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-1- DESCRIPTION TRANSMISSION DEVICE, R[JCEPTION DEVICE,

AND METHOD USED IN MOBILE; COMMUNICATION SYSTEM

US: NC OFDM 5 METHOD TECHNICAL MELD The present invention
generally relates to mobile communicgltion technologies. More

particularly, 10 the present invention relates to a transmitting device, a
receiving device, and a method used in a mobile communication system
employing orthogonal frequency gixgian piyipiexing (OFDM) 1.5
BACKGROUND ART In a third generation mobile communication system
such as IMT-2000, signals such as pilot signals and data signals are
transmitted accoreiny 3o £oda ojvisEvnoRkiple REQEB‘I(IIM/IAD)HV BOEh) a AND

2 AR nesion Y5 IS R et SIERg oo

s@WéIB‘@@ often transmitted with a power level higher than that of other
signals (power boost). 25 Meanwhile, in a future mobile communication

system succeeding the third generation system, it is planned to use a
Wiww to use OFDM for downlink to improve the

quality, speed, HnHecap&@Wtheﬁwm isge, fgéﬁé&fan|liy3ﬁ%ﬂ ales to
TR25b8;Ifl Also in such future %Cf]e c?rgétaalt%rélct:gt:?ﬂn Steml(i:lcularly,

example, ongo‘fnerm II:cvo ution ( pre mprove e accuracy
of Ehanrer esginfation\eistd @n piel sitealstndah&rsdneitding device,

a receiving device, and a method used in a mobile
communication system employing orthogonal frequency
division multiplexing (OFDM).

BACKGROUND ART
In a third generation mobile communication

system such as IMT-2000, signals such as pilot signals
and data signals are transmitted according to code
division multiple access (CDMA) . In such a
communication system, pilot signals are used for
channel estimation and play a central role in reception
quality assurance. Therefore, pilot signals are often
transmitted with a power level higher than that of
other signals (power boost).

Meanwhile, In a Tfuture mobile communication
system succeeding the third generation system, it 1is
planned to use a wider frequency band and to use OFDM
for downlink to improve the quality, speed, and
capacity of the system (see, fTor example, 3GPP,
TR25.814). Also in such a future mobile communication
system (for example, Long Term Evolution (LTE)), it is
preferable to improve the accuracy of channel
estimation based on pilot signals and therefore it is
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preferable to transmit pilot signals with a higher power level than that of

other signals (such as data signals). Pilot signals may also be called, for
example, reference signals, training signals, and known signals. 5 In OF

DM, the total power level necessary teZransmit signals in a time slot is
obtained by adding up power densities of data mapped to all subcarriers.

If a total power level Pail exceeds a maximum allowable transmission
Poseereyelfis of8 trapemitari £0 WiRsteddigRHIAD isfaHseddn thggher
transmission signal. Therefore, the total power level Pall is preferably
Hnﬂ%ﬁ%foﬂ@¥&hﬂﬁbﬁ%ﬂﬁﬂﬂFmEmmﬁﬁhﬁﬁnﬁﬂggaﬂ%oiépﬁbdas data
P:maygnddwdver whie itsd gmkhewnayhat kgeesoef dedd signalsfae tekemple,
miqﬁggglithhﬁucaw%m?g@gﬂ@&d%a&?ndsar;%@W'Sinals
de ermlne(f?t is QIHCUTE tolimit the tots] pov&er eval- Pafl 6 oF below' e i
maximum allowakile @b¥mistion pbatekevelaneraftbeved daigekpedy to
arq FRNRAAC i} SHISAiSrS L Me0 SINSE 1tis “Bbi%ﬁ%éaryﬁ% adding

always send reference signals, each time slot may or may not include

refdRenBO¥Rfhadenidklse, WierRbareRdRRE sifRadd ik SHecarkiers.
with biglepesver pevelrthidotal ppwki leyrisdRalbnecasasimion 281 lowable
respective, ymesiats difisp greaily Liplg, it may be ppssible 1o [eseiv e o
fairly farge margm Yor the power density of d4t4 to be TraPped tO 2ach ’
subcwreied regch disthe tatahpowsr legalsitlof déch filne sidirduesmassion
exehinp Mafimupe pligwable fANSMGHYN POWEHAY IeVELDMP- pall s
However, this approach may reduce the amplification efficiency of a
traﬂgﬁg%r&pﬂMNe! 'H}ﬁﬁﬁﬁg’r to or below the maximum allowable

transmission power level Pyax- However, while it 1is

unknown what types of data signals are to be mapped to
which subcarriers before the data signals are finally
determined, 1t i1s difficult to limit the total power
level Pall to or below the maximum allowable
transmission power level Py after the data signals are
mapped to the subcarriers.

Also, since i1t 1s not necessary to always
send reference signals, each time slot may or may not
include reference signals. Therefore, when  the
reference signals are to be sent with a high power
level, the total power levels Pall necessary for
respective time slots differ greatly. Here, i1t may be
possible to reserve a fairly large margin for the power
density of data to be mapped to each subcarrier such
that the total power level Pall of each time slot does
not exceed the maximum allowable transmission power
level Pyx. However, this approach may reduce the
amplification efficiency of a transmission power
amplifier.



-3- DISCLOSURE OF INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION One object of the present invention is to improve the
accuracy of channel estimation as well as 5 the transmission power
amplification efficiency in a mobile comdmunication system employing
OFDM. MEANS FOR SOLVING THE PROBLEMS An aspect of the
present invention provides a 1.0 transmitting device for sending a
trapgRg st ggnaF mpgyaieq @qcording to OFDM. The transmitting
device _inciudes a transmission signal generating unit configured to
heiRL- EMRnEhi8Gor QgEPL P Yinléise BRI ANsforming reference
signals and data0hé sighglectappdd talsebcpireseand d tragspidng uind  to
Coﬁﬁﬁiée%o Vt“i%%'e%sc'i%”aasém‘” tansmiyon. SINALARNE a5 wern as
trans |t9|ng device, a otal po%erqeve(f SOEed T5 signals 2'be
5 trahbmittddr anatikgsdion ispeuarto anpthi fdwaitikvs| agddkedemncy in a
signaisitPe LBmITARTRIEIUA 2YABAr UMB RRJiRR gmswer density
per unit bandwidth of the reference signals -is greater than a power
density per imi-t bandwidth of -he data signals. ?_5 ADVANTAGEOUS
ERVEBNS GORTISELINUWENTION ARGBPREMIOf the present invention makes
it possible to imRF]ove the a]c_c%r?(:)‘fﬁf channeleﬁ%timatioenn & v%ell as the

. as ch . e RI"GS !)I'EV 10 .growdes a
transmission power amplification efficiency n-a mobile communication

10 sydteanemployiitg 30l©FADNM. BRIEF SFBBRPTIONCEIGHMHESSIon signal
DRAWING LG ok o7 aHig! bierk giashie™m The  transmitting device
includes a transmission signal generating unit
configured to generate a transmission signal by
inverse-Fourier-transforming reference signals and data
15 signals mapped to subcarriers and a transmitting unit
configured to wirelessly transmit the transmission
signal. In the transmitting device, a total power level
allocated to signals to be transmitted In a time slot
iIs equal to a total power level allocated to signals to
20 be transmitted i1in any other time slot, and a power
density per unit bandwidth of the reference signals is
greater than a power density per unit bandwidth of the
data signals.

25 ADVANTAGEOUS EFFECT OF THE INVENTION
An aspect of the present invention makes it

possible to improve the accuracy of channel estimation

as well as the transmission power amplification

efficiency in a mobile communication system employing
30 OFDM.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partial block diagram
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-4- illustrating a transmitting device according to an embodiment of the
present invention; FIG. 2 is a partial block diagram illustrating a receiving
device according to an 5 embodiment of the present invention; FIG. 3 s a
drawing illustrating adjusted power de#sities according to a first

embodiment of the present invention; FIG. 4 is a drawing illustrating

adjusted 1.0 power densities according to a second embodiment of the
PrESEMEWRREIRAN L G rissh e ing Shawinpce melbed MiIgHg  to  an
unused power for a null subcarrier is alloCated to reference signals:. 1.5
EXSIRGATRIN oH RERERHIGEERT 1 1 WSS DAt 12 Inverse fast

Fourier transforrrIEFT) tnit 13<5uard intepat-adding unis (6ER) 2_Aidgram
Pow‘eig&q?i%g%ntrol unit 15 16iF\>/0vr\4er deagi\'% s%ttin 1M'lréi1 Cycli(i:O
pre'fix removing (it (-éP) EE,C:%S»[ FOrier Tranaform. %%cﬂ i3
Degndgngii ngniitcs Thehanaskeadiiniatie@ndio25 Channel decoding
unit BEST MODE ROR GARRYING QipgiidE WHRNHPA ihan QRfMsted

transmitting device according to 30 an embodiment of the present
inRANEHE, tHERARIAES piwie? 9 an%rdiied dudi ek a 8SBPEANENEVQT the

present invention;

an

FIG. 4 1s a drawing illustrating adjusted
power densities according to a second embodiment of the
present invention; and

FIG. 5 is a drawing showing a method where
unused power for a null subcarrier 1is allocated to
reference signals.

EXPLANATION OF REFERENCES
11 Mapping unit

12 Inverse fast Fourier transform (IFFT) unit
13 Guard interval adding unit (+CP)

14 Power density control unit

15, 16 Power density setting unit

21 Cyclic prefix removing unit (-CP)

22 Fast Fourier transform (FFT) unit

23 Demapping unit

24  Channel estimation unit

25 Channel decoding unit

BEST MODE FOR CARRYING OUT THE INVENTION
In an OFDM transmitting device according to

an embodiment of the present invention, transmission
power 1is controlled such that a total power level
allocated to signals to be transmitted in a time slot
equals a total power level allocated to signals to be



allocated to signals to be transmitted in a time slot equals a total power
level allocated to signals to be -5- transmitted in any other time slot, and
the power density per unit bandwidth of a reference signal is set greater
than that of a data signal. This configu@tion makes it possible to equalize
the total transmission 5 power level of all time slots and thereby to
improve the power amplification efficiency. Also, with this configuration,

Singpgh&ifrenes SIgnl- igiirnshinesd WEf Adigbgorowesigyel 1138 thgbwer
of other gsignals, it is possible to improve the accuracy of channel 10

esHRARIDP RELT iHdHEaBaN Ul gQFfe atrarr%ﬁﬁé’%ﬁ%oﬁ/iegj‘%l/eliér set
refgiencesgnatmmay et sert taia deaeivind davte ashisllconoftiguration
information -(Jower laver contrpl informataon). broadcast jnformation - .
R b En R B A e et RS mission
5 Altemegivelyl avie lirapEmisbibn bower sibodisof psfareiibe sighwls heay iieprove

el fixetier@lug iy a PEaPivhinA 115 OPEMSFESSAYL8 ,Se’WitBﬁzoth is

power information each time. According to another embodiment of the 2(

pr&RnT HYeRadd Map g 6fa Bath&ls1Es rédBRImiked thpesnatted
is prevanted Migkee siwweherbeveeferenemsigalts ofbedtemigdgnals,
This, configuration aikees |{$ossmle to equa'l:llzle thegower densﬂi{ P& nnel

uni!%an&?vidl?lotﬁsd% a Signals to be 28 Yransmitted I aifeent ime sicts
10 regstilbsabi amhether Bovference digifalrisad benransnined ¢athieng the

respESH FOSitats Jowher vards, 1§ Cri@raier makemih pessitly be
to equalize the transmission power density of data signals inall time )

sent to a receiving device as L1/L2 control information

(lower layer control information), broadcast

information (BCH), or L3 control information (higher

15 layer control information). Alternatively, the

transmission power Hlevel of reference signals may be

set at a fixed value for a system so that i1t i1s not
necessary to send the power information each time.

According to another embodiment of the

20 present invention, mapping of a data signal to a

predetermined subcarrier 1iIs prevented In a time slot

where a reference signal 1s to be transmitted. This

configuration makes 1t possible to equalize the power

density per unit bandwidth of data signals to be

25 transmitted 1in different time slots regardless of

whether a reference signal is to be transmitted in the

respective time slots. In other words, this

configuration makes 1t possible to equalize the

transmission power density of data signals in all time

30 slots. This 1in turn eliminates the need for the

receiving end to have multiple sets of likelihood

information for data signals for respective

transmission power levels. Power information indicating
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30 sots. Phis in turn eliminates the need for the receiving end to have
multiple sets of likelihood information for data signals for respective
transmission power levels. Power information indicating -6- the
subcarriers to which mapping of data sfgnals is prevented may be sent to
a receiving device as L1/L2 control information (lower layer control
information), broadcast information (BCH), or L3 control information 5

(higher layigheaprqldpormasionh pAMaSH AlE SHOCAAEES NRYhaIs is
fixed for a system so that it is not necessary to send the power

infOREMRINESth TYe. BfinctigRthetPredent RIVBANINE RSVASSH BSIok1/L2
in diffeard Embotiorerisite dSliosdans 1 hpdietwesrtitelenibatbmeatsion) ,
are not essential for.the present i tiQn, and the embodiments. may be . -
DT A L oA B e, CE e BTl fation
FI&hi ghe parliayeibclcoiagizod ofirformM igasmitihfeevaeively, the
aceQINGr PRI EMAAGIMRNt £ 105y PIRRENA YR, WRIAN%ft is not
transmitting device is’provided in a base station in a_mobile )
coRfRfERSRIoN EPstBRNEMBRFIRPHEDM R IGIATARARAA T ] &the

20 transmitting delideongh becheoviged deamny diheeapparatubsmgésyditi bed

ORI vapRieapRreR e DB Y K ncrions
INCludes a mapping unit , an inverse tast Fouriet transtorm unit
12baty@ed infeheal aedbrdinie{B) 13re ponetdeasisepd tadtrolfipit  the

14pedaAver dpRsbn§YAg unitsie angnks. TERMRANRMEE! Llnay  be
maps power-density- adjusted reference signals and

polBrlensnLsgiuipgividually or in combination.

<FIRST EMBODIMENT>

FIG. 1 is a partial block diagram of an OFDM
transmitting device according to an embodiment of the
present 1invention. Typically, the transmitting device
IS provided In a base station in a mobile communication
system employing OFDM for downlink. Alternatively, the
transmitting device may be provided 1in any other
apparatus employing OFDM for transmission. As shown in
FIG. 1, the transmitting device includes a mapping unit
11, an inverse fast Fourier transform (IFFT) unit 12, a
guard interval adding unit (+CP) 13, a power density
control unit 14, and power density setting units 15 and
16.

The mapping unit 11 maps power-density-
adjusted reference signals and power-density-adjusted
data signals to multiple subcarriers arranged along the
frequency axis. Typically, signals such as reference
signals and data signals are mapped to subcarriers as
in FIG. 1. However, other signals such as control
signals may also be mapped to subcarriers.
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data signals to multiple subcarriers arranged along the 30 frequency axis.
Typically, signals such as reference signals and data signals are mapped
to subcarriers as in FIG. 1. However, other signals such as control
signals may also be mapped to subcarriers. -7- The inverse fast Fourier
transform (IFFY) unit 1.2 ,:_nverse-fast Fourier transforms the mapped
signals and modulates the transformed signals according to GFDM to

generate effectivigsymielgdi-yansrpission Porig's: Traasasrinten@lrrT)
adding unit (+CP)_13 attaches guard intervals to the QOFDM-modulated

sighBAL (at s sthp¥EbtRe Bt BSIsEERT TR ERY getBfitesmarped
O rsyboimconsdtivingtesansmeissiparidfignad Thd andwisstrording
sigpal i smitted. wirelessly by.a component ngt shown. The guard . .
e g SOATE prEhT SRS GoryAlRaty dibicimgehission
pag\sthke ksfective symbol in a transmission symbol. 15 For brevity,

components suchigs a aggﬁldparﬁﬂmfrteb@lﬂ@nd_@,ppfallet-ﬁgpigl 13

converter (P/S) are omitted in FIG. However, a person skilled in the art.
m&hREhsEN @1 ud R nErE ifoiiddtohetiel akpdns 1gnals
ma@pingtiits 2 Stagend the ERE upEfiEoasinecessaiyoTBY pawer thereby
density_control uni etermines the power densi ower density per .
L e Bl s Ut e S B
this tgs@ lefer tolfeferenteangalssiddata sigoal2s5 1M this transmitted

eMpPAEYERls iy dS?CrgjeéUﬁE%n@ﬁiP% densiy Is RAMSEHES4EN iRt rval
the_total power’levéls ) ) )
is also called a cyclic prefix and i1s generated by
duplicating a part of an effective symbol 1iIn a
transmission symbol.

For brevity, components such as a serial-
parallel converter (5/P) and a parallel-serial
converter (P/S) are omitted 1n FIG. 1. However, a
person skilled iIn the art may understand that such
components are provided together with the mapping unit
11 and the IFFT unit 12 as necessary.

The power density control unit 14 determines
the power density (power density per unit bandwidth) of
data to be mapped to respective subcarriers. “Data” in
this case refer to reference signals and data signals.
In this embodiment, as described later, the power
density is adjusted such that the total power levels
Pall necessary to transmit signals become substantially
the same in all time slots.

The power density setting unit 15 adjusts the
power density of reference signals according to a
request from the power density control unit 14.

The power density setting unit 16 adjusts the
power density of data signals according to a request
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Pall necessary to transmit signals become substantially the same in all
time slots. The power density setting unit 15 adjusts the 30 power density
of reference signals according to a request from the power density control
unit 14. The power density setting unit86 adjusts the power density of
data signals according to a request -8- from the power density control unit
14. FIG. 2 is a partial block diagram illustrating an OFDM receiving

deyiegmT ¥hieapoits- raesiviefevissds SIoidgdima user device ina 5
mobile communication system émploying OFDM for downlink.

Alternatively, thd Eeeivingdevid®may de prBGEEdH anylpgk  diagram
appdrhtisteapnyingdaF DV Do treasmissiony Adesiiayel inFypicathky, the
recreé\gnq\gevice igl%udes a cgclic Ipr(§:‘/ﬁxdreor|noving lénité-CeF;) 2% a fast

Folrier transtdrm Vd{‘f—ef) dmit 22 gd'err?appiha unit 2 ,Sa chanen\(/arCe 1h-a

estipBide usieRaLaicatthanneldstedingunioyd. Mhedylic prafixdownl ink.
reRpeeg AR el 2] (RROYeTeIY Hrplendls temEPYsYRRSEES in
received signal and thereby extracts efféctive symbols from the 15

re@VedPSGRAl. PREOFABRrieMRAARE ( fiPF2 transmission. As
fasttromneitrargforms theteiéeative synibots inghd ceceivedsiral andyclic
thateRyfemogylaes e slieptiye syqnipjs accopding 1o QRN 29 ke porn
de%applng unl{nﬁ)élsegarapes reference ‘signals aka data S|gnaﬁs froms the
deffodiatedusigital. 7Re channetleswpatirgunit?a perfdths channethannel

esyagiRRPFerA AR ie SADATAIRY LiIRARRTIMRIESATHBCENIt 25.

determines channel compensation ) ) )

The cyclic prefix removing unit (-CP) 21
removes guard intervals from OFDM symbols In a received
signal and thereby extracts effective symbols from the
received signal.

The fast Fourier transform (FFT) unit 22
fast-Fourier-transforms the effective symbols in the
received signal and thereby demodulates the effective
symbols according to OFDM.

The demapping unit 23 separates reference
signals and data signals from the demodulated signal.

The channel estimation unit 24 performs
channel estimation based on the separated reference
signals and thereby determines channel compensation
parameters for the data signals. In this embodiment,
the channel estimation unit 24 performs channel
estimation based on power information indicating the
power density of the reference signals sent from the
transmitting end. The power information may be sent
from the transmitting device of FIG. 1 to the receiving
device of FIG. 2 via a control signal, or sent as
broadcast information (BCH) or layer 3 information.

The channel decoding unit 25 decodes the data
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25 parameters for the data signals. In this embodiment, the channel
estimation unit 24 performs channel estimation based on power
information indicating the power density of the reference signals sent
from the transmitting end. The power-8formation may be sent 30 from the
transmitting device of FIG. to the receiving device of FIG. 2 via a control
signal, or sent as broadcast information (BCH) or layer 3 information. The

chaiip| APSOYRG KBIt ge FHESPRAGHEICdMANY IS'%WHQ%P?HHmBB%ed

channel compensation based on the channel estimation results and

on

oulifes Feaielie #TAAIHHAN heSiMsR qae prodddty JHgnaecoded
sheaith 5 A1 §nBIG 1,omponenthsecuant sapipbqesalisigonueriat (not

(S/Pﬁ and) parallel-serial converter (P1S) are omitted in FIG. 2 for brevity.
However a person skilled in the art may understand that such )
components areAssovided kd§ethek wﬂﬁ@lﬁ@GHGhtS uslich apg the seri

al -

RINEUNIt 23 GRISFETarY- mplgr,ydaroc%ss isgleesiied -serial

elow. The transmitting device of transmlts transmission signals

eaEIﬁ’'iﬁfflﬂ’dﬁﬁ’gjr a Sfefedmangd rRWdB'éifQﬁ orBM Fdfinboié stUént%T?‘é!

ty.

a medeteehinedaint@é\moTheéﬁnﬁlﬁdﬂtermnedheteraaltmemlge aatlee pstand

time slot or a transm|SS|on ime interval (1I1}. |n thi dlmen he
povflre]r%ens@ con?ro'?unl?'i con{éolsl%pég pwve(r} o?' y suc ¥th the

_submi_ina@ taectaﬁmtm_npmmn@vsnseuaé’ates toegRRatransmitted
in any time 20 skof. FIGeidy é‘r%PhB'Pé‘HEQéagiaé“ SRQMPRRAYVESe 1 ow.

density-controlled reference sighals and power-density-

FFT

The

transmitting device of FIG. 1 tranSmits transmission

signals each including a predetermined number of OFDM

symbols sequentially at a predetermined interval.

The

predetermined interval may be called a time slot or a

transmission time interval (TTI). In this embodiment,

the power density control unit 14 controls the power

density such that substantially the same total power

level i1s allocated to signals transmitted In any time

slot.

FIG. 3 1s a schematic diagram showing power-

density-controlled reference signals and power-densi
controlled data signals mapped to subcarriers on

ty-
the

frequency axis. FIG. 3 corresponds to an output from

the mapping unit 11 of FIG. 1. Labels t1, t2, t3,

and

t4 on the time axis indicate four time slots. Labels f1

2, f3, f4, 5, and 6 on the frequency axis iIndicate

six subcarriers. In each of the time slots tl and t4, a

reference signal and data signals are frequency-

multiplexed. In the time slots tl and t4, the power

density of the data signals is set at P, and the power

density of the reference signals is set at Pref. In
time slots t2 and t3, no reference signal

the
is
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controlled data signals mapped to subcarriers on the frequency axis. I, G.
3 corresponds to an output from 25 the mapping unit 11 of FIG. 1. Labels
t1, t2, t3, and t4 on the time axis indicate four time slots. Labels fl, 2, f,
f4, "5, and 6 on the frequency axis indit@te six subcarriers. In each of the
time slots t1 and t4, a reference signal and data signals are frequency 30
multiplexed. In the time slots tl and t4, the power density of the data

Signgifd} SPERER!, antihe vy ARAISEY € theFefgeance SIS S§h th
at Pref. Inp:he time slots t2 and t3, no referfe)%ce signal is -10- muItiEIexed. the

ThE Bekve? hehsittsr Rtdsifrald  $RLHAL sfots td And iR ePapeifpent.,
-hjsoembodineeryi pbveer dansitiesigreskhdstedseich tehttotaltuowedd power
levegl Pall(t)=5 cessary to transmi. r_ signalg 5.in the time_slot

1 A o R A B B o] PE RBEE iy U8 AP il
thelfime ©ét t2. td Beher ®dats, pdider degsieids aretaafaded Bavkthat level

thestojql rdsyels obab dneSjore eaiFed iRdlls in the time
I(th=Pall(t2)=Pall(t3)=Pall(t4)= ..."After the power densities and the total_
powkP tevkts ardhdRiERES tHEAFdmiRRFEigRasald ies R8s tRdiusted

tragamitingheeviasef RiGtdlansoeseived by IS th€ recelvind deviedass are
shown in FIG. 2. Here, first power information indicating the difference
befivkeh the- fransmission power density Prof of the reference signals

and the transmiddidl tsnisBia bh Qe 3ty of 1GEB 3iefrakli§ Bé)rto . the
receiving device. If the first power 20 information is frequently changed,

the information m%y be sent via a lower-layer control signal such as an
After the power densities and the total power

levels are adjusted, the transmission signals are sent
from the transmitting device of FIG. 1 and received by
the receiving device as shown in FIG. 2. Here, first
power information indicating the difference between the
transmission power density Pref of the reference
signals and the transmission density of other signals
IS sent to the receiving device. If the first power
information is frequently changed, the information may
be sent via a lower-layer control signal such as an
L1/L2 control signal. ITf the first power information 1is
changed at comparatively long intervals, the
information may be sent as L3 signaling information or
broadcast information (BCH). Also, if the Tirst power
information i1s fixed in the system, there iIs no need to
send the first power information each time. In any case,
it is possible to accurately perform channel estimation
by comparing the power density Pref with the reception
power of the reference signal.

Thus, the Tfirst embodiment makes it possible
to adjust power densities such that the total power
levels Pall of all time slots are equalized. This in



L1/L2 control signal. If the first power information is changed at
comparatively long intervals, the information may be sent as L3 signaling
information or 2.5 information (BCH). Also, if the first power information is
fixed in the system, there is no need teldend the first power information
each time. In any case, it is possible to accurately perform channel
estimation by comparing the power density Prof with the reception 30

POVEFAT theKeier§Ce 8883 [BUTINe dFt ePairitBRBEMak8RlIs with a
possible to adjust power densities such that the total power levels Pall of
a

I BARNGEs BVEuaiibeYSthisthai - Hhdhalt it pEE&kle oials and

referencelsy._goalsotithrateigheppeferievelihan dlated vinertsigmls

and thereby to aﬁ%:uratelpﬁkg)erform {;hanrbel estimation. Thg mbers of .
i e nombers, of subtartiers ‘and Cine ots 1iIn
subcarriers and time slots in” 5 the above descriptions are just examples

5 usétnéor abmtivdqmprciﬁéiwgaogc@, sighias ar@mmlﬁaedugm@b for
1_gederiyricss of syhrptssss and jime sitadeide,; 3. faRipdls are

only one reference signal is mapped to one time slot. However, any )
nuﬁ;@?% BF el a9 ag deay BERehpe@ To SHOGREETA6 Saiged time

thesfiegsnt invantien eay Bg appied th resabey\Wheos signalheucheBerence
contral si%nals are malg@e in additign to ref(irePce ﬁqu/ data signals. 1.5

<SEEOR Fﬁ\ﬁB(EﬁB)[f NTS IR tRe first 6mBo iment, S|gerYa“T15 areaﬁ%épBé‘H‘ber
10 to alf suihatesead skgpalsr deayitideofriag psghakoareadjudtedsusiot.

thag jlag ot pawpilevels t PHLHiBR SRk Ao AUalBIq O HS a case
reason, 2_C he power density density PL of data signals :_nt_he time )
slohere  signals, such as control signals,” are mapped in

addition to reference and data signals.

15 <SECOND EMBODIMENT>
In the first embodiment, signals are mapped
to all subcarriers and the power densities of the
signals are adjusted such that the total power levels
Pall of all time slots are equalized. For this reason,
20 the power density P_. of data signals In the time slots
tl and t4 is different from the power density Py of
data signals i1n the time slots t2 and t3 (P.<Py).
Therefore, i1n the Tirst embodiment, the likelihood
(likelithood 1information) of data signals transmitted
25 with the power density Py 1s different from the
likelihood (likelihood information) of data signals
transmitted with the power density P_.. Strictly
speaking, this iIn turn makes 1t necessary to provide
different sets of likelihood information for the data
30 signals with the power density Py and the data signals
with the power density P, and therefore complicates the
decoding process. A second embodiment of the present
invention tries to solve or reduce this problem.
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r_1 and t4 is different from the power density PH of data signals in the
time slots t2 and t3 (PL<PH) Therefore, in the first embodiment, the
likelihood (likelihood information) of data signals transmitted 2.5 with the
power density PH is different from. the likelihood (Likelihood reformation)
of data signals transmitted with the power density P. Strictly speaking,
this in turn makes it necessary to provide different sets of likelihood

information for the data 30 sighalg, withthe m)dveri(*engfpé—tgna th%éi'j‘i%ted

signals with the power density PL and therefére complicates the

dePOUIRY pHERSLLAGR cBRE SR AR G t SREPRSERTRRGI R i8S the
to pelgeontedics/tartimblemASL 2-iG. this a fiiavdng ikustetidgent, the

adjusted poyer densities according to.a second embodiment of th
oI R LR et DR RErTrs A dLIS ibetpd pover

adjl@@lgjd?ﬁh&t i€ tathl p@\ixe5 mﬁpalref stk isz@té ard he; second
equalizsdimoReeGd ArFredimept igAiffereph fong fhe firstaipBadiment in

in that a subcarrier to which no signal is mapped is_present in a time slot

inckithity PrefStdpea TR, AbOnditat&d by Wt gidkorting BahHaY, 1S
theppewent Odevels efithe stiboarripn&ll idtedinee sloftlrantéesignal . As

subcartier f] in,the time slot t4 are zero and no signal is,mapped tq those
iy it AT RARGID S o o T e s e
sullexeids o€ thibsasich@EM)rirethisfdmiodiitieat, Bnes5sholntd PAGd the
4, haeonidgnsiyPrefpf refrrengpnaionalis repeseiied BLPEf and no
Ph+P =2_xPh. The total power level Pall of the time slots t2 and t3 is

rept868REd By PARAPSHPAQ (E)o6erySHREMd dRAIS- Meanwhile, the

power densities of all data signals mapped to
subcarriers are the same (Py). In this embodiment, as
shown in FIG. 4, the power density Pref of reference
signals 1s represented by Pref=Py+Py=2xPy. The total
power level Pall of the time slots t2 and t3 is
represented by Pall(t2)=Pall(t3)=6xPy;, and the total
power level Pall of the time slots tl and t4 are
represented by Pall(tl)=Pall(t4)=4xPy+(2xPy)=6xPy. Thus,
in this embodiment, mapping of signals to one or more
subcarriers 1iIs prevented iIn a time slot including a
reference signal, and the wunused power for the
subcarriers is allocated to the reference signal. This
makes 1t possible to transmit a reference signal with a
higher power level than that of other signals while
keeping the total power level Pall constant.

In this case, second power information
indicating subcarriers (hereafter called “null
subcarriers”) to which no signal 1s mapped iIs sent to
the receiving device. If the second power information
iIs frequently changed, the information may be sent via
a lower-layer control signal such as an L1/L2 control
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power level Pall of the time slots tl and t4 are 20 represented by
Pall(tl)-Pall (t4)=4xP,+(2xP,)=6xPH. Thus, in this embodiment, mapping
of signals to one or more subcarriers is prevented in a time slot including
a reference signal, and the unused peh@s for the subcarriers is allocated
to the reference signal. This 2.5 makes it possible to transmit a reference
signal with a higher power level than that of other signals while keeping

thestptal ppwey {vehRallConsiait Hoius casersprend BAVEINTEHARIRY at
indicating subcarriers (hereafter called "null 30 subcarriers™) to which no
sign@MRahafdeEbsehabdne VatEUYR IfvicdNeihd RECSMASAREr may be
infepation as frequently shgngddrige -iniorfiaatinatiiay be sant vibradcast
IOV\ﬁenr- a %ragtolnérol sig@g& ch as a1 L(I)/LZ coﬁ_rol ]1?h esignasl.elf Bhrtla ower
second)power iformation | 'changeéﬁat’ comparatively long mﬁerv:ﬂs, th@
infamifaiorartbg el serfilaectB digndiitgy inisikemion Bhéreadtasno need to

INfQERRIOAHB (L OIRP: B PEGORFLRAMUF D H  ¥ERAIOR; IRfXefHB thitimber
system, there is no need to send the second power information each

tinfef TR A dmisi PSS IR arfigds R beRABAGE REBATIA] iPihdo the
negadethe ppsitionsa3 ild onlb subfarrtere may bk fisethcerrmaebs may be
chgnged,as time passgs or according to 1.Q a hopping pattern designed to

chaEHie SRS dione I caietd HenBIRTenSy dreSEnINg to
and/ohah@iing dietiernn desdgieple thovahanpis. ththeposktions of

degsity ol o SIRIBEAFRSIINalIS ePeSTHEl Wndy PERIFEEE TS and/or

Alternatively, as shown in FIG. 5, the power density Prof may be a sum of
PHERSd B ¥Rty 68 on -

In the example shown in FIG. 4, the power
density Pref of a reference signal is represented by
Pref=Py+Py. Alternatively, as shown in FIG. 5, the power
density Pref may be a sum of Py and a fraction of Py
(for example, Pref=(3/2)xPy). That 1is, the number of
null subcarriers can be determined according to the
transmission power level of reference signals.

As described above, the second embodiment
makes 1t possible to send reference signals with a
higher power level than that of other signals and to
make the power density of data signals constant while
equalizing the total power levels Pall of all time
slots. Thus, the second embodiment makes it possible to
provide advantageous effects of the Tirst embodiment
without 1increasing the number of sets of likelihood
information for data signals.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the
scope of the present iInvention. Although specific
values are used in the above descriptions to facilitate



(for example, Pref-(3/?_)xPH). That is, the nurher of null subcarriers can
be determined according to the transmission power level of reference
signals. ?_C As described above, the second embodiment makes it
possible to send reference signals withla#-higher power level than that of
other signals and to make the power density of data signals constant
while equalizing the total power Levels Pall of all time 25 slots. Thus, the

seqpfd QIRBRYEEMN ARIES $1POEREIEIPRONEE AYEAERSAYS %ﬁ%Cthi ues

the first embodiment without increasing the number of sets of likelihoo

g
infEfrRauisbr BXAMadess antk FEEERIAUENNEING Rt Tidred IS thePgoused
specifeally distiheed pswodimetioaad variitiensdinstt imadt ifdnatione tween
may, be made without departing from the scope.of the present jnvention.
ABOoh SHERHIEER o teod I he SOEvE MLk i tohEiiag csent
5 -14ﬁh§®hi|@f$tar&ﬂ@b QMembg@ﬁmwetﬁiomaMeb@lue@edreimdﬁvidual ly
exgipplgs ARG AR e es MRAag ke ¥aRE LibeRsICtTyise di_afgrams

mentioned. The distinctions between the embodiments are not essentia
forah& pre¥eRts indéhtiodes el thB®mpRBRAEREYSSPhe Udtd iliRduafPove
or gmewuliinefias Althcugh fappléiaratbiask diagipmbere ispdémented by
deﬁ%rirb W%Qparatuggﬁvivr}jl thee ak())orve eénobn%jirﬂgratls F]he qppﬁiatuses may
be imp emer‘iatéd%y ard'\;va’re, sof?ware, o' & 26mpihation of them. 10 The

10 present internatibh&l appksgioh claitie rprad kphah RipahésaPuwnt claims
Appligaiieidyo- 399 00LERS-filed onplanuaey 93BT e RsHire §8NtesB07 -
of ‘which are hereby incorporated herein by reference. -15-

001858 filed on January 9, 2007, the entire contents of

which are hereby incorporated herein by reference.
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C]_AIMS A transmitting device for send:r.g a transmission signal

modulated according to 01 1 M, 5 comprising: transmission signal

generating unit ¢ onfigured to generate the transmission signal by
inverse-L'ou.Ir_ier_-transform.;:_ng ref@fence signals and data signals
mapped to subcarr_-er_s; and 10 a transmitting unit configured to wireless

ly ransmi_t_the transmission signal, wherein a total power Level

allocated to signals to be transmitteg:jnag tige slot is equal to a total

power level allocated to signals to be transmitted in any 15 other time

slot; and a power density per unit bandwidth of the reference signals is
greater than a pawer densitypesmintbingwidile ofitte dafosignalendihg a

2 G ansmiting devios ag claimed 1 aim wherein magang 963 ooy,
data signal'toa predetermined subcarrier is prevented in-a time slo
wheeg\arigtdie@ce signal is to be transmitted; and 2.5 the power density

per unit bandwidih of e, 3R 10 be figramitedjasifeleihigne unit

slots is the same regardless of whether a reference sighal_is to be

traRSMREILRGAe rdDecHfdER Sots B 3. ENEAISHI Hig dedigpat by
claimed nselafpuriseintthaefo sighaly inefde oaerdaid gsignals and/odata

°°§¥%H§¥%S%§BE%61?b subcarriers; and

a transmitting unit configured to wirelessly
transmit the transmission signal, wherein

a total power level allocated to signals to
be transmitted in a time slot is equal to a total power
level allocated to signals to be transmitted iIn any
other time slot; and

a power density per unit bandwidth of the
reference signals iIs greater than a power density per

unit bandwidth of the data signals.

2. The transmitting device as claimed 1In
claim 1, wherein

mapping of a data signal to a predetermined
subcarrier 1is prevented In a time slot where a
reference signal is to be transmitted; and

the power density per unit bandwidth of the
data signals to be transmitted in different time slots
IS the same regardless of whether a reference signal 1is
to be transmitted In the respective time slots.

3. The transmitting device as claimed 1in
claim 1, wherein the data signals include user data
signals and/or control data signals.
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4. A. method of sending a transmission signal modulated according to
OFDN1, comprising the steps of: generating the transmission signal by
inverse-Fou.lr_ier_-transform.;:_ng reference signals and data 5 signals
mapped to subcarr_,:_er_s; and wireled$ély transmitting the transmission
signal, wherein a total power level allocated to signals to be transmitted in
a time slot is equal to a total power 10 level allocated to signals to be

transmitted in any  oep PR APtANdR ABYAHIRNSEY RREMTE83BAVId Y nal

of the reference signals is greater than a power density per unit
baR@RIREPtheAEH S 605 BFBe ROMMRE LRIAGIMEinsRP4 0T

wherein mappingedfeardatirgignal tha predatamangd siiicarriesigynal by
Preyenisin. +-imeSlot where.q Jeferance signalls o be fapspitiethy gt
and26tha power density per Gnitbandwidth-of the' data S|g%a s fo be
tragd@inebsnnhiiredt fimesldisasie sameadardless of whether a
reference signalig @ pedtappmitteg i Kei'eepREtive YN Slotgr2nEmission

receiving device for receiving a signal modulated according to OFDN1,
comb¥Eml: aW&t&dfhg unit configured to extract reference signals and
data signals frora thegeadivesbwgnall eltel Feuribo tanstornationignals to

chaang estimaiion unit genfoyed do erorphannejegimalion faspd o e
on the referénce signals, first power information, and second power
infdenvagtbnadikbcated to signals to be transmitted in any
other time slot; and
a power density per unit bandwidth of the
reference signals is greater than a power density per

unit bandwidth of the data signals.

5. The method as claimed in claim 4, wherein

mapping of a data signal to a predetermined
subcarrier 1i1s prevented In a time slot where a
reference signal is to be transmitted; and

the power density per unit bandwidth of the
data signals to be transmitted in different time slots
IS the same regardless of whether a reference signal 1is
to be transmitted In the respective time slots.

6. A receiving device for receiving a signal
modulated according to OFDM, comprising:

an extracting unit configured to extract
reference signals and data signals from the received
signal after Fourier transformation;

a channel estimation unit configured to
perform channel estimation based on the reference
signals, Tirst power information, and second power
information; and
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-17- a decoding unit configured to decode the data signals by performing
channel compensation on the data signals based on results of the
channel estimation, wherein 5 the first power information indicates that a
total transmission power level allocated . #6-signals to be transmitted in a
time slot is equal to a total transmission power level allocated to signals
to be transmitted in any other time slot; and 10 the second power

information indicatesdhghg nePWRIFeNeBh PRUPERARGVIGELRHEC the data

reference_signals is greater fhan a power density per unit_bandwidth of

thes A3 gnaRy 186X TRETERGVIRHHRIRE SAURRRAL IME) the data
wheigjndlle datasigialsimcluds ustisda@fsigoats aslereohtra steimation,
si%ﬁgrgiThe receiving device as claimed in claim 6, 20 wherein

mapping ofa data signal to a predetermined subcarrier is prevented in a

time slot where &hefefarttsigrewsto befieamatikes, ahatheaberr that a

deggipanerriRanfvad®, of Bver IpiR/ EipNals [0 L cEsTitedignals to
different time slots is the same re%ardless of whether a reference signal is

to BE trdH<Anasd TEeR rddpedivelitig sIGtLos. AlfietsstilrecEing a total

sigophmodikstddrs0 poaerdind &/OF] M letaégingtbe stdpmafls to be

extracting reference signals and data signals [frqgm the received signal

T B A Y, A i S 1 e thion basecton the

-18- the second power information indicates that a
power density per unit bandwidth of the reference
signals 1s greater than a power density per unit

bandwidth of the data signals.

7. The receiving device as claimed in claim 6,
wherein the data signals 1include user data signals
and/or control data signals.

8. The receiving device as claimed in claim 6,
wherein

mapping of a data signal to a predetermined
subcarrier 1is prevented In a time slot where a
reference signal is to be transmitted; and

the power density per unit bandwidth of the
data signals to be transmitted in different time slots
IS the same regardless of whether a reference signal 1is
to be transmitted In the respective time slots.

9. A method of receiving a signal modulated
according to OFDM, comprising the steps of:

extracting reference signals and data signals
from the received signal after Fourier transformation;

performing channel estimation based on the
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reference signals, first power information, and second power information;
and decoding the data signals by performing channel compensation on
the data signals based on 5 results of the channel estimation, wherein the
first Power Information i_nd-icates that¥B-+otal transmission power level
allocated to signals to be transmitted in a time slot is equal- to a total
transmission power level allocated to signals to be 1.0 transmi_t_ted in

any oS diee SIt GHE 13 SYIRSP G HOTMADRIARIFSHES BRI second

power dens_ityﬁper unit bandwidth of the reference signals is greater than
a FRVE TeHa kP PRAEAR barffifdth of the data signals. 1.5 10. The
method as claimgddodiaiy 9, whereirdditisd pavigriafsmatign is pésoforming

used in the, step of decoding the data signals; and the third pQwer
T AN it APElgnlt (DTS Dased  on

prd’c@gﬁﬁﬁe@ﬁulﬁt@rrﬁ@h&@pﬁ/eﬁﬁéﬁi maiﬂm@.,slmﬁe/ﬂﬁié a reference
signal. is to be tiapsmitigd @ng iR POWRHFAGARIY RSH Uik Prevddh Phat a

the data signals to be transmitted in different time slots -is the same

red08REs LI ARSHEFSEA reRIWRLe digNako BLIOGRERH: &3 ;SHaRals to
reqpectivedmamslotssd in a time slot is equal to a total

transmission power level allocated to signals to be
transmitted in any other time slot; and

the second power information indicates that a
power density per unit bandwidth of the reference
signals 1s greater than a power density per unit
bandwidth of the data signals.

10. The method as claimed in claim 9, wherein

third power information is also used In the
step of decoding the data signals; and

the third power information 1iIndicates that
mapping of a data signal to a predetermined subcarrier
Is prevented In a time slot where a reference signal 1is
to be transmitted, and the power density per unit
bandwidth of the data signals to be transmitted in
different time slots is the same regardless of whether
a reference signal 1is to be transmitted 1in the
respective time slots.





