US 20120002556A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0002556 A1

Kishiyama et al. 43) Pub. Date: Jan. 5, 2012
(54) USER EQUIPMENT TERMINAL, BASE 30) Foreign Application Priority Data
STATION, AND CHANNEL QUALITY
INFORMATION REPORT METHOD Aug. 14,2007  (JP) .eeoeieieieieneneee 2007-211597
Publication Classification
(75) Inventors: Yoshihisa Kishiyama, Kanagawa
(IP); Kenichi Higuchi, Kanagawa (1) Int. CL
’ D s HO4W 24/00 (2009.01)
(JP); Mamoru Sawahashi,
Kanagawa (JP) (52) US.CL it 370/252
(57) ABSTRACT
(73)  Assignee: NTT DOCOMO, INC., Tokyo (JP) A user equipment terminal for reporting channel quality
information to a base station includes a channel quality infor-
(21) Appl. No.: 12/672,523 mation measuring unit configured to measure channel quality
information; and a channel quality information generating
(22) PCT Filed: Aug. 13, 2008 unit configured to generate, as the channel quality informa-
tion, a difference value between a first absolute value of the
(86) PCT No.: PCT/JP08/64539 measured channel quality information and a second absolute
value of previously measured channel quality information.
§ 371 (c)(1), The present invention also relates to a base station and a
(2), (4) Date: May 6, 2010 channel quality information report method.
NodeB UE
58101

DETERMINE CQI
REPORT FORMAT

©Ql REPORT FORMAT 55103

$109
b

GENERATE
DOWNLINK DATA

s111
s

SCHEDULE
DOWNLINK DATA

DOWNLINK DATA 55”3

$105
s

GENERATE CQI ABSOLUTE
VALUE FOR SYSTEM BAND
GENERATE CQI DIFFERENCE
VALUE FOR SYSTEM BAND

UPLINK GONTROL INFORMATION 531 19

115
S

DETERMINE ACK/NACK

s117
S

MULTIPLEX
ACK/NACK AND CQI

s121
S

RECEIVE AND
PROCESS UPL INK
CONTROL INFORMATION

I




Patent Application Publication

FIG.1

Jan. 5,2012 Sheet 1 of 20

TIME

FELEET
n 1
4 1
7 1
=B
1’ ! !
/ :4%!

CQla3

ll ELU !
@ = E:
.'": |: 3
el :_.I 5;
0 O3

'
[N 1
\‘ 1 :

]
X :
| .
-
1 '
11 i}
AT
2 :LLI '

CQlLa2
5 bits
L
T

\\\ :<%E
\‘ [ H
L g

Ay 2 1
LY 1
vy ¥
\‘| 1
[
f=——1
n 1
’y ]
1y t
s '
=Ty
J :..JZ:

CQl_at

’ iy '
@ :I—E:
= S
0 :_JEB:
s 3>

US 2012/0002556 A1



US 2012/0002556 A1

Jan. 5,2012 Sheet 2 of 20

Patent Application Publication

Sig ¢
EP100

siq¢
¢P 10O

siq ¢
1100

JNLL

¢ Old

ANIVA
JON3H3441d
100

ANTVA
31N070Sav
100



US 2012/0002556 A1

Jan. 5,2012 Sheet 3 of 20

Patent Application Publication

sUq T SUq ¢ suq ¢
€P 100 ZP 1090 IPTI0D
s)q ¢ SHq ¢ Siq €
ge 10D 2e 100 18100
—
JNILL

ANIVA
J0ON34H3441d
I00

ANIVA
ailnlosav
100



US 2012/0002556 A1

Jan. 5,2012 Sheet 4 of 20

Patent Application Publication

sUq g SHq ¢
€P IDD! ZP 109
SHq ¢ sHq ¢ SHq §
€e 100 ¢e 100 Le J0O

JNIL

¥OlI4

ANIVA
JON3H3441d
IDO

dNIVA
31Nn710s8y
100



US 2012/0002556 A1

Jan. 5,2012 Sheet 5 of 20

Patent Application Publication

¢# TVAYILNI NOISSIASNVYH.L
NOILVINHOANI 3Dd3TMONMOY

A

-

~

NOLLVIWHOANI 3O TMONNUOY

L# IVAHILNI NOISSINSNVHL
\llj

JNIL

GOl

NO! LVIWHOANI
3903 TMONMOV
ANTIVA
3ON343441Q 100

ANIVA
31Nn7084av 109



US 2012/0002556 A1

Jan. 5,2012 Sheet 6 of 20

Patent Application Publication

¢# TVYAYILNI NOISSINSNVYL
NOILYIWHOANI 3903 TMONAOV
A

H TVAYILNI NOISSINSNVYL
NOILYIWHOANI 3DA3TMONMOY

.

JAILL

9'0I4

NO| LVWNHOINI
J903TMONMOV
AMIVA
JONFY3441Q 100

ANVA
iniosay 109



US 2012/0002556 A1

Jan. 5,2012 Sheet 7 of 20

Patent Application Publication

¢# TVAHILNI NOISSINSNYY L
NOILLYIWHOANI 3DA3TMONMOY
A

e

~

I# TYAH3LNI NOISSIANSNVY.L
NOLLVAYHOANI 3903 TMONNOV

—M

JNIL

LOl4

NO!|LVINYOAN|
3903 IMONMOV

3NIVA
JONJY3441a 109
INIvA

31070849y 100



US 2012/0002556 A1

Jan. 5,2012 Sheet 8 of 20

Patent Application Publication

TVYNDIS
NOISSINSNVYL

e

1INN
ONLLVH3INEO 100
ANV8 W31SAS

A

4
mo_M

ANTIVA
JONIFH3I441Q
1INN < 109
ONIXIdILTINN
NOILLVYINHOANI
JOHLNOD ““IMIYA
M y 31107088V
Go| 100
MOVN/AUOV

1INN
ONLLYYHEINTO
NOLLVINHO-NI
JO903TTMONUIV

B_M

LINN
ONIINSY3IN 10D
ANVYH W3LSAS

SPM




US 2012/0002556 A1

Jan. 5,2012 Sheet 9 of 20

Patent Application Publication

1INN

1INN

ONILLVHVYdIS O TVNDIS
NOILVINHOANI d3AI303Y

TOHLNOO

ONVE WILSAS ONININY3LIA |
HO4 100 ¢ 100 aNve [ ANTVA
NILSAS 30NIY3441a
¢ 199
INTVA
£0¢ aLnjosay
(OVN/MOV) 100

NOILYWHOANI <
I5ATIMONMOV

—owvx

NOLLVIWHOANI
XI1dILINW
MOVN/;OV 0z



Patent Application Publication Jan. 5,2012 Sheet 10 of 20 US 2012/0002556 A1

FIG.10

NodeB UE
S101
S

DETERMINE CQI
REPORT FORMAT

CQI REPORT FORMAT 53103

P

S105
GENERATE CQI ABSOLUTE
VALUE FOR SYSTEM BAND
GENERATE CQI DIFFERENGE
VALUE FOR SYSTEM BAND
S109
S
GENERATE
DOWNLINK DATA
S111
S
SCHEDULE

DOWNLINK DATA

DOWNLINK DATA 53”3

S115
S

DETERMINE ACK/NACK

s117
S

MULTIPLEX
ACK/NACK AND CQlI

UPLINK CONTROL INFORMATION 53”9

”

s121
S

RECEIVE AND
PROGESS UPLINK
CONTROL |INFORMAT ION

I




US 2012/0002556 A1

Jan. 5,2012 Sheet 11 of 20

Patent Application Publication

JNIL

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

(910)

[9]0)

100

| 1'Old




US 2012/0002556 A1

Jan. 5,2012 Sheet 12 of 20

Patent Application Publication

SX00714d 30HNO0S3Y 6 = ANVE-8NS | = LINN 1H0d3Y 50;

suqg s)qg suqg suqg s$3qg
190 190 190 190 190
) SM0079 I0YNOSIY 2 = (ZHWN S) HLAIMANYS WILSAS g
NOLLNTOS3Y AONINOIHA MO (9)
M0078 I0HNOSTY | = LINN 14O0d3Y 199
P
$319G/SHAG/SUqGis1qG SHGGSUAGSHAGSIAGSHAGSHAGSHAGSHAGSHAS(SUGGS UGG sHAgsHags s qgsIagsHagsIqgs1ggsadstag
100 190|100 {100 100 199|199 | 100|190 | 199|102 199 199|100 | 190 189 199 | 199 | 109 [ 100|199 199 | 199 | 190 | 199

A

SX00718 FIDHNOSIY 62 = (ZHW S) HLAIMANYE WILSAS

¢ 1 Ol

v

NOLLNT0S3d AONINDIYL HOIH (®)




US 2012/0002556 A1

Jan. 5,2012 Sheet 13 of 20

Patent Application Publication

SX00718 30HNOS3Y S = ANVE-4NS | = 1LINN 1H0d3Y 100

S:qg S1qg 51196 S3qG 539G
100 100 100 IDO 100
SM007149 F0HN0S3Y 4¢ = (ZHW G) HLAIMANYE WILSAS
NOILNT0S3d AON3INOIH4 MOT (9)
MO018 304NOS3Y | = LINN LHOd3H 100
“«—>
HAL | HQL UL ML UG QL 1qL [ HGL UL | HGL UL HGL UL AL UL ML (ML | HaL ML QL | M) (ugL | Hq) [ug)|q)
100 100|100 100|100 |IDD 10D {100 100|100 {100 {100 (100 |IDD| 100|100 |IDD|IDD |IDY |IDD 10D |1DD | IDD (10D [IDD

A

SYJ0718 I04N0SN 62 = (ZHWN 8) HLAIMANYS WILSAS

€101

v

NOILLNTOS3Y AONINDIHL HOIH (8)




US 2012/0002556 A1

Jan. 5,2012 Sheet 14 of 20

Patent Application Publication

G# 138
anva-ans

v# 138
aNva-ans

e 138
aNva-eans

¢ 138
aNve-4ans

it 13S
aNva-ans

sHqg
100

s394
100

SHqg
[910)

51194
100

REIEIY
100

53194

100

s1qg

100

SUqG

100

SHqg

{1910)

519G

100

SHqg
100

SHAG
j(910)

s31q6
100

53198
100

s11qg
190

STEE
100

53196
j(9]8)

53149
100

Sqg
100

S3q6
100

SHAg

100

$3qg

100

SHAG

100

S1qG

100

s1qg

100

S3qg
100

53199
j{e]0)

100

mgnmwgnm

100

SHqSG
10D

S3q9
100

534G
[010)

SHqg
100

s3q
190

S31qg
100

SIET
190

519G
100

s394
[950]

SIET
100

s394
100

SHqg
IDD

S3ag
100

$396
100

SHq9g
100

S1qq
J(9F0)

SHqg
(919)

539G
100

S1qGisiqg

10O

(919)

s:qg
100

A

v

SXD079 30HNOS3Y G2 = (ZHIN §) HLAIMANYE WILSAS

71Ol




US 2012/0002556 A1

Jan. 5,2012 Sheet 15 of 20

Patent Application Publication

NOILVINHOANI

BN[YNDIS ()

ANINMOQ

ANVg-aNns HOv3 404
NOILVWHOANI X31dILTNN 10D

TVYNDOIS
NOISSINSNVHL

LINN DNIAIZO 3
NOILLVINHOANI
anNvd

aNvV8-8NnsS 40 H1dIMANY4E

mo—w

L1INN 1INN ONIHNSYIAW
ONLLYYINID |, 190 SISVe
aNvea-ans 190 sisva  [* M001d
HOV3 HO4 10D aNva-gans 30dNOS3Y
e e
INvA
! I9NTHI4410
1IN 109 LINN
ONIXITdILINN | oNLivdango | |HING INHOSYIW
NOLLYWHOANI | 190 ANVE 2 NS
JOHINOD  [* WILSAS
VA
T F 3Lnosay T 3
G0} 160 €0l 101
LINN
ONILLYHINID
NOILYWHOANI
HOVN/OV IDATTMONMOV BT
. o1’
GLOI4




US 2012/0002556 A1

Jan. 5,2012 Sheet 16 of 20

Patent Application Publication

TVYNDIS
NOISSIASNVYL

O

dNV8-8ns HOV3 HOo4 10D

N

ONDCHTLINW LINM ONIGOONI
AL TINNVHO
5 5 LINN
el ML onxandLsini
NOLLYANOANI TOHINOD
s01°
MOVN/HOV

91OI4

ANTVA JON3H344IA IDO
+ dNTIVA 311071088V 100



US 2012/0002556 A1

Jan. 5,2012 Sheet 17 of 20

Patent Application Publication

~ 1INN
ONILLIASNVYH L () M_m“n__.«__b,_%_mn_z_
NOILVINHO4NI MNITNMOAd
dNvd

L0¢ 5

ANVE-8NS HOV3 404 NOLLYINHOANI X3 1dLLINIA 190
%0078 J0HNOSTY ONINIANALIC AP
. HLAIMONYE W3LSAS
HOV3 404 199 100 SISve [ aNva-ans
aNVE-8ns HOV3
I 404 190
G0z”  |aNVE WALSAS
H0d 100
LINN LINN
ONVE WILSAS DNININY3L3A |, ONILYHYJIS
04 10D 100 T InvA NOLLYWNOINI [« TYNDIS GIAIFORY
ANVE WILSAS | JONZMIIHIA | JOMINOD
5 amvA 5
€0z AU Iosay 10e
IOYN OW)
NOLLYWHOSNI <
NOLLYWHOANI
FOATIMONOY XT1dLINN NOVN/NOV _
0z
L1014



Patent Application Publication Jan. 5,2012 Sheet 18 of 20 US 2012/0002556 A1

FIG.18

NodeB UE
S101
s

DETERMINE CQI
REPORT FORMAT

CQI REPORT FORMAT 53103

$105
S

GENERATE CQI ABSOLUTE
VALUE FOR SYSTEM BAND
GENERATE CQI DIFFERENCE
VALUE FOR SYSTEM BAND

$107
S

S109
s

GENERATE

DOWNLINK DATA GENERATE CQI FOR

EACH SUB-BAND

S111
s

SCHEDULE
DOWNLINK DATA

DOWNLINK DATA 531 13

s115
S

DETERMINE ACK/NACK

s117
S

MULTIPLEX
ACK/NACK AND CQl

UPLINK CONTROL INFORMATION 531 19

<

s121
S

RECEIVE AND
PROCESS UPLINK
CONTROL INFORMAT ION




US 2012/0002556 A1

Jan. 5,2012 Sheet 19 of 20

Patent Application Publication

L B R 1 O T I

L B - B ] [T

4

TVAHALNI NOISSIASNVYYL 10D
H1AIMANVE ZHIW 02 (°)

& E @ E & i
VANILNI NOISSINSNYYL 100
HLAIMANYE ZHW 01 (9)
NOILYHNA NOISSINSNYY.L
<
K [ E
~ TIYAYILNI NOISSINSNYYL 100
HLAIMANYS ZHW G (e)
SUq Ap pi ¢4 _ o8 | 1# ] Ee@_m__”__%
SUQ AT | 4 ‘ L# _ IE_@M_\_N__%
v x[ ] MUY
61 OId



US 2012/0002556 A1

Jan. 5,2012 Sheet 20 of 20

Patent Application Publication

C#

%

@ [ P [ [ [

SHA Ab

SUG AV

b#

e#

[2#] I#

—p

TVAYILNI NOISSINSNVYL 10O

vit[en [eu ] #[va e [on] 1o ve e [an] e vn[on|on | g | HEAIMANYE
INIHOS Q3LNERILSIA (Q)
R R - R R R R T
| |
TWAHILNI NOISSINSNYYL 19D
bt £# 2 L# HLJIMONVE
INIHOS d3IZITVOO0T (B)

0¢ Ol



US 2012/0002556 Al

USER EQUIPMENT TERMINAL, BASE
STATION, AND CHANNEL QUALITY
INFORMATION REPORT METHOD

TECHNICAL FIELD

[0001] The present invention relates to a user equipment
terminal, a base station, and a channel quality information
report method.

BACKGROUND ART

[0002] In a mobile communication system such as an
HSDPA (High Speed Downlink Packet Access) system, a
user equipment terminal (UE) measures reception quality of
apilot channel and periodically reports channel quality infor-
mation (CQI: Channel Quality Indicator) to a base station (at
transmission intervals specified by the base station). The base
station determines a modulation scheme, a coding rate, or the
like based on the reported CQI (see 3GPP, TS25.214).
[0003] FIG.1 shows CQI information transmitted in accor-
dance with HSDPA. For example, the user equipment termi-
nal measures reception quality of the pilot channel and
reports a numerical value of 0-31 representing the reception
quality to the base station. Specifically, the CQI (CQI_al,
CQI_a2, CQI_a3)is a value (absolute value) representing the
channel quality with a predetermined number of bits (for
example, five bits). When the base station receives a false
CQ]I, the base station determines a false modulation scheme
or a false coding rate. However, when the base station subse-
quently receives a correct CQI, the base station can determine
a correct modulation scheme or a correct coding rate.

DISCLOSURE OF INVENTION
Problem(s) to be Solved by the Invention

[0004] As a next-generation communication system of the
W-CDMA (Wideband Code Division Multiple Access) sys-
tem and the HSDPA (High Speed Downlink Packet Access)
system, an LTE (Long Term Evolution) system has been
studied by 3GPP (3" Generation Partnership Project). In the
LTE system, it is contemplated that the user equipment ter-
minal transmits acknowledge information (ACK/NACK)
together with the CQI as uplink control information to the
base station.

[0005] Uplink control information may grow when the user
equipment terminal transmits acknowledge information
together with the CQI. Controlling the modulation scheme or
the coding rate in response to the increase in the uplink
control information may degrade reception quality of the
uplink control information.

[0006] Inview of this problem, it is a general object of the
present invention to maintain reception quality of channel
quality information.

Means for Solving the Problem(s)

[0007] In one aspect of the present invention, there is pro-
vided a user equipment terminal for reporting channel quality
information to a base station, including:

[0008] a channel quality information measuring unit con-
figured to measure channel quality information; and

[0009] a channel quality information generating unit con-
figured to generate, as the channel quality information, a
difference value between a first absolute value of the mea-

Jan. 5, 2012

sured channel quality information and a second absolute
value of previously measured channel quality information.
[0010] In another aspect of the present invention, there is
provided a base station for receiving channel quality infor-
mation from a user equipment terminal, including:

[0011] a control information receiving unit configured to
receive, as the channel quality information, a difference value
from an absolute value of previously determined channel
quality information; and

[0012] achannel quality information determining unit con-
figured to determine channel quality information based on the
absolute value and the difference value.

[0013] In another aspect of the present invention, there is
provided a channel quality information report method in
which a user equipment terminal reports channel quality
information to a base station, including the steps of:

[0014] measuring, by the user equipment terminal, channel
quality information;

[0015] generating, by the user equipment terminal, as the
channel quality information, a difference value between a
first absolute value of the measured channel quality informa-
tion and a second absolute value of previously measured
channel quality information;

[0016] receiving, by the base station, as the channel quality
information, the difference value; and

[0017] determining, by the base station, channel quality
information based on the absolute value and the difference
value.

Advantageous Effect of the Invention

[0018] According to an embodiment of the present inven-
tion, it is possible to maintain reception quality of channel
quality information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows CQI information transmitted accord-
ing to HSDPA.
[0020] FIG. 2 shows a first example of CQI information

transmitted according to a CQI report method in accordance
with a first embodiment of the present invention.

[0021] FIG. 3 shows a second example of CQI information
transmitted according to a CQI report method in accordance
with the first embodiment of the present invention.

[0022] FIG. 4 shows a third example of CQI information
transmitted according to a CQI report method in accordance
with the first embodiment of the present invention.

[0023] FIG. 5 shows an example where CQI information
and acknowledge information are transmitted according to
the CQI report method shown in FIG. 2.

[0024] FIG. 6 shows an example where CQI information
and acknowledge information are transmitted according to
the CQI report method shown in FIG. 3.

[0025] FIG. 7 shows an example where CQI information
and acknowledge information are transmitted according to
the CQI report method shown in FIG. 4.

[0026] FIG. 8 shows a block diagram of a user equipment
terminal in accordance with the first embodiment of the
present invention.

[0027] FIG. 9 shows a block diagram of a base station in
accordance with the first embodiment of the present inven-
tion.
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[0028] FIG.10 shows a flowchart of a CQIreport method in
accordance with the first embodiment of the present inven-
tion.

[0029] FIG. 11 shows CQI information transmitted accord-
ing to a CQI report method using a system band CQI and a
frequency-selective CQI.

[0030] FIG. 12 shows the amount of information needed for
a frequency-selective CQI report method.

[0031] FIG. 13 shows CQI information transmitted accord-
ing to a frequency-selective CQI report method in accordance
with a second embodiment of the present invention.

[0032] FIG. 14 shows CQI information transmitted accord-
ing to a frequency-selective CQI report method in accordance
with a third embodiment of the present invention.

[0033] FIG. 15 shows a block diagram of a user equipment
terminal in accordance with the second or third embodiment
of the present invention.

[0034] FIG. 16 shows a block diagram of an uplink control
channel multiplexing unit shown in FIG. 15.

[0035] FIG. 17 shows a block diagram of a base station in
accordance with the second or third embodiment of the
present invention.

[0036] FIG. 18 shows a flowchart of a frequency-selective
CQI report method in accordance with the second or third
embodiment of the present invention.

[0037] FIG.19 shows CQI information transmitted accord-
ing to a frequency-selective CQI report method in accordance
with a fourth embodiment of the present invention (in the case
of plural system bandwidths).

[0038] FIG. 20 shows CQI information transmitted accord-
ing to a frequency-selective CQI report method in accordance
with the fourth embodiment of the present invention (in the
case of the bandwidth of 20 MHz).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Description of Notations

[0039] 10 user equipment terminal

[0040] 101 system band CQI measuring unit

[0041] 103 system band CQI generating unit

[0042] 105 control information multiplexing unit
[0043] 107 acknowledge information generating unit
[0044] 109 band information receiving unit

[0045] 111 resource block basis CQI measuring unit
[0046] 113 sub-band basis CQI generating unit
[0047] 151 channel encoding unit

[0048] 153 time-multiplexing unit

[0049] 20 base station

[0050] 201 control information separating unit
[0051] 203 system band CQI determining unit
[0052] 205 sub-band basis CQI determining unit
[0053] 207 band information transmitting unit

BEST MODE OF CARRYING OUT THE
INVENTION

[0054] With reference to the accompanying drawings,
embodiments of the present invention are described below.

First Embodiment
Examples where a CQI Difference Value is Reported

[0055] With reference to FIGS. 2-4, CQl information trans-
mitted according to a channel quality information (CQI)

Jan. 5, 2012

report method in accordance with a first embodiment of the
present invention is described below. In the first embodiment,
not only a CQI absolute value but also a difference value from
the previously measured CQI is used. The CQI is expressed
with a predetermined number of bits. In this embodiment,
channel quality is expressed with a predetermined number of
bits (for example, five bits which amount to thirty-two types
of'information). The CQI representing channel quality infor-
mation with the predetermined number of bits (for example,
five bits) is referred to as a CQI absolute value. For example,
a smaller CQI absolute value means poorer channel quality,
while a larger CQI absolute value means better channel qual-
ity.

[0056] On the other hand, a difference value from the pre-
viously measured CQI absolute value may be used to express
the CQI. In other words, the CQI difference value is a value
representing the difference between the currently measured
CQI absolute value and the previously measured CQI abso-
lute value with a predetermined number of bits (for example,
two bits). When the propagation environment is stable, fluc-
tuations in the CQI is small. Thus, a user equipment terminal
need not transmit a CQI absolute value at each CQI transmis-
sion interval. Instead, the user equipment terminal may trans-
mit a difference value to reduce the amount of information
needed for the CQI report.

[0057] With reference to FIG. 2, one example of the CQI
report method using a difference value is described below. In
this example, a user equipment terminal measures and reports
a CQI absolute value (CQI_al) with five bits of information.
Then, the user equipment terminal reports a difference value
(CQI_d2) between the currently measured CQI and the pre-
viously measured CQI (CQI_al). The difference value is
expressed with two bits of information. When a base station
receives the CQI difference value (CQI_d2), the base station
can calculate CQI_al+CQI_d2 using the previously deter-
mined CQI absolute value (CQI_al) and determine the CQI
with five bits of information. Similarly, when the base station
receives a CQI difference value (CQI_d3), the base station
can calculate CQI_al+CQI_d2+CQI_d3 using the previously
determined CQI (CQI_al+CQI_d2) and determine the CQI
with five bits of information.

[0058] It should be noted that for the purpose of reducing
error propagation in the case where an error occurs in the CQI
absolute value, a CQI absolute value with five bits of infor-
mation is transmitted at a predetermined transmission inter-
val specified by the base station.

[0059] With reference to FIG. 3, another example of the
CQI report method using a difference value is described
below. In this example, a user equipment terminal converts a
CQI with five bits of information into a CQI (CQI_al, CQIL_
a2, CQI_a3) with three bits of information representing the
CQI with a smaller amount of information. This conversion
makes the CQI coarser. For example, when the CQI is mea-
sured by the unit of 1 dB, this conversion makes the CQI by
the unit of 4 dB. Accordingly, the user equipment terminal
simultaneously reports a difference value (CQI_dl, CQI_d2,
CQI_d3) between the currently measured CQI and the previ-
ously measured CQI. When a base station receives the CQI
difference value (CQI_d2), the base station can calculate
CQI_al1+CQI_d2 using the previously received CQI absolute
value (CQI_al) and determine the CQI with five bits of infor-
mation. Similarly, when the base station receives a CQI dif-
ference value (CQI_d3), the base station can calculate CQI_
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a2+CQI_d3 using the previously received CQI (CQI_a2) and
determine the CQI with five bits of information.

[0060] When the base station receives the CQI difference
value (CQI_d2), the base station also simultaneously receives
the CQI absolute value (CQI_a2) with three bits of informa-
tion. Accordingly, the base station can determine an error in
the CQI by comparing the determined CQI (CQI_al+CQI_
d2) with the currently received CQI absolute value (CQI_a2).
For example, if CQI_a2-A<CQI_al+CQI_d2<CQI_a2+A (A
is a constant), then the base station can determine that the CQI
is correctly received.

[0061] With reference to FIG. 4, another example of the
CQI report method using a difference value is described
below. In this example, a user equipment terminal measures
and reports a CQI (CQI_al) with five bits of information.
Then, the user equipment terminal reports a CQI abstract
value (CQI_a2, CQI_a3) with three bits of information and a
CQI difference value (CQI_d2, CQI_d3) with two bits of
information inasimilar manner to FIG. 3. When a base station
receives the CQI difference value (CQI_d2), the base station
can calculate CQI_al+CQI_d2 using the previously received
CQI absolute value (CQI_al) and determine the CQI with
five bits of information. Similarly, when the base station
receives a CQI difference value (CQI_d3), the base station
can calculate CQI_al+CQI_d2+CQI_d3 using the previously
determined CQI (CQI_al+CQI_d2) and determine the CQI
with five bits of information.

[0062] Periodically transmitting a CQI with five bits of
information in this manner can reduce error propagation in
the case where an error occurs in the CQI absolute value.
[0063] As is the case with the example in FIG. 3, in the
example shown in FIG. 4, when the base station receives the
CQI difference value (CQI_d2), the base station also simul-
taneously receives the CQI absolute value (CQI_a2) with
three bits of information. Accordingly, the base station can
determine an error in the CQI as is the case with the example
in FIG. 3.

First Embodiment

Examples where a CQI Difference Value and
Acknowledge Information are Multiplexed

[0064] With reference to FIGS. 5-7, methods of multiplex-
ing the CQI difference value which is generated as shown in
FIGS. 2-4 and acknowledge information into an uplink con-
trol channel are described below.

[0065] InLTE, acknowledge information (ACK/NACK) in
response to downlink transmission data transmitted from a
base station to a user equipment terminal is multiplexed
together with the CQI into the uplink control channel. When
the acknowledge information is multiplexed together with the
CQI, the amount of information in the uplink control channel
grows. Since limited resources can be assigned to the uplink
control channel, the user terminal needs to reduce the amount
of CQI information upon transmitting acknowledge informa-
tion, in order to reduce degradation of reception quality due to
an increase in the amount of information in the uplink control
channel.

[0066] With reference to FIG. 5, one example of a method
of multiplexing the CQI and acknowledge information
according to the CQI report method shown in FIG. 2 is
described below. The user equipment terminal reports a CQI
absolute value with five bits of information, when the user
equipment terminal need not transmit acknowledge informa-
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tion. However, when the user equipment terminal needs to
transmit acknowledge information (during acknowledge
information transmission intervals #1 and #2), the user equip-
ment terminal reports a CQI difference value with two bits of
information. As a result, the amount of information in the
uplink control channel is kept constant and reception quality
of the uplink control channel is maintained.

[0067] With reference to FIG. 6, one example of a method
of multiplexing the CQI and acknowledge information
according to the CQI report method shown in FIG. 3 is
described below. The user equipment terminal reports a CQI
absolute value with three bits of information and a CQI dif-
ference value, when the user equipment terminal need not
transmit acknowledge information. However, when the user
equipment terminal needs to transmit acknowledge informa-
tion (during acknowledge information transmission intervals
#1 and #2), the user equipment terminal reports a CQI difter-
ence value with two bits of information. As a result, the
amount of information in the uplink control channel is kept
constant and reception quality ofthe uplink control channel is
maintained.

[0068] With reference to FIG. 7, one example of a method
of multiplexing the CQI and acknowledge information
according to the CQI report method shown in FIG. 4 is
described below. The user equipment terminal periodically
reports a CQl absolute value with five bits of information. The
user equipment terminal reports either a CQI absolute value
with five bits of information or a CQI absolute value with
three bits of information and a CQI difference value, when the
user equipment terminal need not transmit acknowledge
information. However, when the user equipment terminal
needs to transmit acknowledge information (during acknowl-
edge information transmission intervals #1 and #2), the user
equipment terminal reports a CQI difference value with two
bits of information. As a result, the amount of information in
the uplink control channel is kept constant and reception
quality of the uplink control channel is maintained.

[0069] Since the base station can uniquely identify the tim-
ing when acknowledge information is received in response to
downlink transmission data, the base station can recognize
that a CQI difference value rather than a CQI absolute value
is reported when acknowledge information is received.
Accordingly, when the base station receives the CQI differ-
ence value, the base station can determine (derive) a CQI with
five bits of information using the previously determined CQI.

First Embodiment
Configuration of a User Equipment Terminal

[0070] With reference to FIG. 8, a configuration of a user
equipment terminal 10 in accordance with the first embodi-
ment is described below.

[0071] The user equipment terminal 10 includes a system
band CQI measuring unit 101, system band CQI generating
unit 103, control information multiplexing unit 105, and an
acknowledge information generating unit 107.

[0072] The system band CQI measuring unit 101 receives a
reference signal transmitted from the base station, for
example, and measures a CQI for the system band. The CQI
for the system band is expressed with a predetermined num-
ber of bits (for example, five bits).

[0073] The system band CQI generating unit 103 generates
a CQI absolute value and a CQI difference value. For
example, in order to generate the CQI shown in FIG. 2, the
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system band CQI generating unit 103 stores the previously
measured CQI and generates a difference value (for example,
two bits) between the currently measured CQI and the previ-
ously measured CQI. In addition, the system band CQI gen-
erating unit 103 periodically generates a CQI absolute value
(for example, five bits). In order to generate the CQI shown in
FIG. 3, the system band CQI generating unit 103 generates a
CQI absolute value (for example, three bits) representing the
CQI with a smaller amount of information. The system band
CQI generating unit 103 also stores the previously measured
CQI and simultaneously generates a differential value (for
example, two bits) between the currently measured CQI and
the previously measured CQI. In order to generate the CQI
shown in FIG. 4, the system band CQI generating unit 103
generates a CQI absolute value (for example, three bits) rep-
resenting the CQI with a smaller amount of information. The
system band CQI generating unit 103 also stores the previ-
ously measured CQI and simultaneously generates a difter-
ential value (for example, two bits) between the currently
measured CQI and the previously measured CQI. In addition,
the system band CQI generating unit 103 periodically gener-
ates a CQI absolute value (for example, five bits).

[0074] The acknowledge information generating unit 107
determines an error in downlink transmission data from the
base station and generates acknowledge information. Specifi-
cally, the acknowledge information generating unit 107 gen-
erates ACK in the case of successful reception and NACK in
the case of erroneous reception.

[0075] The control information multiplexing unit 105 mul-
tiplexes the CQI and the acknowledge information. Specifi-
cally, when the acknowledge information needs to be trans-
mitted, the control information multiplexing unit 105
multiplexes the CQI difference value (for example, two bits)
and the acknowledge information. When the acknowledge
information need not be transmitted, the control information
multiplexing unit 105 multiplexes either the CQI absolute
value (for example, five bits) or the CQI absolute value with
the smaller amount of information (for example, three bits)
and the CQI difference value (for example, two bits). The
multiplexed control information is transmitted to the base
station on the uplink control channel.

First embodiment
Configuration of a Base Station

[0076] With reference to FIG. 9, a configuration of a base
station 20 in accordance with the first embodiment is
described below.

[0077] The base station 20 includes a control information
separating unit 201 and a system band CQI determining unit
203.

[0078] The control information separating unit 201 deter-
mines whether acknowledge information is to be received and
separates the acknowledge information from CQIs. The
acknowledge information is used for retransmission control
and the separated CQIs (a CQI absolute value and a CQI
difference value) is supplied to the system band CQI deter-
mining unit 203.

[0079] The system band CQI determining unit 203 receives
the CQI absolute value and the CQI difference value and
determines the CQI for the system band. For example, upon
receiving the CQI shown in FIG. 2, the system band CQI
determining unit 203 outputs the CQI absolute value (for
example, five bits) as it is (without being processed). For the
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CQI difference value (for example, two bits), the system band
CQI determining unit 203 calculates the CQI for the system
band using the previously determined CQI together with the
CQI difference value and outputs the CQI for the system
band. Upon receiving the CQI shown in FIG. 3, the system
band CQI determining unit 203 receives the CQI absolute
value (for example, three bits) and the CQI difference value
(for example, two bits), calculates the CQI for the system
band using the previously determined CQI together with the
CQI difference value, and outputs the CQI for the system
band. Upon receiving the CQI shown in FIG. 4, the system
band CQI determining unit 203 outputs the CQI absolute
value (for example, five bits) as it is (without being pro-
cessed). For the CQI difference value (for example, two bits),
the system band CQI determining unit 203 calculates the CQI
for the system band using the previously determined CQI
together with the CQI difference value and outputs the CQI
for the system band.

[0080] When the CQI absolute value with the smaller
amount of information is received as shown in FIGS. 3 and 4,
the system band CQI determining unit 203 may determine an
error in the CQI by comparing the CQI for the system band
calculated using the CQI difference value with the currently
received CQI absolute value with the smaller amount of infor-
mation.

[0081] TheCQI forthe system band output from the system
band CQI determining unit 203 is used for scheduling in
assigning radio resources for transmitting and receiving data
to and from the user equipment terminal.

First Embodiment
Flowchart of a CQI Report Method

[0082] With reference to FIG. 10, a flowchart of a CQI
report method in accordance with the first embodiment is
described below.

[0083] First, the base station (NodeB) determines a CQI
report format (step S101). For example, the base station deter-
mines which format is to be used among the CQI report
formats shown in FIGS. 2-4. The CQI transmission interval
may be specified in the CQI report format. The CQI report
format is transmitted to the user equipment terminal via
downlink signaling or the like (step S103).

[0084] The user equipment terminal (UE) generates a CQI
absolute value or a CQI difference value for the system band
at the CQI transmission interval specified by the base station
(step S105). It should be noted that the user equipment ter-
minal generates the CQI absolute value or the CQI difference
value for the system band at the CQI transmission interval
specified by the base station even when there are no downlink
transmission data (not shown).

[0085] When downlink transmission data to be transmitted
from the base station to the user equipment terminal are
generated (step S109), the base station performs scheduling
of the data (step S111) and transmits the data to the user
equipment terminal (step S113). The user equipment terminal
determines an error in the downlink transmission data (step
S115) and multiplexes the determination result (ACK/
NACK) and the CQI into the uplink control channel (step
S117). The CQI multiplexed in this step is the CQI difference
value. Then, the user equipment terminal transmits control
information multiplexed into the uplink control channel (step
S119). The uplink control information is separated by the
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base station. The acknowledge information is used to deter-
mine whether retransmission is needed and the CQI is used
for scheduling (step S121).

[0086] Although channel quality information for the sys-
tem band is reported as a difference value in the first embodi-
ment, the first embodiment is not limited to the report on the
channel quality information for the system band. The first
embodiment is also applicable to the report on channel qual-
ity information for a portion of the system band.

Second Embodiment

Example where a Frequency-Selective CQI is
Reported

[0087] Next, a frequency-selective CQI report method is
described below. In a mobile communication system such as
an LTE system, the system band is divided into plural fre-
quency blocks. The frequency block is referred to as a
resource block, which is a minimum unit in the frequency
domain for allocating radio resources to a user equipment
terminal. In this mobile communication system, the base
station performs scheduling in consideration of fluctuations
in channel quality information in the frequency domain.
Channel quality information which represents fluctuations in
channel quality information in the frequency domain and is
reported from the user equipment terminal to the base station
is referred to as a frequency-selective CQI.

[0088] For example, when the system band is divided into
twenty-five resource blocks, the frequency-selective CQI
may include CQIs for twenty-five resource blocks. Alterna-
tively, the frequency-selective CQI may include CQIs for five
sub-bands, each of which groups five resource blocks. The
sub-band is a group of resource blocks consisting of at least
one resource block, which can be used to reduce the amount
of frequency-selective CQI.

[0089] FIG. 11 shows one example where a user equipment
terminal reports a frequency-selective CQI. The user equip-
ment terminal reports a CQI for the system band at the inter-
val specified by the base station. In addition, the user equip-
ment terminal reports a frequency-selective CQI together
with the CQI for the system band. It should be noted that the
frequency-selective CQI may be omitted based on an instruc-
tion by the base station.

[0090] The amount of information needed for the fre-
quency-selective CQI varies according to the number of sub-
bands included in the system band. For example, it is assumed
that channel quality information is expressed as a CQI with
five bits. As shown in FIG. 12(a), when the system band
consists of twenty-five sub-bands (when one sub-band con-
sists of one resource block), the amount of information
needed for the frequency-selective CQI is 25%5=125 bits. As
shown in FIG. 12(b), on the other hand, when the system band
consists of five sub-bands (when one sub-band consists of five
resource blocks), the amount of information needed for the
frequency-selective CQI is 5%5=25 bits.

[0091] When the number of sub-bands included in the sys-
tem band varies in this manner (when frequency resolution
varies), the amount of information for reporting the fre-
quency-selective CQI also varies. When a modulation
scheme or a coding rate is controlled according to the varia-
tion in the amount of information, reception quality of the
uplink control information may be degraded. Accordingly,
when the number of sub-bands included in the system band
varies, it is necessary to keep constant the amount of infor-
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mation for the frequency-selective CQI to be reported at a
single transmission timing so as not to degrade reception
quality of control information.

[0092] With reference to FIG. 13, one example of a fre-
quency-selective CQI report method in accordance with a
second embodiment of the present invention is described
below. In the second embodiment, the amount of CQI infor-
mation for each sub-band is controlled according to the num-
ber of sub-bands included in the system band. For example, as
shown in FIG. 13(a), when the system band consists of
twenty-five sub-bands, the amount of CQI information for
each sub-band is determined to be one bit. As shown in FIG.
13(b), when the system band consists of five sub-bands, the
amount of CQI information for each sub-band is determined
to be five bits. Controlling the amount of CQI information in
this manner allows the amount of information needed for the
frequency-selective CQI to be kept constant (twenty-five bits)
in both cases.

Third Embodiment

Example where a Frequency-Selective CQI is
Reported

[0093] With reference to FIG. 14, one example of a fre-
quency-selective CQI report method in accordance with a
third embodiment of the present invention is described below.
In the third embodiment, sub-bands are grouped such that the
amount of information to be transmitted at a time is kept
constant. FIG. 14 shows an example where the system band
consists of twenty-five sub-bands. When the CQI with five
bits is reported for each sub-band, 5%25=125 bits are needed.
In order to reduce the amount of information to that (twenty-
five bits) of FIG. 13(b), the system band is divided into
sub-band sets #1-#5. Dividing the amount of information to
be reported in this manner allows the amount of information
which is to be transmitted at a time to be kept constant.
Specifically, the user equipment terminal groups CQIs for the
respective sub-bands in the system band based on the number
of sub-bands included in the system band, and then reports a
set of the grouped CQIs to the base station. Grouping the
frequency-selective CQI in this manner allows the amount of
information to be kept constant.

Second or Third Embodiment Configuration of a
User Equipment Terminal

[0094] With reference to FIG. 15, a configuration of a user
equipment terminal 10 in accordance with the second or third
embodiment is described below.

[0095] The user equipment terminal 10 includes a system
band CQI measuring unit 101, a system band CQI generating
unit 103, a control information multiplexing unit 105, an
acknowledge information generating unit 107, a band infor-
mation receiving unit 109, a resource block basis CQI mea-
suring unit 111, and a sub-band basis CQI generating unit
113. The system band CQI measuring unit 101, the system
band CQI generating unit 103, the control information mul-
tiplexing unit 105, and the acknowledge information gener-
ating unit 107 have the same functions as those of the user
equipment terminal in FIG. 8, and thus their repetitive dis-
cussions are omitted.

[0096] The band information receiving unit 109 receives
from the base station the number of sub-bands included in the
system band (frequency resolution).
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[0097] The resource block basis CQI measuring unit 111
receives a reference signal transmitted from the base station,
for example, and measures a CQI for each resource block.
[0098] The sub-band basis CQI generating unit 113 groups
the CQIs for the respective resource blocks on the sub-band
basis and generates a CQI for each sub-band. For example, in
order to generate the CQI for each sub-band shown in FIG.
13, the sub-band basis CQI generating unit 113 generates a
CQI, which has the amount of information determined
according to the number of sub-bands included in the system
band, for each sub-band. In order to generate the CQI for each
sub-band shown in FIG. 14, the sub-band basis CQI generat-
ing unit 113 groups the CQIs for the respective sub-bands
according to a predetermined amount of information avail-
able for transmission and generates a set of the grouped CQlIs.
[0099] The control information multiplexing unit 105 mul-
tiplexes CQIs (a CQI absolute value and a CQI difference
value) for the system band, the CQIs for the respective sub-
bands, and acknowledge information. The multiplexed con-
trol information is transmitted to the base station on the uplink
control channel.

[0100] With reference to FIG. 16, the configuration of the
control information multiplexing unit 105 is described in
detail below.

[0101] The control information multiplexing unit 105
includes a channel encoding unit 151 and a time-multiplexing
unit 153. The channel encoding unit 151 channel-encodes the
CQIs (the CQI absolute value and the CQI difference value)
for the system band and the CQIs for the respective sub-bands
at the same time (as a whole). Encoding control information
at the same time in this manner can improve the encoding
gain. In addition, the time-multiplexing unit 153 multiplexes
the channel-encoded CQIs and the acknowledge information
in the time domain. Time-multiplexing the CQIs and the
acknowledge information in the time domain allows the base
station to separate the acknowledge information from the
CQIs in the time domain. In other words, the base station can
separate the acknowledge information from the CQIs without
channel-decoding. Accordingly, the base station can quickly
process the acknowledge information.

Second or Third Embodiment
Configuration of a Base Station

[0102] With reference to FIG. 17, a configuration of a base
station 20 in accordance with the second or third embodiment
is described below.

[0103] The base station 20 includes a control information
separating unit 201, a system band CQI determining unit 203,
a sub-band basis CQI determining unit 205, and a band infor-
mation transmitting unit 207. The control information sepa-
rating unit 201 and the system band CQI determining unit 203
have the same functions as those of the base station in FIG. 9,
and thus their repetitive discussions are omitted.

[0104] The control information separating unit 201 sepa-
rates acknowledge information from CQIs. Furthermore, the
CQIs are separated into CQIs (a CQI absolute value and a
CQI difference value) for the system band and CQIs for the
respective sub-bands referring to the number of sub-bands
included in the system band (or referring to the system band-
width and the bandwidth of the sub-band).

[0105] The sub-band basis CQI determining unit 205 gen-
erates a CQI for each sub-band referring to the CQI for the
system band. For example, in order to generate the CQI for
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each sub-band shown in FIG. 13, the sub-band basis CQI
determining unit 205 generates a CQI, which has the amount
of information determined according to the number of sub-
bands included in the system band. In order to generate the
CQI for each sub-band shown in FIG. 14, the sub-band basis
CQI determining unit 205 generates a CQI for a predeter-
mined group (sub-band set). The CQI for each sub-band is
converted into CQI information for each resource block based
on interpolation or the like, and then used for scheduling.
[0106] The number of sub-bands included in the system
band or grouping information for grouping sub-bands (com-
bination of sub-bands) is transmitted by the band information
transmitting unit 207 to the user equipment terminal via
downlink signaling.

Second or Third Embodiment
Flowchart of a CQI Report Method

[0107] With reference to FIG. 18, a flowchart of a fre-
quency-selective CQI report method in accordance with the
second or third embodiment is described below.

[0108] First, the base station (NodeB) determines a CQI
report format (step S101). For example, the base station deter-
mines the number of sub-bands included in the system band
(frequency resolution) or grouping information for grouping
sub-bands (combination of sub-bands). The transmission
interval for transmitting a frequency-selective CQI together
with a CQI for the system band may be specified in the CQI
report format. The CQI report format is transmitted to the user
equipment terminal via downlink signaling or the like (step
S103).

[0109] The user equipment terminal (UE) generates CQls
(a CQI absolute value and a CQI difference value) for the
system band at the CQI transmission interval specified by the
base station (step S105). In addition, the user equipment
terminal (UE) generates a CQI for each sub-band when the
CQI for each sub-band is to be reported (step S107). It should
be noted that the user equipment terminal generates the CQIs
for the system band and the CQI for each sub-band at the CQI
transmission interval specified by the base station even when
there are no downlink transmission data (not shown).

[0110] When downlink transmission data to be transmitted
from the base station to the user equipment terminal are
generated (step S109), the base station performs scheduling
of the data (step S111) and transmits the data to the user
equipment terminal (step S113). The user equipment terminal
determines an error in the downlink transmission data (step
S115) and multiplexes the determination result (ACK/
NACK) and the CQI into the uplink control channel (step
S117). The CQI multiplexed in this step is the CQI difference
value. In addition, the CQI for each sub-band multiplexed in
this step is set to a predetermined amount by reducing the
amount of information for each sub-band or by grouping
sub-bands. Then, the user equipment terminal transmits con-
trol information multiplexed into the uplink control channel
(step S119). The uplink control information is separated by
the base station. The acknowledge information is used to
determine whether retransmission is needed and the CQIs for
the system band and the CQI for each sub-band are used for
scheduling (step S121).

[0111] Although the user equipment terminal reports to the
base station CQIs for all the sub-bands included in the system
band in the second and third embodiments, these embodi-
ments are not limited to the report on the CQls for all the



US 2012/0002556 Al

sub-bands. These embodiments are also applicable to the
report on CQIs for a predetermined number of sub-bands with
better channel quality.

Fourth Embodiment

Example where a Frequency-Selective CQI is
Reported in the Case of Plural System Bandwidths

[0112] Next, a frequency-selective CQI report method is
described below in the case where the mobile communication
system supports plural system bandwidths. In a mobile com-
munication system such as an LTE system, one base station
can accommodate user equipment terminals with plural sys-
tem bandwidths. For example, one base station can accom-
modate a user equipment terminal with the bandwidth of 1.4
MHz, a user equipment terminal with the bandwidth of 5
MHz, a user equipment terminal with the bandwidth of 10
MHz, and a user equipment terminal with the bandwidth of 20
MHz.

[0113] Assuming that Y bits are needed for a frequency-
selective CQI in the case of the bandwidth of 5 MHz, 2Y bits
are needed for a frequency-selective CQI in the case of the
bandwidth of 10 MHz with the same frequency resolution.
Similarly, 4Y bits are needed for a frequency-selective CQl in
the case of the bandwidth of 20 MHz with the same frequency
resolution. In this manner, the amount of information varies
depending on the bandwidth. When a modulation scheme or
a coding rate is controlled according to the variation in the
amount of information, reception quality of the uplink control
information may be degraded. Accordingly, it is necessary to
keep constant the amount of information for the frequency-
selective CQI to be reported at a single transmission timing
regardless of the bandwidth.

[0114] With reference to FIG. 19, one example of a fre-
quency-selective CQI report method in accordance with the
fourth embodiment is described below. In the fourth embodi-
ment, the base station increases the CQI transmission interval
for the user equipment terminal with the bandwidth of 5 MHz
and decreases the CQI transmission interval for the user
equipment terminal with the bandwidth of 20 MHz. For
example, the CQI transmission interval for the user equip-
ment terminal with the bandwidth of 5 MHz is determined to
be twice the CQI transmission interval for the user equipment
terminal with the bandwidth of 10 MHz, and also determined
to be four times the CQI transmission interval for the user
equipment terminal with the bandwidth of 20 MHz. In this
manner, the base station controls the CQI transmission inter-
val depending on the bandwidth used by the user equipment
terminal. Controlling the CQI transmission interval in this
manner allows the amount of information needed for the
frequency-selective CQI to be kept constant in each case.
[0115] In addition, as shown in FIG. 20(a), the user equip-
ment terminal with the bandwidth of 20 MHz may divide the
bandwidth of 20 MHz into equal four bandwidths (#1-#4) and
report a CQI for the formed bandwidth of 5 MHz at a single
transmission timing (localized scheme). Alternatively, as
shown in FIG. 20(b), the user equipment terminal with the
bandwidth of 20 MHz may divide the bandwidth of 20 MHz
into equal sixteenth bandwidths and report a CQI for the
bandwidths accounting for 5§ MHz, which are selected from
the sixteen bandwidths at even intervals (distributed scheme).
By reporting the frequency-selective CQI by means of the
distributed scheme, the base station can approximately grasp
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fluctuations in channel quality based on a CQI (for example
#1) received at a single timing.

[0116] A user equipment terminal and a base station in
accordance with the fourth embodiment include the same
components as shown in FIGS. 15 and 17, respectively. For
example, the sub-band basis CQI generating unit 113 in the
user equipment terminal 10 generates a CQI for each sub-
band at the interval according to the system bandwidth used
by the user equipment terminal 10. In addition, the control
information separating unit 201 in the base station 20 sepa-
rates the CQI for each sub-band at the interval according to
the system bandwidth used by the user equipment terminal
10.

[0117] According to an embodiment of the present inven-
tion, it is possible to maintain reception quality of channel
quality information. Although the preferred embodiments of
the present invention have been described, the present inven-
tion is not limited to these embodiments. Rather, the present
invention can be changed or modified within the scope of the
appended claims. For example, the present invention is not
limited to the mobile communication system according to
LTE, but may be applied to any mobile communication sys-
tem in which channel quality information is transmitted on
the uplink control channel.

[0118] This international application claims the benefit of
the priority dates of Japanese Patent Application No. 2007-
211597 filed on Aug. 14, 2007, the entire content of which is
herein incorporated hereby by reference.

1. A user equipment terminal for reporting channel quality

information to a base station, comprising:

a channel quality information measuring unit configured to
measure channel quality information; and

a channel quality information generating unit configured to
generate, as the channel quality information, a differ-
ence value between a first absolute value of the mea-
sured channel quality information and a second absolute
value of previously measured channel quality informa-
tion.

2. The user equipment terminal as claimed in claim 1,

wherein:

the channel quality information generating unit converts
the measured channel quality information into a third
absolute value representing the measured channel qual-
ity information with a smaller amount of information,
and further generates, as the channel quality informa-
tion, the third absolute value together with the difference
value.

3. The user equipment terminal as claimed in claim 1,

wherein:

the channel quality information generating unit periodi-
cally generates, as the channel quality information, the
first absolute value.

4. The user equipment terminal as claimed in claim 1,

further comprising:

a control information multiplexing unit configured to mul-
tiplex the difference value and acknowledge information
into an uplink control channel, upon transmitting the
acknowledge information in response to downlink trans-
mission data from the base station.

5. The user equipment terminal as claimed in claim 1,

wherein:

the channel quality information generating unit generates
channel quality information for a system band, when the
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system band is divided into sub-bands and channel qual-
ity information is reported for each sub-band, and

the user equipment terminal further comprising:

a resource block basis channel quality information mea-
suring unit configured to measure channel quality infor-
mation for each resource block;

a sub-band basis channel quality information generating
unit configured to generate channel quality information
for each sub-band based on the measured channel qual-
ity information for each resource block; and

a control information multiplexing unit configured to mul-
tiplex the channel quality information for the system
band and the channel quality information for each sub-
band into an uplink control channel.

6. The user equipment terminal as claimed in claim 5,

wherein:

the sub-band basis channel quality information generating
unit generates the channel quality information for each
sub-band according to an amount of information deter-
mined based on the number of sub-bands included in the
system band.

7. The user equipment terminal as claimed in claim 5,

wherein:

the sub-band basis channel quality information generating
unit groups the channel quality information for each
sub-band according to a predetermined amount of infor-
mation available for transmission and generates the
grouped channel quality information for each sub-band.

8. The user equipment terminal as claimed in claim 5,

wherein:

the sub-band basis channel quality information generating
unit generates the channel quality information for each
sub-band at a transmission interval according to a sys-
tem bandwidth used by the user equipment terminal,
when the base station supports plural system band-
widths.

Jan. 5, 2012

9. A base station for receiving channel quality information
from a user equipment terminal, comprising:

a control information receiving unit configured to receive,
as the channel quality information, a difference value
from an absolute value of previously determined chan-
nel quality information; and

a channel quality information determining unit configured
to determine channel quality information based on the
absolute value and the difference value.

10. The base station as claimed in claim 9, wherein:

the channel quality information determining unit deter-
mines channel quality information for a system band,
when the system band is divided into sub-bands and
channel quality information is received for each sub-
band, and

the base station further comprising:

aband information transmitting unit configured to transmit
information about the sub-bands included in the system
band; and

a sub-band basis channel quality information determining
unit configured to determine channel quality informa-
tion for each sub-band.

11. A channel quality information report method in which
a user equipment terminal reports channel quality informa-
tion to a base station, comprising the steps of:

measuring, by the user equipment terminal, channel qual-
ity information;

generating, by the user equipment terminal, as the channel
quality information, a difference value between a first
absolute value of the measured channel quality informa-
tion and a second absolute value of previously measured
channel quality information;

receiving, by the base station, as the channel quality infor-
mation, the difference value; and

determining, by the base station, channel quality informa-
tion based on the absolute value and the difference value.
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