DESCRIPTION OFDM SIGNAL TRANSMITTER AND OFDM SIGNAL
RECEIVER 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 performedREECRAPEKON 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 awayOR\pSsKmibLrdmAddH bt AR flidileriel Gk, BBOEINGR
example, a WCDMA system is configured to perform interleaving processing
on data to be transmitted in a TTI (Transmission Time Interval), for example,
forezthiisal mie10004] Meanwhile, in the OFDM (Orthogonal Frequency
Fsiem 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 HeweRz2siend tinfdyratden. ARRERYly 1@ blddk oPrBMsnfidsibal
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(hereinafter referred to
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 fTading 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 axis, or to sub-carriers which are as far away
as possible from each other on a frequency 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 iIn a time direction.

Accordingly, ablock of transmission data consisting of all OFDM



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 that a
receiving apparatus can not perform deinterleaving processing and decoding
processing until receiving all the data contained in a unit of a transmission
tisanived v A dloekt sarthal tkslayrircactedditin(hpreassiite bocafeoedeto
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delay requirement, the processing delay is a problem since its influence is
tdnkedas\vn@gnored. 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 ar&@apaafebtshegenfittdeyBrPRcEPaRg2prodesshng e(RRCRRERT .
irgggggving 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

agpardtysuinclidingi,an jntesisgying section configured to perform 2
interleaving processing in a unit of an interleaving block; and
[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
receilving processing OCCUrsS.

[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



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 including data to be transmitted in a
transmission time interval. [0009] In the first aspect, the OFDM signal
trantaitieqy bppavoessanngehite an eheddan sbetionkemfitngdulechksrianch
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symbol duration periods. [0011] A second aspect of the present invention is
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section configured to perform receiving processing on a received OFDM
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acquired through the receiving processing, in a unit of an interleaving block;
ah808%urality of decoder sections each configured to perform decoding

processifjg or-datagi{ipettessiard CaFesPERBINg Sign2i the RGNt Ring
deinterleaving sections, wherein the
apparatus 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



3 interleaving block is a part of a transmission time interval block including
data to be transmitted in a transmission time interval. [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
interleaving block can be a block including data to be transmitted on a
pledstelemadhgublsstkofi sub-pariereth a rafseramkenntiniteriofteFoM
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can provide an OFDM signal transmitting apparatus and an OFDM sign
rdediginga bpparatus which are capable of shortening delay in receiving
p ing even when interleaving processing is performed. Consequently,
delay can be shortened even during a high-speed transmission period,
although lh itfeele 8aagRIfe@SAERE - tind® d&HBI redgced. BHEADRBELBEDE
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operation of an interleaving section of an OFDM signal transmitting )
appardiisehecdraing @ srohwdnaorad ang[Phock) Red ZRealikefidsamiivek

dipgga ehanseFPhe 28p3HEaRIBiting apparatus according to a first
embodiment
[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 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.



of the present invention. 4 [FIG. 3] FIG. 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
ol BhGOFBM sighdGradshsiting 1 apparatfieracxprbinig imna anvdified akibenpefl
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operation of an intefleaving section of an OFDM signal transmitting
appastiatuscorgindsnombaifidtbefample 2ohacd peedemTinteationesesit
Mo i iGarTying out the Invention [0016] (OFDM Signal Transmitting
Apparatus according to First Embodiment of the Present Invention) A
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reference to FIG. 2 and FIG. 3. [0017] As shown in FIG. 2, the OFDM signal
trahskigingressarhls VRN EEEHrding to the present embodiment includes a
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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 fTirst
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 rate matching section 14, an interleaving section 15, a scrambling section
16, a constellation rearrangement section 5 17, a modulator section 18, an
OFDM mapping section 19, and an OFDM signal generator section 20.
[0018] The CRC adding section 11 is configured to add CRC (Cyclic
Redundancy Check) bits to data (a bit string) in a transport block unit, the
data inputted by an upper layer. [0019] The segmentation section 12 is
cdiifigaragdo katpresetiel eatd8to avhichDMene RO bitssaetadded dintand an

cegm Qlf’ghwi_ﬁen% (HoTh%SEE?Sdﬂf §6(3tion 13 is configured to perform

coding processing on the segmented data. Specifically, the encoder section
1BA9 B hfigured to perform coding processing on the inputted data in a unit
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turbo coding processing, or the like may be employed, for example.
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configured to perform interleaving proceSsing on the data on which the rate
&AMl processing has been performed. 0023] Specifically, the
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unit of an interleaving

data, to which the CRC bits are added, into coding block units.
[0020]

The encoder section 13 i1s configured to perform coding
processing on the segmented data. Specifically, the encoder
section 13 is configured to perform coding processing on the
inputted data inaunitofacodingblock. Ascodingprocessing,
convolutional coding processing, turbo coding processing, or
the like may be employed, for example.

[0021]

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 aunit 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]



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] 6 Here, the interleaving block is a part of the transmission
time interval block consisting of data to be transmitted in each TTI. For
example, the interleaving block may be a block (i.e., coding block) including
data transmittable on all the OFDM symbols constituting each of blocks A to
D shownHardGtBe 00Es] lrai egaplsielshsvanpariti GT 3, e tiiransrotestiny
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transmittable on all the OFDM symbols constituting blocks A to D. [0026
Thelscrarilingaierelion thesidkdigleay topdiock havidelesbkeeklitd-e- .
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rearrangement section 17 is configured to perform constellation

reafferd emepnprddedsing et afrdrhBRISIAtaLTd? SaPhlel thd1G. 3.
c @ét@gjxtion rearrangement section 17 is configured to add an indicator to
the scrambled data, the indicator indicating a sort of constellation
arrangent@ntaBd bxaaud fh gaaRodilafil§ préoesSRiiObd TRERSHEA a ks,

[M& eI serliptctd iuseafighred th PeroFbasiateconsisting
of the data transmittable on all the OFDM symbols constituting
blocks A to D.

[0026]

The scrambling section 16 is 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, 16QAM 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



modulating processing, such as QPSK, 16QAM 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 7 to the
OFDM signal transmitting apparatus 10. The resource block here is a block
which is assigned to the OFDM signal transmitting apparatus 10, and which
casitheoPEMD M kymadolt ranssiitdble iaRPATAWE30]Gpedifiealigsherce
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sequentially to OFDM symbols in a symb ation perio
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signal generation processing by using the data included in the interleaving
bIS¥R3E which interleaving processing has been performed and to transmit

the gene@t@@,QFQA\h YInale BR3 ﬁ%ﬁgﬁ e G QFRY! PORBLASRIALY

section 20 is configureéd to generate M signals by performing

IkfereRp g Fataeroearkisad GFquf)%ﬁﬁlééﬁéih@ Iy, 2R0CHRH vapls In
IHAGIRIGTValR O 07 AR THAPPESHAHE @W M @vBAIoto 11e33ldhaRAY o

be noted that the configuration of the OFD
a sub-carrier having the smallest number .

[0031]

The OFDM signal generator section 20 i1s 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 iInterleaving 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



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 8 signal receiving apparatus 30
asggridgrech eVisg etnbadimtest 36f decpredat kwvdhkohi visth eslkodioend
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according to the present embodiment includes a receiver section’31, a
dEBRulator section 32, a descrambling section 33, multiple deinterleaving

sections 34134, MEle ratey mRalshing SpSHaTs Ak ivify MRS s

decoder sections 361 ... 36,,, a connector secfion 37_, and a CRC check_er
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period. 0037] Specifically, the receiver section 31 is configured to" extract the
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on, and then performing a Fast Fourier Transform processing on, the

ré&pived SHIDRCIGRapection 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 OFDMs 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



[0038] The demodulator section 32 is configured to perform demodulation
processing on the extracted OFDMs 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 9 the
abbeeabeverides grebded ing exdeavmngdotheckaseidntiolibie skesionaB® hirfar
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the descrambling section 33 may be configured to output the descrambled
db@P#Pthe above-described interleaving block unit to any one of the multiple
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33 may be configured to output all data constituting the "above-described
ifleReEdNg INBeKAIMERPaA PG ok it daNAGIdatart&lfda ikl ide &ldrk921
--[864 2 far as the data has been descrambled, even before all data
constituting the above-described transmission time interval block unit is
Comp|eté-|lyﬁgscﬁmbq@§crambling 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



0042] Each of the multiple deinterleaving sections 341 ... 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 341 ... 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
denkendeavigng:tthkoakaun it .3asnfay wscthéigdeda hnddieendaecdladia
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matching processing corresponding to the above-described rate matching
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sections 341 ... 34,,.[0045] Each of the multiple decoder sections 361 ... 36"
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transmitting apparatus 10, on the data outputted from the corresponding one
of I RAKibRSPRRARBERIAG 9Eckdpsultiple deinterleaving sections

34, ... 34,.
[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
35; ... 35,.

[0046]

The connector section 37 is configured to connect
together the data outputted from the multiple decoder sections
361 ... 36n.

[0047]

The CRC checker section 38 i1s 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]
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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 38 is also configured to
delete the CRC bits from the data after the error correction processing, to
reconstitiie slwwkdalbitrmited) khive khasportbigck atkonsdad tidesDM
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configurations. 0049] In the above-described embodiment, the 'OFDM signal
tr‘éﬂ@ﬁiﬂlﬁ@aép@&\%tus 10 is configured to separately perform rate matching
p ing and interleaving processing respectively by the rate matching
section 14 and the interleaving section 15. The OFDM signal transmitting

apparatu'stLO‘i’ﬁay, Heavarste e rciig urBbediaiesdn rakaemichihgsignal
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alone, for example n this case, the
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. In 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)
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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
apparatub8e accdrfikeftexasplestntasnbdeiniesaanrggetach tecobiheck
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data constituting a transmission time interv elay In
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matter whether the block is a coding block or not) consisting of data to be
traREANESd on a predetermined number of sub-carriers in a predetermined
nlzmjgg f OFDM symbol duration periods. 0052] In other words, an
interleaving section 15 is configured to perform interleaving processing in a
unit of a bibE®INLSHAG ofaThdECHd eRYEMItRRFEA Nptéd kR fAMEIDUred
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consisting of data to be transmitted on a predetermined number
of sub-carriers iIn 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, when multiple 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, 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,
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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 XI
consisting of data to be transmitted on all the sub-carriers in a single OFDM
symbol duration period. [0054] Meanwhile, when multiple 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
piddesspes i veurdfoftie codingdblbdieslorubiierwise, may be configured to
pggg the interleaving processing in a unit of a block including all the
coding blocks multiplexed in the OFDM symbol duration period. [0055]
AldocHitRagy theanpdteaIng section 15 may be configured to perform the

interleavindriqeRssing IR poung Of; 3 BIOFKPEd ANA YR LF HIREK S LA

consisting of data to be transrr]ifted on a predetermined number of
skpuertdeniny bljrderteenipetadmber of OFDM symbol duration periods,
113_0'65? ective of the coding block unit. [0056] (Modified Example 2)
Referring to FIG. 6, a modified example 2 of the present invention will be
describedN[0dB7MAdKE HREdrAMSIAMDIe Bhehd IHiendadmnb e GRFEI9NSLS
CAIGYRAIGRRIECTED RiPFBHRAAG PIRERITRAVIAY [ereduradiask YAt
consisting of a predetermined number of data pieces. In other words, in the
niﬂﬁﬁéd%gﬁﬁﬂgeq1qﬁg 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 1is configured to perform the
interleaving processing, for example, in a unit of a block
(i.e., Tor 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 FI1G. 6(b), the interleaving
section 15 i1s configured to perform the interleaving processing
throughout a TTl, 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 inaTTl,
in a low-speed transmission period. Therefore, an effect of
interleaving in the time domain can be obtained without any

increase iIn the processing delay.
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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
trb@@atidsion period. Therefore, the processing delay in the OFDM signal

receiving, apparglig; 3Q ¢anbe shoftaned, LA Qndhep Flhﬁé]p

shown in FIG. 6%b) the interleaving s:gpon 15is cgtralgure to per?orm the
wﬁeﬂ@aeutg:pw@@s‘gmgﬁnﬂ@ugh@at Srenstditdadrheld nhat T, linca unltlofthe

bt (Smbnan LHRLUERUNG RIPSR) $B0FSHREBA o itHgP% f&“@“ﬂ?dto

on a predetermined number of sub-carriersina TTI, In a low-speed

tr%ﬁsm%si@m‘now Théfefore(an effubl de wﬁ@ﬁéﬂﬁﬁg #pthe tl‘r‘rfé)t!oﬁ%ﬁﬁd
caphfsphedie W'ES;]%PE 8y inpeasg 'nJQQé)rOS‘?SS'WQ‘?éﬂM £6iR85%Lata

Here, defined as a "high-speed transmission period” is a case of transmitting
dhtRianikkaade |hna31' 'TITdn%[I'I bl dhe N By EtRamsd itetdng a

IndgHERUNPRIeFTS 40iiRg A SR AWARIN G S (§h Wike. deirpsd as a

"low-Speed transmission period"” is a case of transmitting data” transmittable
il 806dilon all the OFDM symbols constituting a single interleaving block A

as shownd EgwB(Pn FIG. 6(a), in the high-speed transmission
period, the OFDM signal receiving apparatus 30 Tinishes
receiving processing for data transmitted in a TTl, 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 TTl, 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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[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 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
sHesed IR r oS i ti: Isvaspusdditanbmissidreaitel dishati oih @ O ED
slgpai recejii rf?t?@iirgi'ﬂr'rc'a gﬂi Ficrﬁqgiving processing of data
transmitted in a TTI, after a lapse of a delay period after reception of a
trb®8Afidsion time interval block. Here, the delay period is obtained by adding

a "delay perigd x}.dug ia qata demadulation possSINAQEMBLYE Addéat
delay period X2 due to data decoding processing." [0063] Accordingly, the
derguestod iRTRESEEeiVIYy Pro&ESsit®y B FBIDsyhal Esesisit ting

APRRLALE D 15 NSEARCIPINEG IR PPEE L DR A SRPS RS B At e

period and in'the low-speed transmission period. Here, the delay period X2’
daeRbld4fRoustidddding 1re2eBawMENg asstiingd teMaveomstadheddiiatisnn

agdhabOf deP Y epyenbRlURAlIgR RETEOG HAREAEAS ForOReaQHeNnce, in a
HARQ (Hybrid Automatic Repéat Request) process by which the OFDM

skftfbehnsmitting apparatus 10 and the OFDM signal receiving apparatus
30 operai§.though the present invention has been described above

in detail by using the embodiment, 1t 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 iIs
made for the purpose of 1llustration 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

16



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 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
scape it ehehHrelentaningiste bafinetd byatd\doup e bdceHatNg e vetingherit
[ r escripti presgnt n

ff)ir t le)e(?]ollljér%qée';eét())!3 [ Iégtgr%%?r?%nﬁyg/ g%f Egﬁ%afestrictlveg arrﬂr%ﬁ?l%sﬁet?e%g M
pedga In g T0066Y tapar@ besh@tad thhetHd-Bitieianaknreceiving
J3pRaese BARRLARPHEAIETAL pPRAZP { A58 {HlAsHOn MAGRF(11200 phipng
incorporated herein by reference. Industrial Applicability [0067] As described
able, theshrtarsiga by yeniting Hpparansetd raSRDRISgmeriod,
reRHBGAPRAT AP TULURG 40 SRRUESFA IVENHON G BIP\HR Bes .
OFDM signal transmitting apparatus and an OFDM signal receiving
apparatus which are 16 capable of shortening delay in receiving processing
even when interleaving processing is performed. Consequently, the OFDM
signal transmitting apparatus and the OFDM signal receiving apparatus
according to the present invention are useful as being able to shorten delay
even in a high-speed transmission period,
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although an interleaving effect in a time region reduces. 17 CLAIMS [1] An
OFDM signal transmitting apparatus configured to transmit an OFDM signal,
the OFDM signal transmitting apparatus comprising: 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 inteflea¥iig 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 including data to be
trbhdmittéd iPEDMasraRlontiiaesHtEEdN{] aNROFDN skl taineedittihg

APPAFAIT ASFOSEOA LG G, LAY @%M@?Qﬁéimﬁﬂéﬁ‘ﬁﬂ?ﬁé%i?&atus

configured to perform coding processing o inputted data in a dnit of a
ceamfiBtRIWherein the interleaving block is the coding block. [3] The

OFDM sighal tARsiiing, fRaraliscaGe ding 43 £y 0o Whetrn fiérform

interleaving block is a block including data to be transmitted on a
pled&eleMed 8 UMMBEFERIME-dayFers AL hriudieterieantineoed of bram

symbol dysafipRpesingdsa I*LARSP M SRR {BRELOME RERREY UBS PXIokB BH
to receive an OFDM signal, the OFDM signal receiving apparatus
cBhfResdna®T 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 including data to be transmitted In a

transmission time interval.

[2] The OFDM signal transmitting apparatus according to claim
1 further comprising:

an encoder section configured to perform coding
processing on inputted data in a unit of a coding block, wherein

the interleaving block is the coding block.

[3] The OFDM signal transmitting apparatus according to claim
1, 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.

[4] An OFDM signal receiving apparatus 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 pluratity b¢ ceivereaed beotiors) fwpursid theointee Aoy bresieitvd ng

prﬁFIo%feasH ?H@ﬁl&?ﬁign Pglrf‘ei? vRIRCk NGUYNI A2 La be ERBRMUGHGR
transmissiontime interval. [5] The OFDM signal receiving apparatus
adosRkd@io REPA; wherein an OFDM signal transmitting apparatus is

configured ig  RE[IGHY CORING PRISGSRIAY Pﬁ#”&é‘&tfﬂo‘?%taeig&n upd ¥ &ured
coding block, and thé interleaving block is the coding block. [6] The OFDM

skmalgeEeringebpkeal raddsamges spiiiy Qrviatarmeruihtakalingugh
bigrk s DIRANGSHIReLHAJO 4 HanaT¥ies A & REISBHUNGS BYBwer

of sub-carriers in'a predetermined number of OFDM symbol duration
peféds. 19

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 iIn a

transmission time interval.

[5]1] The OFDM signal receiving apparatus according to claim
4, 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.

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