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, int®#s8RAE PFOVessing has been performed

a%ﬁ@”s%%ﬂkgogﬁﬁﬁgbﬂlﬁ@@@%ﬁ?&%ﬁ%@g Hb“l%ﬁ%%‘%@i@ﬂﬂ RIQGESSING:
sequential coded symbols are assigned to different symbols on a time axis,
or to sub-carriers which are as fah&®&ly*d8/possible from each other on a

frequency axis. [0003]

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



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
tramshmdsiorrdata tconsistingceflalltOFDM BYymbblsrteive frapsmitteerineghcle
T11 (heteinafter referred 19,45 a transmission time interval block) is used aga
unit 06% interlréavmg. Non-patent Document 1: 3GPP 1TS25.212 V7.3.0
(Detembery2006) 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 decodingiproeassingaumtii receivingall theZdata lcoritainedin(& epritdfea ,
trg@g,gn)ission time interval block, so that a delay in a receiving processing
occurs. [0006]

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



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
intedeavipgvprocaessitg ispedormed:j0@08f an iAfiestlaspect ofitheqiresent
nventinz summarized As.a0 OF DM signal fransmitin ARPAraLS ., o
configured to transmit an OFDM S|gna?, the OFDM signal transmitting
apparatésincludinge anriatarteavingsettiohaonfidured toperdorm included
interleaving processing in.g Uoit gf.an.nigrieguing, plock, apd.an QELM signal
generator section configured to perform processing of generating an OFDM
siyral by ese of datairmcludethih the intedeaving bidck 6 Whichithieal thus
injerleaving progessing has been perfarmed, and o transmit the OFDM, ¢,
signal thus generated, wherein the interleaving block is a part of ‘a
transnfssisaitime intereal bloekireludirg daka té beltraigimittethira to  be
trapsmissiopdime interyal, JOQ09), ; I thefirst aspegt, the OFDM signal
transmitting apparatus can include an encoder section configured to perform
colitty’processing on inputted data in a unit of a coding block, wherein the
interleaving block can,be the goding blogk. [049] < ; dn the first aspect, the,
interleaving block can be a block including data to be transmitted on a
préthsternitied Hurhbet efSubl RfEASH agsredefefifietPurbercoP eTFDMM
symbol dyation periads, JOAL L« « o L SECONDhASREECTOIthE Pregentinyention
is summarized as an OFDM signal receiving apparatus configured to receive
afOFDM sidifal LHeeOFDMW Signatieetiving dpparatusifeiifing & féceiver
seetiqn configured to perform receiving processing on a received OFDM
signal, for each OFDM symbol duration period; a plurality of deinterleaving

sections Bach onfigtiretPRyFérforff deiterieaving frocesding onbdatalt o<k

acquired thepugh the segeiving Pracessingo i & unik of aadnterieavingiecks
and a plurality of decoder sections each configured to perform decodin

. . g .
PrOCESEIng bR datd cUtUREE oM & CorreEpdnding SR OFHEBILraty oo
dgirtedgaving sections, wherein the

[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



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
piedetetmined pumbrerkofisul-cagriersoin a predeterimined mumber oh ORDML

symbal duration periods, 100141, . A3 described above, the present, . ;.
invention can provide an OFDM S|gnalntransm|tt|ng apparatus andsan OFDM
sigrat ¥yeediving apparatus which are capable of shortening delay in receiving
pr[%%elsésjng even when interleaving processing is performed. Consequently,
delay can be shortened even during a high-speed transmission period,
althoughlan ittetleaving etfectsinghe timerdoftdiM retiures! BriefaDesdriftiory

O% the, Prawings [0015] {E|G- HEIG4 15 g.diagram for explaiping.an opgration
Oinputted.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.



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. 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
blotkdiagtam of'af OFDM sighal geeeriving appdratusi accordirgetoathedirst £

embodiment ofthe presentinention. [E\G- SJEG, 513 AJRIRMINLY ¢ ing

explaining an operaﬁonsof an mteri)eavmg section of an OFDM signa
trapismittifigsapparatys- according o & medifiedexampletl oftthehpresensent

"Eﬁ%gEEHon.

[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



[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
thel presentiinventiors evith refeféncertcOFIB. Ramei FIGs8c {00V 9, &Asl an
SBQW in. FIG 2, the OFQM ssgénat tran?(rjélttlng apparatus 10 according to the

present em o |m§ﬁte|ncludres a CRC adding section 11, a segmentation

seétids 12, an encoder section 13, a rate matching section 14, an mterleaving

section %@é&@%@ﬂ% €610 16,3 Ganstellation rearrangement

17, a modulator section 18, an OFDM mapping section 19, and an OF
S@ﬁﬁm@@@@ﬂﬂdﬂg@@hbnqyls 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]



[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
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 seymented data. Specifically, the encoder section
13 is configuee d-toeperform eedinggprdcessing ordné inputtedtdatasnissanibof
a,coding block , ﬁélcé’cdﬁ'”go‘%rs?&‘?w??”& 01oqyP L‘#%”Bé %Ordé%gi Rrocessing, wiko
coalng processing, or the like may bé employed, for example. [0021] The
ratéImatEhing sectidre 14 Issconfigudedito. perforarkatemakeinglprdeessing

opdhe.coded data. [9022] ; , , The intefeaying;section. 15 is canfigured to.
perform’interleaving processing on the data on which the rate matching
protEsshyg hasBeenperformedh[G023}locks 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



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 data to be transmitted in each TTI. For example, the interleaving
btocktinayB3eOH biock file. Fcedirgiliiockpinehming data transrittable enwaikce
the OFDM.symials. consitingach oLblocks AloDshaun in Fig3. 30025
In an example sjhown In FIG. 3, coding processing Is performed on the
inputtedhdatalimca anreokibloekldonsistinglof thecdataitrarss mittableonsatkthes

%gws%mpg&%oq%itgti% plocks A to D. [0026] The scrambling section

16 is configured to perform bit-level scrambling processing on the interleaved
datd @it string). [0027] The constellation rearrangement section 17 is

configured to- petformconsigliaieprearandement PrOGESSNG. ORI s ¢y oq

scrambled data. For example, the constellation rearrangement section 17 is
configuprette ddd antipdictadrt daé scranibled datd heoirdidteringicating:

a_sqif.0f congtellation, grrangement to:he usedhindata medylating pragessing
to be described later. [0028]

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 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 to the OFDM signal
transmitting apparatus 10. The resource block here is a block which is
assigned te the OFRQM signal trensmitting ap paratus tht; and svhickbodnsistst

oL ORI symbals ranemiiablg ina, T11-.10930L . Specifcally, the OFDM
mapping section 19 is configured to map the data-modulated data
seégdentially to OFDM symbols in a symbol duration period from the OFDM

symbol corresponding t&%.SUE’,‘C%HEGro*ﬂj%‘ﬁ'”gi@%a%m%%&@‘im%f 0031,
The OFDM signal generator section 20 is configured to performi OFDM signal
geheratiorr protessingthe usingthetdatakincidedtin the intédeavingdsieck on

which intgrieaving processing basheen periogmed gnd to ransmitthe .. ; o,
generated OFDM signals. [0032]

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



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
cohfiquration @ssfar 'Blsethe'ct;nﬁg@mtttxmimvdludéyafmnmi@ﬂn©ﬁ¢lednaarlléaixnlqg

sectltgn 15. 3[9034]f£OFDM 1§Iggla]CR celvgn&ApOparat ?l gc%rdlng E st o
Emboélment o? the Present Inventlo escrlptlon e given o

configdrationcoiary OFDNh sidgha rebeiinglappatdtad SOracmrdmmltheLfmrast
emhodimentof the %%%%”H'QV%%%%QJeé?er%&%ltgfég’ 4.[0035]  As

shown in FIG. 4, the OFDM signal receiving apparatus 30 according to the
piésetttlembodiment includes a receiver section 31, a demodulator section

32’a(k%¥ﬁgnﬁgggf§%gffng 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



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 to the sub-carriers by
defetmglgaarchimteivals fromttheare deived<ORBMIsigadlaandgzerformimgred,
parallel to- sgrlal cony§r5|%n on, and thgntpecrformlng a Fas Four
Transform | processing on, the “received OFDM S|gnal 0038}
densodulatos isectionn82iis ceonfiglred 1o performide modelation. processing dn
th[% xira cted OFDM symbols for each sub-carrier, and to then perform
parallel to serial conversion. [0039] Here, the demodulator section 32
may be dordigurédttocoutput thie densddulated datwirs antinterkeading -block»
unl o, he deserembling seefion, 33 1n olhstwrds. he dRmedHialaL seeon

2 may be configured to output all data constituting
to the above-described rate matching processing performed by

grscrlbed
The

the OFDM signal transmitting apparatus 10, on the data outputted
from corresponding one of the multiple 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 ... 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 reconstitute the
data (bit string) in the transport block unit, and to transmit
the data to the upper layer.

[0048]

11



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 vl Bboveidescribed interleavifgdbloek upittoeny bre@ DM

g multple deiniedeayind. sections, 341,34, n gihewards. e, deserameling
section 33 may [)ﬂe con?lgured to output alF ata constituting the
abpye:descsibédantertabiving tvlodkeunitde any omecoftthemmultiptet 1imited

deinterleaving Sectigns 34143433 faras 1he data hag beep desgrampled,

even before all data constituting the above-described transmission time
imten/al plaek dnit ¥s completely descrambled. [0042] Each of the multiple
d?[ﬂ}%e}‘aving sections 341 ... 34, is configured to deinterleave the data
outputted from the descrambling section 33, in a unit of an interleaving block
describedrabbve. [6043]e-de perébedcheofth@imaltiple ddinteflEaVingignal

sectiong, 3¢ . 34, mayhe configured fosstartdeinterleaying processing after

receiving all data constituting an interleaving block, from the descrambling
seeéfien 33ancothey wordsS csdch6Pthe ndItiplerdéifiteTioaviny settivtS3419.,

34. mav-be configured to deinterleave all data,consiiutingthe; s ang  the

above-described interleaving block unit, as far as the data has been received,
eveADef6ry al datdTonstituting the abofe-déddfibett-FaAsmisSidRTAET 11T

intepval blogk unjt is complefely eaceived. [0044] 5. - Sachhof the mavltiplesate
matching sections 351 ... 35, is configured to perform rate matching

PROCESIRG CoFREpBRtING 16 e Abbelddscritnal idte makdfng breceysinge
performed by the QELM signal fransmittipg apparatds 1G,opthe datse, the
outputted from corresponding one of the multiple deinterleaving sections 341
32§DM 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



[0045] 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] a mddef CRCeclragkes sectioni38 isrdéenfiguredfooperform értock

copregtion processing using the GRG bits added,to the data quinutted from,
the connector section 37. The CRC checker section 38 is also conﬁguredlto
defetedtieaCRE bits frometherddtacaltep theaermor ederectionprocessinggto of

reconstitute;the daja (bit Sting). in, the. transpoxt black Hnit, and 10, ransmit the
data to the upper layer. [0048] It should be noted that the configurations
oP e OFDM signal transmitting apparatus 10 and the OFDM signal receiving
appatatus 30 according to the present invention are not limited to the

above-described configurations, and may be other configurations. [0049]
In other words, an interleaving section 15 is configured

to perform interleaving processing in a unit of a block
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



In the above-described embodiment, the OFDM signal transmitting apparatus
10 is configured to separately perform 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
thiscases the OFDN signakreteiing lapparatus-30 may as well be configured
to[ ngfgﬂm rate matching processing including a deinterleaving processing by
each of the multiple rate matching sections 35a ... 35n. [0050]
(Ateantagedus:Effedts 6fJOFDM Signal Transmitting Apparatus and OFDM

Signal Receiving ApRaratys. aceording to First Embadiment of t@ﬁep%qzseeégnt
Invention) The OFDM signal transmitting apparatus 10 and the OFDM
sigriad réceivinglappaatds 3eradrotding to the present embodiment can
p%fggm]decoding sequentially and in parallel in an unit of an interleaving
block before receiving all data constituting a transmission time interval block,
so that déhaytirrretedingproeessingecan belconsiteralsty shostepredt {0051

(Modifigd-Example 1), .. b madified examplel, an ipterleaving blogk is,a
block (no matter whether the block is a coding block or not) consisting of data
0 DeSFATSHiiteE BACHredeteremied Abnisercdf subkeffémsipiged number

predgtermiped-aumber, 0f OFEDM, symbol duration, parieds[Q052), 1 AN ether

words, an interleaving section 15 is configured to perform interleaving .
PPOEEEEIng infa tmiPera BloER tonsisting 6f dada to BE-fransSATted on-ack 1s

predetermined pumberofsubseatiiars in apredeternined-nwnber of OFDM
symbol duration periods. [0053]
[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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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
intéfléaving processing in a unit of the coding blocks, or otherwise, may be
configured to perform the interleaving, processing in a unit of a block.inchuding
Al the ot DIoGks PTiTlered s GEM sybol iratas derod 1008
Adternatively, theintereaving Setton A5 waytie borfigored 6 performd thehe

Inteigaving processing i g %tﬁo%@'%‘ﬁ%c”ﬁrti&% unirof 2 plogk X4y ¢ach

consisting of data to be transmitted on a predetermined number of

§@l§-caﬁrig$§tﬂwa priédg’rféﬁminéd @U_mbehﬁ@ﬁm\ﬂi'swﬁbomumtidﬁa@ermﬁ%?d
irrespective gf the coding block;unit. [0056](Modified Example 2): .o qata

Referring to FIG. 6, a modified example 2 of the present invention will be
deseribed L{oO57F 10 i THE modified ekantpie?, thiekntesleming seetiohd 5

is;confiquredto. neriorm the inferleaving processing ipman intefdeaving block

unit consisting of a predetermined number of data pieces. In other words, in
tHe Afddified example 2, the number of data pieces consisting of each

interleaving Rlogk.is eanstant igespective of data ANSMISSION Faleshi ssion
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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[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
sHerteAédg[0059F s s 1 1Qnithe sthverddand has shovensanfd GuBfd)itireas that
interleayi ection 15 is canfigured to.perform the interleaving processing
tﬁr%u%héﬁ@ff‘?ﬁggt eglr%%i:el,%tﬁa%) |esr in % ‘unit of a block (i.e., for an
inteéfléaving block A) consisting of data to be transmitted on a predetermined
number gf.sub-carriers ina LT, in,a low speed ransmissian petiod. pope.r
Therefore, an effect of interleaving in the time domain can be obtained
Without ainy inereases in the probessingtdelay?J0060F 1 gnHerd, efiredas ag
"high-snaer tiansmissiongesipd; is,a case of ransmitting data ygnsmittable
ina TTI on all the OFDM symbols constituting the four interleaving blocks #1
ta#4Tds $RewnrdinlFI®. G(H)ewhiletiefinetl 85 @ lowrspeed fiamsimidgiont ion
peripdi,is a case of fransitting data transpittable in.g 71,0 all the OFDM
symbols constituting a single interleaving block A as shown in FIG. 6(b).
[008H>]  As shown in FIG. 6(a), in the high-speed transmission period, the
OFDM signal receiving-apparatys 3Q finishes receiving.processing for data,
transmitted in a TTI, after a lapse of a delay period after reception of a

tran shatssidn e intervaruieeie Her) thel deldy Parict s obidired 5y- addry
a;"dejay.pgried X1, duejte data demodulationprpeessing:orthglikes and ane
"delay period X2 due to data decoding processing". [0062] Meanwhile,
aS W T FIG S6®) Lirrthel6hespeed TaRsRISSIGR petiddcaswel, fhy be
ORRMsignakrecsiving apparatus;3G-finishes receiving precessing of dataut
transmitted in a TTI, after a lapse of a delay period after reception ofa
trAPRATISSIBA tirhe nterFalBIOER "HEFe, TREIHRIQY pefiodHs Thitainet by At dRTYy

addelay-period Xddue-tgdatgdemadulation precessing of the tike'sandhape
"delay period X2 due to data decoding processing." [0063 . .
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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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 decoding processing is assumed to have the
same duration as that of 1 OFDM symbol duration period. [0064] As a
consequence, in a HARQ (Hybrid Automatic Repeat Request) process by
whictz the OFEDNM sigrral trensmiting iappaetis 10andtheessing even when

OFRMsiandlreceiingapparatysI0gaiate, a RTT(Bound. Tiip Time) having 2
sﬁort and constant duration can Ee set mdependentlr)l/ Of%ﬁe transmission

r@téqmﬁ]j:an splthough _thegﬁes:émsin&_/eﬁtibh&@@ébﬁ a@seﬂibeé @bovena
ds&%%&*&m_&@&%?%%% iL15 obyioys, 1o thase, skilled in the art that the

present invention is not Timited to the embodiment described herein. The

présSent invértivre may bevimpemented: byra- arodifietfornmnorss chargedifotm
vithowt departind frooy the seils oL srope afihe gsent inyentiondiefined. by
the scopé 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]
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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 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 &&AJd¥&ful as being able to shorten delay
even in a high-speed transmission period, although an interleaving effect in a
time region reduces. CLAIMS [1]JAn OFDM signal transmitting apparatus
configuréd: totrahsnsit ana0FDNesighal; tcomprisivgr at uan epicddern sedtiorp

cggggg;gpctoageggw cgg(%% p,ro%%%%r}g gqrng{a}ta, in a unit of a coding block;

an interleaving section configured to perform’interleaving processing in a unit
of an interfeaving bisek, fortheldata forwhichthe cotling processing hasing

bsepRerfarmed i the encoder section: and , - am QFQM signal generator

section configured to perform processing of generating an OFDM signal by
use of thedatalinefuderhinithe inteAeaviny bloekiihiwhkiehthe interlenginger™

progessing haspeen pedouned and to gangmitthe PFDM signaldbus ;5 ng

generated, wherein the interleaving block is a part of a transmission time
iitéAAt bloERtinchiging data tbde tramsmittedat €a6H HANSMLIGH tinde has

"E@@ﬁﬂberformed 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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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 in the interleaving block has been
completéthin theBub<cagrief ory partwait. t {20T e OFRDRMUsigreal ¢rarrsimidtingo
agggr%t% ac‘%)rgiggnto claim 1, wherein the size of the interleaving block
is irrelevarit to the number of sub-carriers included in OFDM symbols. [3] An
OFDM sigmal receivirng apparatus-eonfiguredtoréceive ah OFDM sigidl, the
QFRM,signal receiving apparaiys.comprising; 5, oRrECeleLSection
configured to perform receiving processing on a received OFDM signal, for
each OFDM symbol duration period; a plurality of deinterleaving sections
each configurediig perform deinterleaying,pragessing oo datg acayired;  +
through the receiving processing, in a unit of an'interleaving block; and a
pligrakityvsf decsdernsections leadheonfigiiteditonzerfames decoding processiig
ogoq[@;gi%ggt_led from a corresponding one of the plurality of deinterleaving
sections, wherein
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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
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 interleavirg dlotkeis agdilock inchuelidg dlatato Betrarsmiitted onegeiving

predetermined number of sub-%arggwin a predetermined n%mdgﬁeﬁl\gf OFDM,
symbol duration periods.  [6] A trammitf?ﬁgg %aethogg;%n?@ﬁre to traﬁ%’rr%[%toan
CkEDMsignahsaiddiethod comprising the steps of: performing coding

processiggg%ggaa%}(ao%?iggfiﬁtcgpi%%mc#:sectq%ﬁtgf@minégﬂ%mged

processing in a unit of an interleaving block, Tor the data for which the coding
processing pras beknipéfolmediagd 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 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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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: mapping the
datd incladed anthel interieaving tockeseduentialy from arsulstcarriemat & oW

fregignfy, aslgq ét%réi&go@aggrirp ogtgn%att%igcll{deepd ino% next interleaving
biock frof a sub-carrier at a hig ]Trequency of a sub-carrier on partway, in a
case whererthermapping dntotherdatasinchmletidn the irtefleavingbloclkohas
bgggi%o(gnglfg%q ;ln the sub-carrier on partway. [7] A communication system
comprising: an OFDM signal transmitting apparatus configured to
transmit aATOFDM ignah taidl e av amO FDM sighal tecelving dpparatas an

configured tp; receiye the OFDM signal fram the OFEDM, signal tignsmitting
apparatus, wherein the OFDM signal transmitting apparatus includes:
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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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
btagkemawhieh thednterfeaving processing has been performed and to

transmit g}le O&E%M signal thus enerat d; the int rIeavinglblgck is a part
of & transimission tmé I@rval bIock includiig data 6 be ranemied &t each
transmission timenintervatier sa sizecof thenihterieaving blackrisddentical toa

sizeoftbe;coding black after coded: and , - the QERM,signal generator

section maps the data included in the interleaving block sequentially from a
sub-carrier at a oW fieduensa ahtdstares Mappirpohtodatdindladedinferm

next interleaving Qlock.fram, a sub-carpge at g:high frequency of g supcargier
on partway, in a case where the mapping onto the data included in'the
ifteHeaviry blediehastyeentopipleted inah@ iSub-cariereen pastwhys OFBN

GNAL JRANSMITTING ARDEARATUS AND QFDM SIGNAL RECEIVING
APPARATUS Abstract

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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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
detotliriy phide SEhig BN Gt ANSUtPBRREATOM A XD ESPo iy bheRehEy ING
plurality of deinterleaving section%li%ﬂﬁ%&s The interleaving block is a part
of a transmission time interval block including data to be transmitted in a
transmission time interval. FIG. 4

Abstract

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 (34

. 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 (34; ... 34,). The interleaving block
is a part of a transmission time interval block including data

to be transmitted in a transmission time interval.

FIG. 4
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