DESCRIPTION OFDM SIGNAL TRANSMITTING APPARATUS AND OFDM SIGNAL RECEIVING
APPARATUS Technical Field [0001] The present invention relates to an OFDM signal transmitting
apparatus configured to transmit an OFDM signal, and an OFDM signal receiving apparatus configured to
receive an OFDM signal. Background Art [0002] In conventional radio communication, in order to
make bit reception errors due to fading less likely to occur, interleaving processing has been performed
after an error correction encoding processing. In the interleaving processing, sequential coded symbols
are assigned to different symbols on a time ax®EIFREESUEONarriers which are as far away as possible from

each other on & ipqueneyAXis 0R03 vt o eXAMBle, 2 WIEDAA, tefils canfionyee o perform

interleaving processing on data to be transmitte a TTI (Transmission Time Interval), for example, for
20 ms, 60 ms. [0004] APPARATUS

Technical Field
[0001]

The present invention relates to an OFDM signal
transmitting apparatus configured to transmit an OFDM signal,
and an OFDM signal receiving apparatus configured to receive

an OFDM signal.

Background Art
[0002]

In conventional radio communication, in order to make bit
reception errors due to fading 1less 1likely to occur,
interleaving processing has been performed after an error
correction encoding processing. In the interleaving
processing, sequential coded symbols are assigned to different
symbols on a time axis, or to sub-carriers which are as far away
as possible from each other on a fregquency axis.

[0003]

For example, a WCDMA system is configured to perform
interleaving processing on data to be transmitted in a TTI
(Transmission Time Interval), for example, for 20 ms, 60 ms.
[0004]

Meanwhile, in the OFDM (Orthogonal Frequency Division
Multiplexing), data is transmitted on multiple sub-carriers.
Thus, as shown in FIG. 1, the data is allowed to be interleaved
in a frequency direction as well as in a time direction.

Accordingly, a block of transmission data consisting of all OFDM



Meanwhile, in the OFDM (Orthogonal Frequency Division Multiplexing), data is transmitted on multiple
sub-carriers. Thus, as shown in FIG. 1, the data is allowed to be interleaved in a frequency direction as
well as in a time direction. Accordingly, a block of transmission data consisting of all OFDM symbols to
be transmitted in each TTI (hereinafter referred to as a transmission time interval block) is used as a unit
of interleaving. Non-patent Document 1: 3GPP TS25.212 V7.3.0 (December, 2006) Disclosure of the
Invention [0005] The WCDMA system employing the conventional interleaving processing, however,
has a problem thatlaoeeeiving appanatustcavnot perforrdeintentedving tprocessigrandtdecoding
processing untilteceiying allthe data qantained:in,a unit,of a.fransmission time Intgpva) block, so that a
delay in a receiving processing occurs. [0006 Especiaﬁy in a system such as LTE (Long Term
Evolution) whichhasra strictrdelay requirement, the processing delay is a problem since its influence is
too large to be ignored. [0007] The present invention has been made in view of the above-described
problems, and has an object of providing an OFDM signal transmitting apparatus and an OFDM signal
receiving apparatus whichr are capable ofishoitehing dBRy Felfeceiving brocessivgreverswhen interleaving
processing is p@r({glérped. [0008]

Disclosure of the Invention
[0005]

The WCDMA system employing the conventional interleaving
processing, however, has a problem that a receiving apparatus
can not perform deinterleaving processing and decoding
processing until receiving all the data contained in a unit of
a transmission time interval block, so that a delay in a
receiving processing occurs.

[0006]

Especially in a system such as LTE (Long Term Evolution)
which has a strict delay requirement, the processing delay is
a problem since its influence is too large to be ignored.
[0007]

The present invention has been made in view of the
above-described problems, and has an object of providing an OFDM
signal transmitting apparatus and an OFDM signal receiving
apparatus which are capable of shortening delay in receiving
processing even when interleaving processing is performed.
[0008]

A first aspect of the present invention is summarized as
an OFDM signal transmitting apparatus configured to transmit
an OFDM signal, the OFDM signal transmitting apparatus

including: an interleaving section configured to perform



A first aspect of the present invention is summarized as an OFDM signal transmitting apparatus
configured to transmit an OFDM signal, the OFDM signal transmitting apparatus including: an interleaving
section configured to perform interleaving processing in a unit of an interleaving block; and an OFDM
signal generator section configured to perform processing of generating an OFDM signal by use of data
included in the interleaving block on which the interleaving processing has been performed, and to
transmit the OFDM signal thus generated, wherein the interleaving block is a part of a transmission time
interval block inciuding <lata 1o Ipe tramsaiittediim @ transmissionttirmerihtervah J0009¢k ; ainlthe first
aspgct, the OF[a)M S&ﬁﬂh trasnlsgmié'gti'n.ggaé)rpearrgEuosrcaQei@%Iugg an ggggggg esg_ctigg c%réf]j_gturerg to perform
coding processing on inputted data ina unit of a coding ll)lock, wherein the interleaving block can be the
coding block. [a04®}e s s iimctive fivsthaspectnthe inféidavingnblodkvcande fa Bidcek imclddierdata to be

transmitted on g predetepmined. nymben qf sub-cartiers in.g predetermined numbsy of QFRM symbol

duration periods. [0011] A second aspect of the present invention is summarized as an OFDM signal
receiving apparass éofigured foreteive ah®©ORDPM tsignaintlie OFOMEighakrereMing Apparatus

including: a recgiver sectign configured tp,perfprm receiving progessing;an g receiyed QFDM signal, for
each OFDM symbol duration period; a plurality of deinterleaving sections each configured to perform
deinterleaving proeessingscredatd aequiredthroiigh thd eedeivintprstessingldna ubit ofen interleaving

block; and a plurality.of.decoder,sectiops, each.configured fo,perform decoding processing on data

outputted from a corresponding one of the plurality of deinterleaving sections, wherein the interleaving
block is a part of @#&hsmission time interval block including data to be transmitted in a transmission time

interval. [0012] In the segandgaspact, an,OFDM signal sransmitting apparatus cap:he, gonfigured to
perform coding processing on inputted data in a unit of a coding block, and the interleaving block can be
the(xxﬁnglﬂocﬁpparatus can include an encoder section configured to perform

coding processing on inputted data in a unit of a coding block,
wherein the interleaving block can be the coding block.
[0010]

In the first aspect, the interleaving block can be a block
including data to be transmitted on a predetermined number of
sub-carriers in a predetermined number of OFDM symbol duration
periods.

[0011]

A second aspect of the present invention is summarized
as an OFDM signal receiving apparatus configured to receive an
OFDM signal, the OFDM signal receiving apparatus including: a
receiver section configured to perform receiving processing on
a received OFDM signal, for each OFDM symbol duration period;
a plurality of deinterleaving sections each configured to
perform deinterleaving processing on data acquired through the
receiving processing, in a unit of an interleaving block; and
a plurality of decoder sections each configured to perform
decoding processing on data outputted from a corresponding one

of the plurality of deinterleaving sections, wherein the



[0013] In the second aspect, the interleaving block can be a block including data to be transmitted on
a predetermined number of sub-carriers in a predetermined number of OFDM symbol duration periods.
[0014] As described above, the present invention can provide an OFDM signal transmitting apparatus
and an OFDM signal receiving apparatus which are capable of shortening delay in receiving processing
even when interleaving processing is performed. Consequently, delay can be shortened even during a
high-speed transmission period, although an interleaving effect in the time domain reduces. Brief
Description of the Brawiags fROBEHGL 1]RIG A1t s afdiagrasmfoniexplainingian gperation of an
interleavi.ng secﬁgi&g&f an QF Q/Ingiqpaatl tr%%s%létti{]ga%%%ar@%%%alc_gpgdjcnrga%os% fggygrqtignrgleart. [EIG.
2JFIG. 2 is a functional block lagram of an OFDM S|gnajf transmitting apparatus accord%ng to a first
embodiment of thé presént invention.

[0012]

In the second aspect, an OFDM signal transmitting
apparatus can be configured to perform coding processing on
inputted data in a unit of a coding block, and the interleaving
block can be the coding block.

[0013]

In the second aspect, the interleavingblock canbe a block
including data to be transmitted on a predetermined number of
sub-carriers in a predetermined number of OFDM symbol duration
periods.

[0014]

As described above, the present invention can provide an
OFDM signal transmitting apparatus and an OFDM signal receiving
apparatus which are capable of shortening delay in receiving
processing even when interleaving processing is performed.
Consequently, delay can be shortened even during a high-speed
transmission period, although an interleaving effect in the

time domain reduces.

Brief Description of the Drawings

[0015]

[FIG. 1] FIG. 1 is a diagram for explaining an operation of
an interleaving section of an OFDM signal transmitting
apparatus according to a conventional art.

[FIG. 2] FIG. 2 is a functional block diagram of an OFDM
signal transmitting apparatus according to a first embodiment

of the present invention.



[FIG. 3JFIG. 3 is a diagram for explaining an operation of an interleaving section of the OFDM signal
transmitting apparatus according to the first embodiment of the present invention. [FIG. 4]FIG. 4 is a
functional block diagram of an OFDM signal receiving apparatus according to the first embodiment of the
present invention. [FIG. 5]FIG. 5 is a diagram for explaining an operation of an interleaving section of an
OFDM signal transmitting apparatus according to a modified example 1 of the present invention. [FIG.
6]FIG. 6 is a diagram for explaining an operation of an interleaving section of an OFDM signal transmitting
apparatus accofding to3a modifiéd -example 2iofdhepresent imentiomBest Modeford@arrying out the
Invention [0016lm(OFDM ignaI.TransmitEng I{Apggrattl,hseacg%(gngs@gﬁﬁt Etmbodim%r%ti%f gthe Present

X interle€aving 3Sec ransmi
Invention)
apparatus according to the first embodiment of the present
invention.
[FIG. 4] FIG. 4 is a functional block diagram of an OFDM

signal receiving apparatus according to the first embodiment
of the present invention.

[FIG. 5] FIG. 5 is a diagram for explaining an operation of
an interleaving section of an OFDM signal transmitting
apparatus according to a modified example 1 of the present
invention.

[FIG. 6] FIG. 6 is a diagram for explaining an operation of
an interleaving section of an OFDM signal transmitting
apparatus according to a modified example 2 of the present

invention.

Best Mode for Carrying out the Invention

[0016]

(OFDM Signal Transmitting Apparatus according to First
Embodiment of the Present Invention)

A description will be given of a configuration of an OFDM
signal transmitting apparatus 10 according to a first
embodiment of the present invention, with reference to FIG. 2
and FIG. 3.

[0017]

As shown in FIG. 2, the OFDM signal transmitting apparatus
10 according to the present embodiment includes a CRC adding
section 11, a segmentation section 12, an encoder section 13,
a rate matching section 14, an interleaving section 15, a

scrambling section 16, a constellation rearrangement section



A description will be given of a configuration of an OFDM signal transmitting apparatus 10 according to a
first embodiment of the present invention, with reference to FIG. 2 and FIG. 3. [0017] As shown in
FIG. 2, the OFDM signal transmitting apparatus 10 according to the present embodiment includes a CRC
adding section 11, a segmentation section 12, an encoder section 13, a rate matching section 14, an
interleaving section 15, a scrambling section 16, a constellation rearrangement section 17, a modulator
section 18, an OFDM mapping section 19, and an OFDM signal generator section 20. [0018] The
CRC adding setfional hisivonfigurec to- add CRC {CywlielRedundancy<Ctieck) Bits te datar(a bit string) in
a transport bloc it, the data inputted by an upper layer. [0019] The segmentation section 12 is
configured to se%ﬁ%n? %hgenga%ta??gevﬁﬁ%ﬁé{hgeélg%o&t?gfe added, into coding block units. [0020] The
encoder section 281§ tonfigured to perform coding processing on the seymented data. Specifically, the

encoder section 13 is c‘ﬂpéi%{gg o) ng%rg&ggg;pg processing gotprg}; g%gggg%g@t%g 2 ynit of a coding

block . As coding processing, convolutional coding processing, turbo coding processing, or the like may
be employed, foleeiamplecf0OReFk) bits to data (a bit string) in a transport

block unit, the data inputted by an upper layer.
[0019]

The segmentation section 12 is configured to segment the
data, to which the CRC bits are added, into coding block units.
[0020]

The encoder section 13 is configured to perform coding
processing on the segmented data. Specifically, the encoder
section 13 is configured to perform coding processing on the
inputteddata inaunit of a coding block. As codingprocessing,
convolutional coding processing, turbo coding processing, or
the like may be employed, for example.

[0021]

The rate matching section 14 is configured to performrate
matching processing on the coded data.
[0022]

The interleaving section 15 is configured to perform
interleaving processing on the data on which the rate matching
processing has been performed.

[0023]

Specifically, the interleaving section 15 is configured
to perform interleaving processing in a unit of an interleaving
block. Here, as shown in FIG. 3, a transmission time interval
block is a block consisting of data to be transmittable on all
OFDM symbols to be transmitted in a TTI.

[0024]



The rate matching section 14 is configured to perform rate matching processing on the coded data. [0022]
The interleaving section 15 is configured to perform interleaving processing on the data on which the rate
matching processing has been performed. [0023] Specifically, the interleaving section 15 is
configured to perform interleaving processing in a unit of an interleaving block. Here, as shown in FIG. 3,
a transmission time interval block is a block consisting of data to be transmittable on all OFDM symbols to
be transmitted in a TTI. [0024] Here, the interleaving block is apart of the transmission time interval
block consisting of datélto be trfansmittedlisreacty Pk For exappie, tietintetleavimgiblockimay be a block
(i.e., coding blogk)mlncluglnlg]dﬁlt%frar](smltt bIe on aII tpe QFDM %mcbols congtltuéln% each of blocks A to
D shown in FIG. 3. [0025 In an examp?e S own In FIG. 3, coding processing is per?ormed on the
inputted data inTd Unit 6Pblcckecensisting<of theedatatransniittable onvalithe OFDM symibols constituting

blocks A to D. [0026],, ] é‘c?kjcr%‘&kﬁ‘@ %?%f“&’&lt@ is, configuredito perform bit-lgyel sergmbling

processing on the mterleaved ata (bit strin
symbols constituting each of blocks A to D shown in FIG. 3.

[0025]

In an example shown in FIG. 3, coding processing is
performed on the inputted data in a unit of block consisting
of the data transmittable on all the OFDM symbols constituting
blocks A to D.

[0026]

The scrambling section 16 1is configured to perform
bit-level scrambling processing on the interleaved data (bit
string) .

[0027]

The constellation rearrangement section 17 is configured
to perform constellation rearrangement processing on the
scrambled data. For example, the constellation rearrangement
section 17 is configured to add an indicator to the scrambled
data, the indicator indicating a sort of constellation
arrangement to be used in data modulating processing to be
described later.

[0028]

The modulator section 18 is configured to perform a data
modulating processing, such as QPSK, 16Q0AM or 64QAM, on the data
on which the constellation rearrangement processing has been
performed.

[0029]
The OFDM mapping section 19 is configured to map the

data-modulated data to OFDM symbols in a resource block assigned



[0027] The constellation rearrangement section 17 is configured to perform constellation
rearrangement processing on the scrambled data. For example, the constellation rearrangement section
17 is configured to add an indicator to the scrambled data, the indicator indicating a sort of constellation
arrangement to be used in data modulating processing to be described later. [0028] The modulator
section 18 is configured to perform a data modulating processing, such as QPSK, 16QAM or 64QAM, on
the data on which the constellation rearrangement processing has been performed. [0029] The
OFDM mapping settien 0808 configated tenrapt thel dataapoduidted ddta tolOF Divi synosis in a resource

block assigned tf)otcr;}((a QEDM ;;sgnaal %r@gg@i%@gc%pg%ragusss%g. ‘Ie'%e r%soc%ré:e&lg Q(ler% iasla block which
is assigned to the OFDM signal transmitting apparatus 10, and w ic% consists of OFDM symbols
transmittable inta IT$1{00B01 9 arSpeeifically Sthe OFBM: aiappingisection: 19k8t anfiguréd to map the
data-modulated data sequentially;to QFPM symbols in a symbol duration period from the OFDM symbol

corresponding to a sub-carrier having the smallest number. [0031]
[0030]

Specifically, the OFDM mapping section 19 is configured
to map the data-modulated data sequentially to OFDM symbols in
a symbol duration period from the OFDM symbol corresponding to
a sub-carrier having the smallest number.

[0031]

The OFDM signal generator section 20 is configured to
perform OFDM signal generation processing by using the data
included in the interleaving block on which interleaving
processing has been performed and to transmit the generated OFDM
signals.

[0032]

Specifically, the OFDM signal generator section 20 is
configured to generate the OFDM signals by performing Inverse
Fast Fourier Transform (IFFT) processing on, and then adding
guard intervals to, the data mapped to the OFDM symbols.
[0033]

It should be noted that the configuration of the OFDM
signal transmitting apparatus 10 according to the present
invention is not limited to the configuration shown in FIG. 2,
and may be a different configuration as far as the configuration
includes a function of the interleaving section 15.

[0034]
(OFDM Signal Receiving Apparatus According to First Embodiment
of the Present Invention)

A description will be given of a configuration of an OFDM



The OFDM signal generator section 20 is configured to perform OFDM signal generation processing by
using the data included in the interleaving block on which interleaving processing has been performed
and to transmit the generated OFDM signals. [0032] Specifically, the OFDM signal generator section
20 is configured to generate the OFDM signals by performing Inverse Fast Fourier Transform (IFFT)
processing on, and then adding guard intervals to, the data mapped to the OFDM symbols. [0033] It
should be noted that the configuration of the OFDM signal transmitting apparatus 10 according to the
present inventicrn iswadt fievitedvionthe woafigtration slkhowndnG o2, land may lFenadifferent configuration
as far_ as the coggg%aetiopnriencle%c{esi% vf%%%ti%% 9f %@ecipterl%%\figgcseecgig%.[0934] (O‘FIZ?M Signal ‘
Receiving Apparatus Accordslng fo First Embodiment of the Present Invention) A description will be given
of a configuratidi¥ @Bah OFDM signal receiving apparatus 30 according to the first embodiment of the

present invention, Withigfesrﬁgxﬁg t?nF!Eq'GL}' [9,0%@]6 OFDM signal receiving apparatus

30 according to the present embodiment includes a receiver
section 31, a demodulator section 32, a descrambling section
33, multiple deinterleaving sections 34; ... 34,, multiple rate
matching sections 35; ... 35,, multiple decoder sections 36; ...
36,, a connector section 37, and a CRC checker section 38.
[0036]

The receiver section 31 is configured to perform
receiving processing on a received OFDM signal, for each OFDM
symbol duration period.

[0037]

Specifically, the receiver section 31 is configured to
extract the OFDM symbols corresponding to the sub-carriers by
deleting guard intervals from the received OFDM signal, and
performing parallel-to-serial conversion on, and then
performing a Fast Fourier Transform processing on, the received
OFDM signal.

[0038]

The demodulator section 32 is configured to perform
demodulation processing on the extracted OFDM symbols for each
sub-carrier, and to then perform parallel-to-serial
conversion.

[0039]

Here, the demodulator section 32 may be configured to
output the demodulated data in an interleaving block unit to
the descrambling section 33. In other words, the demodulator

section 32 may be configured to output all data constituting



As shown in FIG. 4, the OFDM signal receiving apparatus 30 according to the present embodiment
includes a receiver section 31, a demodulator section 32, a descrambling section 33, multiple
deinterleaving sections 34134" multiple rate matching sections 35135" multiple decoder sections 361 ...
36" a connector section 37, and a CRC checker section 38. [0036] The receiver section 31 is
configured to perform receiving processing on a received OFDM signal, for each OFDM symbol duration
period. [0037] Specifically, the receiver section 31 is configured to extract the OFDM symbols
corresponding tothelsobecateiers byt letingrgeardimteptals¥rom theaeédeivieesOFDM Isigral, and
performing parallelig:serig) canyersion on..anthen, performing 8 Fast Fourier, Tianslenp processing on.
the received OFDM signal. [0038? The demodulator section 32 Is conflduredeto perl%rm demodulation
processing on thélexirdcted @EDM symbols for edchy subcarrieh ethd-toatheniperform parallel-to-serial

conversion. [0039] erv Herg, g& dgm%dlilgtogo%qigpe%% _r‘rg@(ngg@migg(ed to output the demodulated

data in an interleaving block unit to the descrambling section 33. In other words, the demodulator section
32 may be confidifrédlto output all data constituting

The descrambling section 33 is configured to perform
descrambling processing on the demodulated data (bit string).
[0041]

Here, the descrambling section 33 may be configured to
output the descrambled data in the above-described interleaving
block unit to any one of the multiple deinterleaving sections
34; ... 34,. In other words, the descrambling section 33 may
be configured to output all data constituting the
above-described interleaving block unit to any one of the
multiple deinterleaving sections 34; ... 34, as far as the data
has been descrambled, even before all data constituting the
above-described transmission time interval block unit 1is
completely descrambled.

[0042]

Each of the multiple deinterleaving sections 34; ... 34,
is configured to deinterleave the data outputted from the
descrambling section 33, in a unit of an interleaving block
described above.

[0043]
Here, each of the multiple deinterleaving sections 34;
34, may be configured to start deinterleaving processing
after receiving all data constituting an interleaving block,
from the descrambling section 33. In other words, each of the
multiple deinterleaving sections 34; ... 34, may be configured

to deinterleave all data constituting the above-described

10



the above-described interleaving block unit to the des crambling section 33 as far as the data has been
demodulated, even before all data constituting the above-described transmission time interval block unit
is completely demodulated. [0040] The descrambling section 33 is configured to perform
descrambling processing on the demodulated data (bit string). [0041] Here, the descrambling section
33 may be configured to output the des crambled data in the above-described interleaving block unit to
any one of the multiple deinterleaving sections 341 34,. In other words, the descrambling section 33 may
be configured ta nutputealldata tonstituting the above-de scribethinterleaving bloekc anited any one of the
multiple deinterleaeving ggg%rés 341,... %%gg farcgrs]y%ei-gaila has bc%een_dg%%ramgledc e\l/%gdbefore all data

constituting the above-described fransmission time interval block anit is corﬁﬁeteﬁ; descrambled. [0042]

Each of the multipter deirterleavingrsectiors 841 L1834 kisieanfigaredto dehrméreavedhesdhta outputted
from the descramlalm section 33, in a unit of an interleaving block described above. [0043] Here,
each of the multiple déinterleaving sections 341 ... 34, may be configured to start deinterleaving
processing after receivinerall data fconstituting antinterlesing biock fromahe descramblig section 33. In

other words, each of iq myltigle deinyerieaving seetions 31, 34, L0y be Sopligured ig deinterleave all

data constituting the above-described interleaving block unit, as far as the data has been received, even
before all data ¢onstitating e aboverdescrised tramshsission tmediatervapblsekipriniicdmpletely

received. [0044] ., oFagh of the multiple rate; matehing sections 351 .., 35, Js configured.to perform rate

matching processing corresponding to the above-described rate matching processing performed by the
OFDM signal trahsSmittiig apparstiis 10 6nthe tata olitpiitedIromteortespontingeeié of the multiple
deinterleaving sections 34% 34,. [0045]

[0045]

Each of the multiple decoder sections 36; ... 36, is
configured to perform decoding processing corresponding to the
above-described decoding processing performed by the OFDM
signal transmitting apparatus 10, on the data outputted from
the corresponding one of the multiple rate matching sections
357 ... 35;5.

[0046]

The connector section 37 is configured to connect
together the data outputted from the multiple decoder sections
361 ... 364.

[0047]

The CRC checker section 38 is configured to perform error
correction processing using the CRC bits added to the data
outputted from the connector section 37. The CRC checker
section 38 is also configured to delete the CRC bits from the
data after the error correction processing, to reconstitute the
data (bit string) in the transport block unit, and to transmit
the data to the upper layer.

[0048]

11



Each of the multiple decoder sections 361 ... 36, is configured to perform decoding processing
corresponding to the above-described decoding processing performed by the OFDM signal transmitting
apparatus 10, on the data outputted from the corresponding one of the multiple rate matching sections
351 ... 35,. [0046] The connector section 37 is configured to connect together the data outputted from
the multiple decoder sections 361 36,. [0047] The CRC checker section 38 is configured to perform
error correction processing using the CRC bits added to the data outputted from the connector section 37.
The CRC checker section 384s afsdeonfigered tatdelste therGRQubits frons the date aftebthe error
correction proc%sisigglt E%consltiggétlengle data g i{tJ gtrli g ri%tteﬁ Iran gti%quglf unitdeainvdi%o transmit the

data to the upper I%lyer. 004?851m It shédild be noted that the con igurations of the OFDM signal

transmitting appanatrs: 10sand trecORDMsignallrecaivingrapparatos Bonaecerdiriy 10thé present invention
are not limited tp the abovesdescriped. configurations, and, may e othgr, coniigurations. [0049] In the

above-described embodiment, the OFDM signal transmitting apparatus 10 is configured to separately
perform rate matehingpprotessirg and interleaving processing respectively by the rate matching section
14 and the interl%%\@igg section 15. The OFDM signal transmitting apparatus 10 may, however, be
configured to perform rate matching processing including interleaving processing by the rate matching
section 14 alone, for exampi&sin #his \cases fve OFRDM sigieal reeeivingtdpparatiy¥ 36 weay as well be

configured to p%@%&@rﬁ%&%%@%&?%ﬁi@gﬂ@c%’ﬂ&Q%i&t%@eé‘gwg@&ﬁ%@ by,&ach of the
multiple rate matching sections 35a ... 35n. [0050]
rate matching ©processing and interleaving ©processing
respectively by the rate matching section 14 and the
interleaving section 15. The OFDM signal transmitting
apparatus 10 may, however, be configured to perform rate
matching processing including interleaving processing by the
rate matching section 14 alone, for example. 1In this case, the
OFDM signal receiving apparatus 30 may as well be configured
to perform rate matching processing including a deinterleaving
processing by each of the multiple rate matching sections 35a
35n.
[0050]
(Advantageous Effects of OFDM Signal Transmitting Apparatus and
OFDM Signal Receiving Apparatus according to First Embodiment
of the Present Invention)

The OFDM signal transmitting apparatus 10 and the OFDM
signal receiving apparatus 30 according to the present
embodiment can perform decoding sequentially and in parallel
in an unit of an interleaving block before receiving all data
constituting a transmission time interval block, so that delay
in receiving processing can be considerably shortened.
[0051]

(Modified Example 1)

12



(Advantageous Effects of OFDM Signal Transmitting Apparatus and OFDM Signal Receiving Apparatus
according to First Embodiment of the Present Invention) The OFDM signal transmitting apparatus 10
and the OFDM signal receiving apparatus 30 according to the present embodiment can perform decoding
sequentially and in parallel in an unit of an interleaving block before receiving all data constituting a
transmission time interval block, so that delay in receiving processing can be considerably shortened.
[0051] (Modified Example 1) In a modified example 1, an interleaving block is a block (no matter
whether the block is a éodingbiddki e rotpoeasisting: of data1d devtragsmitied dis & prédetermined

number of sub-cartiers in.a predstermined gumber.of OFRM symbal dyration periads, (00821 In other
words, an interleaving section 15 Is conflgure(fto perform interleaving processing in a unitof a block
consisting of datd todee trarfsmitted om apredetedined rrumber&f tstibnéariersinepredetermined

number of OFDM symhal duratiop B%i?gée&%?ﬂlned_ RANSXATPIE A% SN INFIG, 5, Jhe interleaving

section 15 may be configured to perform the interleaving processing in a unit of a block X1 consisting of
data to be transpaitteelden all the sub-carriers in a single OFDM symbol duration period. [0054]

Meanwhile, Whe[ré &gﬁiple coding blocks X2 are multiplexed in a single OFDM symbol duration period as
shown in FIG. 5, the interleaving section 15 may be configured to perform the interleaving processing in a
unit of the coding blocks) srtdtheriises smagrberdonfiprad 1o peardérhe thednterleavinbpprotéssing in a unit

of a block including gll the Gpding blogks multiplexed in the, OFBM symhbaldugation pgfigd; [0055]

consisting of data to be transmitted on a predetermined number
of sub-carriers in a predetermined number of OFDM symbol
duration periods.

[0053]

For example, as shown in FIG. 5, the interleaving section
15 may be configured to perform the interleaving processing in
a unit of a block X1 consisting of data to be transmitted on
all the sub-carriers in a single OFDM symbol duration period.
[0054]

Meanwhile, whenmultiple coding blocks X2 aremultiplexed
in a single OFDM symbol duration period as shown in FIG. 5, the
interleaving section 15 may be configured to perform the
interleaving processing in a unit of the coding blocks, or
otherwise, may be configured to perform the interleaving
processing in a unit of a block including all the coding blocks
multiplexed in the OFDM symbol duration period.

[0055]

Alternatively, the interleaving section 15 may be
configured to perform the interleaving processing in a unit of
a block X3 or in a unit of a block X4, each consisting of data
to be transmitted on a predetermined number of sub-carriers in

a predetermined number of OFDM symbol duration periods,

13



Alternatively, the interleaving section 15 may be configured to perform the interleaving processing in a
unit of a block X3 or in a unit of a block X4, each consisting of data to be transmitted on a predetermined
number of sub-carriers in a predetermined number of OFDM symbol duration periods, irrespective of the
coding block unit. [0056] (Modified Example 2) Referring to FIG. 6, a modified example 2 of the
present invention will be described. [0057] In the modified example 2, the interleaving section 15 is
configured to perform the interleaving processing in an interleaving block unit consisting of a
predetermined numbavefidata pigcadidnothenwordsdk theimoedified example 2, the number of data
pieces consistin[q)ggg?ch interleaving block is constant irrespective of data transmission rates. [0058]

In the modified example 2, as shown in FIG. 6(a), the interleaving section 15 is configured to perform the
interleaving pro¢¥ssingi for &amples i3 & unit of a block (i.e., for each of interleaving blocks #1 to #4)

consisting of data to beRgggj?gqgg%dto& ]:ayéheéug-%r&igﬁghaegg%elQFZDM[ sg}q%bgkggrea}gipn period, in a

high-speed transmission period. Therefore, the processing delay in the OFDM signal receiving apparatus
30 can be shortemeel? f0039]w 111 Orethiestherbrohd, as shown in FIG. 6(b), the interleaving section 15 is
configured to peir(g%rfm ;the interleaving processing throughout a TTI, for example, that is, in a unit of a
block (i.e., for an interleaving block A) consisting of data to be transmitted on a predetermined number of
sub-carriers in a TTI, infa |[6Wespeed framdnsission serdod [ Thelefors, lareffect 6fFtédaavihg in the time

domain can be obtained yythout any increase inihe Proeessing delay processing in an
interleaving block unit consisting of a predetermined number
of data pieces. In other words, in the modified example 2, the
number of data pieces consisting of each interleaving block is
constant irrespective of data transmission rates.
[0058]

In the modified example 2, as shown in FIG. 6(a), the
interleaving section 15 is configured to perform the
interleaving processing, for example, in a unit of a block
(i.e., for each of interleaving blocks #1 to #4) consisting of
data to be transmitted on all the sub-carriers in a single OFDM
symbol duration period, in a high-speed transmission period.
Therefore, the processing delay in the OFDM signal receiving
apparatus 30 can be shortened.

[0059]

On the other hand, as shown in FIG. 6 (b), the interleaving
section 15 is configured to perform the interleaving processing
throughout a TTI, for example, that is, in a unit of a block
(i.e., for an interleaving block A) consisting of data to be
transmitted on a predetermined number of sub-carriers in a TTI,
in a low-speed transmission period. Therefore, an effect of
interleaving in the time domain can be obtained without any

increase in the processing delay.
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[0060] Here, defined as a "high-speed transmission period" is a case of transmitting data
transmittable in a TTI on all the OFDM symbols constituting the four interleaving blocks #1 to #4 as shown
in FIG. 6(a), while defined as a "low-speed transmission period" is a case of transmitting data
transmittable in a TTI on all the OFDM symbols constituting a single interleaving block A as shown in FIG.
6(b). [0061] As shown in FIG. 6(a), in the high-speed transmission period, the OFDM signal receiving
apparatus 30 finishes receiving processing for data transmitted in a TTI, after a lapse of a delay period
after reception aPQ ¢fansmission time interval block. Here, the delay period is obtained by adding a "delay
period X1 due to data c;faerpggu@tlfin rcpcessing}%)r the like" 8”%%"%%%&%%0%%(%%%9 tqgata decoding

[ e

processing”. [0062] Meanwh e,n as shown in FIG. 8Ft%e|n Pow-speed transmission period as well,

the OFDM signal p@cfe&vm@ appampswmwi@h‘es r_@c_@i\ﬁng*pt_@@é%ihg of dath ransmittelddn a T_TI,_after a
lapse of a delay,pefjod afier 1 §CSBH9‘8PJ&%%5%%5'98&9“%{%%%'&)985- Here, the,delay period is

obtained by adding a "delay period X1 due to data demodulation processing or the like" and a "delay
period X2 due to4ates dedotting procEssing.8 [@063]whilAcctrdinghy? thhe delay’ perodirthe receiving

processing by the OEDM signal receiving.apparatus 30.is.the same in duration both in.the high-speed

transmission period and in the low-speed transmission period. Here, the delay period X2 due to data
decoding processimgrisiddsumed 1o kave thesame durationtis syvatsils GRDR symbdhduration period.

[0064] As a,consequence, in a,HARQ (Hybrid Automalic Repeat Requgsf) process by which the
OFDM signal transmitting apparatus 10andthe OFDMsignalreceivingapparatus30operate, a RTT (Round

Trip Time) having %sHort and constant duration can be set independently of the transmission rate. [0065]

As shown in FIG. 6(a), in the high-speed transmission
period, the OFDM signal receiving apparatus 30 finishes
receiving processing for data transmitted in a TTI, after a
lapse of a delay period after reception of a transmission time
interval block. Here, the delay period is obtained by adding
a “delay period X1 due to data demodulation processing or the
like” and a “delay period X2 due to data decoding processing”.
[0062]

Meanwhile, as shown in FIG. 6(b), in the low-speed
transmission period as well, the OFDM signal receiving
apparatus 30 finishes receiving processing of data transmitted
in a TTI, after a lapse of a delay period after reception of
a transmission time interval block. Here, the delay period is
obtained by adding a “delay period X1 due to data demodulation
processing or the like” and a “delay period X2 due to data
decoding processing.”

[0063]

Accordingly, the delay period in the receiving processing
by the OFDM signal receiving apparatus 30 is the same in duration
both in the high-speed transmission period and in the low-speed

transmission period. Here, the delay period X2 due to data
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Although the present invention has been described above in detail by using the embodiment, it is obvious
to those skilled in the art that the present invention is not limited to the embodiment described herein. The
present invention may be implemented by a modified form or a changed form without departing from the
spirit or scope of the present invention defined by the scope of claims. Accordingly, it is to be understood
that the description of the present embodiment is made for the purpose of illustration only and has no
restrictive meanings on the present invention. [0066] It should be noted that the entire content of
Japanese PateneApplicatipndie.s2004-057753uffitet toniMarchlv 200¢)dsiirrdorporatedtserein by
reference. Induggiai A&o&iﬁagg}%[}q%dﬂra 188 d.eesrc{iggq above, th‘e OFDM signal trapsmitting appar_atus
and the OFDM signal recelving apparatus accordplng to the present invention can provide an OFDM signal
transmitting appdratds and an OFDM signal receiving apparatus which are capable of shortening delay in

receiving processing eyen g}/hggrligge&@%@rég pgq]cegs'ngié pﬁg%meog. &%%a%e@tlxeggeaQFDM signal

transmitting apparatus and the OFDM signal receiving apparatus according to the present invention are
useful as beingRbiees shormwrrdeky even intalhigh-speedfraisnission period rathidugiman interleaving

effect in a time LeQion Iequces . (4 AMSHAIAN QEPM signal Iragsipiiting apparaiys.configured to transmit

an OFDM signal, comprising:
a RTT (Round Trip Time) having a short and constant duration

can be set independently of the transmission rate.
[0065]

Although the present invention has been described above
indetail by using the embodiment, it is obvious to those skilled
in the art that the present invention is not limited to the
embodiment described herein. The present invention may be
implemented by a modified form or a changed form without
departing from the spirit or scope of the present invention
defined by the scope of claims. Accordingly, it is to be
understood that the description of the present embodiment is
made for the purpose of illustration only and has no restrictive
meanings on the present invention.

[0066]

It should be noted that the entire content of Japanese

Patent Application No. 2007-057753 (filed on March 7, 2007) is

incorporated herein by reference.

Industrial Applicability
[0067]

As described above, the OFDM signal transmitting
apparatus and the OFDM signal receiving apparatus according to
the present invention can provide an OFDM signal transmitting

apparatus and an OFDM signal receiving apparatus which are
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an encoder section configured to perform coding processing for data, in a unit of a coding block; an
interleaving section configured to perform interleaving processing in a unit of an interleaving block, for the
data for which the coding processing has been performed in the encoder section; and an OFDM
signal generator section configured to perform processing of generating an OFDM signal by use of the
data included in the interleaving block in which the interleaving processing has been performed and to
transmit the OFDM signal thus generated, wherein the interleaving block is a part of a transmission
time interval blockciabhueling datartodye. transpiittediat eachinaﬁnmtss@eﬁmmtem wherg size of the
interleaving blogk | is |dfnt|cal to a size of the cod|n %Iock after (‘Coded %nednt ehOFd%l}éhﬂgnal
generator section maps S the dath included in the inte rleaving block sequentlaI]ly from a sub-carrier at a low
frequency, and stans: inappingrontt data dmcladed s acmekttihterldavihg btock! fropeaisulyr-earrier at a high
frequency of a syfcauiey.onaituay,in s ase Wes dne manning alo fae daiandudeg in the
interleaving block has been compl etegln the sub-carrier on partway. [2] The OFDM signal transmitting
apparatus acco#dihg toctainr tewhkiereny evethefm@él@f;fhesm@ﬂe‘avmgsmmkllgnrmmrto the number
of sub-carriers inelugiadyin OF O syraale: 3] 88,QBDM signal seceing appataiys configured to receive

an OFDM signal, the OFDM signal receiving apparatus comprising:
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a receiver section configured to perform receiving processing on a received OFDM signal, for each OFDM
symbol duration period; a plurality of deinterleaving sections each configured to perform
deinterleaving processing on data acquired through the receiving processing, in a unit of an interleaving
block; and a plurality of decoder sections each configured to perform decoding processing on data
outputted from a corresponding one of the plurality of deinterleaving sections, wherein the
interleaving block is a part of a transmission time interval block including data to be transmitted in a
transmission time interval. [4] The OFDM signal f@&MBg apparatus according to claim 3, wherein

an OFDM signal transmitting apparatus is configured to perform coding processing on inputted data in a
unit of a coding block, and the interleaving block is the coding block. [5] The OFDM signal receiving
apparatus accofdihg toAclaif¥ BMwhersinl tithe jmterieavingditoek isablockinchuding data to be

transmitted on %pggg%tle{moigeq)gmgq %faﬁqb-gg%eﬁ gnil%predetermined number of OFDM symbol

duration periods. [6] A transmitting method configured to transmit an OFDM signal, said method
comprising the steps ofn  encoder section configured to perform coding

processing for data, in a unit of a coding block;

an interleaving section configured to perform
interleaving processing in a wunit of an interleaving
block, for the data for which the coding processing has
been performed in the encoder section; and

an OFDM signal generator section configured to perform
processing of generating an OFDM signal by use of the data
included in the interleaving block in which the
interleaving processing has been performed and to transmit
the OFDM signal thus generated, wherein

the interleaving block 1is a part of a transmission
time interval block including data to be transmitted at
each transmission time interval;

a size of the interleaving block 1is identical to a
size of the coding block after coded; and

the OFDM signal generator section maps the data
included in the interleaving block sequentially from a sub-
carrier at a low frequency, and starts mapping onto data
included in a next interleaving block, from a sub-carrier
at a high frequency of a sub-carrier on partway, in a case
where the mapping onto the data included 1in the
interleaving block has been completed in the sub-carrier on

partway.
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performing coding processing for data in a unit of a coding block; performing interleaving processing
in a unit of an interleaving block, for the data for which the coding processing has been performed; and
performing processing of generating an OFDM signal by use of the data included in the interleaving block,
and transmitting the OFDM signal thus generated, wherein the interleaving block is a part of a
transmission time interval block including data to be transmitted at each transmission time interval; a
size of the interleaving block is identical to a size of the coding block after coded; and the step of
transmitting includes: Magpping the datanintludedrinnthé integleavingdsook sequentisllydfrom a sub-carrier
at a low frequencclyafmdlsta{,trilréqénl@pping onto data included in a next interleaving block from a sub-carrier
at a high frequency ot a Sub-carrier on partway, in a case where the mapping onto the data included in
the interleaving block hasbeerzeompletétrinithesubsearriey oplpartway. [7]Ae¢emmrtnication system
comprising: . an QERM signal transmitting, peparatys eonfigired o, transmit an OFDM signal; and

an OFDM signal receiving apparatus configured to receive the OFDM signal from the OFDM signal
transmitting apparatus, wherein

[3] An OFDM signal receiving apparatus configured to
receive an OFDM signal, the OFDM signal receiving apparatus

comprising:
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the OFDM signal transmitting apparatus includes: an encoder section configured to perform

coding processing for data, in a unit of a coding block; an interleaving section configured to
perform interleaving processing in a unit of an interleaving block, for the data for which the coding
processing has been performed in the encoder section; and an OFDM signal generator section

configured to perform processing of generating an OFDM signal by use of the data included in the
interleaving block in which the interleaving processing has been performed and to transmit the OFDM
signal thus generated; a rtweintereaving block oapaytiofd transmmssiortime gtefval ijock including
data to be transmitted at.each transmissian tig1e interval; 1@ size of thehingafr vin gl k is identical to
a size of the coﬁﬁl%cglﬁ)%ﬁna%te?%o%eé;egﬁéve t%e OFDN Iéflgn'al g%%e?éat%r sect%% %%nps%ie data
included in the tedéavingdsiock dequentially from a sub-carrier at a low frequency, and starts mapping

onto data included in aan%;itdggqlle%yi%g black, from e%ggla- %QSE?EQ@QQ JE?%%%’}%yngf% Sub-carrier on

partway, in a case where the mapping onto the data included in the interleaving block has been
completed in thesubrearrivsron paitwasy IOFDM SIGNAE TRANSMITTING APPARATUSAND OFDM

SIGNAL RECEM%@J@FPQRQTU&@Q§U§£5 processing, 1in a unit of an

interleaving block; and

a plurality of decoder sections each configured to
perform decoding processing on data outputted from a
corresponding one of the ©plurality of deinterleaving
sections, wherein

the interleaving block 1is a part of a transmission
time interval Dblock including data to be transmitted in a

transmission time interval.

[4] The OFDM signal receiving apparatus according to claim
3, wherein

an OFDM signal transmitting apparatus is configured to
perform coding processing on inputted data in a unit of a
coding block, and

the interleaving block is the coding block.

[5] The OFDM signal receiving apparatus according to claim
3, wherein

the interleaving block is a block including data to be
transmitted on a predetermined number of sub-carriers in a

predetermined number of OFDM symbol duration periods.
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An OFDM signal receiving apparatus (30) includes a receiver section (31) configured to perform receiving
processing on a received OFDM signal, for each OFDM symbol duration period; a plurality of
deinterleaving sections (341  34,) each configured to perform deinterleaving processing on data
acquired through the receiving processing, in a unit of an interleaving block; and a plurality of decoder
sections (361 36,) each configured to perform decoding processing on data outputted from a
corresponding one of the plurality of deinterleaving sections (341 34,). The interleaving block is a part of a
transmission timé Interéaltbieckinclading dataitobedrarismittertinta transmssion amedingérval. FIG. 4

signal, said method comprising the steps of:

performing coding processing for data in a unit of a
coding block;

performing interleaving processing in a unit of an
interleaving block, for the data for which the coding
processing has been performed; and

performing processing of generating an OFDM signal by
use of the data included in the interleaving block, and
transmitting the OFDM signal thus generated, wherein

the interleaving block 1is a part of a transmission
time interval block including data to be transmitted at
each transmission time interval;

a size of the interleaving block is identical to a
size of the coding block after coded; and

the step of transmitting includes: mapping the data
included in the interleaving block sequentially from a sub-
carrier at a low frequency, and starting mapping onto data
included in a next interleaving block from a sub-carrier at
a high frequency of a sub-carrier on partway, 1in a case
where the mapping onto the data included in the
interleaving block has been completed in the sub-carrier on

partway.

[7] A communication system comprising:

an OFDM signal transmitting apparatus configured to
transmit an OFDM signal; and

an OFDM signal receiving apparatus configured to

receive the OFDM signal from the OFDM signal transmitting
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apparatus, wherein
the OFDM signal transmitting apparatus includes:
an encoder section configured to perform coding
processing for data, in a unit of a coding block;
an interleaving section configured to perform
interleaving processing in a unit of an interleaving block,
for the data for which the coding processing has been
performed in the encoder section; and
an OFDM signal generator section configured to
perform processing of generating an OFDM signal by use of
the data included in the interleaving block in which the
interleaving processing has been performed and to transmit
the OFDM signal thus generated;
the interleaving block is a part of a transmission
time interval block including data to be transmitted at
each transmission time interval;
a size of the interleaving block is identical to a
size of the coding block after coded; and
the OFDM signal generator section maps the data
included in the interleaving block sequentially from a sub-
carrier at a low frequency, and starts mapping onto data
included in a next interleaving block, from a sub-carrier
at a high frequency of a sub-carrier on partway, in a case
where the mapping onto the data included 1in the
interleaving block has been completed in the sub-carrier on

partway.
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