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-1- DESCRIPTION TRANSMITTING DEVICE, AND TRANSMITTING
METHOD 5 TECHNICAL FIELD The present invention generally relates
to wireless communication technologies. More particularly, the present
invention relates to a transmission devite and a transmission method for
transmitting a multicast 10 broadcast channel. BSACKGROUND ART
Next-generation mobile communication systems to be used mainly for
video and data commnunications e tegqurejeapability far greater than
that of the third generation mobile communication system (IMT-2000) to
achieve high-volume, high-speed broadband communications. In such a
next genergiroaNSs1aI I NecKsE $WIERINGND URRAN S I i anvEAoNal
circuit switching, even 2_C for wireless sections to improve the use
efficiency of communication resources. Meanwhile, there are various
indbot lANd @td dok Edohmunication environments. In the outdoor
communication epdrongielelRt eXamph £ BPIG ERLY MUY o ates  to

covering.a broad area are set_up to 25 enable high-speed packe )
trafd LR ro CRIBBHE 'ﬁéﬁdl%”m&ﬁﬁé‘ %%@;%'sep%ed.“’lﬂ kRe PAbSACuUlarly,
coneunpadsaeavipivesitiviere etanegfionof tadiorwased sshigh, device
indoor, acce%s goints are.used in%ﬁad of outd%or base.%t tions to squi(%rt

.apd a_transm {-SS'Oéb Me ]pd for ra{nsml in m icast
wireless communications. SO, fof communications between base
stéhivnadeappectyanieed and mobile stations, especially for downlink
data transmission, multicast and broadcast are used in addition to unicast

(for future trends of communication -2-
BACKGROUND ART

Next-generation mobile communication systems

to be used mainly for video and data communications
require capability far greater than that of the third
generation mobile communication system (IMT-2000) to
achieve high-volume, high-speed broadband communications.
In such a next generation system, packet switching is
used, 1i1nstead of conventional circuit switching, even
for wireless sections to improve the use efficiency of
communication resources. Meanwhile, there are various
indoor and outdoor communication environments. In the
outdoor communication environment, for example, multiple
cells (multi-cell) covering a broad area are set up to
enable high-speed packet transmission for mobile
stations moving at high speed. In the indoor
communication environment where attenuation of radio
waves is high, indoor access points are used instead of
outdoor base stations to support wireless communications.
Also, for communications between base stations or upper
devices and mobile stations, especially for downlink
data transmission, multicast and broadcast are used in
addition to unicast (for future trends of communication
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systems, see, for example, non-patent document 1). In a broadband

mobile communication system, the influence of frequency selective fading

due to the multipath environment is significant. To solve this 5 problem,
orthogonal frequency division multiplex@g (OFDM) is expected to be

used for next-generation communication systems. In OFDM, a symbol
comprises an effective symbol section containing information to be
Uaggmiisrandgguagb PIenahpiReNeAdA L BieEeaBe ol )

section, and multiple symbols are transmitted during a transmission time
interval (TTI). TAE girdIFRAIFdenBridd Basc@BRUASABION  System,
infeimeatipn i tmelectfe fyrvholeaacyiosdhecgiivd ifamalds alse to the
called a cyclic prefix CPé or overhead. 15 INon-patent document 1 .
o B e P L AR A ol it ve  thi's
Wipgtesd em , ITUoJdkragiowal 33 fiueoBigs:26-30i Wks 12003 multiplexing
DISEERPHRE OF INRNEIQN 20PREBLEMS FO #ESOMGRR B A Eation

INVENTION A receiving end receives paths with various propagation _
deROEMARRCEEDRN it BY5d&e tol Biddibily rediuyglyniigsiprises  an

interfdiened Vighesprbpapatascddiays ate ndthimihegduiaiiboroiztduard to be
25{r}tervanlq.ilg other Worgs, i1éis possib{]e to effgctivelg comf ine various

delaygg%vavegeb?/ in(?rréasing thelddration 'of aegrlyaa} intgrvaﬁ%?s is to the

es@idf&lﬂ;}tpin‘e@rabwnbl@dn mdﬁﬁatiome_pwﬂ)tme_!ien asyihatsa are
veryrarsn i3dEs oybeh e saPpdnonnalen s tEnsaitipdddAihe (tT).

same time via various cells'to mobile stations by multicast or broadcast.

Hol&er&dfisc REJusd intSv9RNBERNFY pd1e8effofRatiéh iPfet of
eff¢etfersuntidisedtiontingreasifiigdied doragomiobhesection. The guard

interval is also called a cyclic prefix (CP) or overhead.

[Non-patent document 1] Ohtsu: “A Challenge to
Systems beyond IMT-2000 -- Approach from Wireless --*,
ITU Journal, Vol. 33, No. 3, pp- 26-30, Mar. 2003

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
A receiving end receilves paths with various

propagation delays. With OFDM, it 1is possible to
effectively reduce intersymbol interference 1i1f the
propagation delays are within the duration of a guard
interval. In other words, i1t is possible to effectively
combine various delayed waves by increasing the duration
of a guard interval. This i1s especially preferable when
communications are performed in a cell with a very large
radius or when the same information is transmitted at
the same time via various cells to mobile stations by
multicast or broadcast. However, because the guard
interval is merely a part of information 1in the
effective symbol section, iIncreasing the duration of the
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-3- guard interval is not preferable in terms if information transmission
efficiency. Meanwhile, in environments such as urban areas and the
inside of buildings where the propagation delay is comparatively small or
in 5 environments where unicast is uses; enough communication quality
may be obtained with a comparatively short guard interval. Thus, the
optimum guard interval length differs depending on communication

ENYRIFAERIS LRGNV $0 RBRE WiBHaIP ABARICTHS $@ PHRPASE MiHiRIPmation

groups 1.0 of radio parameters defining symbols having guard intervals of
vatdERAGERIGN RIS eRIptin{HANYHIS fotiatGBV AL NfBESs SUch
coanunication. doseyerarpfocesseind pigidls acdording lalvadguswhere the
sympgl fgrrg tlso may 8reﬁ%|)\f incriease tQS W%”é';%ﬁi V%rid thersefcg? |this %Sr
method fkot Suitable for Mobile' StatioRs rP1|%tving comerativerPy simple
coRfiyUr HOOWE MEsisyime it dgrid c asicidrilyurgdmiginguansesmuimi cation
differentigtpradytene denetinbave rehbeencenipalisiedely short guard

Embodiments of the present invention make it 20 possible to Solve or

reUEESINEd - mort e blentd GausLA YR IindtRibAs adgterval  length
disaiiffetpges op theddankgmruncoantu@heobjeriiverdf itopmeseas . One way
invention is to_pr. vidle_ha.tsransl%igiign ds:\S/ic%gnd aetr%nrsminsqsig%imeltgod FOUDS
usegincgrng\g)\ﬁ%ase(f communication Sys emthaPanabId 25 & Sy and P

highfquakigdiansniiegiametenannettelitn idigereaygliartisntehay ergthsguard
MEANS AR SO ING TRRBORE RN Eboglineaisyeldie Bresetinun

invention provide 30 an OFDM-based transmission device. The

traR¥M3lonTAERRE intRldeS aGlhidskr el &S5l gemeramAgakkon - However,

processing signals according to various symbol formats

in

may greatly increase the workload, and therefore this
method 1s not suitable for mobile stations having
comparatively simple configurations. Thus, methods for
efficiently transmitting channels with different guard
interval lengths have not been established yet.

Embodiments of the present invention make it
possible to solve or reduce one or more problems caused
by the limitations and disadvantages of the background
art. One objective of the present invention 1is to
provide a transmission device and a transmission method
used In an OFDM-based communication system that enable
easy and high-quality transmission of channels with
different guard interval lengths.

MEANS FOR SOLVING THE PROBLEMS
Embodiments of the present invention provide

an OFDM-based transmission device. The transmission
device includes a unicast channel generating unit
configured to generate a unicast channel; a multicast
broadcast channel generating unit configured to generate
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configured to generate a unicast channel; a multicast broadcast channel
generating unit configured to generate -4- a multicast broadcast channel,
a multiplexing unit configured to time-division-multiplex the unicast
channel and the multicast broadcast cifennel in the same frequency
band; and a transmitting unit configured to 5 transmit
time-division-multiplexed transmission symbols. In the transmission

deyice rifip@iesd thieypblsagHs {or thaamigast brpadeapeGhiiel iSetunit

longer than the guard interval length for the -unicast channel. 1.0

AN FABERSUS BifFECEYBE AVER TG BRI S mertliBr thenicast
preseah myEntorderdide neaby Bradtgibgoalkiy deosoissoredf chanmels same
wit dlfferent }g grd tervahﬁp%hs in an OF 1-based - ommu cat ion

syHEGIIEE SCRINTION BETRESRANINAR G P {dlred to
scigianto blbclt tizgyrahv Lsiratingd ki shexsidn uﬁaﬁsrmasmlrg Byaols.

empodigieat §f iR SRS Hiverfian @8 FlGneis §iable ShAw¥EByal length

exemplary combmatlons of data modulation schemes and channel

coffﬂﬁ rdi8s; mi] §AGa g rAWRgdfat s amfee hivkionshtitdiexsg by than

sultiamgead-§ Ast8Bva b drendtthillFstratiigetimed disistorcimakimeing
by radio frames; FIG. 3C is a drawing illustrating frequency- division

multiplexing; FIG. 4 is a partial block diagram illustrating 30 a base station
thatRigaN BAdr&wble-tddeCdorimohte INVENTION

Embodiments of the present invention enable

easy and high-quality transmission of channels with
different guard interval Ilengths 1iIn an OFDM-based
communication system.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diragram

illustrating a transmission device according to an
embodiment of the present invention;

FIG. 2 is a table showing exemplary
combinations of data modulation schemes and channel
coding rates;

FIG. 3A i1s a drawing illustrating time-
division multiplexing by subframes;

FIG. 3B 1i1s a drawing illustrating time-
division multiplexing by radio frames;

FIG. 3C i1s a drawing illustrating frequency-
division multiplexing;

FIG. 4 is a partial block diagram illustrating
a base station that uses a scramble code common to
multiple cells for MBMS channels;

FIG. 5 is a drawing used to describe a case
where different scramble codes are used for respective
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multiple cells for MBMS channels; FIG. 5 is a drawing used to describe a
case where different scramble codes are used for respective -5- MBMS
areas; FIG. 6 is a drawing illustrating a method of transmitting a shared
control channel; FIG. 7 is a drawing ilkdstrating a method of 5 transmitting
a shared control channel; FIG. 8A is a drawing illustrating a method of
transmitting a shared control channel; FIG. 8B is a drawing illustrating a
cagbess HsMBMS channel and a shared control channel are 10
multiplexed; FIG. 9 is a drawing illustrating multiple transmitting antennas

used for delay divE&sityCanbisFi@. R4 BRwkIHsdFaklWeld method of

diversitysh BtEXRG AN ASHANA FRNEEBENSE RS 114 IMBMS processing
unit 1"11 Turbo|x_:?8i_ng}mii 112 Dg\ta modulaii?ri uuSn_E 20,113 Interle%\{:%rod of

12 Unicast data processing Gnif' 1 f?vﬁ/r'bncgcodlng unl{i‘ﬂ Data ™
mdacgatRnidrit ng3aneifletest ZHnE MdSceamealnit 14 First

multiplexing unitdsSergl/pgeallgl copXGRIRY Wi RRF4EiRgCAImethod of
multiplexing unit (MUX)
transmitting a shared control channel;

FIG. 8B i1s a drawing illustrating a case where
an MBMS channel and a shared control channel are
multiplexed;

FIG. 9 1is a drawing 1illustrating multiple
transmitting antennas used for delay diversity; and

FIG. 10 1is a drawing illustrating delay

diversity.

EXPLANATION OF REFERENCES
11 MBMS processing unit

111 Turbo coding unit

112 Data modulation unit

113 Interleaver

12 Unicast data processing unit

121 Turbo coding unit

122 Data modulation unit

123 Interleaver

13 MCS setting unit

14 First multiplexing unit

15 Serial/parallel conversion unit (S/P)
16 Second multiplexing unit (MUX)

17 Inverse fast Fourier transforming unit (IFFT)
18 Guard interval insertion unit

19 Digital-to-analog conversion unit (D/A)
20 Radio parameter setting unit



17 Inverse fast Fourier transforming unit (IFFT) 30 18 Guard interval
insertion unit 19 Digital-to-analog conversion unit (D/A) 20 Radio
parameter setting unit -6- BEST MODE, FOR CARRYING OUT IT, HE
INVENTION ---m-mmmmmmmmem e oo m 6--- According to an embodiment
of the present invention, a unicast channel and a multicast broadcast
channel are time-division-multiplexed (TDM) in the same 5 frequency

baB@sﬁ“%@l_f)’E@LﬁSﬂ "@RWW@%W tﬁ@leﬂvmﬁﬂﬁéﬂdcaﬁ channel is

Ionger ? |n lerval leng € unicastchannel,

Time- dIVISIOI’l- ford> H@@haﬁﬁ’els%h GReRAIEAY m‘PJrvaIﬂ’@wgtH{esent

in theveamd ieguencyihacd stakeddmaskibeta 18 easibtdenasate theadcast

channels during demeodulation and enabl ea yand h| lit

transm|SS|oi:1 S%Ch?nneefsqn\fhls eMbodi ﬁn%e:n ﬁetxans g dﬂ)paséﬂalil:ge same
5 coifipegeentYF DAy mbalkd THdrefoa)ard pdsstige ve incleagtine path the

diverigia 2 biPRIA S Signghhe AUaliy aj BisyereiRgsNdie  guard

using alonggquard interval for multicast_broadcast channels used to

trahShRNG Earhenitd rrdmdibigie WAk RBkioREaORChe ofdiG by ASion-
is peekitip lejoipgve theudatal & angrmigsiorddffifieney tthrayghpdt) binterval
u5|pg %hort 20 g%ﬁrd mterval 1Jor unicast ci‘gﬂnn Is B peaused the sible to
channels are time-division: multlple>9E*aent |¥p055| " g’lrecfly oB&M fh

10 benefis hysuiagacatehe §oard channg l@']gtﬁUAthlo flemedndpbéon and
cogRepqe of muliple Zé@'bfrﬁm&ﬁh@ﬁﬁh@lﬂ}"eﬁ%%u%ﬁ&N'S'Qﬂ‘ the

multiplexed such that a transmission period for the unicast channel )
channels. In this embodiment, a transmission signal 1is

composed of OFDM symbols. Therefore, it is possible to
increase the path diversity gain and improve the signal
15 quality at the receiving end by using a long guard
interval for multicast broadcast channels used to
transmit the same data from multiple base stations. On
the other hand, 1t 1is possible to iImprove the data
transmission efficiency (throughput) by using a short
20 guard iInterval for unicast channels. Because the
channels are time-division-multiplexed, i1t 1iIs possible
to directly obtain the benefits resulting from the guard
interval length.
A radio frame may be composed of multiple
25 subframes, and channels may be time-division-multiplexed
such that a transmission period for the unicast channel
and a transmission period for the multicast broadcast
channel are switched one or more times within one radio
frame. For example, time-division multiplexing may be
30 performed by subframes. Switching transmission periods
by time units shorter than a radio frame makes it
possible to flexibly change the frame structure and also
to reduce transmission delay.
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and a transmission period for the multicast broadcast channel are
switched one or more times within one radio frame. For example,
time-division multiplexing may be 30 performed by subframes. Switching
transmission per-Mods by time units slerter than a radio frame makes it
possible to flexibly change the frame structure and also to reduce
transmission delay. -7- Meanwhile, when a broad frequency band (e.qg.,

about 20 MHz) Ialpei§d &or amisien, ip PRasiPRelLERRSMibANd (e. g

multicast broadcast channel and a unicast channel by frequency-division _
mARREEng WAz phit kR FERdedQr béhS¥ Sli6ated FortRe POSSIbIE
mutiicasi dmeadcashchanhel sad theyenzalaiag padiedine Ifresigney unicast
bang ‘Sn%'éOFaEfd o DG alicast ghanuel Accordipg {9 ADOIEr  here a part
em o%iment 0] ¥he pregentn nX/en ion, murt]ippe] comlg)lna |onsgof moJuefatlonp

sclodmebhe0 dmeghaney cdiinglrates nal/lecpiteitedan ththe multicast

enheginenls fatadReiiation axhchaphel COPREG A MHItGest  of  the

broadcast channel may_be performed according to combination selected
bad&@BHERE Y Jeettdnd SmakitastdBdadat cRaRnan rstcshiannel .
combination 15 wittaritighey intoraatianeate enyolbd selectedifastthe present
infgrualienyiale ofhg ulicast braadeast channel pecomed bigher, Thisyenes
approacﬂ Makes it possidle o prowd'enh|gh-(fﬁ'rougﬂwpu{n data transission
forandserchathripbd cethhegqualagend tagyovibe a mirdvilde@0 sekvicethis

forghistefitfiinRoor ehARNClRalYabpERdinhip SpAkhENDAUBRRLf of  a

the present invention, unicast channels may be multiplied by differen

scriidid 688&s Hboraar feashRPebpdiave b&Is PIF EBRhpRecording
coge commoonib indtidlen selected based on the type of the

multicast broadcast channel. In this case, a combination

with a higher information rate may be selected as the
information rate of the multicast broadcast channel
becomes higher. This approach makes 1t possible to
provide high-throughput data transmission for a user
with good channel quality and to provide a minimum
service for a user with poor channel quality.

According to another embodiment of the present
invention, unicast channels may be multiplied by
different scramble codes provided at [least for
respective cells, and a scramble code common to multiple
cells may be used to multiply multicast broadcast
channels. This approach makes it possible to
appropriately combine instances of the same multicast
broadcast channel arriving from multiple cells and also
to effectively reduce the signal degradation caused by
different multicast broadcast channels and unicast
channels.

In this embodiment, a scramble code for
unicast channels is provided for each cell or sector and
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25 cells may be used to multiply multicast broadcast channels. This
approach makes it possible to appropriately combine instances of the
same multicast broadcast channel arriving from multiple cells and also to
effectively reduce the signal degradatidihcaused by 30 different multicast
broadcast channels and unicast channels. In this embodiment, a
scramble code for unicast channels is provided for each cell or sector and

-8- sgiaPalB FededgnmulieAst NAadess Ehapelad a5Videddeinels s

each area (an area is composed of multiple cells where the same

mE Sl rshdE%: $RRReAE Sfarkile)eas ke SATRRSRHmBE, gultiple
typeslf S soastde cotes usetan ansybtaodeconmaogidaiasthashthahl is
a conventi system. However, because channels_ ar

time~ |O%ﬁn(§irrﬁ£n%ﬁ§)rexe%théa scrré?nsol%fwe[ﬁoer mutticast brooa'acagy pes of
chaar@gblenctikes tousede Imerferedirs Vatien ligtiopeshioy eifeeent than

celiharl - Priesied AL RIS PSRN NS AR thewelArhle 5odsa iy channels

unicast channels are not likely to cause interference when distinguishing
difftFent ARG Flyd SKeNai b prdexedinolil the ATl er codes  for

scrauriitd cades Useddd casystashinanedses, dre iniesfereddkedysedo cause
when,15 distin uishin(% iffererat.ce{Is or sectﬁrs can Be*j@ited a
. SN

d
coﬁ\petneffén%rengan gl%(r)] the ihtererence caused Whent igtri]nguis e|nlgIS or

disKerdrn l@ﬁea?g:caihbe r@m:i?di m@c@ﬂdw_,g @r@oﬂm soedimbat obthes for
PreRsitdRyentpRfragdcagiiafofpation jnclyding gt Icasigae 2@ rference

information indicating a radio frame structure, information indicating a

colibRihtighiSH RYALRRIBAIscRdRE RN chahif@%odid Hite udklitipr this
a mpipeasich, although the number of scramble codes used in

a system increases, the interference caused when
distinguishing different cells or sectors can be limited
to a conventional level and also the interference caused
when distinguishing different areas can be reduced.

According to another embodiment of the present
invention, broadcast information including at least one
of information 1iIndicating a radio frame structure,
information indicating a combination of a modulation
scheme and a channel coding rate used for a multicast
broadcast channel, and information indicating a scramble
code by which the multicast broadcast channel 1is
multiplied may be transmitted via a broadcast channel or
via a shared data channel as L3 control information.
This approach eliminates the need to provide a separate
control channel used to demodulate the multicast
broadcast channel.

According to still another embodiment of the
present invention, a delay unit for delaying the
transmission timing of the multicast broadcast channel
may be provided for at least one transmitting antenna of
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broadcast channel, and information indicating a scramble code by which
the multicast broadcast channel is 25 multiplied may be transmitted via a
broadcast channel or via a shared data channel as L3 control information.
This approach eliminates the need to f#ffevide a separate control channel
used to demodulate the multicast broadcast channel. 30 According to still
another embodiment of the present invention, a delay unit for delaying the

rapp@ispa8 M bR MublcasbvipRrAgastielanel AV RiPVidatles it

for at least one transmitting antenna of Q_the baseé station. Performing
deRgSRIR Ry Me&‘ﬂrﬁoséﬁﬁlk'@?ﬂbfre ARABRYEChiEDS thedkih diversity
divgadity. gain. 5 <FIRST EMBODIMENT> Below, a system employing
orthogonal frequency division multiplexing (OF DM) for downlink is used

to describe embodiments of the present invention. However, the present
inven#iB® maMaed bdEbbtied to systems 10 using other multicarrier

schemes. FIG. lBlépoﬁphe@a%qw %ﬁ@?@ﬂ/m{ft@‘ﬁﬂégt@fﬁmﬁ*@ﬁuency

device according to an ‘embodiment of the présent invention. The

traHdMISIEN ddHdebbRY SRAMLprdE&dih a‘E%Ee &hatipd kel 1EShigsed o

enmiesiing bie behmbew Hmhﬁspr@fldtﬂdﬂ phesbives iofwavicesnThelowever,
ba%% station mclrijgesan M rocess%gl unit 11, a umc.a.st&la

processnli)g GR anr]\wé% ting Gt irs muﬁ'BP exing un%ci4 % stems
seﬂ@lmamfaenvmmlmr@sm) Es;heswdnd 2_C multiplexing unit

(MUX) 16, an inygyge fastfourigg transforraing dmitdicET) Wl@c@uarddlagram

interval insertion
illustrating a transmission device according to an
embodiment of the present invention. The transmission
device is typically provided in a base station as in
this embodiment, but may also be provided in other types
of devices. The base station includes an MBMS processing
unit 11, a unicast data processing unit 12, an MCS
setting unit 13, a TfTirst multiplexing unit 14, a
serial/parallel conversion unit (S/P) 15, a second
multiplexing unit (MUX) 16, an 1inverse TfTast Fourier
transforming unit (IFFT) 17, a guard interval iInsertion
unit 18, a digital-to-analog conversion unit 19, and a
radio parameter setting unit 20. The MBMS processing
unit 11 includes a channel turbo coding unit 111, a data
modulation unit 112, and an interleaver 113. The unicast
data processing unit 12 includes a turbo coding unit 121,
a data modulation unit 122, and an interleaver 123.

The MBMS processing unit 11 performs
processing related to multimedia broadcast multicast
service (MBMS) channels. An MBMS channel includes
multimedia information, such as voice, text, image, and
video, to be Dbroadcast to multiple specified or
unspecified users.



5

10

15

20

25

30

unit 18, a digital-to-analog conversion unit 19, and a radio parameter
setting unit 20. The MBMS processing unit 11 includes a channel turbo
coding unit 111, a data 25 modulation unit 112, and an interleaver 113.
The unicast data processing unit 12 int@eles a turbo coding unit 121, a
data modulation unit 122, and an interleaver 123. The MBMS processing
unit 11 performs processing related to multimedia broadcast multicast 30

service (MBMS)ghangelaifg MBVE chRnsEpfYrRS BHERRCIR coding to
information, such as voice, text, image, and video, to be broadcast to i

mUfRE QYEcified bPfunspesiidd €ReR. - THEMRInG URRA2] erfoMg TOUS
chaertdl eadingrtowmpiovetereoraetiliescepf M8MDabainatd ovarewsing and
mednods knowngndhe g sugh as,canvolufion gading aad [upo coing, - e
may%e used for ’chanXeI coding.e“ij he 5 channel co&ng rate may bé -

fixedanntal beashbinged ad edesabeddatdi aesbraig oayrefgestianged as
theMSS- B58H9 ¥aiEd B TAs R impylulgtionanivtigiesforppdatathe  Mcs

modulation of MBMS channels based™on a proper modulation 10 scheme
suSFEE BISsKM3QAR!: or 64QAM. The modulation scheme may be fixed
or may be changrkas daseribedthidattoerdingita reqresigeafidhes  data

MCS setting-unit 1. interleaves 1 3CB[an es the order of data in ;
LR ATERE ur R enuEnate Thadder S AoB g iBautation
unizabemgatsspiditesahg GRRKL2 PEsOAMs podceS4Rgvelatdihe anodulation

UNCARERRATMS) GRS $§UE SREGHIRH (dieEnaMpicalado Q88¢sfhed Tater

according to a request from the MCS setting unit 13.

The interleaver 113 changes the order of data
in each MBMS channel according to a predetermined
pattern.

The unicast data processing unit 12 performs
processing related to a unicast channel to be sent to
specified users (typically, to one user).

The coding unit 121 performs channel coding to
improve error resilience of unicast channels. Various
methods known in the art, such as convolution coding and
turbo coding, may be used for the channel coding. In
this embodiment, adaptive modulation and coding (AMC) 1is
applied to unicast channels and the channel coding rate
iIs adaptively changed according to a request from the
MCS setting unit 13.

The data modulation unit 122 performs data
modulation of unicast channels based on a proper
modulation scheme such as QPSK, 16QAM, or 64QAM. In this
embodiment, AMC 1is applied to unicast channels and the
modulation scheme is adaptively changed according to a
request from the MCS setting unit 13.

The interleaver 123 changes the order of data
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The coding unit 121 performs channel coding to 20 improve error
resilience of unicast channels. Various methods known in the art, such as
convolution coding and turbo coding, may be used for the channel
coding. In this embodiment, adaptive-+hdeulation and coding (AMC) is
applied to unicast channels and the channel coding rate 25 is adaptively
changed according to a request from the MCS setting unit 13. The data

mogylaiier it 7RdROMes datte MOGdabed PhyNicast cCAappEfeasSFnined
on a proper modulation scheme such as QPSK, 16QAM, or 64QAM. In
thi®3&%EeEbbdiment, AMC is applied to unicast channels and the

modulation schefletiscadgptively thadgerhadepalind to & requrstdoimg unit

the, Vim S ting i3 The interlegyes 12u3ncl%asngef1the giger 25985 anso
-1f— in eacﬁ unicast € annBIraccorC?lng% a pre etermlne(? pattern.

Althsayti defittedFIFIGan Ererbeeséiag nakssimikdpweierprocédingis  not
ungﬁﬁi PO 1SR rorovisiedfa sontrol channels. However, AMC is

not applied to control channels. The MCS setting unit 13 requests the
corresponding pfé¥@ssitffenits BEEHYR coMBhbtionddf mbadigssks  the
scleeneegpdegiling rpiescesssiiiog MBN 8l @ chamegigendwmnishsations of
char&%i as pgr(]:esssaé%. 'Fnhe cognnb&natiogéiog modul ti05[1 schsegw S zTDdr MBMS
coding tafes'are idanti |eae§y as&gne&numb%rs (r §humbers). FIGM 2

is &haneshswingesempladcasibinalivnysfbiata rasdulaiieneshames The

and ShB¥Relt 181790109 'HEaUINIRE SHADRIRRRAVERT IEodiifAtVates are

information rates are also provided and MCS numbers are
identified by assigned numbers (MCS numbers).

FIG. 2 is a table showing exemplary
combinations of data modulation schemes and channel
coding rates. In the example shown in FIG. 2, relative
information rates are also provided and MCS numbers are
assigned to the combinations iIn ascending order of the
information rates. In AMC, one or both of the modulation
scheme and the coding rate are adaptively changed
according to channel quality to achieve required signal
quality at the receiving end. The channel quality may be
determined based on the reception quality (e.g-,
reception SIR) of a downlink pilot channel. Assuming
that the transmission power from the base station 1is
constant, i1t is expected that the channel quality of
user 1 located far from the base station i1s poor. In
such a case, the modulation level and/or the channel
coding rate is set at a small value, i1.e., a combination
with a small MCS number is used. On the other hand, the
channel quality of user 2 located close to the base
station Is expected to be good. Therefore, in this case,
the modulation level and/or the channel coding rate is
set at a large value, i.e., a combination with a large
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assigned to the combinations in ascending order of the information rates.
In AMC, one or both of the modulation scheme and the coding rate are
adaptively changed 20 according to channel quality to achieve required
signal quality at the receiving end. Thelgrannel quality may be
determined based on the reception quality (e.g., reception SIR) of a
downlink pilot channel. Assuming that the transmission power from the

bage StafipmiesS GANSIREJL ISEYPECa Hiajdbs Chamnsd qli"fH'%%%gﬁﬁrl e to

1 located far from the base station is poor. In such a case, the modulation

level AR thE AL REd coatiale 99l Aty snfQrvakie Y8ea With poor
cogthinatioh vqgired $mgll MES sy isgsedhen the liberitland, theaifd  to

channel uallty of user.2 |located close to the b statign is expected to
be%%f)lag?ﬁereforeqn Ehls%ase t%e modu%{lc?rf?gel anHFs or thg a%\ﬁ%I the
codingoughipudet 04 ladgeusfue, d th coodthathamis b largality. When

MGRHEUMREr ishiSedyEaiS AN eahARI6H it RersiPleds p@Yéde modulation

required signal quality for a user with poor channel quality by improvi
thefaBiity, ghﬁtd:(?f%'dlﬂ%lrr AefRiire 8 RGnENGuANIN BRY | ro§¥'ﬂ‘?é’fs of a

thrpeghiuiddr zbaeheith peodebassel gualkty. Wherd ANMEds emplaykdnnel .

|nfcrrmat|0f1 such a.stth?smodulatlon scheﬁne the coq:m rate.and the  tion to
number o symbols of &"received chanelis he essary to demod%m ¥h

chdivee| r aelofdry ittinthebyssarged tepont methfdmation to 10 the
receiving end byrg,gergipoethoq ¢§ &ﬂ&%i Ay IURGENg 4NEA4RNOMA IR1G. 1

FIG._1 time-division-multiplexes an hannel and a unicast

ch&Ansa 18 e shAe gl EAR) 6XRS TR JMRYFpLaRIRBAvEERnnknicast
(Sindbdnel in the same frequency band.

The serial/parallel conversion unit (S/P) 15
converts a serial signal stream into parallel signal
streams. The number of parallel signal streams may be
determined based on the number of subcarriers.

The second multiplexing unit  (MUX) 16
multiplexes data streams representing an output signal
from the first multiplexing unit 14 with a pilot channel
and/or a broadcast channel. The multiplexing may be
performed by time-division multiplexing, frequency-
division multiplexing, or a combination of them.

The 1inverse Tfast Fourier transforming unit
(IFFT) 17 inverse-fast-Fourier-transforms an input
signal and thereby OFDM-modulates the signal.

The guard interval iInsertion unit 18 generates
transmission symbols by attaching guard intervals to the
OFDM-modulated symbols. As is known, a guard interval 1is
generated by duplicating a series of data including data
at the head of a symbol to be transmitted and a
transmission symbol i1s generated by attaching the series
of data to the end of the symbol. Alternatively, a guard
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15 converts a serial signal stream into parallel signal streams. The
number of parallel signal streams may be determined based on the
number of subcarriers. The second multiplexing unit (MUX) 16
multiplexes data streams representing &8-output signal 20 from the first
multiplexing unit 14 with a pilot channel and/or a broadcast channel. The
multiplexing may be performed by time-division multiplexing, frequency-

divigiga m;gtiolemg%g, Y2 COERINARELT BPMalipe RSt S 0d6¢ies of
transforming unit 25 (IFFT) 1.7 inverse-fast-Fourier-transforms an input

sigh@fFand IGLHY BEbvARbRuIRLs tHE'Sign8N e hePJuad inR¥pol  to  be
inseriionswiitt8denrgrdtea tlansnusties pmbagy@ltashking peardenerated

intervals tqg the OFDM-modulated symbgls. As s knpwn, g guard interva
o 3 gt i g STos O ot bR s alFihedd the
of a¥yhmbl to be transmitted and a transmission symbol is generated by

attaching the sereg, of fgipRiI0e SGR{ Fbg SWHROL AUREIRUIYANY A (D/A) 19

guard -13- interval may be generated by duplicating a series of data )
incRAIG ke & theeRBITE Jheddkad be igaddnikedana analog signal.
transmission syrmhel mayl be geaetated dry atachingthersetie2®f datestoradio

the head ofthe 5 s mﬁ?ojf The digital-to-analog conversion unit (D/A) 1.9 ,
cpaT AN pEs® SO F U NP R RAPEIR BEY radio
Papananee tetiig anic Podets radio ipeadimetersdgsktnfongontinanicepionet of

TherBfPURS AR oL S PRFYTSIEr S M ufgy NI B8t EE(1IBY ifffFormation

format of OFDM-moduIatedf%jmbols and may also include information

inlCitgakd RRrdRR TOUBALAAg ket iRferRAGRe guard interval, the

duration of each effective symbol section, the
proportion of a guard interval 1In a symbol, and a
subcarrier interval A f. The duration of the effective
symbol section is equal to the reciprocal (1/Af) of the
subcarrier interval.

The radio parameter setting unit 20 sets
appropriate radio parameters according to communication
conditions or requests from other devices. The radio
parameter setting unit 20 may be configured to select a
radio parameter group depending on whether a unicast
channel or an MBMS channel i1s to be transmitted. For
example, the radio parameter setting unit 20 uses a
group of radio parameters defining a shorter guard
interval for unicast channels and uses a group of radio
parameters defining a longer guard interval for MBMS
channels. The radio parameter setting unit 20 may be
configured to calculate a group of appropriate radio
parameters each time or to select one of plural radio
parameter groups stored in a memory depending on the
need.

An MBMS channel input to the MBMS processing
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duration of each effective symbol section, the proportion of a guard
interval in a symbol, and a 15 subcatrrier interval f. The duration of the
effective symbol section is equal to the reciprocal (1/A f) of the subcarrier
interval. The radio parameter setting udi#20 sets appropriate radio
parameters according to communication 20 conditions or requests from
other devices. The radio parameter setting unit 20 may be configured to

selgRid rasio najametar grgNg depenfiigRethelRshAadNICGHpERANAYY  the

or an MBMS channel is to be transmitted. For_example, the radio
pal‘éﬁﬂ@@?‘getﬁﬁ'&%nipfﬁ%§§ W 1Ba% on%dB'&mar%e@F§d&Pﬁ?§j§d and
shoeldusrddintgivigh foa ppicagi-dkzarwelsanthgses atgroumoalradiodulation
parameters defining a longer guard interval f, BMS channels. The. .
P L e e SBekitied and
appicpriatd ngtiol 80 k¥ amettid ehol exador afdeect dred opluldl tadibeaved

PaFHBG G A(RUPPRSIOreHB @ PEMONEFSRLTIHRT OR IR FSRSk MJVBMS,  be

channel input to the MBMS processing -14- unit of FIG. 1 and a unicast_
chRSTdoHpattd e Varit asttiatd Proddalily Gttt 8. rafld @nfsgaes and
andumpdataéed withapiroptidiegcodingtateadind mpcaation Fobem8a is a
corespanding 19 fie MGS pypbers speciigdandg.ae. piriptexing b
time- |viS|091-muﬂt|pIeera er l9eing inerleaved |n8|viduzmllf/. Hg 9 y
tineudivisioredultiplesing uwratie mpedbrngedsbofiarns timse, uigrsuexasple,
rago fames agthpubfames,eonsiiyiing each ragiRapRa iR dAivA  time
drawing illustrating time-division multiplexing by 10 subframes. The _ )
dutiitarofals bl Fr)eis,':fb@ exé”r%plé,s a drawing illustrating time-

division multiplexing by radio frames each including
multiple subframes. The duration of a radio frame is,
for example, 10 ms. The above values are just examples
and time-division multiplexing may be performed by
various time units. Performing time-division
multiplexing by short time units as shown in FIG. 3A
makes i1t possible to finely adjust the transmission time
interval of an MBMS channel (or a unicast channel) as
needed and is therefore preferable In terms of reducing
the transmission delay of channels. This approach 1is
also preferable in terms of reducing the retransmission
interval In automatic repeat request (ARQ). On the other
hand, performing time-division multiplexing by
comparatively long time units as shown in FIG. 3B makes
It possible to transmit sets of large data iIn succession.

The time-division-multiplexed channels are
also multiplexed with a pilot channel or a broadcast
channel if needed, and are inverse-fast-Fourier-
transformed for OFDM modulation. Then, guard intervals
are attached to the modulated symbols and baseband OFDM
symbols are output. The baseband OFDM symbols are



0.5 ms and may be equal to the transmission time interval (lll). FIG. 3B is
a drawing illustrating time- division multiplexing by radio frames each
including multiple subframes. The duration of a radio frame is, 15 for
example, 10 ms. The above values ar€ljost examples and time-division
multiplexing may be performed by various ..-ire units. Performing
time-division multiplexing by short time units as shown in FIG. 3A makes

it RasABES-Einen el ughthg ENSEIST e AN ey intea iy BMRnal is
channel (or_a unicast channel) as needed and is therefore preferable in

tertfCHFRALERY harshshiisaSA HELY W HARRBIRAERX approach is
also preferable inerneh predminglihegetransanssivBMsterghblinnel and a

: ’ ;
?“horﬁ‘i%%sr?pea&ﬁ%%ﬁesL(ARQ}eO” “Fi?ﬁé‘% i\{% Q?Bﬂz-%%riot”i“g'i%xed for
tine-divsion multiplexing by comparatively long time units as shown'in )

5 FIGrapanaiesi fdpossibie e fianemit 8ets o€ Rikyd dgtadevhccessian. easily

Thedimng-divisiongpdtiplexgd chanaels afgflso Pultingxefwith §Rjloht  of
channel or a broadcast 30 channel if needed, and are inverse _

fast EERFEREEASHrmad GAIRBAPModDREBHSE hen, [ RRETHERARD spd 9nal
attaehasbinpbs eaodufated Bymegtstanbshasibaid Oboxd isyleboidarincrease
Uyt Thedasahand OFRM supkols aie 15, canvertgadnia ab aliplog o ¢
signaFaquatFle ana%g S|gna¥l iTHEnshited Vi ThRsmit ing arﬁenna(s(%.J 4
10 In &its &ineodieeaitvaAnyBINE channgs Bng aaulioast guaedinindeicwel for
myjfiiplexed faRdRISmissionhesiaiera 1e5AlIND Peviecapsasihie to
separate the channels with a small_amount of intertference. In addition,
bed BIEPY Frahbfiditesidranenbesise sk Oed angmidis iegghput) by

possikblego iacreasert guard interval for unicast channels.

Because the MBMS and unicast channels are time-division-

15 multiplexed, 1t 1is possible to directly obtain the
benefits resulting from the guard interval length.

Meanwhile, when a broad frequency band (e.g.,

about 20 MHz) i1s allocated for a system, i1t is possible

to allocate a part of the frequency band for a multicast

20 broadcast channel and to allocate the remaining part of

the frequency band for a unicast channel. Thus, 1t 1is

possible to transmit a multicast broadcast channel and a
unicast channel by frequency-division multiplexing.

25 <SECOND EMBODIMENT>
In the above embodiment, the modulation scheme
and the channel coding rate of a unicast channel are
adaptively changed according to channel quality of the
user to Improve the throughput while achieving required
30 signal quality. However, since an MBMS channel is
broadcast to multiple users, It is not appropriate to
change the MCS number based on the channel quality of
one specific user. Rather, it 1is more important to
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the path diversity gain and improve the signal quality 10 at the receiving
end by using a long guard interval for MBMS channels. On the other
hand, it is possible to improve the data transmission efficiency
(throughput) by using a short guard intkpval for _ unicast_ channels.
Because the MOMS and unicast channels are time-division 15
multiplexed, it is possible to directly obtain the benefits resulting from the

guaresiniesval ignaiRuieasndiaIvhea Piass eenchired §98- users.

about 20 MHz) is allocated for a system, it is possible to allocate a part of
thd/FEEH Soanbiorl £ niftfea8P 98T BLaCaEP ciié? Ahd Th8Idagnge of
thetresnan®ifg panitss iheulseglefoy band ftBaSunitastiocbdnres Mgy itds the
posslitr)]IF mt8 rT%ranlsmnita 3 mulgﬁ{br%adcg%gchann | and a unicast channel
by@requency-alvgsion mthtlp eX|Xg. >5% 8&5 "EMBODIMENT> In the
above embodiméegeiemddulation séhengee@ddhe ehdagttitedibg ra€ the

Of?#@&éﬁtchi‘ﬂi@ﬁﬁ%@?%ﬁﬂ‘ﬁb{ﬁi‘énma?ﬁﬂﬁﬁ@ﬁéo&%” SURIRA For
of the user to improve the throughput while achieving required 30 signal
quiYSHowRRRRS Fee aF*hﬁBl\h%gha'ﬂH@h% MBrodtftést l?@mtﬁﬁ;!l%Q%%?s, from

it ixhesapppnshicitd cheoge ineildeStuathenheded orohe geiueate  MCS
auglitviel jone sBeefig user, Raigr i is fagre ipppUantig sleryenisurgy g g
minimum signa q)dall y Tfor 'multiple Users.” Meanwhile, it'iS not nécessary

to prevepd the diahde dh tmINIT IVEISNBED usédior ahMBMS ch2nnelres used

longy3s Ui EULPUER Signat Qualin i ARAVeeh PRI MBS 10 8/56CARRd For
embodiment of the present invention, multiple MCS nhumbers are

prdlRi P hARRES Shannidie THYMeSY nudbersihay bBWBRGKSY el the

combinations of modulation schemes and channel coding
rates may be changed according to the purposes.

The MCS number for an MBMS channel is changed
or selected according to the type of the MBMS channel or
its application. The type of an MBMS channel 1is, for
example, represented by a data rate or the quality of
service (QoS) defined by parameters such as delay and
packet error rate. For example, an MCS number (e.g-,
MCS3) with a high information rate 1is used for an
application, such as transmitting a large video streanm,
that requires a high information rate. On the other hand,
an MCS number (e.g., MCS1) with a low information rate
Is used for an application, such as transmitting simple
text data, that requires a low information rate. If a
high MCS number i1s used for an application requiring a
high information rate, users with good channel quality
can receive the data at high throughput, but users with
poor channel quality may not be able to smoothly receive
the data. However, in terms of information transmission
efficiency, it is not preferable to use a low MCS number
for an application requiring a high information rate to
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those provided for unicast channels, or separate MCS numbers may be
provided for MBMS channels. In this 1.0 example, MOST through 1405 10
shown in FIG. 2 are used for unicast channels, and MOST through MOST
are used for MBMS channels. The nurhlBer of MCS numbers and the
combinations of modulation schemes and channel coding rates may be
changed according to the purposes. 15 The MCS number for an MOMS

chanfl 1%,6a96fi £hSPIEEPIAtERIENY UBEIYDE Of HelMBMS rst place,

channel or its application. The type of an MOMS channel is, for example,
repteSefed bt dalPRte of B 1GEhity BHALIEYe (858) dBfffed BT ted  to
pararaeipiesudh s delbyrand 20 pgeketi erforrade: o exareple, aebltvhile,
number (e.g. MCS3 wi%h a high information iate IS U eq:for an
even.' dsers 1th haloio] e chandwe quali can _ smoothly
application, Such as transmitting a large video stream, requires a
higheiaftnritida tate LOants btt@cthat, anlmeSinfobepeign MR using

With a Ipy)infqfEation iatses. is uaggddor an gpplicatiopriedydble to use

transmitting simple text data, that requires a low information rate. If a

highthiEe RihbeMS Bse dHEPRAD pliGRBATEAM®INg ohighitformbYiBRS  OF

rateppdars atiiogend eoannelpaly cansecdinddiendatian higlransmission

throyghput, but users with 30 popr channel |%l.lalit% may _not be ablelto
e ||C|enc\y \%l\ge maingainin nrmun service evels for

smoothly receive the data. HoOwever, In terms of information transmission

effledncyu @ sot preferable to use a low MCS number for an application

requiring a high information rate to -17- suit users with poor channel

quality. In the firstgjlace, users with poor channel quality are not suited to

recelvel BRtaEME? W@Ni-ﬁ?ormation rate. Meanwhile, even users with
poor channel quality easanpodit s receiveltatalrasmitedialaiovion, the

"ﬁggmgbﬂéﬂgnﬁﬂg%nel is transmitted via multiple cells. A
mobile terminal (more generally, any communication
terminal including a mobile terminal and a Tfixed
terminal; here, a mobile terminal iIs used for
descriptive purposes) receives instances of the same
MBMS channel arriving from multiple cells. The MBMS
channel forms multiple iIncoming waves or paths depending
on the length of the radio propagation path. Because of
characteristics of OFDM symbols, i1f the delay between
the 1i1ncoming waves 1i1s within a guard interval, i1t 1is
possible to combine (soft-combine) the 1incoming waves
without causing intersymbol interference and thereby to
improve the reception quality based on path diversity.
For this reason, the guard interval Ilength for MBMS
channels i1s set longer than the guard interval length
for unicast channels.

Meanwhile, to combine 1incoming waves of the
same MBMS channel arriving from multiple cells by a
mobile terminal as described above, it iIs necessary for
the mobile terminal to identify that the incoming waves
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a low MCS number. Thus, it is preferable to use different MCS numbers
according to the types of applications to improve the information
transmission efficiency while maintaining minimum service levels for 10
many users. <THIRD EMBODIMENT>18-embodiments of the present
invention, the same MBMS channel is transmitted via multiple cells. A 15
mobile terminal (more generally, any communication terminal including a

mopyle tegpinghaad afixed iRsmIalcRgien 8 IMObie iFEYAR!dS USPE 0§s  not
descriptive purposes) receives_instances of the same MBMS channel
arhy fBIAERipIE el FREMEMEND HEMRe! fhdRnrdiidy different
incontiag by es od psthEale peindinge spdba lengtivel the radiosectors as in
proé)na%ation é’a(tjhﬁ Buecaggg {)f c%hé‘rﬁ%"et‘irs‘?“cs of OFDM symbols, if the

as ni . . o
delay etwaen the incoming waves IS within a guard interval, it is

possible to comb‘iﬁ@@f@iﬂﬁ@nbmeﬁtrﬁﬁiﬁcdmmd\iésammﬁomhé present
cay$i0e iF s Mbeh R iRieN ANt REreY e EHERNR SITeGqRIRu I tiple

quality based on path diversity. For this reason, the guard interval length

forGRBAS WAL isRet %g@\“thﬁmﬂéﬁ%reyné%ﬁﬁl@%% fedes. This

uniraReehainelp 8 edrwhiterto gomizibd eorawgniads obthkoisgineg to
MBM tchai'ugel %rerlﬂnsq fr]Q_(r)n mul'%ijole cizlls by a mobile terrif

nalas - .
deSch e'opabove, it'is necessaPyr o themobird! Pe'rrrﬁ(lenal ok e'rﬁiilyetha,t%%gmmg

inomﬂ&gswalvis -Ii_h(-‘aremm SMBMEMBmmheI. ThHeksSforappiseaeh is
apR{PPEALA 10 MErRly the MEMS chmael byfiffersamscragide codsain is

the respective cells or sectors as in the case of unicast channels.
transmitted is isolated. However, when different MBMS

channels are transmitted in a comparatively large area,
this approach may cause a significant amount of
interference at cell edges.

This problem may be solved or reduced by
providing a scramble code for each area where the same
MBMS channel 1s transmitted, and by transmitting the
MBMS channel multiplied by the same scramble code to
cells 1n the same area.

FIG. 4 1s a partial block diagram of a base
station used in the above approach. Note that FIG. 4
mainly shows components for multiplying MBMS channels by
scramble codes. The base station includes processing
units for transmitting channels for the respective cells.
In FIG. 4, four processing units corresponding to four
cells are provided. Each processing unit includes an
OFDM signal generating unit Tfor generating an OFDM
signal, a spreading unit for multiplying the OFDM signal
by a scramble code, and a transmission unit. As shown in
FIG. 4, the same scramble code is used for the same MBMS
channel. OFDM signals representing an MBMS channel (A)
to be transmitted via cell 1 and cell 2 are multiplied
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5 According to a third embodiment of the present invention, the MBMS
channel is transmitted via multiple cells without being multiplied by
scramble codes. This makes it possible for a mobile terminal belonging to
multiple cells to properly combine mukipf-incoming 1.0 waves of the
same MBMS channel. 'his approach is suitable when an area where the
same MBMS channel is transmitted is isolated. However, when different

'V”-DEMS £ABNNG/srase i@ In a59aPaY Ve'Yﬁargﬂw%reachHSespondlng
f

roach may cause_a S|gn|f|cant amount o interference at cell

ed§@§ SAfd BEbbl&th 'n"Eéy be S6RM¥d oF Feiaks by" %?&ﬁ&uﬁa‘é'&ganﬂb MBMS
codt éorresbh @da vhersethersanze iMBMS chesnekib kra®sanitedcadd b4 are

trans tu the MI%MS c{génnel multlplled bly rbklsame s¢jam @Eode _to he
20'Cells e same rea. FIG. £8 & par?al 510 glagram of a

stmﬁmaommebos@a@pdnm Nid tisat Fi®Emaddiply sHdvws scramble
COE@&@%“tSdﬁJJ[mUHWJ}"”Q:MW%F@anafi'ﬂ@éréﬂﬁmbi%ﬁde%ér&ﬁ other.

base station includes processing 25 units for transmlttlng!)channels for the
restetai® L81IsCAHGIG U SroliPRRREESIRY uRitsKrARRbRdIRGEs fdrSTaning
cellmdre_provided. Each processing unit includes an OFDM signal

generating unit for genetating an OFDM -SI nal a spreading unit for
multiplying the C?FI[%\W :;:rg;;]nal O%y a&ramBle cogsgp aqﬁd a(%ancsrr-r?lsgoﬁrjl case

unithes ehairfife FeB 4, slagr sainbescepalsls cadeisused fofFalie smrpective
MBMgashanaph OFPM SONGRsPr€searng-an 14BIVAs €hannef ) dnposed

be transmitted via cell | and cell 2 are multlplled -19- by the same

scbldEss @I@IB&%nPﬁeMn g %?é‘adﬁéaﬁrh%”ﬁFsz and 3
sigiBsIrepresnfingatiMB¥8), and the same MBMS channel is

transmitted in area 1. Area 2 is composed of three cells
belonging to base stations 11, 12, and 13 (BS1l1l, BS12,
and BS13), and the same MBMS channel 1s transmitted 1in
area 2. The MBMS channels transmitted In areas 1 and 2
are (normally) different from each other. Each of the
base stations 1, 2, and 3 In area 1 transmits the MBMS
channel multiplied by the scramble code Cys1- Each of the
base stations 11, 12, and 13 in area 2 transmits the
MBMS channel multiplied by the scramble code Cys,. The
scramble codes Cy1 and Cyg, are different from each other,
and are, for example, represented by random sequences.
The scramble codes Cys1 and Cyg; are dedicated for MBMS
channels and are provided separately from scramble codes
for unicast channels.

Because different scramble codes are used for
areas 1 and 2, a mobile terminal Ilocated near the
boundary of areas 1 and 2 can distinguish received MBMS
channels based on the scramble codes. In this case, a
mobile terminal Mlocated at a cell edge soft-combines
received MBMS channels if the cell edge is not the
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channel (B) to be transmitted via cell 3 and cell 4 are multiplied by the
same scramble code CMB2 in the 5 corresponding spreading units.
Normally, the scramble codes CMB1 and CMB2 are different from each
other. Scramble codes are managed#80a scramble code assigning unit.
FIG. 5 is a drawing used to describe a case 1.0 where different scramble
codes are used for respective areas. FIG. 5 includes seven cells. Area | is

copmanegry thige caliehglongie g»%ﬁ%%@%%”s teded¥ed (Bi4nals by

BS2, and BS3), and the same MBMS channel is transmitted in area™l.
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transmits the MBMS channel multiplied by the scramble code CMB2. T
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CI\451 and CNBZ are d |cated for MBMS channels andrare pi%)ud L cells
frent

an L&
separate%/afcom scrambl codes ?or unlcasct CIPI%nne S. ecause
scidneiie cdties SaneseBMS admnngtl A 3 obitstettked ocatdierefore,

ne%h@enﬁ%BQP”Q?fy el peas dndcabgistingiesregsivgd M\B'\és system

channels based on the scramble codes. In this case, a mobile terminal

lodRBSPAES cell EegLebit- EoABinethAdeeidl MBMECENEHEROR ek calystem.
edgeusnelrthe 28cause unicast and MBMS channels are time-

division-multiplexed, the scramble codes for MBMS
channels are not likely to cause interference when
distinguishing different cells or sectors at the
receiving end, and the scramble codes for unicast
channels are not |likely to cause interference when
distinguishing different areas. Thus, with this
embodiment, although the number of scramble codes used
In a system 1increases, the interference caused when
distinguishing different cells or sectors can be limited
to a conventional level and also the interference caused
when distinguishing different areas can be reduced.

<FOURTH EMBODIMENT>

To properly receive and demodulate iInstances
of the same MBMS channel arriving from multiple cells,
the mobile terminal has to receive, iIn advance, control
information including information 1indicating a radio
frame structure, information (MCS number) indicating a
combination of a modulation scheme and a channel coding
rate used for the MBMS channel, and information
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boundary of areas, or processes received signals by ignoring irrelevant
MBMS channels the cell edge is the boundary of areas. This approach
makes it possible to effectively reduce signal quality degradation caused
5 when combining different MBMS chaBhels. In this embodiment, a
scramble code for unicast channels is provided for each cell or sector,
and also a scramble code for MBMS channels is provided for each area

(an AirclSpigoacd el ratisnle colsdd whsie RIAYE MANS craehius
is transmitted). Therefore, the number or types of scramble codés used in
a SRAMHecombiyreBFHEPARALH a dOHERAEIASys@m. Tig6\bever Frame
besausecunieast Bnd MBS, clrameadscanptiog- diMisionrawsiniseiiothetiming
scra{mble codes fO{ MBMS 1Ei chatnnelq:are notlikely to cfause interf%rence

0 8’ %Jnlcaﬁx chianne he rfansml%s on |m|nIQ| (o] n-MBMS
when distinguishing dirferent cellS or sectors at the receiving efd, an
thecbaanle cotled fér uhlcassichasnels aknietikal.-tokcatiseexample, the

intederepss WheRrgisHARIISAING Fifferepbiyeas t s, WiiHNis20 proadcast

embodiment, although the number of scramble codes used in a system
incF2RE he iRRS1rERAIERRE dNREN st Ui kerer clidhy other
secliosmoa1 Be initeHetose conentiobalilpYebantpalan e mEerigienee in FIG.
caysed n distinguishing different areas can be reduced, 25

DR R B ERERS ToliiEnory TR and HLREIGn  may  be
instaraesmétiecsomd M BME¢hanrebbriléng fréewrmianiple celgs theC-plane

MO SPHRARILIAS P SR WRalPRV@AES: €AY SP Information

including information indicating a radio frame structure, information (MCS
number) Indicating a combination of a modulation scheme and a channel
coeiRgFTH EMBODIMENT>

As described above, AMC is applied to unicast
channels. When AMC is employed, scheduling information
including the modulation scheme, the coding rate, and
the number of symbols of a received channel iIs necessary
to demodulate the channel. Therefore, It iIs necessary to
report the scheduling information to the mobile terminal
by a certain method. A control channel including such
scheduling i1nformation 1is called an L1/L2 signaling
control channel and i1s transmitted via a shared control
channel using packets shared by users. On the other hand,
as described i1n the fourth embodiment, control
information necessary to demodulate an MBMS channel is
reported in advance to the mobile terminal, for example,
via a broadcast channel. Therefore, it iIs not necessary
to send a control channel like an L1/L2 signaling
control channel to the mobile terminal for demodulation
of the MBMS channel.

Accordingly, as exemplified in FIG. 6,
although a shared control channel 1i1s multiplexed with
the corresponding unicast channel, It Is not necessary
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rate used for the MBMS channel, and information -21- indicating a
scramble code for multiplying the MBMS channel. The information
indicating a radio frame structure includes, for example, the transmission
timing of a unicast channel, the transa®d&sion timing of an MBMS 5
channel, and a transmission interval. For example, the control information
Is transmitted via a broadcast channel. The broadcast channel is

mugiplexge MRS channelsay K secasidePEIIPIEMRGEHAE 16 SHWN  the
in FIG. 1. Alternatively, the control information may be 10 transmitted to

thet i RBRE ISHARA 25 Msh @ TnibhRalGiVviaG a8l data channel.

<FIFTH EMBODAYEMTraAS desgribed sbayeeihIG feiaoplidhtompEast7, an
15 nels. Whepn AMC is emplayed, scheduling information. includi .
S A S SO e dahols Qyn v ink
reseMezhtaneélasnedesthgtio e boautatctime chi@hfel. Tharuierdk, inRy be

NeRRRSETY IR XeROTbNG SehredinpdriasmationdpdhesnpbiledemminalR ther,

by a certain method. A control channel including such scheduling

inf@n6eMe LAfdedn i&‘lﬁl@si%ﬁn&%ﬁ‘\ Berhmngdq ghd a shared
trapemitiesllviecchshakel cqotrol mhannel #sikg padkeis shactthhyesersmay be
On the,ather hand, as described in_the fourth embodiment, control 25 .

IR A5 RS B ot s CERon this
adgass, to dse rabbiitedninl ] for eEnpléheiashawadcasookaiakl.channel

TherRiorgHbis NBRECEPRAMNLP SERE 2 SR lranpittsPndd/di Frerent
signaling control channel to the mobile terminal for demodulation 30 of

theSHERAPd ShalRel. AccSHTIAMS: exdpliEnRFIgverds, the shared

control channel and the MBMS channel may be time-
division-multiplexed by symbols that are smaller than
subframes. In FIG. 8B, although symbols with the same
pattern are of the same type, their Jlengths are
different in the subframe for the unicast channel and iIn
the subframe for the MBMS channel. This indicates that
guard interval lengths for the unicast channel and the
MBMS channel are different.

Also, 1In addition to a pilot channel for the MBMS
channel, an optional or auxiliary pilot channel may be
used to demodulate the control channel for the unicast
channel which control channel 1s to be transmitted at
the same time as the MBMS channel.

As the pilot channel for the unicast channel,
a second reference signal may be used.

<SIXTH EMBODIMENT>

In a sixth embodiment of the present invention,
delay diversity 1is used in transmitting MBMS channels.
FIG. 9 i1s a drawing illustrating transmitting antennas
of a base station used iIn this embodiment. 1In the



although a shared control channel is multiplexed with the corresponding
unicast channel, it is not necessary -22- to multiplex a shared control
channel In the transmission period of the MBMS channel. Alternatively,
as exemplified in FIG. 7, an MBMS ch&srel and a shared control channel
for a downlink 5 unicast channel that follows the MBMS channel may be
multiplexed and transmitted at the same time. Further, as exemplified in

FlG,Bmpte MBAbRshamelal a sharqghcopjpalehanng i@frﬁnilé_o'i@qu ipped
unicast channel may be multiplexed and transmitted at the same time._In

thi¥ 18R a¥ O sHERN AT 1. S8dne sh&Bf cOfttadenaRtdiTaed tHits are
MBivisvchdedel imaytihe trarsspiged psalifteignia $ymbala 1 d suldfiage.to the
otheriards.the shared conughahanngl angbe MBS chappelmgubeag i
time- |viS|on-muIti&exe )y sym OrS that are smallerthan ggsu% rames.

5 In EIQ s8E3xanndegH syrhvols vathythewsped ificandienoiiesaynde used.

tyREaEETr I6RGIRS ar%é"iff@iﬁ%i” HisigPiragesior he upicage¢diphed  or

and in the subframe for the MS channel. This indicates that gquard

intSRBFIERYER redahaXinifadt ciihe AT BRPBMBRISThARAd| aRath-  To
diftedignislso tineadditien 4a availot ghleasel- fad ilfFdiBMBechapoelvesn  the

R A S A 3 T el
10 at @BithEedmdinme\«ithe WBNMSIcHahyiedEIBE plibectrarefal tifderence,
uniggst ﬂl\ﬂP’?‘?ﬁ}e a WONFRIFENEIeraHpaY bered ot rease the
EMBODIMENT> 30 In a_sixth_embodiment of the present invention, )
adjustment flexibility, it is preferable to provide a
delay setting unit for each of the signal paths leading
to the antennas 1 and 2.

15 A delay is set between the two signal paths by
one or both of the delay setting units, and the same
signal (especially, MBMS channel) 1is transmitted from
the antennas 1 and 2 at different timings. As a result,
the communication terminal receives at least two

20 1ncoming waves of the same signal. In a multipath
propagation environment, the number of incoming waves iIs
represented by the following formula: (the number of
paths observed when one antenna is used) x (the number
of antennas). The communication terminal demodulates a

25 transmission signal by combining multiple incoming waves
of the same transmission signal. Combining multiple
incoming waves achieves path diversity gain and
therefore makes it possible to iImprove the reception
quality compared with a case where one path iIs used.

30 Thus, 1t is possible to improve the reception
quality by transmitting the same MBMS channel via
multiple cells and by soft-combining multiple incoming

waves of the MBMS channel from the cells at the
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delay diversity is used in transmitting MBMS channels. FIG. 9 is a
drawing illustrating transmitting antennas of a base station used in this
embodiment. In the -23- example shown in FIG. 9, the base station is
equipped with two antennas | and 2, aBd-delay setting units are provided
in the respective signal paths leading to the antennas 1. and 2. Although
the number of antennas in 5 this example is two, any number of antennas

MaydimHPEEaEREM del@RRHRG UNitBeLS fHY8deBiBIRATBh EPECHRE Dbase
delaﬁ for the corresponding signal path. To adjust the relative phase

diff& PethBef thel BREChn4s thndblkhERle RIAMATy uftsdadgy (or
bed O phukted. HbWEreeied)icky adjest theetvwaserdifferencantennas, and
mpreye he iaplidplepnee. gud tonereasede adlustmen iRty itis o,
pre Srable to provide a %Ielay sett'%g unit for each of the S|gnaf paths P

lecdiirke 166 ieyantehifasdeday 2. divargidyis d&t bétakenusedwo dgegming

PSRy ORFFOrAaEN Qi dLARRRINY ik aRdiEIFABE SRS may be

(especially, MBMS channel) is transmitted from the antennas 1 and 2 at

difefSRtRAg S AsSHRILRN A I¥ mERR afH R rrkiHEFreLBivEORBIe A EaS »
twa28 ineheing aveyesddiibe Skt Sgiih Inmanultipaibmprogagalibficient.
enyironment, the number gf incoming wavgs is, represgnted by the .

ol A e e RS R A UFERRR D nios and
usé@pe@mém\gmbiynoarmg_nna@verﬂe d@ﬁmi_t:h_i@aticbﬂé&n@rdnar}nel Tfrom
dempepiiiaza 2B PNSMISSIRSIINALbY pRBbinNEMUliple iNSRtpiBEse  the
waves of the same transmission signal. Combining multiple incoming

waReS SRV ALY afifdiRGERY g &k B dttheRSBAY RERe LY 0BEDBIRScEVeN in
impigwk theregaeptiand thereby to more reliably achieve path

diversity gain.

The amount of delay to be set between antennas
Is preferably shorter than the guard interval length for
the MBMS channel. For example, the amount of delay
between antennas is set at a value that iIs enough to
distinguish two paths. On the other hand, the length
that allows distinction of paths i1s not enough for the
guard interval. Instead, the guard interval is
preferably long enough to accommodate incoming waves
from multiple cells.

Intentional delays for achieving delay
diversity may be set not only between transmitting
antennas of a base station but also between different
base stations. For example, as shown in FIG. 10, the
same MBMS channel may be transmitted from two base
stations at different timings. In this example, three
paths are formed by one antenna, a delay t , iIs set
between antennas of each base station, and a delay ta IS
set between the base stations. As a result, the

communication terminal receives 12 paths. If no delay is
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quality compared with a case where one path is used. 30 Thus, it is

possible to improve the reception quality by transmitting the same MBMS
channel via multiple cells and by soft-combining multiple incoming waves

of the MBMS channel from the cells at #%e--24- communication terminal. In

this embodiment, the base station is equipped with multiple antennas, a

delay (or a phase difference) is set between the antennas, and delay

gy frererm e fpaiion dppahcrdyersily: SARReAvesy IR0t the
used, Incoming waves of the MOMS channel from multiple cells may b

re CHRIHEHG DS LA alE it 8he Him AR kot alese birf tRB hars X paths.
diversity ,gawaney hgcomededufiicicnt tleans misting andiBdiooBannakals it
different tfimings,and 10 receiving. incoming waves of the MOMS channel .
RO SAIE e e, ph e ARG CARERE RRG R versity
ab@abrseparate the paths even in such areas and thereby to more

reliably achieve pah ghyeisity gaifinba PRt Rfdelar it PESEt to the
between_antennas is preferably shorter than the guard interval length for g
%é!%% an

thesRRMd tRalAy. Ifg'r%&!\ﬁﬁﬁtg tRMRPE A RS Relay2REwNEY bR
is srichl Riciud thas iseagudhdo migtioguidhtiveupathse pivtbergghefrom  the

hand, the length 20 that allows distinction of paths t enough for the
Qo BIPPEnT 1o RS oni el Borer ATl ot oPresent
acdonvigivtibanindsming sexebeonaniépld celld ilfikexionsl deriyedsments,
aclpiguing gglay i Ao EiGHEY IR SAT NOERBIY bElMRRi FeRTBItiNgre  not
antennas of a base station but also between different )
essential for the present invention, and the embodiments
may be used individually or in combination.
The present international application claims
priority from Japanese Patent Application No. 2006-10497
filed on January 18, 2006, the entire contents of which

are hereby i1ncorporated herein by reference.
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base stations. For example, as shown in FIG. 10, the same MOMS

channel may be transmitted from two base stations at different timings. In

this example, three 30 paths are formed by one antenna, a delay ti a is set
between antennas of each base statioik&@nd a delay ti,is set between the

base stations. As a result, the communication terminal receives 12 paths.

If no delay is -25- set between antennas of each base station (i=0), the
communication terminal is able to recgjvggidy six paths. Thus, setting a

delay between base stations makes it possible to more reliably achieve

the path diversity 5 gain. The present invention is not limited to the

specifically disclosed\ernbadisnards iant \rriaiioss asddmpdifigatigrDmapased

be na?nd% wﬁtgg%ti%erpartinsq:g%m tggmsc% S(::'.cr)]f the present invention.
Although the present Td ihventon 14 described above in different

embodiments, the disteashs odares khcaendodibidgs araot configured
eswt@é,{gpﬁm&orgsgwii&@gio&hgﬁgéhe, embodiments may be used

individually or in combination. The present international application claims  _
15 priority from FapAHddd Barht RppRAGBANCDBOBAbagLNfREREANG uNit
Jagoar¥ g PEA6 tibhegniice aveteatsoiMtiichsaredasaby iserphiaiate | ;
herein by refereréce. n%?l ] Ai'\eﬂsi%] A tr%rhS{t]:issionoﬂ I'c% Fgad inf?m time—
"FEN-based communica |orri)sy§%em(%J comprising: 5a unidast channel
geddnatiag amitaohtigodex totenaratecasticabachzmhefrontiiecasu l ticast

brefdeageRANGhSRRALIFE UPHe same frequency band; and
a transmitting unit configured to transmit
time-division-multiplexed transmission symbols;
wherein a guard interval Ilength for the
multicast broadcast channel 1is longer than a guard
interval length for the unicast channel.

2. The transmission device as claimed in claim
1, wherein

a radio frame comprises multiple subframes;
and

the time-division-multiplexing 1is performed
such that a transmission period for the unicast channel
and a transmission period for the multicast broadcast
channel are switched one or more times within one radio
frame.

3. A transmission device used in an OFDM-based
communication system, comprising:

a unicast channel generating unit configured
to generate a unicast channel;

a multicast broadcast channel generating unit
configured to generate a multicast broadcast channel;
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configured to generate a multicast broadcast channel; multiplexing unit
configured to time 10 division-multiplex the unicast channel and the
multicast broadcast channel in the same frequency band; and
transmitting unit configured to transmit 2iike-division-multiplexed
transmission symbols; wherein a guard interval length for the 15 multicast
broadcast channel is longer than a guard interval length for the unicast

channel. 2. The FangFRSN 21156 SbAPIM LAY do Wi eiFAdquency -
radio frame comprises multiple subframes; and the )
tinfAlyd R mitbISRISs Jdormeicasth fRpanehsaissidhpeiid btcast
theburaigagizchenorband b tianshiissiongretiofiifey thenvylticasidy gaderst

2.5 channel are gwit%rll%d ane pr more tmeistwitgign : @rdéod fra{ne. 'rﬁémsmit
transmission device Gsad in an%)'lﬂgM-based commumcation system,
coifipeigingn gy - diiv tasdochaninbtdedersedg tnansnigsedntosysiede;

a unicast channgjj,a paujiticast brogdsgst chanre! aeagratipg itith for the

configured to generate a multicast broadcast channel; -27- multiplexing

unPebhAGAel o HeeReraPtivisoirifdpied the dRIESIChaHMRMNand thguard
muticesi Jeidadeasichafos!. inhdifferent fisguenanbrds; and

transmitting unit configured to transmit 5 frequency-division-multiplexed
transmission symbols; wherein a guard interval length for the multicast
broadcast chanrel isTbagditaasaigskdn device as claimed in claim

1, wherein

multiple combinations of modulation schemes
and channel coding rates are provided; and

data modulation and channel coding of the
multicast broadcast channel are performed according to
one of the combinations which one i1s selected based on
the type of the multicast broadcast channel.

5. The transmission device as claimed in claim
4, wherein a combination with a higher information rate
Is selected from the combinations as the information
rate of the multicast broadcast channel becomes higher.

6. The transmission device as claimed in claim
1, further comprising:

a unicast channel multiplying unit configured
to multiply the unicast channel by different scramble
codes provided at least for respective cells; and

a multicast broadcast channel multiplying unit
configured to multiply the multicast broadcast channel
by a scramble code common to multiple cells.

7. The transmission device as claimed in claim
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interval length for the unicast channel. 10 4. The transmission device as
claimed in claim 1, wherein multiple combinations of modulation schemes

and channel coding rates are provided; and data modulation and channel
coding of the 15 multicast broadcast eB8nnel are performed according to

one of the combinations which one is selected based on the type of the
multicast broadcast channel. o. The transmission device as claimed in

claim 3Q¢oiRersibageabinaliaTyiha Righe WA MeAiag ' iFeast one
selected_from the combiinations as -he information rate of the multicast
br&icadtAUPRERSE mASHYFRE MG hetrardsdtldQon HERRE asStructure,
claim#d imaleion2. Sifwthenecdmgrising: comdastchannebmuldplyimgouriation

confci%ured to uItipI%the uniiast channel ba/ different sc_famb codes, , -
schieme. and . a hanr}e C d'mr% r t?. usteg Qr =Y ticast
provided at least for respective cells; and a multicast broadcast channe

munisigdgasit shaontdureans munisy tiathoanicasdiroadidag caasedlamble

by @oxgample coglg oMo myliipieelse’- Diotarsmesiopiievieal  is

as claimed in claim -28- 1, wherein broadcast information including at

ledRt btd PdrtRdrhan & aRpebbed atld ranr QRHGART iffoRnagdn

indicating a combination of a modulation scheme and a channel coding

rate used for thegmul]tiﬁ]ast 5 broadcast.channel, and informeition inaicatin%laim
I

a scramble code by w elch{F}aenr%m%gs't Jtoadcast channel 1€ Ml plllerb iS

trahsmittdes arbroddckeroledimn.  including at Jleast one of
information indicating a radio frame structure,

information indicating a combination of a modulation
scheme and a channel coding rate used for the multicast
broadcast channel, and information indicating a scramble
code by which the multicast broadcast channel 1is
multiplied 1s transmitted as L3 control information via
a shared data channel.

9. The transmission device as claimed in claim
1, wherein a control channel 1iIncluding scheduling
information of the unicast channel 1s transmitted during
a period when the multicast broadcast channel 1s not
being transmitted.

10. The transmission device as claimed in
claim 1, wherein a control channel iIncluding scheduling
information of the unicast channel and the multicast
broadcast channel are transmitted at the same time.

11. The transmission device as claimed in
claim 10, wherein an auxiliary pilot channel is used to
demodulate the control channel for the unicast channel
which control channel is to be transmitted at the same
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8. The transmission device as claimed in claim 10 1, wherein information
including at least one of information indicating a radio frame structure,
information indicating a combination of a modulation scheme and a
channel coding rate used for the multied8t broadcast channel, and
information indicating a scramble 15 code by which the multicast
broadcast channel is multiplied is transmitted as O control information via

a spitfed datatlianngh £i JAS U WEHURRIAR fewirg Aselaimed in claim 20

1, wherein a control channel including scheduling information of the
unicast channel is transmitted during a period when the multicast

broadcast channg2 is natheeingrizansniiied o2b 1l@eltietranamissidaimed in
de\éife as clai djrl h%"?‘im lmwlhlegelin a_control channel including

schec?u‘mg ihformation of(fﬁe Bnicaspgh'annel and the multicast

broadcast chanriel atle layismiitediatithe suraw tidesd 30for. TeE least one

rapaiRsiNAG Yice aaReERedin SiRIM ¢ReWhqreiham fre¥iRY Pighit  and
channel is used to’ demodulate the control channel for the unicast channel

wHEG IR HankQ is 46 ba¥ranthfitted BRtheTdstRd OF0- thl@Baghe oF  the

muliideei beaad casbeltirmet Iehdhrdiansmission device as claimed in

claim 1, further comprising: 5 a delaying unit provided for at least one
transmitting antenna of the transmitting unit and configured to delay the
transmission timig)-of the trakisadissdatcasietizodel useu3. N an  OFDM-

trapsRiss AbMAIAAAIEbI 80 HRV- B85pT FETHYH HFRH RSB F -
comprising the steps of: _ ) )
generating a unicast channel and a multicast
broadcast channel;
time-division-multiplexing the unicast channel
and the multicast broadcast channel in the same
frequency band; and
transmitting time-division-multiplexed
transmission symbols;
wherein a guard 1interval Ilength for the
multicast broadcast channel 1s longer than a guard

interval length for the unicast channel.

14. A transmission method used in an OFDM-
based communication system, comprising the steps of:

generating a unicast channel and a multicast
broadcast channel;

frequency-division-multiplexing the unicast
channel and the multicast broadcast channel in different
frequency bands; and

transmitting frequency-division-multiplexed
transmission symbols;

wherein a guard interval Ilength for the
multicast broadcast channel 1is longer than a guard



generating a unicast channel and a multicast broadcast channel,
time-division-multiplexing the unicast channel 15 and the multi-cast
broadcast channel in the same frequency band; and transmitting -;
:me-division-multiplexed transmissior89mbols; wherein a guard interval
length for the 20 multicast broadcast channel is longer than a guard
interval length for the unicast channel. 14. A transmission method used in
an PRBWARS1E SR HIFtANSYHAEacMBHRgdhe Steps of: 25
generating a unicast channel and a multicast broadcast channel,
frequency-division-multiplexing the unicast channel and the multicast
broadcast channel- in different frequency bands; and 30 transmitting
frequency-division-multiplexed transmission symbols; wherein a guard
interval length for the multicast broadcast channel is longer than a guard
-30- interval length for the unicast channel.





