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Tra%%%%geéa£QQQE 9 communications. As for downlink

channels, a multicarrier scheme, more specifically

an Orthogonal Frequency Division Multiplexing (OFDM)

20 scheme, is considered promising from the viewpoint
of performing high speed and large capacity
communications while effectively suppressing
multipath fading.

As shown in Fig. 1, a frequency bandwidth

25 used in the system is divided into multiple fesource
blocks (divided into three resource blocks in Fig.
1), and each of the resource blocks includes one or
more subcarriers. The resource block is also
referred to as a frequency chunk or a frequency

30 block. One or more resource blocks are allocated to
a mobile station. The technology for dividing a
frequency band into multiple resource blocks is
described in P. Chow, J. Cioffi, J. Bingham, “A
Practical Discrete Multitone Transceiver Loading

35 Algorithm for Data Transmission over Spectrally
Shaped Channel”, IEEE Trans. Commun. vol. 43, No.
2/3/4, February/March/April 1995, for example.



35 Algorithmfor Data Transm ssion over Spectrally
Shaped Channel ", | EEE Trans. Conmun. vol. 43, No.

2/ 3/ 4, February/ March/ April 1995, for exanple. 2 -
SUMVARY OF THE | NVENTI ON [ Probl em(s) to be sol ved by
the I nvention] Wen a frequency bandw dth is divided
into 5 nmultiple resource blocks, multiple contro
channels (control signals) for nultiple schedul ed
users can be nultiplexed into a single subfrane.
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attention on control channels, shared data channels

20 are not illustrated in Figs. 2B and 2C. As shown in
Figs. 2A-2C, the present invention discusses the
case where control channels for multiple users are
placed within the subframe and these control
channels are multiplexed into one or more OFDM

25 symbols at the same timing.

Since the control channel includes
information necessary for modulating the shared data
channel, it is desired to improve reception quality
on the control channel. However, when transmission

30 power control or transmission beamforming is used,
there is a problem in that control channels
transmitted from neighboring base stations may cause
interference and degrade reception quality on the
control channel. Particularly, a mobile station

35 situated at a cell edge may seriously have this
problem.

In view of the aforementioned problem, it



transmtted from nei ghbori ng base stations nmay cause
interference and degrade reception quality on the
control channel. Particularly, a nobile station 35
situated at a cell edge may seripusly have this
problem In view of the aforenentioned problem it - 3
is a general object of the invention to inprove
reception quality on the control channel. [Means for
sol ving t penPrebl efjdat ome Bbpednvehm ttien presémprove
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subcar Ters | agOLdi e SDELLEMIRC TIRLEL, spvention,
there is provided a communication method in which a
transmission apparatus multiplexes control channels
for multiple reception apparatuses into an OFDM
20 symbol at the same timing in OFDM downlink radio
access, including the steps of:
generating a frequency mapping pattern
which is specific to the transmission apparatus;
allocating the control channels for the
25 multiple reception apparatuses to subcarriers
accdrding to the frequency mapping pattern; and
controlling transmission power for the
subcarriers.
[Effect of the Invention]
30 According to an embodiment of the present
invention, reception quality on the control channel

can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 shows an example of dividing a

frequency bandwidth into multiple resource blocks.
Fig. 2A shows a first example of



subcarriers. [Effect of the Invention] 30 According.to
an enbodi nent of the present invention, reception
quality on the control channel can be inproved. BRI EF
DESCRI PTI ON OF THE DRAW NGS 35 H g .1 shows an exanple
of dividing a frequency bandw dth into nmultiple
resource blocks. Fig. 2A shows a first exanple of 4
mul ti pl exi ng control channels for nmultiple users into
a subf¥ahplerigg ZRrsthions ahspoend dxanpielbiple users
mul t4pt &X4 NGueeRakl . channels for nultiple users 5
into a subfrane,, Fiqz 2C shows a third examg£e of
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transm Sston power control. Fig. 5 shows an exanple of
CDM based trafddi-ssi chhposeingentiieglend Figthe shews
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and CDM based transm ssion power control. Fig. 7
shoﬁ%aqu%iference in the case where base stations
perform transntsgi.ofhesdndos nandirst example of FDM-based

transmission power control.
~ Fig. 4B shows a second example of FDM-

15 Dbased transmission power control.

Fig. 4C shows a third example of FDM-based
transmission power control.

Fig. 5 shows an example of CDM-based
transmission power control.

20 Fig. 6 shows a combination of FDM-based
transmission power control and CDM-based
transmission power control.

Fig. 7 shows interference in the case
where base stations perform transmission beamforming.

25 Fig. 8 shows a block diagram of a base
station in accordance with a first or second
embodiment.

Fig. 9 shows a flowchart of power control
in tHe base station in accordance with the first or

30 second embodiment.

Fig. 10 shows a block diagram of a mobile
station in accordance with a first or second
embodiment. _

Fig. 11 shows an approach for achieving

35 orthogonalization of control channels among sectors
in the frequency domain.

Fig. 12 shows an approach for achieving



25 Fig. 8 shows a bl ock diagram of a base station in
accordance with a first or second enbodinent. Fig. 9
shows a flowchart of power control in the base

station in accordance with the fgrst or 30 second

enbodi nent. Fig. 10 shows a bl ock di agram of a nobile
station in accordance wwth a first or second

enbodi ment. Fig. 11 shows an approach for achieving
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[ Description of Notations]
each sector.

15 Fig. 16 shows an approach for using inter-
sector CDM-based transmission power control and
using FDM-based transmission power control within

each sector.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Description of Notations]
eNBl, eNB2 base station
UEl, UE2, UE3, UE4 mobile station

10 base station

25 101-1, 101-2 pattern generating unit/code
multiplying unit
103-1, 103-2 frequency allocating unit
105-1, 105-2 power control unit
107 IFFT unit
30 109 CP adding unit
111 weight multiplying unit
113 transmission unit
20 mobile station
201 reception unit
35 203 CP removing unit
205 FFT unit
207 demultiplexing unit



eNB1l, eNB2 base station UEl, UE2, UE3, UE4 nobile
station - 10 base station 25 101-1, 101-2 pattern
generating unit/code multiplying unit 103-1, 103-2
frequency allocating unit 105-15 -105-2 power control
unit 107 I FFT unit 30 109 CP adding unit 111 wei ght
multiplying unit 113 transm ssion unit 20 nobile
station 201 reception unit 35 203 CP renobving unit
205 FFT unit 28P°%deAlitsprékPag SHorigg 2poit
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transmission power of signals transmitted to mobile
stations in order to improve reception quality at
each mobile station. _

15 Fig. 3 shows transmission power on the
frequency axis in the case where base stations
perform transmission power control. The base
stations are shown as eNBl and eNB2 and mobile
stations are shown as UEl1l-UE4. When the base

20 station eNBl performs transmission power control of
signals transmitted to the mobile stations UEl and
UE2 which are situated within a cell 1 covered by
the base station eNB1l, the base station eNB1
decreases transmission power of signals transmitted

25 to the mobile station UEl which is situated close to
the base station eNBLl. In addition, the base
station eNBl increases transmission power of signals
transmitted to the mobile station UE2 which is
situated far from the base station eNB1. Similarly,

30 when the base station eNB2 performs transmission
power control, the base station eNBZ2 decreases
transmission power of signals transmitted to the
mobile station UE4 which is situated close to the
base station eNB2. In addition, the base station

35 eNB2 increases transmission power of signals
transmitted to the mobile station UE3 which is

situated far from the base station eNB2. As shown



"stations are shown as eNBl1 and eNB2 and nobil e
stations are shown as UEl-UE4. Wien the base 20
station eNBl perforns transm ssion power control of
signals transmtted to the nobile stations UE1L and

UE2 which are situated within a cell 1 covered by the
base station eNBl, the base station eNBl decreases
transm ssion power of signals transmtted 25 to the
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20 frequency mapping pattern which is different from
that of other base stations so as to randomize
positions (subcarriers) where control channels for
the respective mobile stations are placed (mapped),
as shown in Fig. 4A. For example, the base station

25 eNB1l covering the cell 1 allocates third, fourth,
sixth, seventh, tenth, thirteenth, and fourteenth
subcarriers to the mobile station UEl. Then, the
base station eNB1l allocates the other subcarriers to
the mobile station UE2. On the other hand, the base

30 station eNB2 covering the cell 2 allocates first,
third, fourth, seventh, ninth, eleventh{ and
thirteenth subcarriers to the mobile station UE3.
Then, the base station eNB2 allocates the other
subcarriers to the mobile station UE4. This

35 allocation can make portions with a low interference
level and portions with a high interference level

and reduce interference among subcarriers. -



to the base station (cell), in order to solve this 15
problem This approach is referred to as FDW based
transm ssion power control. The base station uses the
frequency mapping pattern deterngned in advance for
each cell. Specifically, each base station uses the

20 frequency mapping pattern which is different from
that of other base stations so as to random ze
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.20 group, as shown in Fig. 4C. Alternatively, the base
' station may group subcarriers into subcarrier groups
within close ranges in the frequency domain and
determine transmission power for each subcarrier
group. In addition, the base station may combine
25 the approach for grouping subcarriers into
' subcarrier groups based on reception quality with
the approach for grouping subcarriers into
subcarrier groups within close ranges in the
frequency domain. In this manner, the subcarrier
30 groups may be arranged in multiple levels.
Alternatively, the base station may
multiply control channels for the respective mobile
stations with orthogonal codes to achive
orthogonalization among the mobile stations, instead
35 of using the frequency mapping pattern which is
specific to the base station. This approach is

referred to as CDM-based transmission power control.



10 station UEl. Alternatively, transm ssion power may

be ‘determ ned for each subcarrier based on reception

qual ity on each subcarrier, as shown in Fig. 4B

Control ling transm ssion power- for- each subcarrier

can further reduce interference observed by the 15
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20 channels to be multiplexed increase in number,
however, CDM-based transmission power needs a large
spreading factor, and may not maintain orthogonality
in the frequency selective fading environment. 1In
other words, CDM-based transmission power has a
25 disadvantage of being vulnerable to interference
within the cell. On the other hand, FDM-based
transmission power control is tolerant of
interference within the cell, because signals among
mobile stations do not interfere with each other in
30 the frequency domain. When CDM-based transmission
power control and FDM-based transmission power
control are combined, interference can be reduced
with a small spreadlng factor.

[Second Embodiment]
35 In a second embodiment, a base station
performs transmission beamforming of signals

transmitted to mpbile stations, when control



in Fig. 5. According to this approach, transm ssion

power of signals transmtted to each nobile station

is at the sanme | evel anong subcarriers. Therefore,

this approach can reduce variatiigns in transm ssion

10 power (interference) anong subcarriers. As shown in
Fig. 6, FDW based transm ssion power control and
CDM-based transm ssion power control nmay be conbi ned.

It sHoandebs' Astedntrnge®i g§. s3ownshiow g si pLd8x@¢. The

m“ﬂﬁ%n@ﬁﬁgggbhfHHaﬂﬂ@kﬂ§n Qb@%ﬁgfﬂchﬁaﬁagBE:%né%nna

h xed cont channel s for four
ot At THTEC LB ada GHoE nF So LBR B ORI T bprhasa ity at
advare clgemobel eFBNteiaise. t ransmi ssi on power contro
£0 random ze '@ﬁi{fefqg@?wsVQQEe%QQkﬁP%%;pePhggﬁfb%n%gol

be multipl exed increase In nunb ver
trafStABRELA POer SRRARE AV e alge 1 leprdarti Fon f aebPserved by
and arayolndl ensitaitdioh arehoganahiet ¥ rdqudhiey f g¥EAGY the

sel e e, Lng _envi r.onnent
%%%d %?gnsﬁiﬁﬁ(ﬁF?&ﬁ@?shggerf?(ﬁ%ﬁ@%%%?gégnof
bei ﬁgewfﬁémanlge t Fhatlerser shesionist e thieoer| hs @NB1

1bhe ﬁ@eéNBQnﬁndFW@Wllé r QB%@l%ﬁisorhlp@V\@ﬁoﬁﬁnErsmUEl—
in_the cell, because

t rference W th
;f@éﬁiraﬂﬁﬂﬁn ﬁ&ﬁ P oF FOhs 8o ShG iRREFPERE with
eacﬁnﬁmﬁmlSﬁlQG1HﬁaMﬁQmmengyodommqmamMeMr£EBMbased to
transpd SﬁbQElep%‘@%rt lccﬁrg rok1 aQHdF@Mzb%eldcﬁ f&P%%%%%r&ed

power, control are _conbined, jnterference can
redMﬂﬁPlﬂﬁ?hcﬁﬁéwéICQﬁﬁ%%ﬂlﬁg fact Hasq steadhéon eNBl,
1 Enbodiarend $e 35 thn i@ rs edomnl ehbﬁdbﬁemntéhﬂéw@lﬁéathQﬁty SO

per T s L LARS B ESLAL Aeanl o 410918 LIS napite
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station eNBl. Similarly, when the base station eNB2
performs transmission beamforming, the base station
20 eNB2 changes antenna directivity so as to improve
reception quality at the mobile station UE3 which is
situated far from the base station eNB2. As shown
in Fig. 7, when subcarriers corresponding to a
control channel transmitted from the base station
25 eNBl to the mobile station UE2 coincides with
subcarriers corresponding to a control channel
transmitted from the base station eNB2 to the mobile
station UE3, the control channel for the mobile
station UE2 interferes with the control channel for
30 the mobile station UE3, and vice versa. Accordingly,
the effect of transmission beamforming may be
reduced. _
In the second embodiment, similar to the
first embodiment, each base station uses a frequency
35 mapping pattern which is specific to the base
station (cell), in order to solve this problem.

This approach is referred to as FDM-based



transm ssion beanform ng refers to changi ng antenna
directivity in order to inprove reception quality at

each nobile station. 5 Fig. 7 shows reception power

for control channels for respeqtiive nobile stations
observed by a nobile station UE2 on the frequency

axis in the case where base stations perform

transm ssion beanform ng. The base stations are shown
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“h'%&f&c%ﬁ%%‘%Rﬁté%t£E%P§§lon of a base station 10 are

20 described below. The base station 10 includes
pattern generating units/code multiplying units 101-
1 and 101-2, frequency allocating units 103-1 and
103-2, power control units 105-1 and 105-2, an IFFT
(Inverse Fast Fourier Transform) unit 107, a CP

25 (Cyclic Prefix) adding unit 109, a weight
multiplying unit 111, and a transmission unit 113.
Although Fig. 8 shows the base station 10 including
the two pattern generating units/code multiplying
units 101-1 and 101-2, the two frequency allocating

30  units 103-1 and 103-2, and the two power control
units 105-1 and 105-2 for two mobile stations, the
base station 10 may include N pattern generating
units/code multiplying units 101, N frequency
allocating units 103, and N power control units 105

35 for N mobile stations. Alternatively, the base
station 10 may use a single pattern generating
unit/code multiplying unit 101 and multiple



station (cell), in order to solve this problem This
approach is referred to as FDW based - 11

transm ssi on beanform ng. The use of the frequency

mappi ng pattern which is speci-file to the base station
can make portions with a low interference |evel and
portions with a high interference |evel 5 and reduce
|nterference among subcarriers, as is the case with
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anGQNSbaSEdn$;aﬂﬂm1551on power control or CDM-based

transmission beamforming, the frequency allocating

20 unit 103 may allocate subcarriers (frequencies)
sequentially starting from the first mobile station
1, since the orthogonal codes are multiplied to
achieve orthogonalization among the mobile stations
(S107) . The power control unit 105 controls

25 transmission power based on reception quélity at
mobile stations (S109). Control channels for the
respective mobile stations are multiplexed and
transformed into orthogonal multicarrier signals by
the IFFT unit 107. The CP adding unit 109 inserts

30 CPs into the orthogonal muticarrier signals. The
weight multiplying unit 111 multiplies the signéls
with a weight to change antenna directivity based on
the positional relationship between the base station
and the mobile stations (S111). The transmission

35 unit 113 transmits the signal to the mobile stations.

Figs 8 and 9 show the base station 10

implementing both the first embodiment and the



base station 10 may include N pattern generating
units/code nmultiplying units 101, N frequency

all ocating units 103, and N power control units 105 35
for N nobile stations. Alternatildely, the base

station 10 may use a single pattern generating
unit/code multiplying unit 101 and nultiple 12

frequency allocating units 103 for nultiple nobile
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20 203 removes CPs from 51gnals received by the
reception unit 201, and then the FFT unit 205
transforms the signals into the frequency domain.
The pattern/code storing unit 209 stores the
frequency pattern or the orthogonal codes received

25 on the broadcast channel. The demultiplexing unit
207 retrieves the control channel for the mobile
station 20 using the frequency mapping pattern or
the orthogonal codes.

[Thifd Embodiment]

30 In a2 third embodiment, a base station
orthogonalizes control channels among sectors, when
the base station covers multiple sectors.

Fig. 11 shows a diagram in which control
channels are orthogonalized among sectors in the

- 35 frequency domain. This approach is referred to as

- inter-sector FDM-based transmission control.

Allocating different subcarriers to control channels



transfornmed into orthogonal nulticarrier signals by
the | FFT unit 107. The CP adding unit 109 inserts 30
CPs into the orthogonal nuticarrier signals. The

wei ght rmultiplying unit 111 nul igpki es the signals
with a weight to change antenna directivity based on
the positional relationship between the base station
and the nobile stations (S111). The transm ssion 35
uni t1n18her gesiass tden spghhb gon atlhe eobi ¢ econatriodns.

Fi gsc8annd18 %MEMdrEh@a§§c§b§%'0n§5€ciﬁPE§ﬂ§9t'W%en the

b th the first iment and t second
e?rbodl?T%nFnc\Xh@ﬁlfon%atbja%% 8Pt 4 rejroanp]f%npeh?s Sonify 4 1fe
firsteehbodiimadtloadiee pasebshatriier sl orayonhod 1i relaudes1s,
the ek gt eBUkihidy) Y4 o 48t ndldhn 4 e@Lﬁ%hfnb§§§ SH for a

station_inplenents only the Secon
base®HayChof FRAUAPE hel peGete & raanansrbeesriers to
add|¢®mnroﬂhehEMﬁBEHaIIDﬁrnaxam@MJA/tH@ebﬂﬁelEQatlon 10

Staﬁh%gnaﬁg g% fr%ﬂﬂﬁy n@ggln%opattern agilng the

orth es genera y the pa
gené@%@gﬁenﬁﬁlFﬁ%k&ﬁ??ﬂmglphytﬁgl@nﬂﬂuxﬂﬂn@nnar among -

1br8a$aasbrshanmﬂ§)%kaiéﬂ §hQﬂ5c%ﬁ¥ﬂd%§U?@Eggﬁﬁgfansmlt
mobi [ e . station receives a contro
for $HET TR0 ? g@%&%ﬁﬁdﬁ 50tﬁ§|HGQH%¥f eYuehk§ REpSaTgiers
.15WﬁuW@lﬂhothﬁh@qntim@onhbnoedssﬁuxxﬂwedsentbhel are
br oagcastaehannel . The nobile station 20 includes a -
reception unit 201, CP renoving unit 203, an FFT
unit 205, a deﬁ&@tlﬂﬁ%x§$ﬁwﬁnﬁt d3@Braghdiy which control
lpmiahaMEeﬁe atendn;hﬂgénQDQZeﬁhem@%g%ﬁﬁb%@gsumhttﬂ%

203<ﬂ§ﬂ?V§§mg?§ fr%ﬁhﬁiQ?ﬁé?o%ﬁﬁelved b ra%% to as inter-

recepti on unit 201
tramsioreE thY ?@@%ﬂsiﬁ%ﬁ%m%ﬁélpﬂeﬁﬂaﬁmobonaUﬁlngThe
pat teeirif epdrt sbetihegdiil 269est §08S dditrol channels in

the sectors can orthogonalize the control channels
20 among the sectors. Specifically, when the code
" multiplying unit (101 in Fig. 8) for a sector 1 uses
orthogonal codes, the code multiplying unit (101 in
Fig. 8) for a sector 2 does not use the same
orthogonal codes to control channels. For example,
25 the base station 10 may include a control unit for
controlling the code multiplying units in this
manner among sectors. The control unit controls to
orthogonalize between the control channels for the
sector 1 and the control channels for the sector 2
30 in the code domain.

When transmission timings for control
channels are synchronized among base stations,
control channels can be orthogonalized among base
stations, as is the case with Figs 11 and 12 which

35 show control channels orthogonalized among sectors.
GPS (Global Positioning System) may be used to

synchronize control channels among base stations.



frequency pattern or the orthogonal codes received 25

on the broadcast channel. The denultiplexing unit 207
retrieves the control channel for the nobile station

20 using the frequency mappi ng pattern or the

ort hogonal codes. [Third Enbodinment] 30 In a.third

enbodi nent, a base station orthogonalizes contro

channel s anong sectors, when the base station covers

mul tiple sectoﬁ;gsq§ﬂ3116shbww aidigams in whiich control
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According to an embodiment of the present
invention, interference among control channels can
20 ° be reduced and reception quality on the control
channel can be improved.
This international patent application is
based on Japanese Priority Application No. 2006-
169443 filed on June 19, 2006, the entire contents

25 of which are incorporated herein by reference.



20 anong the sectors. Specifically, when the code
mul-tiplying unit (101 in Fig. 8) for a sector 1 uses
ort hogonal codes, the code nultiplying unit (101 in
Fig. 8) for a sector 2 does nat jgse the sane

ort hogonal codes to control channels. For exanple, 25
the base station 10 may include a control unit for
controlling the code multiplying units in this manner
anon@HABCIS SLAIMER oRSrol unit controls to

ort hogonal i ze between the control channels for the
sector 1 and the control channels for the sector 2 30
in the code domain. Wen transm ssion timngs for
control channels are synchroni zed anong base
gtations, control channels can be orthogonalized
anong base stations, as is the case with Figs 11 and
12 whi ch 35 shdw dbrtFdNSERESAGNSs aRRavwrjonal Wréghanong
sectoubt i pGRIe(sClrat r FOSEhbARENG Fyest el 1 PRY 18 réseGtion

to i , ol _c el s ng base stations. .
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as

i nter-sector ransm-ssi on control anong
sectors and CDM based transm ssion power contro
wi thin each sector. Fig. 16 corresponds to the 15

conbi nation of inter-sector CDM based transmn ssion

20
2. The transmission apparatus as claimed
in Claim 1, further comprising:
a power control unit configured to control
transmission power based on average reception
25 quality on a system bandwidth for one of the
reception apparatuses. |

30
3. The transmission apparatus as claimed
in Claim 1, further comprising:
a power control unit configured to control
transmission power for each subcarrier based on
35 reception quality on a corresponding subcarrier at

one of the reception apparatuses.



control anmong sectors and FDM based transm ssion
power control within each sector. According to an
enbodi rent of the present invention, interference
anmong control channels can 20' 1he-reduced and
reception quality on the control channel can be
i nproved. This international patent application is
based on Japanese Priority Application No. 2006-
169443 filed on June 19, 2006, the entire contents 25
of which are incorporated herein by reference. - 16 -
WHAT IS CLAIMED IS 5 1. A transm ssion apparatus which
mul ti pl exes control channels for nultiple reception
appar at uses i ntdo dmeORDMasymbsls ian tdEpsaatubi AisNgladimed
GFDM dopnbi Ak 11, adi0- AREESSonBQTRLRY Ng: 10 a pattern

e

generating unit configured t generate a frequency

nmeppi ng patter® WAWSF i SONEpedi find &t el graRSNtSsiggPup
appatia¢ uspband rd e qensya aplrecattgign 1é d ﬁ@mbbggqu

to u [ er the caontral. channels for
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a power control unit configured to contro
traﬁ%ﬁ?%éfgﬁeﬁo&%¥“3%3ed on average reception 25

quality on a system bandwi dth for one of the
recepti on apparatuses. 30 3. The transm ssion
apparatus as claimed in Caim1, further conprising:

15
5. The transmission apparatus as claimed
in Claim 1, further comprising: _
a code multiplying unit configured to
multiply the control channels for the multiple
20 reception apparatuses with orthogonal codes to
achieve orthogonalization among the multiple
reception apparatuses; wherein
the frequency allocating unit allocates
the subcarriers to the control channels multiplied
25 with the orthogonal codes according to the frequency
mapping pattern.

30
6. The transmission apparatus as claimed
in Claim 1, wherein:
the frequency mapping pattern is
transmitted to the multiple reception apparatuses on
35 a broadcast channel.



a power control unit configured to contro

transm ssi on power for each subcarrier based on 35
reception quality on a correspondi ng subcarrier at

one of the reception apparatusess8 X7 4. The

transm ssion apparatus as clained 5 in Caima1l,

further conprising: a power control unit configured to
group the subcarriers into a predetern ned nunber of
subcarrier groups based on reception quality on a
subcarrier allocated to one of the reception 10
appar at uses and, c rol transni ssion power ,
subcarri er groﬁ %%ga Er%ﬁgmﬁfgﬁ§’ S %ﬁr%BB§r3§u§ med
clalh%dClBﬁmO5m|whﬁr¢Lmther conpri sing: a code

mul tiplying Umﬂhé*&%&&&@@ﬁahocdaéé'548 EPQn%%ﬁE@Qd to

channels f e nult 20 recepti on apparat uses

wi t h"0F t 8 5&& %xﬁﬁ%?EBlQEhFQRQQﬁqqﬁﬁﬁn%Pl%aPF@ﬁdcaSt
amonghaheedul ti pl e reception apparatuses; wherein the
frequency allocating unit allocates the subcarriers

to the control channels nultiplied 25 with the

ort hogonal codes according to the frequency mapping
lpattern. 30 6. The transm ssion apparatus as cl ai ned

in Cdaim1l, wherein: the frequency mapping pattern is
transmtted to the nultiple reception apparatuses on

35 a broadcast Schdifrel tra@smIsstioa tappmmsssons claimed

apparmtusaam al aiwmd-cim: Caim5, wherein:

the transmission apparatus is a base
15 station covering multiple sectors; and

the frequency allocating unit

distinguishes subcarriers used for control channels
in each of the sectors.

20
9. The transmission apparatus as claimed
in Claim 5, wherein:
25 the transmission apparatus is a base
station covering multiple sectors; and
the code multiplying unit multiplies the
control channels with orthogonal codes which are
mutually different in each of the sectors.
30

10. A communication method in which a
35 transmission apparatus multiplexes control channels
for multiple reception apparatuses into an OFDM

symbol at the same timing in OFDM downlink radio



5 the orthogonal codes are transmitted to the
mul ti pl e recepti on apparatuses on a broadcast

channel . 10 8. The transm ssion apparatus as cl ai ned
in daim1l, wherein: the transmigsi-on apparatus is a
base 15 station covering nmultiple sectors; and the
frequency allocating unit distinguishes subcarriers
used for control channels in each of the sectors. 20
9. TRECEPEnsHENIOrS bppaFheustaPciafmed in daims5,

wherei n: 25 thegetr’(@f@mﬁ@ an f&@%ﬁféﬁé&s rh§ ﬁlﬁgs%attern

statlg cRoverin # p# g and t

nultlpr|ng U 1Fp ?ei %ﬂﬁﬁ%%ﬁlﬁﬂaﬁﬁ@@§4ﬁ%%v
or t hogonal COd@§lﬂﬂ@hlagethﬂuwwﬂﬂqohl¢m&naﬂﬂslEdﬁﬂﬂhe
of Lhe18eplar Secilhdlon ApRHBURGA Ofh MBLBE] 9 Y ch

35 tran m ssi aratus multipl exes contro
chaﬁ%%?gr 88 ﬁﬁtéﬁ#)f?%@BEPFanﬂﬁR&%Su%@§t?ﬁpo amnd
OFDM synbol atcdritershhengi trirag sinfi HM4 dovmbicnle oradime
19 -5 @6£88%41cGQMPrising the steps of: generating a
frequency mapping pattern which is specific to the
transm ssion apparatus; allocating the contro
channels for the 5 nmultiple reception apparatuses to
subcarriers according to the frequency mappi ng
pattern; and controlling transm ssion power for the
subcarriers.



