure, while the CQI 

indexes 12 to 14 of FIG. 20 described above remain, an "R" 
value of CQI index 15 may be changed into 948. 

In the fifth detailed method, according to another embodi­
ment of the present disclosure, a CQI index having the 

45 lowest transmission efficiency among the CQI indexes for 
256QAM, may be configured to have the same transmission 
efficiency as the typical CQI index that has the highest 
transmission efficiency. That is, while the CQI indexes 13 to 
15 of FIG. 18 remain, an "R" value of CQI index 12 may be 

50 changed into 711 as shown in FIG. 21. FIG. 21 illustrates 
still another example of a CQI index table in the 256QAM 
modulation method according to the third embodiment of 
the present disclosure. 

The UE may select a CQI index value using the CQI index 
55 table newly configured as described above. Hereinafter, 

operations of the UE and the base station in the fifth detailed 
method according to the third embodiment above will be 
described with reference to FIG. 22 and FIG. 23. 

FIG. 22 is a flowchart illustrating an operation of a UE 
60 according to another embodiment of the present disclosure. 

The method for transmitting channel state information by 
a UE, according to the present disclosure, may include: 
receiving a reference signal for measuring channel quality 
from a base station; measuring the channel quality based on 

65 the reference signal, and selecting a CQI index value from 
a predetermined CQI index table including CQI index values 
for 256QAM modulation, based on the measurement result 
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of the channel quality; and transmitting channel state infor­
mation including the selected CQI index value to the base 
station. 

Referring to FIG. 22, the UE may receive a reference 
signal for measuring channel quality from the base station 5 

(S2200). The reference signal for measuring channel quality 
may be signals, such as CSI or CSI-RS, but it is not limited 
thereto. 

The UE may measure the channel quality, based on the 
reference signal, and may select a CQI index value from a 10 

CQI index table including predetermined CQI index values 
for 256QAM modulation, based on the measurement result 
of the channel quality (S2210). That is, the UE may measure 
the downlink channel quality using the reference signal. 
Afterwards, the UE may select a CQI index value corre- 15 

sponding to the channel quality using the measured down­
link channel quality and a predetermined CQI index table. 

The CQI index table may be variously configured as 
described in the embodiments above. 

For example, the CQI index table may include three CQI 20 

index values for QPSK modulation, three CQI index values 
for 16QAM modulation, five CQI index values for 64QAM 
modulation, and four CQI index values for 256QAM modu­
lation. That is, CQI index values supporting 256QAM, 
which can be newly defined, may be added with 4 bits for 25 

CQI information maintained. 
More specifically, the CQI index table may be configured 

so that differences of the required SNRs between adjacent 
CQI index values in three CQI index values for QPSK 
modulation, three CQI index values for 16QAM modulation, 30 

and five CQI index values for 64QAM modulation, respec­
tively, are almost the same within a predetermined error rate 
as in FIG. 16. 

In addition, the code rate value (R) for four 256QAM 
indexes may be calculated according to each detailed 35 

method of the third embodiment as set forth above. 

16 
required SNR calculated using Equation 2 and R=948. The 
target SNR may be obtained using an SNR interval value 
that is determined by applying the minimum SNR and the 
maximum SNR to Equation 4, as shown in FIG. 17, and a 
code rate value (R) may be configured so that differences of 
required SNRs between adjacent CQI indexes are almost the 
same using the required SNR and Equation 2. The SNR 
interval may be calculated by subtracting the minimum SNR 
from the maximum SNR and then dividing the subtraction 
result by 4. The code rate value obtained in such a manner 
may be configured to be 797 as CQI index 13 in FIG. 18 or 
FIG. 21. That is, the code rate value may be defined as "code 
ratex1024," and may be configured to be 797. 

As described above, the CQI index table newly defined to 
include 256QAM may include each CQI index using the 
method set forth above. 

The UE may transmit channel state information including 
CQI index values to the base station (S2220). That is, the UE 
may include the CQI index value selected by the method 
above in the channel state information and may transmit the 
same to the base station. 

Afterwards, the UE may receive a determined MCS value 
and downlink data from the base station, and may demodu­
late the same. 

FIG. 23 is a flowchart illustrating an operation of a base 
station according to another embodiment of the present 
disclosure. 

Referring to FIG. 23, a method for receiving channel state 
information by a base station, according to the present 
disclosure, may include: creating a reference signal for 
measuring channel quality; transmitting the reference signal 
to a UE; and receiving channel state information including 
a CQI index selected from a predetermined CQI index table 
including CQI index values for 256QAM modulation, based 
on a measurement result of the channel quality, from the UE. 

Referring to FIG. 23, the base station may create a 
reference signal for measuring the channel quality (S2300). 
The base station may transmit the reference signal to the UE 
(S2310). The reference signal for measuring the channel 

40 quality may be signals, such as, CRS or CSI-RS, but it is not 
limited thereto. 

For example, one of CQI index values for 256QAM 
modulation may be configured to have a code rate value that 
supports the same transmission efficiency as the maximum 
transmission efficiency of a CQI index table that does not 
include CQI index values for 256QAM modulation. For 
example, CQI index 12 of FIG. 21 may be configured to 
have a code rate value of711 corresponding to the maximum 
transmission efficiency, i.e., 5.5547 of FIG. 3. That is, the 
code rate value may be calculated to be 711 using "code 45 

ratex1024." 
For another example, one of CQI index values for 

256QAM modulation may be configured to have the same 
code rate value as the code rate value having the maximum 
transmission efficiency of a CQI index table that does not 
include CQI index values for 256QAM modulation. For 
example, CQI index 15 of FIG. 21 may be configured to 
have a code rate value of 948 identical to the code rate value 
that has the maximum transmission efficiency of FIG. 3. 
That is, the code rate value may be defined as "code 
ratex1024," and may be configured to be 948. 

For another example, one of CQI index values for 
256QAM modulation may be configured by a code rate 
value that is determined by an SNR interval calculated using 
the minimum SNR that is a required SNR of a CQI index 
having the maximum code rate value among CQI index 
values for 64QAM modulation of the CQI index table, and 
the maximum SNR that is a required SNR of a CQI index 
having the maximum code rate value among CQI index 
values for 256QAM modulation of the CQI index table. For 
example, the minimum SNR may be the required SNR of 
CQI index 11 ofFIG.16, and the maximum SNRmaybethe 

Afterwards, the base station may receive the channel state 
information including the CQI index value selected based on 
the measurement result of the channel quality from a CQI 
index table including predetermined CQI index values for 
256QAM modulation, from the UE (S2320). 

The CQI index table may be variously configured as 
described in the embodiments above. 

For example, the CQI index table may include three CQI 
50 index values for QPSK modulation, three CQI index values 

for 16QAM modulation, five CQI index values for 64QAM 
modulation, and four CQI index values for 256QAM modu­
lation. That is, CQI index values supporting 256QAM, 
which can be newly defined, may be added with 4 bits for 

55 CQI information maintained. 
More specifically, the CQI index table may be configured 

so that differences of the required SNRs between adjacent 
CQI index values in three CQI index values for QPSK 
modulation, three CQI index values for 16QAM modulation, 

60 and five CQI index values for 64QAM modulation, respec­
tively, are almost the same within a predetermined error rate 
as in FIG. 16. 

In addition, the code rate value (R) for four 256QAM 
indexes may be calculated according to each detailed 

65 method of the third embodiment as set forth above. 
For example, one of CQI index values for 256QAM 

modulation may be configured to have a code rate value that 
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supports the same transmission efficiency as the maximum 
transmission efficiency of a CQI index table that does not 
include CQI index values for 256QAM modulation. For 
example, CQI index 12 of FIG. 21 may be configured to 
have a code rate value of711 corresponding to the maximum 5 

transmission efficiency, i.e., 5.5547 of FIG. 3. That is, the 
code rate value may be calculated to be 711 using "code 
ratex1024." 

18 
reference signal may be CRS or CSI-RS as set for the above, 
but it is not limited thereto and may include signals prede­
termined to measure the channel quality. In addition, the 
receiver 2430 may receive downlink control information, 
data, and messages from the base station through a corre­
sponding channel. 

For another example, one of CQI index values for 
256QAM modulation may be configured to have the same 
code rate value as the code rate value having the maximum 
transmission efficiency of a CQI index table that does not 
include CQI index values for 256QAM modulation. For 
example, CQI index 15 of FIG. 21 may be configured to 
have a code rate value of 948 identical to the code rate value 
that has the maximum transmission efficiency of FIG. 3. 
That is, the code rate value may be defined as "code 
ratex1024," and may be configured to be 948. 

The controller 2410 may measure the channel quality 
based on the reference signal. In addition, the controller 
2410 may select a CQI index value from a CQI index table 

10 including predetermined CQI index values for 256QAM 
modulation, based on the measurement result of the channel 
quality. The CQI index table including predetermined CQI 
index values for 256QAM modulation may be configured in 

15 
the methods of the first embodiment to the third embodiment 
as described above, or in the method described in FIG. 22. 

Furthermore, the controller 2410 may control overall 
operations of the UE for transmission of the channel state 
information according to the present disclosure. 

The transmitter 2420 may transmit the channel state 
information including the selected CQI index value to the 
base station. In addition, the transmitter 2420 may transmit 
uplink control information, data, and messages to the base 
station through the corresponding channel. 

FIG. 25 is a diagram illustrating a configuration of a base 
station according to another embodiment of the present 
disclosure. 

Referring to FIG. 25, the base station 2500 of the present 
disclosure may include a controller 2510, a transmitter 2520, 

30 and a receiver 2530. The controller 2510 creates a reference 

For another example, one of CQI index values for 
256QAM modulation may be configured by a code rate 20 

value that is determined by an SNR interval calculated using 
the minimum SNR that is a required SNR of a CQI index 
having the maximum code rate value among CQI index 
values for 64QAM modulation of the CQI index table, and 
the maximum SNR that is a required SNR of a CQI index 25 

having the maximum code rate value among CQI index 
values for 256QAM modulation of the CQI index table. For 
example, the minimum SNR may be the required SNR of 
CQI index 11 ofFIG.16, and the maximum SNRmaybethe 
required SNR calculated using Equation 2 and R=948. The 
target SNR may be obtained using an SNR interval value 
that is determined by applying the minimum SNR and the 
maximum SNR to Equation 4, as shown in FIG. 17, and a 
code rate value (R) may be configured so that differences of 
required SNRs between adjacent CQI indexes are almost the 35 

same using the required SNR and Equation 2. The SNR 
interval may be calculated by subtracting the minimum SNR 
from the maximum SNR and then dividing the subtraction 
result by 4. The code rate value obtained in such a manner 
may be configured to be 797 as CQI index 13 in FIG. 18 or 40 

FIG. 21. That is, the code rate value may be defined as "code 
ratex1024," and may be configured to be 797. 

As described above, the CQI index table newly defined to 
include 256QAM may include each CQI index using the 
method set forth above. 

The CQI index table configured as described above may 
be stored in both the UE and the base station. Therefore, the 
UE and the base station may share information on the 
channel state through CQI index information of 4 bits. 

Hereinafter, configurations of the UE and the base station, 
by which the present disclosure can be carried out, will be 
described with reference to FIG. 24 and FIG. 25. 

FIG. 24 is a diagram illustrating a configuration of UE 
according to another embodiment of the present disclosure. 

signal for measuring the channel quality. The transmitter 
2520 transmits the reference signal to the UE. The receiver 
2530 receives channel state information including the CQI 
index value selected from a CQI index table including 
predetermined CQI index values for 256QAM modulation, 
based on the measurement result of the channel quality, from 
the UE. 

The controller 2510 may create a reference signal for 
measuring the channel quality, and may control the opera­
tion of the base station in carrying out the present disclosure. 

The transmitter 2520 may transmit the reference signal to 
the UE. In addition, the transmitter 2520 may transmit 
signals, messages, and data, which are necessary for the 

45 operation of the present disclosure, to the UE. 
The receiver 2530 may receive channel state information 

including a CQI index value selected from a CQI index table 
including predetermined CQI index values for 256QAM 
modulation, based on the result of the channel quality 

50 measurement, from the UE. The CQI index table including 
predetermined CQI index values for 256QAM modulation 
may be configured in the methods of the first embodiment to 
the third embodiment as described above, or in the method 
described in FIG. 22. 

Furthermore, the receiver 2530 may receive signals, mes­
sages, and data, which are necessary for the operation of the 
present disclosure, from the UE. 

Although the embodiments of the present disclosure have 
been described for illustrative purposes, those skilled in the 

Referring to FIG. 24, the UE 2400 of the present disclo- 55 

sure may include a receiver 2430, a controller 2410, and a 
transmitter 2420. The receiver 2430 receives a reference 
signal for measuring channel quality from the base station. 
The controller 2410 measures the channel quality based on 
the reference signal and selects a CQI index value from a 
CQI index table including predetermined CQI index values 
for 256QAM modulation, based on the measurement result 

60 art will appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope 
and spirit of the disclosure. Therefore, the embodiments 
disclosed in the present disclosure are intended to illustrate 
the scope of the technical idea of the present disclosure, and 

of the channel quality. The transmitter 2420 transmits chan­
nel state information including the selected CQI index value 
to the base station. 

The receiver 2430 may receive a reference signal for 
measuring the channel quality from the base station. The 

65 the scope of the present disclosure is not limited by the 
embodiment. The scope of the present disclosure shall be 
construed on the basis of the accompanying claims in such 
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a manner that all of the technical ideas included within the 
scope equivalent to the claims belong to the present disclo­
sure. 

The invention claimed is: 
1. A method for transmitting channel state information by 

a User Equipment (UE), the method comprising: 
receiving a reference signal for measuring channel quality 

from a base station; 
measuring the channel quality based on the reference 10 

signal, and selecting a channel quality indicator (CQI) 
index value from a predetermined CQI index table 
including CQI index values for 256 quadrature ampli­
tude modulation (QAM) modulation, based on the 
measurement result of the channel quality; and 15 

transmitting channel state information including the 
selected CQI index value to the base station, 

wherein: 
the CQI index table includes three CQI index values for 

QPSKmodulation, three CQI index values for 16QAM 20 

modulation, five CQI index values for 64QAM modu­
lation, and four CQI index values for 256QAM modu­
lation; 

one of the four CQI index values for 256QAM modula­
tion is configured to have one code rate value that 25 

supports a same transmission efficiency as a maximum 
transmission efficiency of a CQI index table that 
excludes CQI index values for 256QAM modulation; 
and 

another of the four CQI index values for 256QAM 30 

modulation is configured to have another code rate 
value same as the code rate value having a maximum 
transmission efficiency of a CQI index table that 
excludes CQI index values for 256QAM modulation; 
and 35 

wherein: 

20 
transmitting the reference signal to a User Equipment 

(UE); and 
receiving channel state information including a channel 

quality indicator (CQI) index selected from a predeter­
mined CQI index table including CQI index values for 
256 quadrature amplitude modulation (QAM) modula­
tion, based on a measurement result of the channel 
quality, from the User Equipment, 

wherein: 
the CQI index table includes three CQI index values for 

QPSK modulation, three CQI index values for 16QAM 
modulation, five CQI index values for 64QAM modu­
lation, and four CQI index values for 256QAM modu­
lation; 

one of the four CQI index values for 256QAM modula­
tion is configured to have one code rate value that 
supports a same transmission efficiency as a maximum 
transmission efficiency of a CQI index table that 
excludes CQI index values for 256QAM modulation; 
and 

another of the four CQI index values for 256QAM 
modulation is configured to have another code rate 
value same as the code rate value having a maximum 
transmission efficiency of a CQI index table that 
excludes CQI index values for 256QAM modulation; 
and 

wherein: 
the one code rate value of the one of the four CQI index 

values for 256QAM modulation is calculated to be 711 
using "code ratex1024," 

the another code rate value of the another of the four CQI 
index values for 256QAM modulation is calculated to 
be 948 using "code ratex1024," and 

a different another code rate value of a different another 
of the four CQI index values for 256QAM modulation 
is calculated to be 797 using "code ratex1024. " the one code rate value of the one of the four CQI index 

values for 256QAM modulation is calculated to be 711 
using "code ratex1024," 

the another code rate value of the another of the four CQI 
index values for 256QAM modulation is calculated to 
be 948 using "code ratex1024," and 

4. The method of claim 2, wherein the five CQI index 
values for 64QAM modulation, respectively, to have same 

40 difference within a predetermined error rate, as shown in a 
table below 

a different another code rate value of a different another 
of the four CQI index values for 256QAM modulation 
is calculated to be 797 using "code ratex1024. " 45 

2. The method of claim 1, wherein the five CQI index 
values for 64QAM modulation, respectively, to have same 
difference within a predetermined error rate, as shown in a 
table below 

CQI index modulation code rate x 1024 efficiency 

0 out of range 
QPSK 78 0.1523 

2 QPSK 193 0.3770 
3 QPSK 449 0.8770 
4 16QAM 378 1.4766 
5 16QAM 490 1.9141 
6 16QAM 616 2.4063 
7 64QAM 466 2.7305 
8 64QAM 567 3.3223 
9 64QAM 666 3.9023 

10 64QAM 772 4.5234 
11 64QAM 873 5.1152. 

50 

55 

60 

3. A method for receiving channel state information by a 65 

base station, the method comprising: 
creating a reference signal for measuring channel quality; 

CQI index modulation code rate x 1024 efficiency 

0 out of range 
QPSK 78 0.1523 

2 QPSK 193 0.3770 
3 QPSK 449 0.8770 
4 16QAM 378 1.4766 
5 16QAM 490 1.9141 
6 16QAM 616 2.4063 
7 64QAM 466 2.7305 
8 64QAM 567 3.3223 
9 64QAM 666 3.9023 

10 64QAM 772 4.5234 
11 64QAM 873 5.1152. 

5. A User Equipment (UE) for transmitting channel state 
information, comprising: 

a receiver configured to receive a reference signal for 
measuring channel quality from a base station; 

a controller configured to measure the channel quality 
based on the reference signal, and select a channel 
quality indicator (CQI) index value from a predeter­
mined CQI index table including CQI index values for 
256 quadrature amplitude modulation (QAM) modula­
tion, based on the measurement result of the channel 
quality; and 
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a transmitter configured to transmit channel state infor­
mation including the selected CQI index value to the 
base station, 

wherein: 
the CQI index table includes three CQI index values for 5 

QPSKmodulation, three CQI index values for 16QAM 
modulation, five CQI index values for 64QAM modu­
lation, and four CQI index values for 256QAM modu­
lation; 

one of the four CQI index values for 256QAM modula- 10 

tion is configured to have one code rate value that 
supports a same transmission efficiency as a maximum 
transmission efficiency of a CQI index table that 
excludes CQI index values for 256QAM modulation; 15 
and 

another of the four CQI index values for 256QAM 
modulation is configured to have another code rate 
value same as the code rate value having a maximum 
transmission efficiency of a CQI index table that 20 
excludes CQI index values for 256QAM modulation; 
and wherein: 

wherein: 
the one code rate value of the one of the four CQI index 

values for 256QAM modulation is calculated to be 711 
using "code ratex1024," 

22 
the another code rate value of the another of the four CQI 

index values for 256QAM modulation is calculated to 
be 948 using "code ratex1024," and 

a different another code rate value of a different another 
of the four CQI index values for 256QAM modulation 
is calculated to be 797 using "code ratex1024. " 

6. The User Equipment of claim 5, wherein and five CQI 
index values for 64QAM modulation, respectively, to have 
a same difference within a predetermined error rate, as 
shown in a table below 

CQI index modulation code rate x 1024 efficiency 

0 out of range 
QPSK 78 0.1523 

2 QPSK 193 0.3770 
3 QPSK 449 0.8770 
4 16QAM 378 1.4766 
5 16QAM 490 1.9141 
6 16QAM 616 2.4063 
7 64QAM 466 2.7305 
8 64QAM 567 3.3223 
9 64QAM 666 3.9023 

10 64QAM 772 4.5234 
11 64QAM 873 5.1152. 

* * * * * 
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