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e.READING OF DATA FROM MEMORY
UNIT WHEN CONSTELLATION
MAPPING SCHEME IS QPSK
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f. READING OF DATA FRCM MEMORY
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122
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START $1200

GENERATE CONTROL SIGNAL TO WRITE INPUT DATA IN

MEMORY BANK IN RESPONSE TO DATA TRANSMISSION RATE AND VALID
INTERVAL INDICATION SIGNALS FOR INPUT DATA

S1202
GENERATE ACCESS ADDRESS TO ACCESS MEMORY BANK IN
WHICH INPUT DATA ARE TO BE WRITTEN IN RESPONSE TO WRITE
CONTROL SIGNAL
S1204
WRITE INPUT DATA IN MEMORY BANK CORRESPONDING TO
MEMORY ACCESS ADDRESS 51206

GENERATE CONTROL SIGNAL TO READ DATA FROM MEMORY
BANK, AND DATA TRANSMISSION RATE AND VALID INTERVAL INDICATION

SIGNALS FOR OUTPUT DATA WHEN DATA ARE READ FROM MEMORY BANK

S1208
GENERATE ACCESS ADDRESS TO ACCESS MEMORY BANK
FROM WHICH OUTPUT DATA ARE TO BE READ IN RESPONSE TO READ
CONTROL SIGNAL
51210
READ QUTPUT DATA FROM MEMORY BANK IN RESPONSE TO
READ CONTROL SIGNAL AND MEMORY ACCESS ADDRESS
51212
REARRANGE POSITIONS OF OUTPUT DATA READ FROM
MEMORY BANK S1214

OUTPUT VALID DATA AMONG OUTPUT DATA IN RESPONSE

TO DATA TRANSMISSION RATE AND VALID INTERVAL INDICATION SIGNALS
FOR OUTPUT DATA
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FIG. 12
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OPSK MODE 113
INTERLEAVED DATA MADPING SOMEME “REIATED
QUTPUT TERMINATION T0 DATA TRANSMISSION
RATE IS QPSK
WHEN CONSTELLATION
MAPPING SCHEME
112 RELATED TO DATA 114
TRANSMISSION INTERLEAVED DATA
RATE 1S BPSK OUTPUT TERMINATION
BPSK MODE %
INTERLEAVED DATA WHEN CONSTELLATION
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TO DATA TRANSMISSION
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BINARY DETAILED DESCRIPTION
F‘ORMAT)

mb ce O~mb ce 11 INPUT/OUTPUT FOR RESPECTIVE 24-BIT MEMORY BANKS 0

TO 11 IS ACTIVATED. THEREFORE, IT IS POSSIBLE TO
WRITE/READ DATA IN/FROM RESPECTIVE MEMORY BANKS IN

RESPONSE TO WRITE/READ CONTROL SIGNALS AND MEMORY
ACCESS ADDRESSES.

WRITING OF DATA IN MEMORY BANKS AND READING OF DATA
FROM MEMORY BANKS ARE PREVENTED.

DATA WRITE OPERATION FOR RESPECTIVE MEMORY BANKS IS
ACTIVATED., WHEN mb ce 0 TO mb ce 11 ARE 1, DATA

WRITE OPERATION IS PERFORMED AT RESPECTIVE MEMORY
BANKS.

H'

mb_we_i O0~mb_we_i 2,
mh we g O-~mb we q 2

DATA READ OPERATION FOR RESPECTIVE MEMORY BANKS IS
ACTIVATED, WHEN mb ce 0 TO mb ce 11 ARE 1, DATA

READ OPERATION 1S PERFORMED AT RESPECTIVE MEMORY
BANKS.

WHEN CONSTELLATION MAPPING SCHEME RELATED TO DATA
TRANSMISSION RATE FOR OUTPUT DATA IS BPSK

WHEN CONSTELLATION MAPPING SCHEME RELATED TO DATA
TRANSMISSION RATE FOR OUTPUT DATA IS QPSK

10 WHEN CONSTELLATION MAPPING SCHEME RELATED TO DATA
TRANSMISSION RATE FOR OUTPUT DATA IS 16—-QAM

WHEN CONSTELLATION MAPPING SCHEME RELATED TO DATA
TRANSMISSION RATE FOR OUTPUT DATA [S 64—QAM

SECOND PERMUTATION UNIT OUTPUTS VALID DATA

SECOND PERMUTATION UNIT DOES NOT QUTPUT VALID DATA
ONLY SIGNALS CORRESPONDING TO ODD PART AMONG
SIGNALS OQUTPUT FROM MEMORY BLOCK ARE VALID

output rate mode{1:0]

-
-

-
-

output_enable

eve odd select

ONLY SIGNALS CORRESPONDING TO EVEN PART AMONG
SIGNALS OUTPUT FROM MEMORY BLOCK ARE VALID

2-BIT BINARY COUNTER IS INITIALIZED TO 0.

QUTPUT VALUE OF 2-BIT BINARY COUNTER IS INCREASED
BY 1 WHEN 2b cnt_clear IS NOT 1

THIS VALUE 1S USED TO SPECIFY ROW CORRESPONDING TO
READ START POINT IN MEMORY BANK WHEN SUB-CARRIER
FREQJENCY ALLOCATION IS CONSIDERED.

3-BIT BINARY COUNTER IS INITIALIZED TO D

OUTPUT VALUE OF 3~-BIT BINARY COUNTER IS SET TO
VALUE INDICATED BY 3b_cnt_set value({2:0Q]

Zb_cnt_clear

2b_cnt_up

3b _cnt_setr _va lue

100

3b_cnt_clear

OUTPUT VALUE OF 3-BIT BINARY COUNTER IS INCREASED'
BY 1 WHEN 3b_cnt clear IS NOT 1 AND 3b_cnt_set IS

NOT 1

FIG. 14
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ACTIVATE OPERATION S10
OF COUNTERS
2b_cent clear =0,
3b_cnt_dear =0, 3b_cnt_set ='7)
S11 S16

SIMULTANEOUSLY WRITE

1-BIT DATA IN MEMORY
BANKS 0 AND 1 EACH
(mb_ce_0="1"'mb ce 1="1,

mb_we_i_ 0="T', output_enable = 0')

3-BIT COUNTER
OUTPUT VALUE = O

Bb_cnd_up='1)

S12 '

COUNTER OUTPU
VALUE = 77

(mb_address{2:0] ="111" ?)

S15

INCREASE 2-BIT
COUNTER OUTPUT

VALUE BY 1
(2b_crg_up="1))

YES

S14

2-BIT
COUNTER OUTPUT
VALUE = 27

 Address{4:3] ="10"

NO

YES

INITIALIZE COUNTERS S17
(2b_cnt_clear='1', 3b_cnt_clear ='1Y)

C_END_ 3
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CONTROL OF SECOND PERMUTATION AND OUTPUT SELECTION

WHEN CONSTELLATION MAPPING

SCHEME IS BPSK

S21

INCREASE 2-BIT
COUNTER OUTPUT

VALUE BY 1
| (2b_cot_up ='1')

NO

525

INCREASE 2 BIT
COUNTER OQUTPUT
VALUE BY 1

(2b_cnt_up = 1Y)

S26

ACTIVATE OPERATION OF S18
COUNTERS
(2b_ent_clear = 0",
3b_cnt_clear = '¢, 3b_cnt_set = ')
S19

READ 1-BIT DATA FROM
MEMORY BANK O
(mb_ce_0="1'mb_ce 1=,
mb_we_i_0=.'0’, even_odd_select = 'O,

output_enable = '
CONSTELLATION MAPPING SCHEME
FOR OUTPUT DATA = BPSK
{output_rate_mode = *00")

520

2-BIT
COUNTER OUTOUT

VALUE = 27
mb_address[4:3] = "10" ?

YES

2-BIT COUNTER gpo
OUTPUT VALUE = 0
2b_cnt_up ='1')

READ 1-BIT DATA
FROM MEMORY BANK 1

(mb_ce_0 =0, mb_ce_1="1", S23

mb_we_i_0='0', even_odd_select = '1',
output_enable = ‘1"
CONSTELLATION MAPPING SCHEME

FOR OUTPUT DATA BPSK
(output_rate_mode = *00")

S24

2=BIT

COUNTER OUTPUT
VALUE =27
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S28

2-BIT COUNTER
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S27
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benefit of Korean Application Number 2004-0091392, filed
Nov. 10, 2004, the [disclosure] disclosures of which [is] are

incorporated by reference herein in [its] tzeir entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, 1n general, to an interleaving,
apparatus and method for an orthogonal frequency division
multiplexing transmitter and, more particularly, to an inter-
leaving apparatus and method for an orthogonal frequency
division multiplexing transmitter, which allows an orthogo-
nal frequency division multiplexing transmitter based on
IEEE802.11 standards to be etliciently implemented.

2. Description of the Prior Art

Recently, Internet phones have been activated, and wireless

Internet phones, utilizing Wireless Local Area Network
(WLAN) technologies based on Institute of E

Electrical and
Electronic Engineers (IEEE) 802.11 standards, have been
introduced. An Orthogonal Frequency Division Multiplexing
(OFDM) scheme of WIAN technologies 1s a digital modula-
tion scheme for improving a transmission rate per unit band-
width and preventing multipath interference, and 1s a multi-
carrier modulation scheme using a plurality of carriers
orthogonal to each other.

An example of a typical OFDM transmitter 1s shown 1n
FIG. 1. Referning to FIG. 1, 1n the typical OFDM transmitter,
the transmission rate of data to be transmitted 1s set and the
data are transmitted to a scrambler 101. Data scrambled by
the scrambler 101 are input to an interleaver 103 through a
convolution encoder 102. The interleaver 103 interleaves the
data, and the interleaved data are mapped by a constellation
mapper 104 according to a data transmission rate. The data
mapped through the above process are transmitted to a Radio
Frequency (RF) converter 108 through an Inverse Fast Fou-
rier Transtormer (IFFT) 105, a guard-interval inserter 106
and a symbol wave-shaping filter 107.

In data transmission technology based on OFDM, inter-
leaving 1s a technology of causing burst errors to appear as
random errors distributed to several small locations 1n con-
sideration of the. fact that a greatly concentrated burst error
may occur at a specific location during a process of transmit-
ting data through a transmission medium. A means or device
for implementing such an interleaving technology 1s called an
interleaver.

An terleaver executes first and second permutation pro-
cesses. The first permutation 1s based on an IEEE 802.11
standards-based permutation equation, 1=(N . »./16) (k mod
16)+floor(k/16), where k=0, 1, , Nozr—1. The second
permutation 1s based on an IEE’E 802.11 standards-based
permutation equation, j=sxtloor(1/s)+(1+N -5 ~.—tloor (16x1/
N zp))mod s, where 1=0, 1, ., Nogpe—1. In the two
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permutation equations, k represents each bit index of a bit
stream before the first permutation, and 1 represents an index

on which a bit, placed on a k-th position before the first
permutation, 1s to be placed after the first permutation. Fur-
ther, j represents an imndex on which a bit, placed on an 1-th
position before the second permutation, 1s to be placed after
the second permutation, and mod represents a modulo opera-
tion. Further, floor( ) represents the highest integer that does
not exceed the value 1n parentheses, NCBPS represents the
number of encoded bits included 1n each OFDM symbol, s
represents max(N.»../2,1), N; -~ represents the number of
encoded bits included 1n each sub-channel forming an OFDM
transmission band, and max( ) represents the highest value
selected among the values in parentheses.

When the iterleaver 1s implemented using hardware, it
includes memory and an interleaver controller for writing and
reading data in and from the memory. According to a mapping
scheme related to a data transmission rate based on the stan-
dards, the position and sequence 1n which data are written 1n
the memory and read from the memory are implemented as
shown 1n FIG. 2, so that the first and second permutation
processes can be described. FIG. 2 1s view showing an
example of a memory access scheme to describe an interleav-
ing process. However, FIG. 2 shows only an embodiment to
describe the first and second permutations.

As shown 1n the permutation equations, the size of memory
used for permutation varies according to N5 »c and Ny
N,z »cand N, vary according to mapping schemes, which
are classified into four types: Binary Phase Shift Keying
(BPSK), Quadrature Phase Shiit Keying (QPSK),
16-Quadrature Amplitude Modulation (QAM) and 64-QAM.
When the mapping scheme 1s BPSK, N 515 48 and Ny ¢~
1s 1. When the mapping scheme 1s QPSK, N, 1s 96 and
Nz -o~18 2. When the mapping scheme 15 16-QAM, N5~ 15
192 and N4~ 1s 4. When the mapping scheme 15 64-QAM,
N 5518 288 and N, ».~1s 6. Therefore, 1t can be seen that, 1in
the case ol a BPSK mapping scheme, 48-bit memory 1s used,
in the case of a QPSK mapping scheme, 96-bit memory 1s
used, 1n the case of a 16-QAM mapping scheme, 192-bit
memory 1s used, and, 1n the case of a 64-QAM mapping
scheme, 288-bit memory 1s used.

Such a conventional interleaver 1s disadvantageous 1n that,
when data are output from the memory, a subsequent func-
tional block of the interleaver must unnecessarily perform
data rearrangement for mapping, or data rearrangement
according to sub-carrier frequency allocation. Further, the
conventional interleaver 1s disadvantageous 1n that, since 1t
does not separately execute first and second permutation pro-
cesses, the design of a controller for outputting data bits from
memory and rearranging the positions of the output data bits
1s complicated.

In the meantime, an embodiment of an interleaving appa-
ratus disclosed 1n IEEE 802.11a PHY Specification shows an
interleaver having a 1-bit input, 1-bit output structure. This
interleaver, which 1s used to describe first and second permu-
tations, includes single 1-bit writable/readable memory and a
memory access address generator, and performs write and
read operations corresponding to the first and second permu-
tations on a 1-bit-at-a-time basis.

SUMMARY OF THE INVENTION

The present mvention provides an interleaving apparatus
and method for an OFDM transmitter, which divides memory
for interleaving of the OFDM transmitter into a plurality of
memory banks independently controlled so that data are writ-
ten or read 1n or from the memory banks, writes data in
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respective memory banks, outputs data bits 1n parallel from
the memory banks using a read control signal according to
mapping schemes to correspond to a {irst permutation pro-
cess, and rearranges the positions of the output data bits to
correspond to a second permutation process.

The present invention provides an interleaving apparatus
for an orthogonal frequency division multiplexing transmuit-
ter, comprising a memory unit including a plurality of
memory banks each having memory cells arranged in an
NxM matrix structure, the memory banks being capable of
being independently controlled so that data can be written or
read m or from the memory banks; a memory write/read
control unit for generating control signals to write/read data
in/from the memory unit; a memory access address genera-
tion unit for generating a memory access address used to
write/read data 1n/from the memory unit 1n response to the
memory write/read control signals; and a second permutation
and output selection unit for rearranging positions of data bits
output from the memory unit and outputting the position-
rearranged data baits.

Further, the present invention provides an interleaving
method for an orthogonal frequency division multiplexing
transmitter, the transmitter including a memory write/read
control unit and a memory access address generation unit and
writing/reading data m/from a memory unit including a plu-
rality of memory banks each having memory cells arranged in
a matrix structure, the memory banks being capable of being
independently controlled so that data. input from a convolu-
tion encoder can be written or read in or from the memory
banks, the method comprising the steps of a) the memory
write/read control unit generating a control signal to write the
input data 1 a corresponding memory bank in response to
data transmission rate and valid interval indication signals for
the mput data transmitted from the convolution encoder; b)
the memory access address generation unit generating a
memory access address to access the memory bank, 1n which
the input data are to be written, 1n response to the write control
signal for the memory bank generated by the memory write/
read control unit; ¢) writing the input data in a memory bank
corresponding to the memory access address in response to
the write control signal generated by the memory write/read
control unit; d) the memory write/read control unit generating
a control signal to read data, written 1n the memory bank
according to the data transmission rate, and data transmission
rate and valid interval indication signals for output data when
the data are read from the memory bank; ¢) the memory
access address generation umit generating a memory access
address to access the memory bank, from which output data
are to be read, in response to the read control signal; ) reading
the output data from the memory bank 1n response to the read
control signal and the memory access address; g) rearranging
positions of output data read from the memory bank; and h)
outputting valid data among the position-rearranged output
data 1n response to the data transmission rate and valid inter-
val 1indication signals for the output data.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages
ol the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FI1G. 1 1llustrates an example of a typical OFDM transmut-
ter;

FI1G. 2 1llustrates an example of a memory access scheme
to describe an 1nterleaving process;
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FIGS. 3a and 3b illustrate examples of a method of output-
ting data written 1n memory applied to the present invention;

FIG. 4 1s a schematic block diagram showing the construc-
tion of an interleaving apparatus for an OFDM transmitter
according to an embodiment of the present invention;

FIG. 5 illustrates a memory umt including 12 24-bit
memory banks according to an embodiment of the present
invention;

FIG. 6 illustrates a memory bank divided 1n an 8x3 matrix
structure according to an embodiment of the present inven-
tion;

FIGS. 7a to 7j illustrate the selection of 24-bit memory
banks in the memory umt and data write/read schemes
according to constellation mapping schemes related to data
transmission rates according to an embodiment of the present
imnvention;

FIG. 8 1s a block diagram showing the construction of a
second permutation and output selection unit according to an
embodiment of the present invention;

FIG. 9 1s a view showing a data input/output method of a
second permutation unit according to an embodiment of the
present invention;

FIG. 10 1s a view showing a data input/output method of an
output selection unit according to an embodiment of the
present invention;

FIG. 11 1s a block diagram showing the construction of a
memory access address generation unit according to an
embodiment of the present invention;

FIG. 12 15 a flowchart showing an interleaving method for
an OFDM transmitter according to an embodiment of the
present invention;

FIG. 13 1s a state diagram showing signals of a memory
write/read control unit according to constellation mapping
schemes related to data transmission rates according to an
embodiment of the present invention;

FIG. 14 1s a view defining control and indication signals
generated by a memory write/read control unit according to
an embodiment of the present invention;

FIGS. 15a to 15c¢ are flowcharts showing the operation of
the memory write/read control unit when a constellation map-
ping scheme related to a data transmission rate 1s BPSK
according to an embodiment of the present invention;

FIGS. 16a to 16c¢ are flowcharts showing the operation of
the memory write/read control unit when a constellation map-
ping scheme related to a data transmission rate 1s QPSK
according to an embodiment of the present invention;

FIGS. 17a to 17d are tflowcharts showing the operation of
the memory write/read control unit when a constellation map-
ping scheme related to a data transmission rate 1s 16-QAM
according to an embodiment of the present invention; and

FIGS. 18a to 18d are flowcharts showing the operation of
the memory write/read control unit when a constellation map-
ping scheme related to a data transmission rate 1s 64-QAM
according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present mvention provides an interleaving apparatus
and method to efliciently implement an Orthogonal Fre-
quency Division Multiplexing (OFDM) transmuitter based on
IEEE 802.11 standards. In the OFDM transmitter, 1t 1s effi-
cient to implement a convolution encoder which 1s a preced-
ing functional block of an interleaving apparatus so that the
data output structure of the convolution encoder 1s a 2-bit
parallel structure according to the functional structure
thereolf. Therefore, when an interleaving apparatus 1s imple-
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mented, 1t 1s more reasonable to basically implement a data
input structure as a 2-bit parallel structure.

In order to systematically implement an interleaving appa-
ratus for an OFDM transmitter according to the present inven-
tion, a constellation mapper, which 1s a subsequent functional
block of the interleaving apparatus, must be considered. The
IEEE 802.11 standards-based constellation mapping
schemes are classified mnto four types: BPSK, QPSK,
16-QAM and 64-QAM. Respective mappers difierently com-
bine mput data bits according to mapping schemes, and out-
put inphase components and quadrature components. Each of
the mappers groups the input data into sub-groups of one, two
or three bits and maps the bits into predetermined values so as
to form respective components. Therefore, if data are sepa-
rated mto mphase components and quadrature components,
and the number of bits to be output 1n parallel 1s set according
to mapping schemes when data are output from the interleav-
ing apparatus in consideration of the mapping scheme, part of
processes unnecessarily executed by functional blocks corre-
sponding to the subsequent process of the interleaving appa-
ratus can be omitted.

Therefore, the interleaving apparatus of the present inven-
tion provides a method of outputting data bits in parallel from
memory through the use of a control signal that 1s used to read
data from the memory for interleaving, according to mapping
schemes to correspond to a first permutation, and a method of
rearranging the positions of the data bits, output from the
memory, to correspond to a second permutation. In this way,
the interleaving apparatus of the present invention separates
first and second permutations, outputs valid bits 1n parallel
from predetermined memory according to mapping schemes
during the first permutation, and rearranges the positions of
the output data bits during the second permutation.

In the meantime, the interleaving apparatus of the present
invention 1s operated so that valid data are output 1n series on
a 1-bit-at-a-time basis 1n the case of BPSK, valid data are
output in parallel on a 2-bits-at-a-time basis 1n the case of
QPSK, valid data are output 1n parallel on a 4-bits-at-a-time
basis 1n the case of 16-QAM, and valid data are output in
parallel on a 6-bits-at-a-time basis in the case of 64-QAM,.,
according to mapping schemes related to a data transmission
rate.

Preferred embodiments of the present invention are
described with reference to the attached drawings below.
Retference now should be made to the drawings, 1n which the
same reference numerals are used throughout the different
drawings to designate the same or similar components. In the
following description of the present invention, detailed
descriptions may be omitted i1f 1t 1s determined that the
detailed descriptions of related well-known functions and
construction may make the gist of the present invention
unclear.

FIGS. 3a and 3b illustrate examples of a method of output-
ting data written 1n memory applied to the present invention.
Referring to FIGS. 3a and 3b, 11 1t 1s assumed that an index
indicating time or sequence 1n which data bits are output from
annterleaverisn (=0, 1, ...,47), and the position of each data
bit, output in parallel, 1s b (=0, 1, 2, 3, 4 or 5), the output index
and position of each output data bit are represented by n, .
Further, data written 1n predetermined memory according to
the example of the memory access scheme of FIG. 2 can be
output using the scheme of FIG. 3a. Further, the written data
can also be output using the scheme of FIG. 3b 1n consider-
ation of sub-carrier frequency allocation based on IEEE
802.11 standards.

FI1G. 4 1s a schematic block diagram showing the construc-
tion of an interleaving apparatus for an OFDM transmitter
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according to an embodiment of the present invention. As
shown 1n FIG. 4, an interleaving apparatus 100 according to
an embodiment of the present invention includes a memory
umt 130 having a plurality of memory banks 131 each includ-
ing a plurality of memory cells arranged 1n an NxM matrix
structure, the memory banks 131 being capable of being
independently controlled so that input data 13 are written or
read i or from the memory banks, a memory write/read
control umt 110 for generating control signals used to write/
read data in/from the memory unit 130, a memory access
address generation umt 120 for generating a memory access
address used to write/read data in/from the memory unit 130
in response to the memory write/read control signals, and a
second permutation and output selection unit 140 includes a
permutation and output selection processor for rearranging,
the positions of data bits output from the memory unit 130 and
outputting the position-rearranged data bits.

Referring to FIG. 4, the memory unit 130 stores the input
data 13 therein, and the memory access address generation
unit 120 generates the address to access the memory umt 130.
That 1s, the memory unit 130 stores the input data 13 1n
response to the memory write control signal output from the
memory write/read control unit 110. The memory write/read
control unit 110 recerves a data transmission rate indication
signal 11 for the input data 13 and a valid interval indication
signal 12 for the mput data 13 from an upper-layer system,
and writes the data 1n the memory unit 130 1n response to the
indication signals 12 and 13. In the case of the wnte/read
control signals for the memory unit 130, the types of activa-
tion signals representing writing/reading vary according to
the characteristics of memory to be used. Further, the memory
write/read control unit 110 controls the memory access
address generating unit 120, thus controlling counters used to
generate the address to access the memory unit 130. This
operation will be described later 1n detail.

The second permutation and output selection unit 140 rear-
ranges the positions of data bits output from the memory unit
130 using predetermined control signals. That 1s, the second
permutation and output selection umt 140 divides the data
output from the memory unit 130 into an odd part and an even
part, and outputs valid data from the odd and even parts
according to the mapping schemes related to the transmission
rate of the output data.

The functional blocks 110 to 140 of FIG. 4 can be easily
implemented by those skilled 1n the art to which the present
invention belongs through the use of software, programs,
mICroprocessors, etc.

Hereinafter, with reference to FIGS. 5 to 13, the interleav-
ing apparatus of the present invention 1s described 1n detail.
FIGS. 5 and 6 illustrate memory banks of a memory unit
according to an embodiment of the present invention. In
detail, FIG. 5 illustrates a memory unit including 12 24-bat
memory banks according to an embodiment of the present
invention, and FIG. 6 illustrates a memory bank divided 1n an
8x3 matrix structure according to an embodiment of the
present invention. In this case, FIGS. 5 and 6 illustrate a
preferred embodiment of the memory unit 130 of the present
invention. In another embodiment of the present invention,
the number of bits per memory bank and the number of
memory banks can vary. In a further embodiment of the
present mnvention, the memory banks can be divided into
various matrix structures. These structures can vary with the
characteristics of desired OFDM transmitters. Hereinafter,
the present invention 1s described below on the basis of the
preferred embodiment of FIGS. 5 and 6.

Referring to the memory unit 130 according to the embodi-
ments of FIGS. 5 and 6, the memory unit 130 includes a total



US RE44,348 E

7

of 12 memory banks 131-0 to 131-11, each being imple-
mented with a memory bank 131 capable of being indepen-
dently controlled so that data are written or read 1n or from the
memory bank 131. The memory bank 131 1s constructed to be
able to recerve or output one bit at a time. Therefore, a
memory access address to access the memory bank 131 1s
preferably configured 1 a 3-bit structure. However, the
memory access address may have another bit number struc-
ture. In order to efliciently execute a first permutation process,
cach memory bank 131 is divided 1n a matrix structure with 8
rows and 3 columns according to the embodiment of the
present invention, as shown in FIG. 6. An upper 2-bit signal of
the 5-bit signal indicating the memory access address speci-
fies the column of memory banks 131 and a lower 3-bit signal
thereot specifies the row of the memory banks 131. In this
way, 11 a signal indicating the memory access address 1s
assumed to be mb_address[4:0], mb_address[4:3] indicates a
column, mb_address[2:0] indicates a row, and one of the cells
depicted i FIG. 5 15 accessed by a combination of mb_ad-
dress[4:3] and mb_address[2:0].

As shown 1in FIG. 5, the memory banks 131 are paired, and
two memory banks, forming each pair, are classified into an
odd part and an even part, so that the format of data input to
the memory unit 130 1s a 2-bit parallel structure. Further, the
memory banks 131 are classified into an inphase block and a
quadrature block, each including 6 memory banks.

In FIG. 5, mb_din_even denotes even part input data,
mb_din_odd denotes odd part input data, mb_address[4:0]
denotes a memory access address, mb_ce_0, mb_ce_1,
mb ce 2, mb ce 3, mbced, mbce S5 mb ce 6,
mb_ce 7, mb ce 8, mb ce 9, mb ce 10, and mb_ce 11
denote mput/output activation signals for respective memory
banks, mb_we_1_0 denotes a write/read control signal for a
memory bank 0 and a memory bank 1, mb_we_1_1 denotes a
write/read control signal for a memory bank 2 and a memory
bank 3, mb_we_1_2 denotes a write/read control signal for a
memory bank 4 and a memory bank 5, mb_we_q_0 denotes a
write/read control signal for a memory bank 6 and a memory
bank 7, mb_we_qg_1 denotes a write/read control signal for a
memory bank 8 and a memory bank 9, and mb_we gq_2
denotes a write/read control signal for a memory bank 10 and
amemory bank 11, mb_dout_even_1_0 denotes output data of
the memory bank 0, mb_dout_odd_1_0 denotes output data of
the memory bank 1, mb_dout_even_1_1 denotes output data
of the memory bank 2, mb_dout_odd_1_1 denotes output data
of the memory bank 3, mb_dout_even_i_2 denotes output
data of the memory bank 4, mb_dout_odd_i1_2 denotes output
data of the memory bank 5, mb_dout_even_qg_0 denotes out-
put data of the memory bank 6, mb_dout_odd_qg_0 denotes
output data of the memory bank 7, mb_dout_even_qg_1
denotes output data of the memory bank 8, mb_dou-
t_odd_g_1 denotes output data of the memory bank 9, mb_d-
out_even_q_2 denotes output data of the memory bank 10,
and mb dout odd_qg_2 denotes output data of the memory
bank 11. Terms “even” and “odd” in mb din even and
mb_din_odd mean an even part and an odd part, respectively.
In mb_we_1 0, mb_we_ 1.1, mb_we_1 2, mb_we_qg_0,
mb_we_qg_1, and mb_we_q_2, denoting the write/read con-
trol signals for the memory banks, “1” means the mnphase
block, “q” means the quadrature block, 0, 1 and 2 mean the
positions of corresponding bits when the data bits input to the
memory banks are output from the memory unit 130. In the
case of the write/read control signals for the memory banks
131, the form of activation signals, indicating writing/read-
ing, varies with the characteristics of the memory banks. That
1s, 1f writing 1s activated when the write/read control signal 1s
“17, reading 1s activated when the write/read control signal 1s
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“0”. Further, 1f reading 1s activated when the write/read con-
trol signal 1s “0”, writing 1s activated when the write/read
control signal 1s “1”. The signals mb_dout_even_i1_0, mb_d-
out even_ 1 1, mb dout even 1 2, mb _dout odd 1 0,
mb_dout_odd_i1_1 and mb_dout_odd_i1_2 that are output
from the memory banks 131 denote data output correspond-
ing to the inphase block. In this case, “even” means output
corresponding to the even part input, and “odd™ means output
corresponding to the odd part input. In this case, 0, 1 and 2
mean corresponding bit positions when the data bits are out-
put. The signals mb_dout_even_g_0, mb_dout_even_qg_1,

mb doutevenq_2, mb doutodd_g_0, mb_dout_odd_q_1,and
mb_dout_odd_g_2 denote data output corresponding to the
quadrature block. In this case, “even” means output corre-
sponding to the even part input and “odd” means output
corresponding to the odd part input. In this case, 0, 1 and 2
mean corresponding bit positions when the data bits are out-
put. When the memory bank mput/output activation signals
are 1nactivated, write/read operations are not performed
regardless of the status of the write/read control signals.

As described above, the format of data input to the memory
unit 130 of the present invention has a 2-bit parallel structure.
As shown 1n the above equation representing the first permu-
tation, when an index for a data bit stream 1nput before the
first permutation 1s analyzed in a temporal or sequential con-
cept, lower bit data temporally precedes upper bit data among
the above data, the upper bit data are input to the odd part, and
the lower bit data are input to the even part.

In the meantime, as described above, when data are written
or read 1n or from the memory unit 130, the memory access
address, output from the memory access address generation
unit 120, and the write/read control signals, output from the
memory write/read control umt 110, are differently gener-
ated, thus executing a first permutation process. The {first
permutation 1s executed by controlling the sequence of data
written 1 the memory unit 130, the position of data written in
the memory unit 130, the sequence of data read from the
memory umt 130 and the position of data read from the
memory unit 130 according to mapping schemes related to a
data transmission rate, as shown 1n FIGS. 7ato 77. FIGS. 7ato
71 illustrate the selection of 24-bit memory banks in the
memory unit and data write/read schemes according to map-
ping schemes related to a data transmission rate according to
an embodiment of the present invention. That 1s, FIGS. 7a to
71 show examples of a relationship between a method of
accessing cells in the memory bank 131 and the sequence and
position 1 which data bits to be wrtten are mput to the
memory unit 130, and a relationship between a method of
accessing the cells 1n the memory bank 131 and the sequence
and position 1 which data bits read from the cells are output
from the memory unit 130.

Referring to FIG. 7, an index, indicating the time or
sequence of data bits mnput to the memory unit 130 when the
data bits are written 1 the memory unit 130, 1s w (=0,
1,...,143), the even part and odd part are distinguished from
cach other by e and o, and the positions of data bits input 1n
parallel on a 2-bits-at-a-time basis are distinguished from
cach other by e and o. At this time, the mput index and
position of each data bit input to the memory unit 130 are
expressed as w_, and w_, respectively. The relationships
between w_ and w_ and the method of accessing the cells in
the memory bank 131 are shown in FIGS. 7a to 7;. Further, an
index, indicating the time or sequence of data bits output from
the memory unit 130 when the data bits are read from the
memory unit 130, 1sr (=0, 1, . . ., 47), the even part and odd
part are distinguished from each other by e and o, the inphase
block and the quadrature block are distinguished from each
other by 1 and g, and the
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position of data bits output 1n parallel from the 1 and g blocks
1s p (=0, 1 and 2). In this case, the input index and position of
data bits output from the memory unit 130 are expressed as
r, . T ., T and r The relationships between r

e,i,p? Toip? Te,q.p 0,qp" e,i p?
r,. ,r._andr_ _ _and the method of accessing the cells in

theﬂpmegigry banﬁpISI are shown 1n FIGS. 7a to 7y. For
example, when a mapping scheme related to a data transmis-
sion rate 1s 16-QAM and the sub-carrier frequency allocation
1s considered, data bits, which are mput to the memory unit
and have the sequence and position corresponding to 0, 8.
16, and 24, are written 1n a cell 0 of a memory bank 1 131-1,
a cell 0 of amemory bank 3 131-3, a cell 0 of a memory bank
7131-7, and a cell 0 of a memory bank 9 131-9, respectively.
The sequence and location 1n which data bits read from the
cells are output from the memory umt 130 are 27, 5, 27, , |,
27, ,0and 27, respectively.

In FIGS. 7a to 73, the usable range of w varies with the

mapping schemes. The maximum value of w 1s 23,47, 95 and

143 when the mapping scheme 1s BPSK, QPSK, 16-QAM,
and 64-QAM, respectively.

In FIG. 5, the mnput index and position of data bits input to
the memory unit 130 are represented by w_ with respect to
mb_din_even, and w_with respectto mb_din_odd. Further, in
FIG. 5, the output index and position of data bits output from
the memory unit 130 are represented by r, ; , with respect to
mb_dout even 1 0, mb dout even. 11 and mb d-
out_even_1_2,r, . with respecttomb_dout_odd_1_0, mb_d-

out_odd 1 1 and mb_dout_odd 1 2, Cyn with respect to

mb_dout_even_q_ 0, mb_dout_even_ g 1 and mb_d-
out_even_g_2, and G with respect to mb_dout_odd_g_0,
mb dout odd g 1 and mb dout odd g 2.

FIG. 8 1s a block diagram showing the construction of a
second permutation and output selection unit according to an
embodiment of the present invention. The second permuta-
tion and output selection unit 140 of the present invention
functions to rearrange the positions of data bits output from
the memory unit 130 using predetermined control signals so
as to obtain the results shown in FIG. 3. As shown 1n FIG. 8,
the second permutation and output selection unit 140 of the
present invention includes a second permutation unit 141 and
an output selection unit 142 which includes an output selec-
tion processor. In F1G. 8, even_odd_select denotes a control
signal. to distinguish an even part and an odd part from each
other with respect to the output of the memory unit 130,
output_rate_mode[1:0] denotes a mapping scheme related to
a data transmission rate for the data output from the memory
unit 130, and output_enable denotes a control signal to 1ndi-
cate the valid interval of data output from the interleaving
apparatus. Other input signals of the second permutation unit
141 are the same as the signals mput/output to/from the
memory unit 130.

In FIG. 8, sp_dout_1_0, sp_dout_1_1 and sp_dout_1_2
denote second permutation results of the data bits output from
inphase blocks 1n the memory unit, and sp_dout_g_0, sp_d-
out_g_1 and sp_dout_g_2 denote second permutation results
of the data bits output from quadrature blocks in the memory
unit 130. In a temporal or sequential concept, the second
permutation results can be described 1n the order of sp_d-
out_1 0, sp_dout_1 1, sp _dout_1_2, sp_dout_q 0, sp_d-
out_g_1 and sp_dout_g_2, but the output of the second per-
mutation results can be simultaneously performed.

In FIG. 8, 1tlv_dout 1 0, 1tlv_dout 1 1 and itlv_dout 1 2
denote the final output of the interleaving apparatus for
inphase blocks, and 1tlv_dout_q_0, 1tlv_dout_g_1 and itlv_d-
out_g_2 denote the final output of the interleaving apparatus
for quadrature blocks. Further, 1tlv_output_rate_mode[1:0]
denotes a mapping scheme related to a transmission rate of

10

15

20

25

30

35

40

45

50

55

60

65

10

data output from the mterleaving apparatus, and 1itlv_d-
out_env denotes the valid interval of data output from the
interleaving apparatus.

Retferring to FIG. 8, the second permutation unit 141
includes a second permutation processor which rearranges
the output positions of data bits output from the memory unit
130 in response to the signals even_odd_select, output_rate
mode[1:0] and mb_address[2:0], and outputs the position-
rearranged data bits. The second permutation results can be
output as shown 1n FIG. 9 when the signals even_odd_select
and output_rate_mode[1:0] are implemented so that, 11 the
signal even_odd_select 1s 0, an even part 1s selected, while 11
the signal even_odd_select1s 1, an odd part 1s selected, and 11
the signal output_rate_mode]1: 0] 1s 007,017,107 or 117,
a mapping scheme 1s BPSK, QPSK, 16-QAM or 64-QAM,
respectively. In FIG. 8, X means that its value 1s indefinite.
FIG. 9 1s a view of a data input/output method performed by
the second permutation unit 141 according to an embodiment
of the present invention, which shows the second permutation
method.

Further, 1n accordance with mapping schemes related to
the transmission rate of output data, the output selection unit
142 outputs valid data on a 1-bit-at-a-time basis when a
mapping scheme 1s BPSK, outputs valid data in parallel on a
2-bits-at-a-time basis when a mapping scheme 1s QPSK, out-
puts valid data 1n parallel on a 4-bits-at-a-time basis when a
mapping scheme 1s 16-QAM, and outputs valid data 1n par-
allel on a 6-bits-at-a-time basis when a mapping scheme 1s
64-QAM. Further, the output selection unit 142 outputs a
signal indicating the valid interval of output data, and a signal
indicating a mapping scheme related to a data transmission
rate. When a signal output_enable 1s “17, 1t means that valid
data are output. The valid data can be output as shown 1n FIG.
10 when a mapping scheme 1s set 1n such a way that, 11 the
mgnal output_rate_mode[1:0] 15 007, “017,“10” or *“117, the
mapping scheme 1s BPSK, QPSK, 16-QAM or 64-QAM,
respectively. FIG. 10 1s a view of a data input/output method
of the output selection unit 142 according to an embodiment
of the present invention, which shows a method of outputting
valid data according to mapping schemes. In FIG. 10, the
value of the signal itlv_output_rate _mode[1:0] varies accord-
ing to the signal output_rate_mode[1:0] when the signal out-
put_enable 1s “1”, and maintains 1ts previous value when the
signal output_enable 1s “0”.

FIG. 11 1s a block diagram showing the construction of a
memory access address generation unit according to an
embodiment of the present mnvention. As shown 1n FIG. 11,
the memory access address generation unit 120 of the present
invention includes a 2-bit binary counter 121 and a 3-bat
binary counter 122. As described above, the memory access
address generation unit 120 generates a 5-bit memory access
address. The 5-bit memory access address 1s. an address to
access the memory banks. An upper 2-bit signal of the S-bat
address 1ndicates a “column” of each memory bank having a
matrix structure, and a lower 3-bit signal of the 5-bit address
indicates a “row” of each memory bank. Further, the upper
2-bit signal 1s output from the 2-bit binary counter 121, and
the lower 3-bit signal 1s output from the 3-bit binary counter
122.

Referring to FI1G. 11, the 2-bit binary counter 121 can count
from O to 2, and the 3-bit binary counter 122 can count from
0 to 7. Further, the 2-bit binary counter 121 functions as a
modulo-2 counter, and the 3-bit binary counter 122 functions
as a modulo-7 counter. Therefore, 1f output values of the
counters 121 and 122 are increased by “1” when the output
values reach 2 and 7, respectively, the output values of the
counters become “0” again. A signal mb_address[4:3] 1ndi-
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cating the output of the 2-bit binary counter 1s equal to a signal
indicating the memory bank access address, and increases 1n
the order of “00”, “01” and “10. As described above, if the

output value of the 2-bit binary counter 121 1s increased by
“1” when mb_address[4:3] 1s “10”, the mb_address[4:3]
becomes “00” again. A signal mb_address[2:0] indicating the
output of the 3-bit binary counter 122 is equal to a signal
indicating the memory bank access address, and increases 1n
the order of *000”, 0017, <0107, *“0117, *“1007,“1017,“110”
and “111”. As described above, 11 the output value of the 3-bit
binary counter 122 1s increased by 1 when the mb address|[2:
0] 1s “1117, the mb address[2:0] becomes “000” again. IT a
signal 2b_cnt_clear 1s activated, the 2-bit binary counter 121
1s 1nitialized to 0. Further, 1f a signal 2b_cnt_up 1s activated,
the output value of the 2-bit binary counter 121 1s increased
by 1. If a signal 3b_cnt_clear 1s activated, the 3-bit binary
counter 122 1s mitialized to 0. When a signal 3b_cnt_up 1s
activated, the output value of the 3-bit binary counter 122 is
increased by 1. If a signal 3b_cnt_set 1s activated, the output
value of the 3-bit binary counter 122 1s set to a value indicated
by 3b_cnt_set_value[2:0].

FI1G. 12 1s a flowchart showing an interleaving method for
an OFDM transmitter according to an embodiment of the
present invention. The flowchart of FIG. 12 can be preferably
implemented in the interleaving apparatus for the OFDM
transmitter. With reference to the above drawings and FIG.
12, the interleaving method for the OFDM transmitter of the
present invention 1s described. First, as described above, the
OFDM transmitter includes a memory write/read control unit
110 for generating control signals to write/read data in/from
memory, a memory access address generation unit 120 for
generating a memory access address used to write/read data
in/from the memory, and a memory unit 130 including a
plurality of memory banks 131 each having memory cells
arranged 1n a matrix structure, the memory banks 131 being
capable of being independently controlled so that input data
received from the convolution encoder 102 are written or read
in or from the memory banks 131. With reference to FIG. 12,
the mterleaving method for the OFDM transmitter according,
to the present invention 1s described. The memory write/read
control unit 110 generates a control signal to write input data
13, transmitted from the convolution encoder 102, in the
memory bank 131 in response to data transmission rate and
valid interval indication signals 11 and 12 for the input data 13
at step S1200. The memory access address generation unit
120 generates a memory access address to access the memory
bank 131 i1n which the mput data 13 are to be written in
response to the write control signal for the memory bank 131
generated by the memory write/read control unit 110 at step
S51202. Then, the mput data 13 are written 1n the memory
bank 131 corresponding to the memory access address in
response to the write control signal generated by the memory
write/read control unit 110 at step S1204. The memory write/
read control unit 110 generates a control signal to read data,
written 1n the memory bank 131 in response to the data
transmission rate indication signal 11, and data transmission
rate and valid mterval indication signals 16 and 14 for data 15
to be output at the time of reading the data at step S1206. The
memory access address generation unmit 120 generates a
memory access address to access the memory bank 131, from
which the data to be read are output, 1n response to the read
control signal at step S1208. The output data 135 are read from
the memory bank 131 in response to the read control signal
and the memory access address at step S1210. The positions
of the output data 15 read from the memory bank 131 are
rearranged at step S1212. Thereatter, valid data are output
among the output data, the positions of which have been

10

15

20

25

30

35

40

45

50

55

60

65

12

rearranged, according to the data transmission rate and valid
interval indication signals 16 and 14 for the output data 13 at
step S1214. In this case, although not shown 1n the drawings,
the data transmission rate and valid interval indication signals
16 and 14 for the output data 15 are also preferably output at
step S1214.

In the meantime, the memory write/read control unit 110
generates the write/read control signals, controls the counters
that generate the memory access address, controls the
arrangement of the output position of data bits output fromthe
memory unit 130 for the purpose of a second permutation,
and arranges the number of valid bits to be output from the
interleaving apparatus according to the mapping schemes
related to a data transmission rate. The data transmission rate

indication signal for the input data 13, input to the memory
write/read control unit 110, indicates a mapping scheme
related to the transmission rate of data input to the memory

bank 131.

FIG. 13 1s a state diagram showing signals of a memory
write/read control unit according to mapping schemes related
to a data transmaission rate according to an embodiment of the
present invention. With reference to FIG. 13, the operation
according to various states of the memory write/read control
unit 110 of the present invention 1s described. First, in orderto
describe the detailed operation of the memory write/read
control unit 110, the control and indication signals are defined
as shown 1n FIG. 14. FIG. 14 1s a view defining control and
indication signals generated by the memory write/read con-
trol unit 110 according to an embodiment of the present
invention. With reference to FIGS. 13 and 14, the memory
write/read control umit 110 of the present mmvention 1s
described.

Referring to FIG. 13, at an imitialization state 111, the
memory bank input/output activation signals are mnactivated
to prevent the write/read operation with respect to the
memory unit 130, the 3-bit binary counter 122 and the 2-bit
binary counter 121 are mitialized, and the valid interval indi-
cation signal for output data 1s mnactivated because valid data
to be output do not exist. If the valid interval indication signal
for input data of FIG. 4 1s not activated, the 1nitialization state
1s maintained. If the valid interval indication signal for input
data 1s activated at the same time that the data are input to the
interleaving apparatus, and the mapping scheme related to a
data transmission rate for the input data 1s BPSK, the current
state 1s changed to a BPSK mode 112. If the valid interval
indication signal for input data 1s activated at the same time
that the data are input to the interleaving apparatus, and the
mapping scheme related to a data transmission rate for the
input data 1s QPSK, the current state 1s changed to a QPS
mode 113. If the valid interval indication signal for input data
1s activated at the same time that the data are mput to the
interleaving apparatus, and the mapping scheme related to a
data transmission rate for the input data 1s 16-QAM, the
current state 1s changed to a 16-QAM mode 114. If the valid
interval indication signal for mput data 1s activated at the
same time that the data are input to the interleaving apparatus,
and the mapping scheme related to a data transmission rate for
the 1input data 1s 64-QAM, the current state 1s changed to a
64-QAM mode 115.

In FIG. 13, in the BPSK mode 112, the permutation pro-
cesses are executed using the 24-bit memory banks 0 and 1, as
shown 1n FIGS. 7ato 77. A detailed operation performed 1n the
BPSK mode 1s shown in FIGS. 15a to 15¢. As shown in FIGS.
15a to 15¢, the detailed operation of the BPSK mode may vary
in the case where the sub-carrier frequency allocation 1s con-
sidered.
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In FIG. 13, mn the QPSK mode 113, the permutation pro-
cesses are executed using the 24-bit memory banks 0, 1, 6 and
7, as shown 1n FIGS. 7a to 77. A detailed operation performed
in the QPSK mode 1s shown in FIGS. 16ato 16c. As shown in
FIGS. 16a to 16c, the detailed operation of the QPSK mode
may vary in the case where the sub-carrier frequency alloca-
tion 1s considered.

In FIG. 13, in the 16-QAM mode 114, the permutation
processes are executed using the 24-bit memory banks 0, 1, 2,
3, 6,7, 8 and 9, as shown in FIGS. 7a to 7;. A detailed
operation performed in the 16-QAM mode 1s shown 1n FIGS.
17a to 17d. As shown 1n FIGS. 17a to 17d, the detailed
operation of the 16-QAM mode may vary in the case where
the sub-carrier frequency allocation 1s considered.

In FIG. 13, 1n the 64-QAM mode 115, the permutation
processes are executed using all of the 24-bit memory banks,
as shown 1n FIGS. 7ato 7y. A detailed operation performed 1n
the 64-QAM mode 1s shown 1n FIGS. 18a to 18d. As shown in
FIGS. 18ato 18d, the detailed operation of the 64-QAM mode
may vary in the case where the sub-carrier frequency alloca-
tion 1s considered.

Asshown in FIGS. 15ato 15c to 18ato 18d, the 2-bit binary
counter 121 1s operated so that its output value returns to O 1f
the counter value 1s increased by 1 when the output value 1s 2.
Further, the 3-bit binary counter 122 1s operated so that 1ts
output value returns to 0 if a counter value 1s increased by 1
when the output value 1s 7.

Hereinatter, the operating process of the memory write/
read control unit 110 according to the mapping schemes
related to a data transmission rate of the present invention 1s
described in detail, with reterence to FIGS. 15ato 15c and 18a
to 18d.

FIGS. 15a to 15c¢ are tlowcharts showing the operation of
the memory write/read control unit 110 when a mapping
scheme related to a data transmission rate 1s BPSK according
to an embodiment of the present invention. FIG. 13a 1s a
flowchart showing a process of controlling the writing data 1n
the memory unit when a mapping scheme 1s BPSK. Referring,
to FIG. 15a, the operation of the 2-bit and 3-bit counters 121
and 122 1s activated at step S10, and 1-bit data are simulta-
neously written in the memory banks 0 and 1 each at step S11.
It 1s determined whether the output value of the 3-bit counter
122 1s 7 at step S12. If the output value 1s not 7, the output
value of the 3-bit counter 122 1s increased by 1 at step S13,
and then the process returns to step S11. In contrast, 1f the
output value 1s 7, 1t 1s determined whether the output value of
the 2-bit counter 121 1s 2 at step S14. If 1t 1s determined that
the output value of the 2-bit counter 121 1s not 2, the output
value of the 2-bit counter 121 1s increased by 1 at step S15, the
output value of the 3-bitcounter 122 1s set to O at step S16, and
thereatter the process returns to step S11. If the output value
of the 2-bit counter 121 1s 2 at step S14, the counters 121 and
122 are mitialized at step S17.

FIG. 15b 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s BPSK. Referring to FIG. 15b, the operation of
the 2-bit and 3-bit counters 121 and 122 1s activated at step
S18, and 1-bit data 1s read from the memory bank 0 at step
S19. It 1s determined whether the output value of the 2-bit
counter 121 1s 2 at step S20. I the output value of the 2-bit
counter 121 1s not 2, the output value 1s increased by 1 at step
S21, and then the process returns to step S19. It the output
value of the 2-bit counter 121 1s 2 at step S20, the output value
1s set to O at step S22, and 1-bit data 1s read from the memory
bank 1 at step S23. Then, 1t 1s determined whether the output
value of the 2-bit counter 121 1s 2 at step S24. If the output
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value 1s not 2, the output value of the 2-bit counter 121 1s
increased by 1 at step S235, and then the process returns to step
S23. It the output value of the 2-bit counter 121 1s 2 at step
S24, 1t 1s determined whether the output value of the 3-bit
counter 122 1s 7 at step S26. It the output value of the 3-bit
counter 122 1s 7, the process ends. In contrast, 11 the output
value 1s not 7, the output value of the 3-bit counter 122 1s
increased by 1 at step S27, the output value of the 2-bit
counter 121 1s set to O at step S28, and thereatter the process
returns to step S21.

FIG. 15¢ 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s BPSK and sub-carrier frequency allocation 1s
considered. Referring to FIG. 15c, the output value of the
3-bit counter 122 1s set to 4 at step S29, and the operation of
the counters 121 and 122 1s activated at step S30. 1-bit data 1s
read from the memory bank 0 at step S31, and 1t 1s determined
whether the output value of the 2-bit counter 121 1s 2 at step
S32. If the output value 1s not 2, the output value of the 2-bit
counter 121 1s increased by 1 at step S33, and then the process
returns to step S31. If the output value of the 2-bit counter 1s
2 at step S32, the output value 1s set to O at step S34, and
one-bit data 1s read from the memory bank 1 at step S35.
Thereatter, 1t 1s determined whether the output value of the
2-bit counter 121 1s 2 at step S36. It the output value 1s not 2,
the output value of the 2-bit counter 121 1s increased by 1 at
step S37, and then the process returns to step S35. If the
output value of the 2-bit counter 121 1s 2 at step S36, 1t is
determined whether the output value of the 3-bit counter 122
1s 3 at step S38. I the output value of the 3-bit counter 122 1s
3, the process ends. It the output value of the 3-bit counter 122
1s not 3, the output value is increased by 1 at step S39, the
output value of the 2-bit counter 121 1s set to O at step S40, and
thereaiter the process returns to step S31.

FIGS. 16a to 16c¢ are flowcharts showing the operation of
the memory write/read control unit when a mapping scheme
related to a data transmission rate 1s QPSK according to an
embodiment of the present invention. FIG. 16a 1s a flowchart
showing a process of controlling the writing of data 1n the
memory unit when a mapping scheme 1s QPSK. Referring to
FIG. 16a, the operation of the 2-bitand 3-bit counters 121 and
122 1s activated at step S41, and 1-bit data are simultaneously
written 1n memory banks 0 and 1 each at step S42. It 1s
determined whether the output value of the 3-bit counter 122
1s 7 at step S43. If the output value 1s not 7, the output value of
the 3-bit counter 122 1s increased by 1 at step S44, and then
the process returns to step S42. In contrast, 11 the output value
of the 3-bit counter 122 1s 7, the output value 1s set to O at step
S45, and 1-bit data are simultaneously written in memory
banks 6 and 7 each at step S46. Then, it 1s determined whether
the output value of the 3-bit counter 122 1s 7 at step S47. If the
output value 1s not 7, the output value of the 3-bit counter 122
1s increased by 1 at step S48, and then the process returns to
step S46. I the output value of the 3-bit counter 122 1s 7, 1t 1s
determined whether the output value of the 2-bit counter 121
1s 2 at step S49. If the output value 1s 2 at step S49, the
counters 121 and 122 are initialized at step S50, and thereatter
the process ends. If the output value of the 2-bit counter 121
1s not 2, the output value 1s increased by 1 at step S51, the
output value of the 3-bitcounter 122 1s set to O at step S52, and
therealter the process returns to step S42.

FIG. 16b 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s QPSK. Referring to FI1G. 16b, the operation of
the 2-bit and 3-bit counters 121 and 122 1s activated at step
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553, and 1-bit data are simultaneously read from the memory
banks 0 and 6 each at step S54. It 1s determined whether the
output value of the 2-bit counter 121 1s 2 at step S35. If the
output value 1s not 2, the output value of the 2-bit counter 121
1s increased by 1 at step S56, and then the process returns to
step S34. 11 the output value of the 2-bit counter 121 1s 2 at
step S53, the output value 1s set to 0 at step S57, and 1-bit data
are simultaneously read from memory banks 1 and 7 each at
step S58. Then, 1t 1s determined whether the output value of
the 2-bit counter 121 1s 2 at step S59. It the output value 1s not
2, the output value of the 2-bit counter 121 1s increased by 1
at step S60, and thereatter the process returns to step S38. If
the output value of the 2-bit counter 121 1s 2 at step S59, 1t 1s
determined whether the output value of the 3-bit counter 122
1s 7 at step S61. It the output value 1s 7, the process ends. In
contrast, if the output value of the 3-bit counter 122 1s not 7,
the output value 1s increased by 1 at step S62, the output value
of the 2-bit counter 121 1s set to 0 at step S63, and then the
process returns to step S54.

FIG. 16c¢ 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s QPSK and sub-carrier frequency allocation 1s
considered. Referring to FIG. 16c¢, the output value of the
3-bit counter 122 1s set to 4 at step S64, and the operation of
the counters 121 and 122 1s activated at step S65. 1-bitdata are
read from the memory banks 0 and 6 each at step S66, and 1t
1s determined whether the output value of the 2-bit counter
121 1s 2 at step S67. If the output value of the 2-bit counter 1s
not 2, the output value 1s increased by 1 at step S68, and then
the process returns to step S66. If the output value 1s 2 at step
S67, the output value of the 2-bit counter 121 1s set to O at step
569, and 1-bit data are simultaneously read from the memory
banks 1 and 7 each at step S70. Thereaiter, 1t 1s determined
whether the output value of the 2-bit counter 121 1s 2 at step
S71. If the output value 1s not 2, the output value of the 2-bit
counter 121 1s increased by 1 at step S72, and then the process
returns to step S70. If the output value 1s 2 at step S71, 1t 1s
determined whether the output value of the 3-bit counter 122
1s 3 at step S73. If the output value 1s 3, the process ends. I the
output value 1s not 3 at step S73, the output value of the 3-bit
counter 122 1s increased by 1 at step S74, the output value of
the 2-bit counter 121 1s set to O at step S75, and then the
process returns to step 566.

FIGS. 17a to 17d are flowcharts showing the operation of
the memory write/read control unit when a mapping scheme
related to a data transmission rate 1s 16-QAM according to an
embodiment of the present invention. FIGS. 17a and 17b are
flowcharts showing a process of controlling the writing of
data in the memory unit when a mapping scheme 1s 16-QAM.
Referring to FIGS. 17a and 17b, the operation of the 2-bit and
3-bit counters 121 and 122 1s activated at step S80, and 1-bat
data are simultaneously written 1n memory banks 0 and 1 each
at step S81. It 1s determined whether the output value of the
3-bit counter 122 1s 7 at step S82. 11 the output value 1s not 7,
the output value of the 3-bit counter 122 1s increased by 1 at
step S83, and then the process returns to step S81. If the
output value of the 3-bit counter 122 1s /7, the output value 1s
set to O at step S84, and 1-bit data are simultaneously written
in memory banks 2 and 3 each at step S85. Then, it 1s deter-
mined whether the output value of the 3-bit counter 122 1s 7 at
step S86. It the output value 1s not 7, the output value of the
3-bit counter 122 1s increased by 1 at step S87, and then the
process returns to step S85. In contrast, if the output value of
the 3-bit counter 122 1s 7, the output value 1s set to 0 at step
S88, and 1-bit data are simultaneously written 1n the memory
banks 6 and 7 each at step S89. Then, it 1s determined whether
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the output value of the 3-bit counter 122 1s 7 at step S90. It the
output value 1s not 7, the output value of the 3-bit counter 122
1s increased by 1 at step S91, and then the process returns to
step S89. If the output value of the 3-bit counter 122 1s 7 at
step S90, the output value 1s set to 0 at step S92, and 1-bit data
are simultaneously written 1n memory banks 8 and 9 each at
step S93. Then, 1t 1s determined whether the output value of
the 3-bit counter 122 1s 7 at step S94. If the output value 1s not
7, the output value of the 3-bit counter 122 1s increased by 1
at step S95, and then the process returns to step S93. If the
output value of the 3-bit counter 122 1s 7, 1t 1s determined
whether the output value of the 2-bit counter 121 1s 2 at step
S596. If the output value of the 2-bit counter 121 1s not 2, the
output value 1s increased by 1 at step S98, the output value of
the 3-bit counter 122 1s set to O at step S99, and then the
process returns to step S81. It the output value of the 2-bit
counter 121 1s 2 at step 596, the counters 121 and 122 are
initialized at step S97, and the process ends.

FIG. 17c¢ 1s a tlowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s 16-QAM. Reterring to FIG. 17¢, the operation

of the 2-bit and 3-bit counters 121 and 122 1s activated at step
S100, and 1-bit data are simultaneously read from memory
banks 0,2, 6 and 8 each at step S101. It 1s determined whether
the output value of the 2-bit counter 121 1s 2 at step S102. IT
the output value 1s not 2, the output value of the 2-bit counter
121 1s increased by 1 at step S103, and then the process
returns to step S101. If the output Value of the 2-bit counter
121 1s 2 at step S102, the output value 1s set to O at step S104,
and 1-bit data are simultaneously read from memory banks 1,
3, 7 and 9 each at step S105. Then, it 1s determined whether
the output value of the 2-bit counter 121 1s 2 at step S106. IT
the output value 1s not 2, the output value of the 2-bit counter
121 1s increased by 1 at step S107, and then the process
returns to step S105. If the output value of the 2-bit counter
121 1s 2 at step S1086, 1t 1s determined whether the output value
of the 3-bit counter 122 1s 7 at step S108. If the output value
1s 7, the process ends, while 11 the output value 1s not 7, the
output value of the 3-bit counter 122 1s increased by 1 at step
5109, the output value of the 2-bit counter 121 1s set to O at
step S110, and then the process returns to step S101.

FIG. 17d 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s 16-QAM and sub-carrier frequency allocation
1s considered. Referring to FI1G. 17d, the output value of the
3-bit counter 122 1s set to 4 at step S111, and the operation of
the counters 121 and 122 1s activated at step S112. 1-bit data
are simultaneously read from the memory banks 0, 2, 6 and 8
cach at step S113, and 1t 1s determined whether the output
value of the 2-bit counter 121 1s 2 at step S114. If the output
value of the 2-bit counter 121 1s not 2, the output value 1s
increased by 1 at step S115, and then the process returns to
step S113. If the output value 1s 2 at step S114, the output
value of the 2-bit counter 121 1s set to 0 at step S116, and 1-bit
data are simultaneously read from the memory banks 1, 3,7
and 9 each at step S117. Thereafter, 1t 1s determined whether
the output value of the 2-bit counter 121 1s 2 at step S118. IT
the output value 1s not 2, the output value of the 2-bit counter
121 1s increased by 1 at step S119, and then the process
returns to step S117. I the output Value of the 2-bit counter
121 15 2 at step S118, 1t 1s determined whether the output value
of the 3-bit counter 122 1s 3 at step S120. If the output value
of the 3-bit counter 122 1s 3 at step S120, the process ends. If
the output value 1s not 3, the output value of the 3-bit counter
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122 1sincreased by 1 at step S121, the output value of the 2-bit
counter 121 1s set to 0 at step S122, and then the process
returns to step S113.

FIGS. 18a to 18d are flowcharts showing the operation of
the memory write/read control unit when a mapping scheme
related to a data transmission rate 1s 64-QAM according to an
embodiment of the present invention. FIGS. 18a and 18b are
flowcharts showing a process of controlling the writing of
data in the memory unit when a mapping scheme 1s 64-QAM.
Referring to FIGS. 18a and 18b, the operation of the 2-bit and
3-bit counters 121 and 122 is activated at step S130, and 1-bat
data are simultaneously written 1n memory banks 0 and 1 each
at step S131. It 1s determined whether the output value of the
3-bit counter 122 1s 7 at step S132. If the output value 1s not 7,
the output value of the 3-bit counter 122 1s increased by 1 at
step S133, and then the process returns to step S131. It the
output value 1s 7, the output value of the 3-bit counter 122 1s
set to 0 at step S134, and 1-bit data are simultaneously written
in memory banks 2 and 3 each at step S135. Then, 1t 1s
determined whether the output value of the 3-bit counter 122
1s 7 at step S136. I the output value 1s not 7, the output value
of the 3-bit counter 122 1s increased by 1 at step S137, and
then the process returns to step S135. In contrast, 1f the output
value 1s 7, the output value of the 3-bit counter 122 1s set to O
at step S138. Then, 1-bit data are simultaneously written 1n
memory banks 4 and 5 each at step S139. Then, it 1s deter-
mined whether the output value of the 3-bit counter 122 1s 7 at
step S140. If the output value 1s not 7, the output value of the
3-bit counter 122 1s increased by 1 at step S141, and then the
process returns to step S139. It the output value of the 3-bit
counter 122 1s 7 at step S140, the output value 1s set to 0 at step
S142, and 1-bit data are simultaneously written 1n memory
banks 6 and 7 each at step S143. Then, 1t 1s determined
whether the output value of the 3-bit counter 122 1s 7 at step
S144. If the output value 1s not 7, the output value of the 3-bit
counter 122 1s increased by 1 at step S145, and then the
process returns to step S143. It the output value of the 3-bit
counter 122 1s 7, the output value 1s set to O at step S146, and
1-bit data are simultaneously written in memory banks 8 and
9 each at step S147. Then, 1t 1s determined whether the output
value of the 3-bit counter 122 1s 7 at step S148. I the output
value of the 3-bit counter 122 1s not 7, the output value 1s
increased by 1 at step S149, and then the process returns to
step S147. If the output value 1s 7 at step S148, the output
value of the 3-bit counter 122 1s set to O at step S150, and 1-bit
data are simultaneously written in memory banks 10 and 11
cach at step S151. Then, it 1s determined whether the output
value of the 3-bit counter 122 1s 7 at step S152. If the output
value 1s not 7, the output value of the 3-bit counter 122 1s
increased by 1 at step S153, and then the process returns to
step S151. I1 the output value of the 3-bit counter 122 1s 7, 1t
1s determined whether the output value of the 2-bit counter
121 1s 2 at step S1354. If the output value 1s not 2, the output
value of the 2-bit counter 121 1s increased by 1 at step S156,
the output value of the 3-bit counter 122 1s set to 0 at step
S157, and thereatfter the process returns to step S131. If the
output value of the 2-bit counter 121 1s 2, the counters 121 and
122 are mitialized at step S155, and then the process ends.

FIG. 18c 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s 64-QAM. Referring to FIG. 18c¢, the operation
of the 2-bit and 3-bit counters 121 and 122 1s activated at step
S158, and 1-bit data are simultaneously read from memory
banks 0, 2, 4, 6, 8 and 10 each at step S159. It 1s determined
whether the output value of the 2-bit counter 121 1s 2 at step
S5160. If the output value 1s not 2, the output value of the 2-bit
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counter 121 1s increased by 1 at step S161, and then the
process returns to step S159. It the output value 1s 2 at step
5160, the output value of the 2-bit counter 121 1s set to O at

step S162, and then 1-bit data are simultaneously read from
memory banks 1, 3, 5,7, 9 and 11 each at step S163. Then, 1t
1s determined whether the output value of the 2-bit counter

121 15 2 at step S164. If the output value 1s not 2, the output
value of the 2-bit counter 121 1s increased by 1 at step S165,
and then the process returns to step S163. If the output value
1s 2 at step S164, 1t 1s determined whether the output value of
the 3-bit counter 122 1s 7 at step S166. 11 the output value1s 7/,
the process ends, while 1f the output value 1s not 7, the output
value of the 3-bit counter 122 is increased by 1 at step S167,
the output value of the 2-bit counter 121 1s set to O at step
S168, and then the process returns to step S159.

FIG. 18d 1s a flowchart of a process of controlling the
reading of data from the memory unit and controlling the
second permutation and output selection unit when a map-
ping scheme 1s 64-QAM and sub-carrier frequency allocation
1s considered. Referring to FIG. 18d, the output value of the
3-bit counter 122 1s set to 4 at step S169, and the operation of
the counters 121 and 122 1s activated at step S170. 1-bit data
are simultaneously read from memory banks 0, 2, 4, 6, 8 and
10 each at step S171, and it 1s determined whether the output
value of the 2-bit counter 121 1s 2 at step S172. It the output
value of the 2-bit counter 121 1s not 2, the output value 1s
increased by 1 at step S173, and then the process returns to
step S171. If the output value 1s 2 at step S172, the output
value of the 2-bit counter 121 1s set to O at step S174, and 1-bit
data are simultaneously read from memory banks1,3,5,7,9
and 11 each at step S175. Thereaftter, 1t 1s determmed whether
the output value of the 2-bit counter 121 1s 2 at step S176. IT
the output value 1s not 2, the output value of the 2-bit counter
121 1s increased by 1 at step S177, and then the process
returns to step S175. If the output value 1s 2 at step S176, 1t 15
determined whether the output value of the 3-bit counter 122
1s 3 at step S178. If the output value 1s 3, the process ends. If
the output value 1s not 3 at step S178, the output value of the
3-bit counter 122 1s increased by 1 at step S179, the output
value of the 2-bit counter 121 1s set to 0 at step S180, and then
the process returns to step S171.

The above detailed descriptions and drawings show the
technical spirit of an interleaving apparatus and method for an
orthogonal 1Irequency division multiplexing transmitter
according to the present mvention. Although the preferred
embodiments of the present invention have been disclosed for
illustrative purposes, the present invention 1s not limited to the
embodiments. In particular, as embodiments of the present
invention, memory banks, input/output data and various sig-
nals shown 1n the drawings can be applied to the present
invention, but those skilled 1n the art will appreciate that other
embodiments can be implemented.

Further, those skilled 1n the art will appreciate that various
modifications, additions and substitutions are possible, with-
out departing from the scope and spirit of the invention as
disclosed 1n the accompanying claims. Therefore, the spirit
and scope of the present invention would be defined by the
accompanying claims, not the detailed description and the
drawings.

As described above, the present mvention provides an
interleaving apparatus and method for an OFDM transmutter,
which separates output data into inphase components and
quadrature components, determines the number of bits, out-
put 1n parallel, according to a mapping scheme, and outputs
the determined bits when the data are output from the inter-
leaving apparatus, thus omitting processes that may be unnec-
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essarily executed, such as data rearrangement for mapping or
data rearrangement according to sub-carrier frequency allo-
cation.

Further, the present invention 1s advantageous in that first
and second permutation processes are separated, so that bits
are output from memory in parallel according to a mapping
scheme during the first permutation process, and the positions
ol output data bits are rearranged during the second permu-
tation process, thus simplifying and facilitating the design of
a required controller.

Moreover, the present invention 1s advantageous 1n that a
24-bit memory bank 1s implemented with the unit of memory,
so that an interleaving apparatus enabling systematic exten-
s10n or reduction can be implemented.

What 1s claimed 1s:

1. An mterleaving apparatus for an orthogonal frequency
division multiplexing transmitter, comprising:

a memory [unit] including a plurality of memory banks
cach having memory cells arranged 1n an NxM matrix
structure, the memory banks [being capable of] being
independently controlled so that data can be written or
read 1n or from the memory banks;

a memory write/read [control unit for generating] control-
ler configured to generate control signals to write/read
data in/from the memory [unit,] according to a constel-
lation mapping scheme related to a data transmission
rate [,] and [outputs] output the control signals to the
memory [unit; |, and configured to receive signals indi-
cating the data transmission rvate and a valid interval of
the input data and genevate the control signals to write/
read data existing in the valid interval;

a memory access address [generation unit for generating]
generator configured to generate a memory access
address used to write/read data in/from the memory
[unit] in response to the memory write/read control sig-
nals; and

a [second] permutation and output selection Junit for rear-
ranging] processor configured to rearrange positions of
data bits output from the memory [unit] and outputting
the position-rearranged data bits.

2. Theinterleaving apparatus according to claim 1, wherein
the memory [unit] comprises a plurality of 24-bit memory
banks.

3. The mterleaving apparatus according to claim 1 or 2,
wherein the memory [unit] comprises at least 12 memory
banks.

4. The interleaving apparatus according to claim 1,
wherein each of the memory banks veceives or outputs data on
a 1-bit-at-a-time basis.

5. The interleaving apparatus according to claim 1, wherein
cach of the memory banks controls write/read operations 1n
response to activation signals of the write/read control signals
output from the memory write/read [control unit] controller.

6. The interleaving apparatus according to claim 1, wherein
the data input to the memory [unit] have a 2-bit parallel
structure.

[7. The interleaving apparatus according to claim 1,
wherein the memory write/read control unit recerves signals
indicating the data transmission rate and a valid interval of the
input data and generates the control signals to write/read data
existing in the valid interval ]

8. The interleaving apparatus according to claim 1, wherein
the memory access address [generation unit] gererator gen-
erates an n-bit memory access address, upper k bits of which
indicate a column of each memory cell and lower n-k bits of
which indicate a row of each memory cell.

20

9. The interleaving apparatus according to claim 8,
wherein n is 5 and kis 2.

10. The interleaving apparatus according to claim 1,
wherein the [second] permutation and output selection [unit]
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a second permutation [unit for rearranging] processor con-
figured to rearrange the positions ol data bits output
from the memory [unit}]; and

an output selection [unit for outputting] processor config-
ured to output the position-rearranged data bits and sig-
nals indicating a data transmission rate and a valid inter-
val of the output data, and outputting valid data
according to the data transmission rate and the valid
interval.

11. The interleaving apparatus according to claim 10,
wherein the second permutation [unit] processor includes 12
b1t input ports, which are classified into an inphase block and
a quadrature block, each including 6-bit mput ports that
receive 6-bit parallel data, the 6-bit parallel data correspond-
ing to each block being divided into two 3-bit groups and
being input to an odd part and an even part, respectively.

12. The interleaving apparatus according to claim 10,
wherein the second permutation [unit] processor outputs
6-bit parallel data, which are classified into an inphase block
and a quadrature block, each having 3 bits.

13. The interleaving apparatus according to claim 10,
wherein the second permutation [unit] processor selects one
ol data output corresponding to an odd part and data output
corresponding to an even part in response to an odd/even part
distinguishing signal generated by the memory write/read
[control unit] controller, and outputs the selected data.

14. The interleaving apparatus according to claim 10,
wherein the output selection [unit] processor is operated so
that, 11 a constellation mapping scheme related to a data
transmission rate ol the output data 1s BPSK, valid data are
output 1n series on a 1-bit-at-a-time basis, if a constellation
mapping scheme 1s QPSK, valid data are output 1n parallel on
a 2-bits-at-a-time basis, 1f a constellation mapping scheme 1s
16-QAM, valid data are output in parallel on a 4-bits-at-a-
time basis, and 1f a constellation mapping scheme 1s
64-QAM, valid data are output in parallel on a 6-bits-at-a-
time basis.

15. An iterleaving method for an orthogonal frequency
division multiplexing transmaitter, the transmitter including a
memory write/read [control unit] controller and a memory
access address [generation unit] generator and writing/read-
ing data in/from a memory [unit] including a plurality of
memory banks each having memory cells arranged 1n a
matrix structure, the memory banks [being capable of] being
independently controlled so that data input from a convolu-
tion encoder can be written or read in or from the memory
banks, the method comprising the steps of:

[2)] gernerating at the memory write/read [control unit
generating] controller a control signal to write the input
data in a corresponding memory bank inresponse to data
transmission rate and valid interval indication signals for
the input data transmitted from the convolution encoder;

[b)] generating at the memory access address [generation
unit generating] generator a memory access address to
access the memory bank, 1n which the input data are to
be written, 1n response to the write control signal for the
memory bank generated by the memory write/read [con-
trol unit] controller,

[c)] writing the input data in a memory bank corresponding
to the memory access address 1n response to the write
control signal generated by the memory write/read [con-
trol unit] controller,
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[d)] gernerating at the memory write/read [control unit
generating] controller a control signal to read data, writ-
ten 1n the memory bank according to the data transmis-
sion rate, and data transmission rate and valid interval
indication signals for output data when the data are read
from the memory bank;

[e)] generating at the memory access address [generation
unit generating] generator a memory access address to
access the memory bank, from which output data are to
be read, 1n response to the read control signal;

[£)] reading the output data from the memory bank in
response to the read control signal and the memory
access address;

[2)] rearranging positions of output data read from the
memory bank; and

[h)] outputting valid data among the position-rearranged
output data in response to the data transmission rate and
valid interval indication signals for the output data.

16. The interleaving method according to claim 15,
wherein the [step a)] generating of the control signal to write
the input data 1s performed so that the memory wrte/read
[control unit] controller generates a control signal to write the
iput data 1n 24-bit memory banks.

17. The interleaving method according to claim 15,
wherein the [step a)] generating of the control signal to write
the input data 1s performed so that the memory write/read
[control unit] controller generates a control signal to write the
input data 1n at least 12 memory banks.

18. The interleaving method according to claim 15,
wherein the data input/output to/from the memory bank are
[-bit data.

19. The interleaving method according to claim 15,
wherein the data, input to the memory [unit], have a 2-bit
parallel input structure.

20. The interleaving method according to claim 15,
wherein the [step b)] generating of the memory access
address 1s performed to generate the memory access address
implemented with an n-bit signal, upper k bits of which
indicate a column of each memory cell and lower n-k bits of
which indicate a row of each memory cell.

21. The interleaving method according to claim 20,
wherein nis 5 and Kk is 2.

22. The interleaving method according to claim 135,
wherein the [step g)] rearranging of the positions of the
output data read 1s performed to output 6-bit parallel data, the
6-bit parallel data being classified into an inphase block and a
quadrature block, each having 3 bits.

23. The interleaving method according to claim 185,
wherein the [step g)] rearranging of the positions of the
output data read 1s performed so that one of data output
corresponding to an odd part and data output corresponding
to an even part 1s selected 1n response to an odd/even part
distinguishuing signal generated by the memory write/read
control unit, and the selected data are output.

24. The interleaving method according to claim 135,
wherein the [step h)] outputting of the valid data 1s performed
so that, 11 a constellation mapping scheme related to a data
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transmission rate of the output data 1s BPSK, valid data are
output 1n series on a 1-bit-at-a-time basis, if a constellation
mapping scheme 1s QPSK, valid data are output 1n parallel on
a 2-bits-at-a-time basis, [if a constellation mapping scheme is
16-QAM, valid data are output in parallel on a 4-bits-at-a-
time basis,] and if a constellation mapping scheme is
64-QAM, valid data are output in parallel on a 6-bits-at a
time-basis.

25. The interleaving method according to claim 15,
wherein the [step h)] outputting of the valid data comprises
[the step of] outputting the data transmission rate and valid
interval indication signals for the output data.

206. An interleaving apparatus for an orthogonal frequency
division multiplexing (OFDM) transmitter, the apparatus
COmprising:

a memory write/read controller configured to generate a
control signal according a constellation mapping
scheme related to a data transmission rate, and output
the genervated control signal, and configured to receive
signals indicating the data transmission rate and a valid
interval of the input data and generate the control signal
to write/read data existing in the valid interval.:

a memory configured to store input data and output data
bits of the stored data, in response to the control signal
outputted from the memory write/read controller; and

a permutation and output selection processor configured to
rearrange positions of the data bits outputted from the
memory and output the position-rearranged data bits.

27. The apparatus accovding to claim 26, wherein the
memory includes a plurality of memory banks each having
memory cells arranged in an N+M matrix structure, the
memory banks being independently controlled so that data
can be written or vead in or from the memory banks.

28. The apparatus according to claim 26, further com-
prises a memory access address generator configured to gen-
erate a memory access address used to write/read data
in/from the memory in response to the control signal.

29. An interleaving method for an orthogonal frequency
division multiplexing (OFDM) transmitter, the method com-
prising:

generating at a memory write/read controller a control
signal according to a constellation mapping scheme
related to a data transmission rate;

receiving signals indicating the data transmission rate and
avalid interval of the input data and generate the control
signal to write/vead data existing in the valid interval;

storing input data and outputting data bits of the stored
data in a memory, in vesponse to the generated control
signal;

rearranging positions of the outputted data bits at a per-
mutation and output selection processor; and

outputting the position-rearranged data bits.

30. The method accovding to claim 29, whevein the method

Jurther comprises generating a memory access address used

to store the input data and output the data bits of the stored
data in vesponse to the control signal.
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