a9 United States

Uchiyama et al.

US 20100229054A1

a2y Patent Application Publication o) Pub. No.: US 2010/0229054 A1

43) Pub. Date: Sep. 9, 2010

(54)

(735)

(73)

@

(22)

WIRELESS COMMUNICATION APPARATUS

Inventors:

Yoshifumi Uchiyama, Kawasaki
(IP); Haruhiro Shiino, Kanagawa
(IP)

Correspondence Address:
KATTEN MUCHIN ROSENMAN LLP
575 MADISON AVENUE
NEW YORK, NY 10022-2585 (US)

30) Foreign Application Priority Data

Mar. 6,2009  (IP)

Publication Classification

2009-054040

(51) Int.CL
GOGF 11/00 (2006.01)

(52) US.Cl wcoooooioooooeeeeeeeee 714/704; 714/E11.004
(57) ABSTRACT

A wireless communication apparatus performs data commu-
nication with a base station using a plurality of transport

Assignee: FUJITSU LIMITED, channels (TRCHs) that share a frequency band, and selects a
Kawasaki-shi (JP) reference TRCH using coding schemes of data to be trans-
mitted using the TRCHs. After that, the wireless communi-
Appl. No.: 12/718,318 cation apparatus performs outer loop control so that a block
error rate (BLER) of the data to be transmitted using the
Filed: Mar. 5, 2010 reference TRCH is set to a target BLER.
WIRELESS COMMUNICATION
APPARATUS
100
ANTENNA
50
8101 8102 81 03 81 04 8105
AMPLITUDE DE-
RF UNIT [ ADJUSTING|= o onvikTER | SPREADINGH—> [ 1O UPPER LAYER
UNIT UNIT
FROM UPPER LAYER
'y CHANNEL CODEC [¢——
SPREADING
UNIT [
g1 07
7  \
106 REFERENCE-
TRCH
DETERMINING
g1 08 UNIT
TARGET-BLER f¢------—- ;
(114 (113 (112 (111 oTaNING ¢ ¢
TPC-BIT SIR TARGET-SIR BLER UNIT ¢ ]
GENERATING [+ COMPARING [+ GENERATING [« COMPARING ~109 i
UNIT UNIT € UNIT UNIT <—|_ BLER P— H
MEASURING
UNIT €«
SIR
MEASURING [¢——
UNIT

{110



Patent Application Publication Sep. 9,2010 Sheet1 of 11 US 2010/0229054 A1

FIG.1

BLER

RELATION BETWEEN BLER
AND SIR OF TRCH

THAT TRANSMITS

LOW QUALITY DATA

TARGET BLER |7

RELATION BETWEEN BLER
AND SIR OF TRCH

THAT TRANSMITS

HIGH QUALITY DATA

TARGET BLER

e R R N A S

cccccccccrccccccqeadaa

TARGET SIR SIR



o_‘€

US 2010/0229054 A1

1INN
» ONINSYIN
IS
N 1INN
ONIMNSYIN
= peemmee » T umg | L omn 1NN 1INA 1INN
= i 601" ONIHYANOD | ONILYHANTO ] ONISVANOD |l ONILYHINTD
~ L > 1INN B ¥319 dIS-1394vV.L dIs 119-0d1
g . ONINIVLE0 L ) ) L1
g #-oo »4371g-1394vL
i 1INN 9010
= ONININYILIA
= HOSL
Q O NENEREL 90l
(=)} w A A 4 N
< 201
g L | uNn
PoNIayINdS
_ v s e 03000 TANNYHO v
g 1INN 1INN
= YILYIANOD
= «————— < < « <
5 N Cenmren oz_awwmmw = wozrwﬁn__,x« 1INA 4y
m ol 01 ) 201 T
= 0
= A VNNILNY
S 001
= SNLVHVddY
& NOILVOINNAINOD SSTTIHIM
E .
: A B



Patent Application Publication Sep. 9,2010 Sheet3 of 11 US 2010/0229054 A1

FIG.3
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FIG.9
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WIRELESS COMMUNICATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2009-054040, filed on Mar. 6, 2009, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are directed to a
wireless communication apparatus that performs data com-
munication with a base station using a plurality of transport
channels.

BACKGROUND

[0003] A telecommunication scheme called “Wideband
Code Division Multiple Access (W-CDMA)” is used to per-
form data communication between a wireless communication
apparatus, such as a mobile phone, and a base station. In
telecommunication using the W-CDMA, transport channels
(TRCHs) are identified by spreading codes each allocated to
a corresponding TRCH and data communication is per-
formed using a plurality of TRCHs that share a single fre-
quency band.

[0004] However, in an actual mobile communication envi-
ronment where, for example, radio interference from another
cell may occur, it is difficult to always maintain the quality of
signals that the wireless communication apparatus receives
from the base station at a desired level. To solve the problem,
the wireless communication apparatus measures a signal-to-
interference ratio (SIR) and performs inner loop control to set
the SIR closer to a target SIR.

[0005] Because the moving speed and the communication
environments are subjected to change, the SIR to produce the
desired quality (block error rate: BLER) is not fixed. To cope
with these changes, the wireless communication apparatus
measures the BLER and performs outer loop control in
which, if the measured BLER is worse than a target BLER,
the wireless communication apparatus increases the target
SIR and, if the measured BLER is better than the target
BLER, the wireless communication apparatus decreases the
target SIR (see, for example, Japanese Laid-open Patent Pub-
lication No. 2006-80924).

[0006] In the existing wireless communication apparatus,
the criterion for the outer loop control differs among TRCHs;
therefore, if a plurality of TRCHs are present, the wireless
communication apparatus selects a reference TRCH from the
plurality of TRCHs and performs the outer loop control in
accordance with the criterion of the selected TRCH.

[0007] If a wireless communication apparatus is designed
to select a specified TRCH from a plurality of TRCHs, the
wireless communication apparatus selects the specified
TRCH using, for example, a type of data (e.g., audio data and
image data) to be transmitted using the TRCHs or a combi-
nation of the types. If, for example, a TRCH that transmits
audio data and a TRCH that transmits image data are present,
the wireless communication apparatus selects the TRCH that
transmits image data.

[0008] A technology is currently used that measures
BLERs of individual TRCHs, selects a TRCH having the
worst BLER, and performs the outer loop control so that no
TRCH has a BLER lower than the target BLER (see, for

Sep. 9, 2010

example, Japanese National Publication of International
Patent Application No. 2007-500969).

[0009] However, because, in the above-described conven-
tional technologies, the reference TRCH is selected in accor-
dance with expected conditions, it is impossible to cope with
an unexpected condition (e.g., an unexpected combination of
types of data included in a packet). This may prevent imple-
mentation of the most-suitable outer loop control.

[0010] Moreover, although the method of measuring the
BLERs of the individual TRCHs and selecting the most-
suitable TRCH using the measured result as described above
is effective, because a long time is needed to measure the
BLERs, there is possibility that there is an increase in the time
necessary to obtain a stable BLER from the start of commu-
nication.

[0011] There is an obvious need for a technology that
selects the most-suitable TRCH for the outer loop control in
accordance with a variety of conditions that are set related to
the TRCHs.

SUMMARY

[0012] According to an aspect of an embodiment of the
invention, a wireless communication apparatus that performs
data communication with a base station using a plurality of
channels that share a frequency band, includes a storage unit
that stores therein information to identify the channels and
coding schemes or target error rates of data to be transmitted
using the channels in an associated manner; a selecting unit
that selects a reference channel according to the coding
schemes or target error rates of the data to be transmitted
using the channels; and an outer-loop control unit that per-
forms outer loop control so that an error rate of the data to be
transmitted using the reference channel selected by the select-
ing unit is set to a target error rate.

[0013] According to another aspect of an embodiment of
the invention, a wireless communication apparatus that per-
forms data communication with a base station using a plural-
ity of channels that share a frequency band, includes a calcu-
lating unit that calculates rate matching ratios of data to be
transmitted using the channels; a selecting unit that selects a
reference channel according to the calculated result obtained
by the calculating unit; and an outer-loop control unit that
performs outer loop control so that an error rate of the data to
be transmitted using the reference channel selected by the
selecting unit is set to a target error rate.

[0014] The object and advantages of the embodiment will
be realized and attained by means of the elements and com-
binations particularly pointed out in the claims.

[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ment, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a graph of the relation between BLER and
SIR;
[0017] FIG. 2 is a block diagram of the functional configu-

ration of a wireless communication apparatus according to a
first embodiment;

[0018] FIG. 3 is a table that explains the data structure of a
coding-scheme management table according to the first
embodiment;
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[0019] FIG. 4 is a table that explains the data structure of a
point management table according to the first embodiment;
[0020] FIG. 5 is a flowchart of a process of selecting a
TRCH performed by the wireless communication apparatus
according to the first embodiment;

[0021] FIG. 6 is a block diagram of the functional configu-
ration of a wireless communication apparatus according to a
second embodiment;

[0022] FIG. 7 is a flowchart of a process of selecting a
TRCH performed by the wireless communication apparatus
according to the second embodiment;

[0023] FIG. 8 is a block diagram of the functional configu-
ration of a wireless communication apparatus according to a
third embodiment;

[0024] FIG. 9 is a table that explains the data structure of a
point management table according to the third embodiment;
[0025] FIG. 10 is a flowchart of a process of selecting a
TRCH performed by the wireless communication apparatus
according to the third embodiment;

[0026] FIG. 11 is a block diagram of the functional con-
figuration of a wireless communication apparatus according
to a fourth embodiment; and

[0027] FIG. 12 is a flowchart of a process of selecting a
TRCH performed by the wireless communication apparatus
according to the fourth embodiment.

DESCRIPTION OF EMBODIMENT(S)

[0028] Preferred embodiments of the present invention will
be explained with reference to accompanying drawings.

[a] First Embodiment

[0029] An outline and features of a wireless communica-
tion apparatus according to a first embodiment of the present
invention is described below. When the wireless communica-
tion apparatus according to the first embodiment performs
data communication with a base station using a plurality of
TRCHs (transport channels) that share a frequency band, the
wireless communication apparatus selects a reference TRCH
using coding schemes of data to be transmitted using the
TRCHs. After that, the wireless communication apparatus
performs outer loop control so that a BLER (block error rate)
of data to be transmitted using the reference TRCH is set to a
target BLER.

[0030] Inthis manner, the wireless communication appara-
tus according to the first embodiment selects the reference
TRCH from the plurality of TRCHs using the data coding
scheme; therefore, the wireless communication apparatus
may select the most-suitable TRCH and perform outer loop
control in an appropriate manner (which results in stability of
line quality being maintained).

[0031] The outer loop control and the inner loop control
used in the first embodiment are described below. In the outer
loop control, the wireless communication apparatus com-
pares the current BLER with the target BLER and increases/
decreases the target SIR so that the current BLER converges
to the target BLER.

[0032] The wireless communication apparatus performs
the inner loop control to receive signals at a desired SIR
(signal-to-interference ratio). The wireless communication
apparatus compares the current SIR with the target SIR and
requests the base station to increase/decrease the downlink
power so that the current SIR is set within the target SIR.
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[0033] The relation between BLER and SIR is described
below. FIG. 1 is a graph of the relation between BLER and
SIR. As illustrated in FIG. 1, a rate of change of the BLER
with the SIR differs depending on whether the quality of data
to be transmitted is low. More particularly, the rate of change
of the BLER with the SIR in a TRCH that transmits low
quality data (bearer with a small coding gain) is larger than
the rate of change in a TRCH that transmits high quality data
(bearer with a large coding gain).

[0034] Ifthe target BLER having the same variation width
is set, as illustrated in FIG. 1, the variation width of the target
SIR of the TRCH that transmits the high quality data is
narrower than the variation width of the target SIR of the
TRCH that transmits the low quality data. Therefore, the
TRCH that transmits the high quality data is more effective
than the TRCH that transmits the low quality data as the
reference TRCH to suppress the variation among the target
SIRs and the variation among the BLERs. With a decrease in
the variation among the BLERs, the risk caused by degraded
BLER, such as discontinuous sound and cutting-off of com-
munication, is reduced and the shortage of the line capacity
caused by the BLER having an excessively high quality is
reduced.

[0035] The configuration of the wireless communication
apparatus according to the first embodiment is described
below. FIG. 2 is a block diagram of the functional configura-
tion of a wireless communication apparatus 100 according to
the first embodiment. As illustrated in FIG. 1, the wireless
communication apparatus 100 includes an antenna 50, an RF
(radio frequency) unit 101, an amplitude adjusting unit 102,
an AD (analog/digital) converter 103, a de-spreading unit
104, a channel CODEC 105, a spreading unit 106, a refer-
ence-TRCH determining unit 107, a target-BLER obtaining
unit 108, a BLER measuring unit 109, an SIR measuring unit
110, a BLER comparing unit 111, a target-SIR generating
unit 112, an SIR comparing unit 113, and a TPC (transmission
power control)-bit generating unit 114.

[0036] The RF unit 101 transmits/receives data to/from the
base station (not depicted) using the antenna 50. Upon receiv-
ing data from the base station, the RFunit 101 outputs the data
to the amplitude adjusting unit 102. Upon receiving data from
the spreading unit 106, the RF unit 101 transmits the data to
the base station.

[0037] The amplitude adjusting unit 102 adjusts the ampli-
tude of the data received from the RF unit 101. The amplitude
adjusting unit 102 outputs the amplitude-adjusted data to the
AD converter 103.

[0038] The AD converter 103 converts the data received
from the amplitude adjusting unit 102 (analog signal) into a
digital signal. The AD converter 103 outputs the converted
data, i.e., the digital signal to the de-spreading unit 104.
[0039] The de-spreading unit 104 de-spreads data that has
been spreadingly modulated using a spreading code (e.g., a
pseudo random number) and extracts data about individual
TRCHs from the demodulated data. The de-spreading unit
104 outputs the extracted data to the channel CODEC 105 in
associated with identification information of the TRCHs
(hereinafter, “TRCH IDs”).

[0040] The channel CODEC 105 encodes/decodes data.
The channel CODEC 105 stores therein a coding-scheme
management table and performs data encoding/decoding
using the coding-scheme management table. FIG. 3 is a table
that explains the data structure of the coding-scheme man-
agement table.
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[0041] Asillustrated in FIG. 3, the coding-scheme manage-
ment table stores therein TRCH IDs to identify the TRCHs
and coding schemes in an associated manner. As illustrated in
FIG. 3, for example, the coding scheme of the TRCH having
the TRCH ID number “T0001” is “convolutional cording %5”.
Information registered to the coding-scheme management
table is notification information from the base station.
[0042] Upon receiving the TRCH ID and data to be
decoded from the de-spreading unit 104, the channel CODEC
105 determines the coding scheme by comparing the received
TRCH ID with the coding-scheme management table and
decodes the data using the determined coding scheme. The
channel CODEC 105 outputs the decoded data to an upper
layer.

[0043] Upon receiving the TRCH ID and data to be
decoded from an upper layer, the channel CODEC 105 deter-
mines the coding scheme by comparing the received TRCH
ID with the coding-scheme management table and encodes
the data using the determined coding scheme. The channel
CODEC 105 outputs the encoded data to the spreading unit
106.

[0044] The channel CODEC 105 outputs information
about the coding-scheme management table to the reference-
TRCH determining unit 107.

[0045] Upon receiving the data from the channel CODEC
105, the spreading unit 106 spreadingly modulates the data
using the spreading code. The spreading unit 106 outputs the
spreadingly-modulated data to the RF unit 101.

[0046] The reference-TRCH determining unit 107 selects
the reference TRCH from the plurality of TRCHs using the
coding scheme. More particularly, the reference-TRCH
determining unit 107 stores therein a point management table
and identifies, upon receiving the information about the cod-
ing-scheme management table from the channel CODEC
105, points that are corresponding to the individual TRCHs
by comparing the coding-scheme management table with the
point management table.

[0047] FIG.4is atablethat explains the data structure of the
point management table according to the first embodiment.
As illustrated in FIG. 4, the point management table stores
therein points and coding schemes in an associated manner.
As illustrated in FIG. 4, for example, the point of the TRCH
having the coding scheme “convolutional cording %2 is “20”.
[0048] The reference-TRCH determining unit 107 identi-
fies the points of the individual TRCHs and determines a
TRCH having the largest point as the reference TRCH. The
reference-TRCH determining unit 107 outputs the ID (iden-
tification information) of the reference TRCH to both the
target-BLER obtaining unit 108 and the BLER measuring
unit 109.

[0049] The target-BLER obtaining unit 108 selects the tar-
get BLER corresponding to the reference TRCH from the
predetermined target BLERs of the individual TRCHs and
outputs information about the selected target BLER to the
BLER comparing unit 111.

[0050] The target-BLLER obtaining unit 108 stores therein a
target-BLER table that includes the individual TRCH IDs and
the target BLERS in an associated manner and determines the
target BLER corresponding to the reference TRCH by com-
paring the TRCH ID received from the reference-TRCH
determining unit 107 with the target-BLER table. The target-
BLER obtaining unit 108 outputs information about the target
BLER corresponding to the TRCH ID as a determined result
to the BLER comparing unit 111.
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[0051] The BLER measuring unit 109 measures BLERs.
The BLER measuring unit 109 measures BLERs of the indi-
vidual TRCH by checking CRC bits included in data for the
individual TRCHs that has been decoded by the channel
CODEC 105. Upon receiving the TRCH ID number from the
reference-TRCH determining unit 107, the BLER measuring
unit 109 outputs information about a BLER corresponding to
the TRCH ID number to the BLER comparing unit 111.
[0052] The SIR measuring unit 110 measures SIRs. The
SIR measuring unit 110 outputs information about the mea-
sured SIRs to the SIR comparing unit 113.

[0053] The BLER comparing unit 111 compares informa-
tion about the target BLER with information about the BLER
and outputs the compared result to the target-SIR generating
unit 112.

[0054] Uponreceiving the compared result from the BLER
comparing unit 111, the target-SIR generating unit 112 gen-
erates a target SIR so that the BLER is set within the target
BLER. The target-SIR generating unit 112 outputs informa-
tion about the generated target SIR to the SIR comparing unit
113.

[0055] The SIR comparing unit 113 compares information
about the target SIR with information about the SIR and
outputs the compared result to the TPC-bit generating unit
114.

[0056] Upon receiving the compared result from the SIR
comparing unit 113, the TPC-bit generating unit 114 requests
the base station to increase/decrease the downlink power so
that the SIR is set within the target SIR.

[0057] A process of selecting a TRCH performed by the
wireless communication apparatus 100 according to the first
embodiment is described below. FIG. 5 is a flowchart of the
process of selecting a TRCH performed by the wireless com-
munication apparatus 100 according to the first embodiment.
[0058] Asillustrated in FIG. 5, in the wireless communica-
tion apparatus 100, the reference-TRCH determining unit
107 selects a TRCH (Step S101) and obtains information
about the coding scheme corresponding to the selected TRCH
(Step S102).

[0059] The reference-TRCH determining unit 107 deter-
mines a point corresponding to the TRCH (Step S103) and
determines whether all the TRCHs have been selected (Step
S104). If one or more TRCHs have not been selected (No at
Step S104), the next TRCH is selected (Step S106) and the
process control goes to Step S102.

[0060] If all the TRCHs have been selected (Yes at Step
S104), the reference-TRCH determining unit 107 selects a
TRCH having the largest point as the reference TRCH (Step
S107).

[0061] As described above, when the wireless communica-
tion apparatus 100 according to the first embodiment per-
forms data communication with the base station using a plu-
rality of TRCHs that share a frequency band, the wireless
communication apparatus 100 selects the reference TRCH
using the coding schemes of data to be transmitted using the
TRCHs. After that, the wireless communication apparatus
100 performs outer loop control so that the BLER ofdatato be
transmitted using the reference TRCH is set to the target
BLER; therefore, the wireless communication apparatus 100
may select the most-suitable TRCH and perform the outer
loop control in an appropriate manner.

[0062] The wireless communication apparatus 100 accord-
ing to the first embodiment sets a point of a coding scheme for
low quality data smaller than a point of a coding scheme for
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high quality data (see the point management table of F1G. 4);
accordingly, a TRCH that transmits high quality data is
selected, which leads to suppression in the variation among
the target SIRs and the variation among the BLERs (see FIG.
1).

[b] Second Embodiment

[0063] An outline and features of a wireless communica-
tion apparatus according to a second embodiment of the
present invention is described below. When the wireless com-
munication apparatus according to the second embodiment
performs data communication with a base station using a
plurality of TRCHs that share a frequency band, the wireless
communication apparatus selects the reference TRCH using a
rate matching ratio of data to be transmitted using the TRCHs.
After that, the wireless communication apparatus performs
outer loop control so that the BLER of data to be transmitted
using the reference TRCH is set to the target BLER.

[0064] Inthis manner, the wireless communication appara-
tus according to the second embodiment selects the reference
TRCH from the plurality of TRCHs using the rate matching
ratio; therefore, the wireless communication apparatus may
select the most-suitable TRCH and perform outer loop con-
trol in an appropriate manner.

[0065] The configuration of a wireless communication
apparatus 200 according to the second embodiment is
described below. FIG. 6 is a block diagram of the functional
configuration of the wireless communication apparatus 200
according to the second embodiment. As illustrated in FIG. 6,
the wireless communication apparatus 200 includes the
antenna 50, an RF (radio frequency) unit 201, an amplitude
adjusting unit 202, an AD (analog/digital) converter 203, a
de-spreading unit 204, a channel CODEC 205, a spreading
unit 206, a reference-TRCH determining unit 207, a target-
BLER obtaining unit 208, a BLER measuring unit 209, an
SIR measuring unit 210, a BLER comparing unit 211, a
target-SIR generating unit 212, an SIR comparing unit 213,
and a TPC (transmission power control)-bit generating unit
214.

[0066] Among those units, the antenna 50, the RF unit 201,
the amplitude adjusting unit 202, the AD converter 203, the
de-spreading unit 204, the spreading unit 206, the target-
BLER obtaining unit 208, the BLER measuring unit 209, the
SIR measuring unit 210, the BLER comparing unit 211, the
target-SIR generating unit 212, the SIR comparing unit 213,
and the TPC-bit generating unit 214 are the same as the
antenna 50, the RF unit 101, the amplitude adjusting unit 102,
the AD converter 103, the de-spreading unit 104, the spread-
ing unit 106, the target-BLER obtaining unit 108, the BLER
measuring unit 109, the SIR measuring unit 110, the BLER
comparing unit 111, the target-SIR generating unit 112, the
SIR comparing unit 113, and the TPC-bit generating unit 114,
illustrated in FIG. 2, respectively.

[0067] The channel CODEC 205 encodes/decodes data.
The manner how the channel CODEC 205 encodes/decodes
data is the same as the manner how the channel CODEC 105
illustrated in FIG. 2 encodes/decodes data.

[0068] The channel CODEC 205 according to the second
embodiment, in particular, outputs the TRCH ID and data to
be transmitted on the TRCH (decoded data) to the reference-
TRCH determining unit 207 in an associated manner.
[0069] The reference-TRCH determining unit 207 selects
the reference TRCH from the plurality of TRCHs using the
rate matching ratios of data to be transmitted on the individual
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TRCHs. More particularly, the reference-TRCH determining
unit 207 calculates points of the individual TRCHs using the
rate matching ratios and selects a TRCH having the largest
point as the reference TRCH.

[0070] The reference-TRCH determining unit 207 calcu-
lates the point of the TRCH using the rate matching ratio by
the following Equation:

point of TRCH=100x (N+AN)/N-100

where N is a sum of the rate matching ratios of all the TRCHs
and AN is the rate matching ratio of the TRCH that is sub-
jected to the point calculation. The rate matching ratio is
calculated using a well-known technology.

[0071] Afterthe reference-TRCH determining unit 207 cal-
culates the points of the individual TRCHs and selects the
reference TRCH, the reference-TRCH determining unit 207
outputs the ID of the reference TRCH to both the target-
BLER obtaining unit 208 and the BLER measuring unit 209.
[0072] A process of selecting a TRCH performed by the
wireless communication apparatus 200 according to the sec-
ond embodiment is described below. FIG. 7 is a flowchart of
the process of selecting a TRCH performed by the wireless
communication apparatus 200 according to the second
embodiment.

[0073] Asillustrated in FIG. 7, in the wireless communica-
tion apparatus 200, the reference-TRCH determining unit
207 selects a TRCH (Step S201) and calculates a point using
the rate matching ratio of the selected TRCH (Step S202).
[0074] After that, the reference-TRCH determining unit
207 determines whether all the TRCHs have been selected
(Step S203). If one or more TRCHs have not been selected
(No at Step S204), the next TRCH is selected (Step S205) and
the process control goes to Step S202.

[0075] If all the TRCHs have been selected (Yes at Step
S204), the reference-TRCH determining unit 207 selects a
TRCH having the largest point as the reference TRCH (Step
S206).

[0076] In this manner, the reference-TRCH determining
unit 207 calculates the point using the rate matching ratios of
the individual TRCHs that are subjected to change with the
elapse of time; therefore, the reference-TRCH determining
unit 207 may select the most-suitable TRCH.

[0077] As described above, when the wireless communica-
tion apparatus 200 according to the second embodiment per-
forms data communication with the base station using a plu-
rality of TRCHs that share a frequency band, the wireless
communication apparatus 200 selects the reference TRCH
using the rate matching ratios of data to be transmitted using
the TRCHs. After that, the wireless communication apparatus
200 performs outer loop control so that the BLER of datato be
transmitted using the reference TRCH is set to the target
BLER; therefore, the wireless communication apparatus 200
may select the most-suitable TRCH and perform the outer
loop control in an appropriate manner.

[¢] Third Embodiment

[0078] An outline and features of a wireless communica-
tion apparatus according to a third embodiment of the present
invention is described below. When the wireless communica-
tion apparatus according to the third embodiment performs
data communication with a base station using a plurality of
TRCHs that share a frequency band, the wireless communi-
cation apparatus selects the reference TRCH using the pre-
determined target BLERs of the individual TRCHs. After
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that, the wireless communication apparatus performs outer
loop control so that the BLER of data to be transmitted using
the reference TRCH is set to the target BLER.

[0079] Inthis manner, the wireless communication appara-
tus according to the third embodiment selects the reference
TRCH from the plurality of TRCHs using the predetermined
target BLERs of the individual TRCHs; therefore, a step of
measuring BLERs for selecting the reference TRCH is not
needed, which allows the wireless communication apparatus
to select the most-suitable TRCH as the reference TRCH in a
prompt manner.

[0080] The configuration of a wireless communication
apparatus 300 according to the third embodiment is described
below. FIG. 8 is a block diagram of the functional configura-
tion of the wireless communication apparatus 300 according
to the third embodiment. As illustrated in FIG. 8, the wireless
communication apparatus 300 includes the antenna 50, an RF
(radio frequency) unit 301, an amplitude adjusting unit 302,
an AD (analog/digital) converter 303, a de-spreading unit
304, a channel CODEC 305, a spreading unit 306, a refer-
ence-TRCH determining unit 307, a target-BLER obtaining
unit 308, a BLER measuring unit 309, an SIR measuring unit
310, a BLER comparing unit 311, a target-SIR generating
unit312, an SIR comparing unit 313, and a TPC (transmission
power control)-bit generating unit 314.

[0081] Among those units, the antenna 50, the RF unit 301,
the amplitude adjusting unit 302, the AD converter 303, the
de-spreading unit 304, the spreading unit 306, the target-
BLER obtaining unit 308, the BLER measuring unit 309, the
SIR measuring unit 310, the BLER comparing unit 311, the
target-SIR generating unit 312, the SIR comparing unit 313,
and the TPC-bit generating unit 314 are the same as the
antenna 50, the RF unit 101, the amplitude adjusting unit 102,
the AD converter 103, the de-spreading unit 104, the spread-
ing unit 106, the target-BLER obtaining unit 108, the BLER
measuring unit 109, the SIR measuring unit 110, the BLER
comparing unit 111, the target-SIR generating unit 112, the
SIR comparing unit 113, and the TPC-bit generating unit 114,
illustrated in FIG. 2, respectively.

[0082] The channel CODEC 305 encodes/decodes data.
The manner how the channel CODEC 305 encodes/decodes
data is the same as the manner how the channel CODEC 105
illustrated in FIG. 2 encodes/decodes data.

[0083] The reference-TRCH determining unit 307 selects
the reference TRCH from the plurality of TRCHs using the
predetermined target BLERs of the individual TRCHs. The
reference-TRCH determining unit 307 stores therein a point
management table and identifies, upon receiving information
about the predetermined target BLERs of the individual
TRCHs, points that are corresponding to the individual
TRCHs by comparing the received information with the point
management table.

[0084] FIG.9isatablethat explains the data structure of the
point management table according to the third embodiment.
As illustrated in FIG. 9, the point management table stores
therein conditions and points in an associated manner. As
illustrated in FIG. 9, for example, if the value of LOG 10
(target BLER) is smaller than -5, the point of the TRCH
corresponding to the target BLER is “70”.

[0085] The reference-TRCH determining unit 307 identi-
fies the points of the individual TRCHs and determines a
TRCH having the largest point as the reference TRCH. The
reference-TRCH determining unit 307 outputs the ID (iden-
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tification information) of the reference TRCH to both the
target-BLER obtaining unit 308 and the BLER measuring
unit 309.

[0086] A process of selecting a TRCH performed by the
wireless communication apparatus 300 according to the third
embodiment is described below. FIG. 10 is a flowchart of the
process of selecting a TRCH performed by the wireless com-
munication apparatus 300 according to the third embodiment.
[0087] As illustrated in FIG. 10, in the wireless communi-
cation apparatus 300, the reference-TRCH determining unit
307 selects a TRCH (Step S301) and obtains the target BLER
of'the selected TRCH (Step S302).

[0088] After that, the reference-TRCH determining unit
307 determines a point corresponding to the target BLER
(Step S303) and determines whether all the TRCHs have been
selected (Step S304). If one or more TRCHs have not been
selected (No at Step S305), the next TRCH is selected (Step
S306) and the process control goes to Step S302.

[0089] If all the TRCHs have been selected (Yes at Step
S305), the reference-TRCH determining unit 307 selects a
TRCH having the largest point as the reference TRCH (Step
S307).

[0090] As described above, when the wireless communica-
tion apparatus 300 according to the third embodiment per-
forms data communication with the base station using a plu-
rality of TRCHs that share a frequency band, the wireless
communication apparatus 300 selects the reference TRCH
using the predetermined target BLERs of the individual
TRCHs. After that, the wireless communication apparatus
300 performs outer loop control so that the BLER of datato be
transmitted using the reference TRCH is set to the target
BLER; therefore, a step of measuring BLERs for selecting the
reference TRCH is not needed, which allows the wireless
communication apparatus 300 to select the most-suitable
TRCH as the reference TRCH in a prompt manner.

[d] Fourth Embodiment

[0091] An outline and features of a wireless communica-
tion apparatus according to a fourth embodiment of the
present invention is described below. When the wireless com-
munication apparatus according to the fourth embodiment
performs data communication with the base station using a
plurality of TRCHs that share a frequency band, the wireless
communication apparatus selects the reference TRCH using
the coding schemes of data to be transmitted using the
TRCHs, the rate matching ratios, and the target BLERs. After
that, the wireless communication apparatus performs outer
loop control so that the BLER of data to be transmitted using
the reference TRCH is set to the target BLER.

[0092] Inthis manner, the wireless communication appara-
tus according to the fourth embodiment selects the reference
TRCH from the plurality of TRCHs using the data coding
schemes, the rate matching ratios, and the target BLERs;
therefore, the wireless communication apparatus may select
the most-suitable TRCH from the perspective of a variety of
conditions and perform outer loop control in an appropriate
manner.

[0093] The configuration of a wireless communication
apparatus 400 according to the fourth embodiment is
described below. FIG. 11 is a block diagram of the functional
configuration of the wireless communication apparatus 400
according to the fourth embodiment. As illustrated in FIG. 11,
the wireless communication apparatus 400 includes the
antenna 50, an RF (radio frequency) unit 401, an amplitude
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adjusting unit 402, an AD (analog/digital) converter 403, a
de-spreading unit 404, a channel CODEC 405, a spreading
unit 406, a reference-TRCH determining unit 407, a target-
BLER obtaining unit 408, a BLER measuring unit 409, an
SIR measuring unit 410, a BLER comparing unit 411, a
target-SIR generating unit 412, an SIR comparing unit 413,
and a TPC (transmission power control)-bit generating unit
414.

[0094] Among those units, the antenna 50, the RF unit 401,
the amplitude adjusting unit 402, the AD converter 403, the
de-spreading unit 404, the spreading unit 406, the target-
BLER obtaining unit 408, the BLER measuring unit 409, the
SIR measuring unit 410, the BLER comparing unit 411, the
target-SIR generating unit 412, the SIR comparing unit 413,
and the TPC-bit generating unit 414 are the same as the
antenna 50, the RF unit 101, the amplitude adjusting unit 102,
the AD converter 103, the de-spreading unit 104, the spread-
ing unit 106, the target-BLER obtaining unit 108, the BLER
measuring unit 109, the SIR measuring unit 110, the BLER
comparing unit 111, the target-SIR generating unit 112, the
SIR comparing unit 113, and the TPC-bit generating unit 114,
illustrated in FIG. 2, respectively.

[0095] The channel CODEC 405 encodes/decodes data.
The manner how the channel CODEC 405 encodes/decodes
data is the same as the manner how the channel CODEC 105
illustrated in FIG. 2 encodes/decodes data.

[0096] The channel CODEC 405 according to the fourth
embodiment, in particular, outputs information about the
coding-scheme management table (see FIG. 3), the individual
TRCH IDs, and the data to be transmitted on the TRCHs in an
associated manner to the reference-TRCH determining unit
407.

[0097] The reference-TRCH determining unit 407 selects
the reference TRCH from the plurality of TRCHs using the
data coding schemes, the rate matching ratios, and the target
BLERs. More particularly, the reference-TRCH determining
unit 407 obtains a point using the coding scheme (hereinafter,
“FECp”), a point using the rate matching ratio (hereinafter,
“RMp”), and a point using the target BLER (hereinafter,
“TBLERp”) of each TRCH and calculates a sum of FECp,
RMp, and TBLERp as a total point of the TRCH (point of
TRCH=FECp+RMp+TBLERp).

[0098] The reference-TRCH determining unit 407 calcu-
lates the points of the individual TRCHs and selects a TRCH
having the largest point as the reference TRCH. After calcu-
lating the points of the individual TRCHs and selecting the
reference TRCH, the reference-TRCH determining unit 407
outputs the ID of the reference TRCH to both the target-
BLER obtaining unit 408 and the BLER measuring unit 409.

[0099] The manner of calculating the FECp using the data
coding scheme by the reference-TRCH determining unit 407
is described below. The reference-TRCH determining unit
407 stores therein a first point management table and identi-
fies, upon receiving information about the coding-scheme
management table from the channel CODEC 405, the FECps
that are corresponding to the individual TRCHs by comparing
the coding-scheme management table with the first point
management table. The data structure of the first point man-
agement table is the same as the point management table
illustrated in FIG. 4.

[0100] The manner of calculating the RMp using the data
rate matching ratio by the reference-TRCH determining unit
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407 is described below. The reference-TRCH determining
unit 407 calculates the RMp of the TRCH using the following
Equation:

RMp of TRCH=100x(N+AN)/N-100

where N is the sum of the rate matching ratios of the TRCHs,
and AN is the rate matching ratio of the TRCH that is sub-
jected to the point calculation. The rate matching ratio is
calculated using a well-known technology.

[0101] The manner of calculating the TBLERp using the
target BLER by the reference-TRCH determining unit 407 is
described below. The reference-TRCH determining unit 407
stores therein a second point management table and identifies,
upon receiving information about the predetermined target
BLERs of the individual TRCHs, the TBLERps that are cor-
responding to the individual TRCHs by comparing the
received information with the second point management
table. The data structure of the second point management
table is the same as the point management table illustrated in
FIG. 9.

[0102] A process of selecting a TRCH performed by the
wireless communication apparatus 400 according to the third
embodiment is described below. F1G. 12 is a flowchart of the
process of selecting a TRCH performed by the wireless com-
munication apparatus 400 according to the fourth embodi-
ment.

[0103] As illustrated in FIG. 12, in the wireless communi-
cation apparatus 400, the reference-TRCH determining unit
407 selects a TRCH (Step S401) and obtains information
about the coding scheme corresponding to the selected TRCH
(Step S402).

[0104] After that, the reference-TRCH determining unit
407 determines the FECp corresponding to the TRCH (Step
S403), calculates the RMp using the rate matching ratio ofthe
TRCH (Step S404), and obtains the target BLER of the
selected TRCH (Step S405).

[0105] The reference-TRCH determining unit 407 deter-
mines the TBLERp corresponding to the target BLER (Step
S406) and calculates the sum of FECp, the RMp, and the
TBLERp as the total point corresponding to the TRCH (Step
S407).

[0106] The reference-TRCH determining unit 407 deter-
mines whether all the TRCHs have been selected (Step S408).
If one or more TRCHs have not been selected (No at Step
S409), the next TRCH is selected (Step S410) and the process
control goes to Step S402.

[0107] If all the TRCHs have been selected (Yes at Step
S409), the reference-TRCH determining unit 407 selects a
TRCH having the largest point as the reference TRCH (Step
S411).

[0108] As described above, when the wireless communica-
tion apparatus 400 according to the fourth embodiment per-
forms data communication with the base station using a plu-
rality of TRCHs that share a frequency band, the wireless
communication apparatus 400 selects the reference TRCH
using the coding schemes of data to be transmitted using the
TRCHs, the rate matching ratio, and the target BLER. After
that, the wireless communication apparatus 400 performs
outer loop control so that the BLER of data to be transmitted
using the reference TRCH is set to the target BLER; therefore,
the wireless communication apparatus 400 may select the
most-suitable TRCH from the perspective of a variety of
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conditions (the coding scheme, the rate matching ratio, the
and target BLER) and perform outer loop control in an appro-
priate manner.

[0109] Of the processes described in the embodiments, all
or part of the processes explained as being performed auto-
matically may be performed manually. Similarly, all or part of
the processes explained as being performed manually may be
performed automatically by a known method. The processing
procedures, the control procedures, specific names, various
data, and information including parameters described in the
embodiments or illustrated in the drawings may be changed
appropriately unless otherwise specified.

[0110] According to an aspect of the present invention, a
wireless communication apparatus may select the most-suit-
able transport channel, which results in stability of line qual-
ity being maintained.

[0111] AIl examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A wireless communication apparatus that performs data
communication with a base station using a plurality of chan-
nels that share a frequency band, the wireless communication
apparatus comprising:

a storage unit that stores therein information to identify the
channels and coding schemes or target error rates of data
to be transmitted using the channels in an associated
manner;

a selecting unit that selects a reference channel according
to the coding schemes or target error rates of the data to
be transmitted using the channels; and

an outer-loop control unit that performs outer loop control
so that an error rate of the data to be transmitted using the
reference channel selected by the selecting unit is set to
a target error rate.
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2. A wireless communication apparatus that performs data
communication with a base station using a plurality of chan-
nels that share a frequency band, the wireless communication
apparatus comprising:

a calculating unit that calculates rate matching ratios of

data to be transmitted using the channels;

a selecting unit that selects a reference channel according
to the calculated result obtained by the calculating unit;
and

an outer-loop control unit that performs outer loop control
so thatan error rate of the data to be transmitted using the
reference channel selected by the selecting unit is set to
a target error rate.

3. The wireless communication apparatus according to

claim 1, wherein

the storage unit stores therein first points corresponding to
the coding schemes and second points corresponding to
the target error rates of the data, and

the wireless communication apparatus further comprising
apoint converting unit that converts rate matching ratios
of the data to be transmitted into third points, and

the selecting unit selects the reference channel using the
first points, the second points, and the third points.

4. A method for controlling a wireless communication
apparatus that performs data communication with a base sta-
tion using a plurality of channels that share a frequency band,
the method comprising:

storing information to identify the channels and coding
schemes or target error rates of data to be transmitted
using the channels in a storage unit in an associated
manner;

selecting a reference channel according to the coding
schemes or target error rates of the data to be transmitted
using the channels; and

performing outer loop control so that an error rate of the
data to be transmitted using the reference channel
selected at the selecting is set to a target error rate.

5. The control method according to claim 4, wherein

the storing includes storing first points corresponding to
the coding schemes and second points corresponding to
the target error rates of the data in the storage unit, and

the control method further comprising converting rate
matching ratios of the data to be transmitted into third
points, and

the selecting includes selecting the reference channel using
the first points, the second points, and the third points.
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