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ABSTRACT

Disclosed i1s a data transportation/reception apparatus and method in a
mobile communication system. The data transportation apparatus and method
divides transport data bits into bits having higher priority and bits having lower
priority, maps the bits having higher priority to bit positions having higher
reliability, and maps the bits having lower priority to bit positions having lower
reliability. The data reception apparatus and method demodulates received
modulated symbols, divides the demodulated coded bits into two coded bit
groups according to priority, deinterleaving the coded bit groups using different

deinterleavers, and decodes the deinterleaved coded bits.
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APPARATUS AND METHOD FOR TRANSMITTING/RECEIVING DATA IN A
CDMA MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an apparatus and method for
transmitting/receiving data in a CDMA (Code Division Multiple Access) mobile
communication system, and in particular, to a data transmission/reception apparatus

and method for improving reliability of transport data bits.

2. Description of the Related Art

In a communication system, it 1s actually impossible to receive a transmtted
signal without any distortions or noises. In particular, when the signal 1s
transmitted/received over a wireless network, the effects of the distortions or noises

are more serious as compared with when the signal is transmitted/received over a

wired network.

Therefore, many efforts have been made to minimize the effects of the
distortions or noises. An error control coding technique has been proposed as a typical
method of minimizing the effects of the distortions or noises. Codes used for the error
control coding technique are classified into a memoryless code and a memory code.
For example, the memoryless code includes a linear block code, while the memory
code includes a convolutional code and a turbo code. A device for generating such
codes is called a “channel encoder”, and its outputs can be divided into systematic bits
and parity bits based on the error control coding technique. The turbo code 1s a code
typically used for the error control coding technique that separates its outputs into the
systematic bits and the parity bits. In addition to the turbo code, there exists a

systematic convolutional code of the convolutional code, as a code used for the error

control coding technique.

Herein, the “systematic bits” mean an actual information signal, while the

“parity bits” mean a supplemental signal added to correct a possible error which
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occurred during transportation in a decoding process. However, even though a signal
is subjected to the error control coding, if a burst error occurs 1n the systematic bits or
the parity bits, it is not easy to correct the burst error. Such a phenomenon frequently
occurs while the signal passes through a fading channel, and an “interleaving”
technique is typically used to prevent this phenomenon. The interleaving technique
disperses a damaged part in several places rather than concentrating 1t on a single

place, thereby complementing the error control coding technique.

Such interleaved signal is subject to mapping 1n a symbol unit in a digital
modulator. The number of bits included in one symbol increases with the order of the
modulator. Particularly, in the case of high-order modulation of over 16QAM (16-ary
Quadrature Amplitude Modulation), one symbol includes information of over 4 bats,
and the bits can be classified according to reliability. Here, the “reliability” can be
represented by a probability that the bit values will be changed during transportation.
For example, when one 16QAM-modulated symbol 1s subject to mapping on
coordinates, information of leading two bits in the symbol has higher reliability since
the leading two bits determine a quadrant of the coordinates, to which the symbol is to
be mapped. This means that there is a lower probability that the information of the
leading two bits will be changed during transportation. However, information of the
remaining two bits in the symbol has lower reliability, since the remaining two bits
determine one of the four regions obtained by dividing the determined quadrant. This
means that there is a higher probability that the information of the remaining two bits
will be changed during transportation. That is, of at least 3 bits included 1n one symbol,
the bits determining a wider region have higher reliability and the bits determining a

narrower region have lower reliability.

A transmitter of a common HSDPA (High-Speed Downlink Packet Access)
radio communication system is comprised of a channel encoder, an interleaver and a

modulator, as illustrated in FIG. 1.

Referring to FIG. 1, a tail bit generator 110 receives N transport blocks and
adds associated tail bits to the respective transport blocks. A channel encoder 112

encodes the N tail bit-added transport blocks from the tail bit generator 110 and
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outputs coded symbols. The channel encoder 112 has at least one coding rate in order
to encode the N transport blocks. The coding rate may be 1/2 or 3/4. When the channel
encoder 112 supports a plurality of coding rates through symbol puncturing or symbol
repetition vsing a 1/6 or 1/5 mother encoder, an operation of selecting a coding rate
from the available coding rates is required. In FIG. 1, the channel encoder 112

determines (selects) the coding rate under the control of a controller 120.

A rate matcher 114 rate-matches the coded symbols from the channel encoder
112. The rate matching i1s performed by repeating or puncturing the coded symbols,
when a transport channel 1s subject to multiplexing or when the number of the output
symbols of the channel encoder 112 i1s not identical to the number of symbols
transported over a radio channel. An interleaver 116 interleaves the rate-matched
coded symbols from the rate matcher 114. The interleaving i1s performed to minimize a
possible data loss during transportation. An M-ary modulator 118 modulates the
interleaved coded symbols by QPSK (Quadrature Phase Shift Keying), 8PSK (8-ary
Phase Shift Keying), 16QAM or 64QAM modulation. The controller 120 controls an
operation of the channel encoder (or turbo encoder) 112 and a modulation mode of the
modulator 118 according to a current state of the radio channel. The HSDPA radio
communication system uses AMCS (Adaptive Modulation and Coding Scheme) for
the controller 120 in order to select the modulation modes (QPSK, 8PSK, 16QAM and
64QAM) according to the radio environment. Though not illustrated in the drawing,
the CDMA mobile communication system spreads transport data using a Walsh code
W and an orthogonal code PN, so that a corresponding mobile terminal (or UE (User

Equipment)) can identify a channel and a base station (or Node B) transmitting the

data.

The structure of the transmitter has been described on the assumption that
coded symbols are not divided into the systematic bits and the parity bits. However,
the coded symbols output from the channel encoder 112 of the transmitter can be
divided into the systematic bits and the parity bits. Of course, the systematic bits and
the parity bits output from the channel encoder 112 have different priorities. Namely,
in the case where errors occur in the transport data at a given rate, it 1s possible to

perform relatively correct decoding when the errors occur in the parity bits rather than
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in the systematic bits. The reason 1s, as stated above, because the systematic bits are
actual data bits while the parity bits are supplemental bits added to correct errors

occurred during transportation n a decoding process.

However, the interleaver 116 of the conventional transmitter in the
communication system performs interleaving regardless of the priorities of the
systematic bits and the parity bits. That 1s, the conventional transmitter performs

symbol mapping irrespective of the systematic bits and the parity bits.

Hence, the conventional radio communication system has a high error
occurrence probability regardless of the priorities of the systematic bits and the parity
bits, when transporting data over the wireless network. Accordingly, there 1s a need for
a technique capable of reducing a probability that errors will occur 1n the systematic

bits having higher priority than the parity bits, thereby improving system pertormance.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide a data
transmission/reception apparatus and method for improving performance of a radio

communication system.

It is another object of the present invention to provide a data
transmission/reception apparatus and method having higher reliability in a radio

communication system.

It is further another object of the present invention to provide a data
transmission/reception apparatus and method for receiving bits having higher priority

at a receiver having a higher reception probability in a radio communication system.

It is yet another object of the present invention to provide a data
transmission/reception apparatus and method for mapping data bits to symbol bit

positions having different reliabilities according to priorities of transport data bits.
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It is still another object of the present invention to provide a data reception apparatus
and method for receiving data bits mapped to symbol bit positions having different

reliabilities according to priorities of transport data buts.

It is still another object of the present invention to provide a data transmission
apparatus and method for mapping data bits having higher priority to symbol bit
positions having higher reliability, and mapping data bits having lower priority to

symbol bit positions having lower reliability.

It is still another object of the present invention to provide a data transmission
apparatus and method for mapping systematic bits to symbol bit positions having

higher reliability and parity bits to symbol bit positions having lower reliability.

To achieve the above and other objects, the present invention provides a data
transmission apparatus and method for dividing transport data bits into bits having
higher priority and bits having lower priority, mapping the bits having higher priority
to symbol bit positions having higher reliability, and mapping the bits having lower

priority to symbol bit positions having lower reliability.

Further, the present invention proVides a data reception apparatus and method
for demodulating received modulated symbols, dividing the demodulated coded bits
into two coded bit groups according to priority, deinterleaving the coded bit groups

using different deinterleavers, and decoding the deinterleaved coded bats.

According to an aspect of the present invention there is provided a data
processing method in a mobile communication system, for processing data comprised
of bits having higher priority and bits having lower priority, generated by an encoder,
comprising the steps of:

interleaving the bits having higher prionty and the bits having lower priority,

30 respectively; and

mapping the interleaved bits having higher priority to a first bit part and the
interleaved bits having lower priority to a second bit part,

wherein a symbol outputted the modulator comprised of the first bit part having
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higher reliability and the second bit part having lower reliability.

According to another aspect of the present invention there is provided a data
processing apparatus in a mobile communication system, for processing data
comprised of bits having higher priority and bits having lower priority, generated by
an encoder, comprising;:

an interleave unit for interleaving the bits having higher priority and the bits having
lower priority, respectively; and

a modulator for mapping the interleaved bits having higher priority to a first bit part
and the interleaved bits having lower priority to a second bit part,

wherein a symbol outputted the modulator comprised of the first bit part having

higher reliability and the second bit part having lower reliability.

According to a further aspect of the present invention there is provided a

method for receiving data in a mobile communication system, comprising the steps of:

demodulating bits having higher priority situated in a first bit part and bits having
lower priority situated in the seécond bit part;

deinterleaving the demodulated bits having higher priority and the demodulated bits
having lower priority, respectively; and

decoding the deinterleaved bits having higher priority and the deinterleaved bits
having lower priority,

wherein a received data symbol comprised of the first bit part having higher

reliability and the second bit part having lower reliability.

According to a further aspect of the present invention there is provided an

apparatus for receiving data in a mobile communication system, comprising:

a demodulator for demodulating bits having higher priority situated in the first bit
part and bits having lower priority situated in the second bit part;

a deinterleave unit for deinterleaving the demodulated bits having higher priority and
the demodulated bits having lower priority, respectively; and

a decoder for decoding the deinterleaved bits having higher priority and the
deinterleaved bits having lower priornity,

wherein a received data symbol comprised of the first bit part having higher
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rehiability and the second bit part having lower reliability.

According to a further aspect of the present invention there is provided a data
processing apparatus in a mobile communication syStem, for transforming data
comprised of bits having higher priority and bits having lower priority, generated by
an encoder at a predetermined coding rate, comprising:

a memory physically divided into a first region and a second region, for storing fhe
bits having higher priority in the first region and the bits having lower priority in the
second region;

a controller for determining a ratio of the bits having higher priority to the bits
having lower priority based on a coding rate of the encoder and a modulation mode of
a modulator, reading the bits having higher priority and the bits having lower priority
from the first region and the second region according to a predetermined interleaving
pattern so as to secure the determined ratio; and

the modulator for mapping the read bits having higher priority to a first bit part and
the read bits having lower priority to a second bit part, in 'mapping a bit stream
comprised of at least 3 bits to one symbol, the bit stream comprised of the first bit part
having higher reliability and the second bit part having lower reliability.

According to a further aspect of the present invention there is provided a
method for processing data comprised of bits having higher priority and bits having
lower priority, generated by an encoder, using a memory physically divided into a first
region and a second region and a high-order modulator in which a bit stream
comprised of at least 3 bits represents one symbol and the bit stream is comprised of a
first bit part having higher reliabi]ity and a second bit part having lower reliability,
comprising the steps of:

storing the bits having higher priority in the first region and the bits having lower
priority in the second region;

determining a ratio of the bits having higher priority to the bits having lower priority
based on a coding rate of the encoder and a modulation mode of a modulator; -

reading the bits having higher priority from the first region according to a
predetermined interleaving pattern so as to secure the determined ratio:

reading the bits having lower priority from the second region according to the
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predetermined interleaving pattern so as to secure the determined ratio;
modulating the bits having higher priority and the bits having lower priority such that
the read bits having higher prionty are situated in the first bit part and the read bits

having lower priority are situated in the second bit part.

According to a further aspect of the present invention there is provided a
method for transmitting data using a high-order modulation scheme in a mobile
communication system, comprising the steps of:

encoding a data bit stream by an encoder; _

inputting k-th bits and k+1-th bits of the encoded bit stream and k+2-th bits and k+3-
th bits to an interleave unit, respectively;

interleaving said k-th bits and k+1-th bits and said k+2-th bits and k+3-th bits in the
iterleave unit, respectively; and

generating a modulation symbol with 4 bits of (n-th, n+1-th, n+2-th, n+3-th) output
tfrom the interleave unit,

wherein the n-th bits and n+1-th bits are output in order as result bits of interleaving

- the k-th bits and k+1-th bits, and the n+2-th and n+3-th are oiltput in order as result

20
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bits of interleaving the k+2-th bits and k+3-th bits.

According to a further aspect of the present invention there is provided an
apparatus for transmitting data using a high-order modulation scheme in a mobile
communication system, comprising:

an encoder for encoding a data bit stream;

an interleave unit for interleaving k-th bits and k+1-th bits of the encoded bit stream
and k+2-th bits and k+3-th bits of the encoded bit stream, respectively; and

a modulator for generating a modulation symbol with 4 bits of (n-th, n+1-th, n+2-th,
n+3-th) output from the interleave unit,
wherein the n-th and n+1-th bits are output in order as result bits of interleaving the k-
th bits and k+1-th bits, and the n+2-th and n+3-th are output in order as result bits of
interleaving the k+2-th bits and k+3-th bits.

According to a further aspect of the present invention there is provided a

method for transmitting data using a high-order modulation scheme in a HSDPA

3¢



CA 02380142 2007-10-15

mobile communication, comprising the steps of:

a) encoding a data bit stream using an encoder;

b) distributing the encoded bit stream into a first bit stream being comprised of bits
having a high priority and a second bit stream being comprised of bits having a low
priority;

¢) interleaving the first bit stream using a first interleaver and interleaving the second

bit stream using a second interleaver; and
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d) generating a modulation symbol by combining 2 bits output from the first
interleaver and 2 bits output from the second interleaver,
wherein in step b) the second bit stream is comprised of the bits having low priority
and a part of bits having a high priority if the number of bits having a high priority is .
larger than the number of bits having a low priority, and the ﬁrSt bit stream 1is
comprised of the bits having a high priority and a part of the bits having a low priority
if the number of bits having a low priority is larger than the number of bits having a
high priority such that the encoded bit stream is distributed into the first bit stream and

the second bit stream in the same ratio.

According to a further aspect of the present invention there is provided an
apparatus for transmitting data using high-order modulation scheme in a HSDPA
mobile communication system, comprising:

an encoder for encoding a data bit stream,;

a distributor for distributing an encoded bit stream into a first bit stream being
comprised of bits having a high priority and a second bit stream being comprised of
bits having a low priority; '

an Interleaver being comprised of a first interleaver for interleaving the first bit
stream and a second interleaver for interleaving the second bit stream; and

a modulator for generating a modulation symbol by combining 2 bits output from the
first interleaver and 2 bits output from the second interleaver,

wherein the distributor is characterized by distributing the encoded bit stream into
the first bit stream and the second bit stream in the same ratio, for which the second
bit stream 1s comprised of the bits having low priority and a part of bits having a high
priority if the number of bits having a high priority is larger than the number of bits

having a low priority, and the first bit stream is comprised of the bits having a high
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priority and a part of the bits having a low priority if the number of bits having a low

priority 1s larger than the number of bits having a high priority.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will
become more apparent from the following detailed description when taken in conjunction
with the accompanying drawings in which: '

FIG. 1 1illustrates a structure of a conventional transmitter in a CDMA
communication system;

FIG. 2 illustrates a structure of a transmitter in a CDMA mobile communication

system according to a first embodiment of the present invention;
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FIG. 3 1llustrates a structure of a receiver according to a first embodiment of

the present invention;

FIG. 4 illustrates a structure of a transmitter in a CDMA mobile
communication system according to a second embodiment of the present invention;

FIG. 5 illustrates a structure of a transmitter in a CDMA mobile
communication system according to a third embodiment of the present invention;

FIG. 6 illustrates an output format of the P/S converter in the transmitter
according to an embodiment of the present invention;

FIG. 7 illustrates simulation results obtained when the simulation i1s
performed using 64QAM modulation according to an embodiment of the present
invention; and

FIG. 8 illustrates simulation results obtained when the simulation is
performed using 16QAM modulation according to an embodiment of the present

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described heremn
below with reference to the accompanying drawings. In the following description,
well-known functions or constructions are not described in detail since they would

obscure the invention in unnecessary detail.

In the following description, it will be assumed that the channel encoder
supports a coding rate of 1/2 and 3/4, and the modulator supports QPSK, 8PSK,
16QAM and 64QAM. Shown in Table 1 are available encoding operations according
to an embodiment of the present invention, when the assumption stated above is

applied.
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64QAM
l | QPSK
$PSK
3/4 |
16QAM

64QAM

At the 1/2 coding rate (symmetric coding rate), the channel encoder outputs 2
bits by receiving one input bit. One of the 2 output bits is an actual data bit, a
systematic bit, while the remaining one bit 1s a parity bit for detecting and
compensating for an error. However, at the 3/4 coding rate (asymmetric coding rate),
the channel encoder outputs 4 bits by receiving 3 input bits. The 4 output bits are

divided into 3 systematic bits and one parity bat.

A symbol pattern based on the 16QAM can be expressed as [H,H,L,L}, and a
symbol pattern based on the 64QAM can be expressed as [HHHMM,L,L]. In the
symbol patterns, “H” represents a bit pOsition having High rehability, “L” represents a
bit position having Low reliability, and “M” represents a bit position having Medium
rehiability. The present invention aims at mapping the bits having relatively higher
priority (€.g., systematic bits and tail bits) to the bit positions having higher reliability,
and mapping the bits having relative lower priority (e.g., parity bits) to the bit
positions having lower reliability, in performing symbol mapping on the coded bits

according to a predetermined symbol pattern.

Now, reference will be made to symbol mapping methods based on the 1/2
and 3/4 coding rates and the 16QAM and 64QAM modulations according to an

embodiment of the present invention.

First, when using the 1/2 coding rate and the 16QAM modulation, the
transmitter maps 2 systematic bits to the 2 H-bit positions in the symbol pattern, and
maps 2 parity bits to the 2 L-bit positions in the symbol pattern. In this case, it is

preferable to use an interleaver with a fixed length.

Second, when using the 3/4 coding rate and the 16QAM modulation, the
7
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transmitter can use either an interleaver with a fixed length or an interleaver with a
variable length. When the interleaver with a fixed length is used, the interleaver for
interleaving systematic bits 1s identical 1n length to the interleaver for interleaving
parity bits. However, when the interleaver with a variable length 1s used, the
interleaver for interleaving systematic bits may not be identical in length to the

interleaver for interleaving parity bats.

When using the interleaver with a fixed length, the transmitter maps the first
2 systematic bits to the 2 H-bit positions 1n the symbol pattern after interleaving, and
maps the remaining 1 systematic bit and 1 parity bit to the 2 L-bit positions in the
symbol pattern after interleaving. Therefore, when the interleaver has a fixed length, a
separate structure for matching the numbers of input bits to the respective interleavers
is required. Although the description has been made of an example where the coded
bits are subject to interleaving in a unit of 2 bats, this may be varied depending on a
length of the interleaver. That is, although the present invention will be described with
reference to an example where the coded bits are subject to interleaving in a unit of 2
bits, it would be obvious to those skilled in the art that the coded bits may be subjected

to interleaving in units of 4 or 8 bats.

However, when using the interleaver with a variable length, the transmitter
varies a length of the interleaver according to the number of the systematic bits and
the number of the parity bits. That is, the transmitter interleaves 3 systematic bits and
maps them to the 2 H-bit positions and the 1 H-bit position in the symbol pattern.
Further, the transmitter maps 1 parity bit to the remaining 1 L-bit position in the
symbol pattern. Although the description has been made ot an example where the 2
systematic bits and the 1 parity bit are subject to interleaving, the number of the bits
subjected to interleaving may be varied depending on a length of the interleaver. That
is, when a length of the interleaver is 8, the coded bits may be subject to interleaving

1n a unit of 8 bits.

Third, when using the 1/2 coding rate and the 64 QAM modulation, the
transmitter maps 2 systematic bits to the 2 H-bit positions in the symbol pattern, and

maps the remaining 1 systematic bit to the 1 M-bit position in the symbol pattern.
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Further, the transmitter maps 2 parity bits to the 2 L-bit positions in the symbol pattern
and maps the remaining 1 parity bit to the rematning 1 M-bit position in the symbol

pattern. In this case, it is preferable to use an interleaver with a fixed length.

Fourth, when using the 3/4 coding rate and the 64QAM modulation, the
transmitter may use either an interleaver with a fixed length or an interleaver with a
variable length. When using the interleaver with a fixed length, transmitter determines
a ratio of the systematic bits to the parity bits such that as many systematic bits as
possible may be mapped to the bit positions having higher reliability in the symbol

pattern.

First Embodiment

FIG. 2 illustrates a structure of a transmitter in a CDMA mobile
communication system according to a first embodiment of the present invention.
Referring to FIG. 2, a channel encoder 210 receives transport data and encodes the
received transport data using a predetermined code. The predetermined code refers to
a code for outputting transport bits and error control bits of the transport bits, obtained
by encoding the received data. For example, the transport bits are systematic bats (S),
and the error control bits are parity bits (P). The predetermined code includes a turbo

code and a systematic convolutional code, as mentioned above.

A distributor 212 receives the systematic bits and the parnty bits from the
channel encoder 210, and distributes the systematic bits and the parity bits to a
plurality of interleavers. For example, when there exist two interleavers 214 and 216,
the distributor 212 distributes the systematic bits and the parity bits into two bit groups
having the same number of bits. For example, when the 3/4 coding rate and the
16QAM modulation are used, the distributor 212 distributes the 2 S bits to the first
interleaver 214, and distributes the remaining 1 S bit and the 1 P bit to the second
interleaver 216. As a result, one of two bit groups (or bit streams) is provided to the
first interleaver 214, while the other bit group is provided to the second interleaver
216. However, when the transmitter uses a systematic coding rate such as 1/2 coding
rate, the distributor 212 is not essential in the first embodiment. The reason 1s because

when the 1/2 symmetric coding rate is used, the number of systematic bits is 1dentical
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to the number of parity bits, and thus the systematic bits are provided to the first
interleaver 214 and the parity bits are provided to the second interleaver 216. The
distributor 212 1s also not essential even when the first and second interleavers 214
and 216 support a variable length, although they use an asymmetric coding rate such
as 3/4 coding rate. That 1s, the distributor 212 1s essential only when the first and
second interleavers 214 and 216 support the asymmetric coding rate and the fixed

length.

The first and second interleavers 214 and 216 receive the coded bits from the
distributor 212 or the channel encoder 210, and interleave the received coded bits. The
coded bits may be the systematic bits, the parity bits, or a mixture of the systematic
bits and the parity bits. When the received coded bits are the mixed bits of the
systematic bits and the parity bits, the distributor 212 1s essential. In this case, an
interleaver receiving the mixture of the systematic bits and the parity bits rearrange
the coded bits such that the systematic bits having higher priority always exist in
specific positions, before interleaving. This assists the receiver In performing a
decoding operation, and the specific positions of the systematic bits are previously

notified to the receiver by the transmitter.

The sum of a length of the first interleaver 214 and a length of the second
interleaver 216 are a value that can be divided by 2 (for QPSK), 3 (for 8PSK), 4 (for
16QAM) and 6 (for 64QAM). As an eXamme of this condition, when the total length

L., of the interleavers is 144 bits, the following condition is satisfied.

L{o[ = Lsys + Lpa[ — 144 ....... (1)
where Ly represents a length of the first interleaver and Ly, represents a length of the

second interleaver.

A parallel-to-serial (P/S) converter 218 receives in parallel the interleaved
coded bits output from the first interleaver 214 and the interleaved coded bits output
from the second interleaver 216, and outputs the received coded bits in sernies. For
example, when the coded bits having the higher priority are interleaved by the first

interleaver 214 and the coded bits having the lower priority are interleaved by the
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second interleaver 216, the P/S converter 218 first outputs the coded bits received
from the first interleaver 214 and then outputs the coded bits received from the second
interleaver 216. This 1s to map the systematic bits having the higher priority to the bit
positions having the higher reliability in a succeeding modulation process. An output
format of the P/S converter 218 is 1llustrated in FIG. 6. In FIG. 6, “H Parts” represent
the bits having higher priority, while “L Parts” represent the bits having lower priority.
The H parts and the L parts are symmetrical for the interleaver with a fixed length, and

asymmetrical for the interleaver with a variable length.

A modulator 220 symbol-maps the coded bits from the P/S converter 218
according to a predetermined symbol pattern. For example, when the modulator 220
uses the 16QAM modulation, the coded bits are subject to symbol mapping according
to the symbol pattern [H,H,L,L]. However, when the modulator 220 uses the 64QAM
modulation, the coded bits are subject to symbol mapping according to the symbol

pattern [HL HM,M,L,L].

Though not illustrated in FIG 2, a transmitter in the CDMA mobile
communication system may further include a rate matcher for performing rate

matching by repeating and puncturing the coded bits from the channel encoder 210.

FIG. 3 illustrates a structure of a receiver according to a first embodiment of
the present invention. The receiver corresponds to the transmitter of FIG. 2. Referring
to FIG 3, a demodulator 310 receives data transported from the transmitter, and
demodulates the received data according to a demodulation mode corresponding to the

modulation mode used by the modulator 220 of the transmitter.

A serial-to-parallel (S/P) converter 312 receives in series the demodulated
coded bits from the demodulator 310, and outputs in parallel the received coded bits
by switching. For example, when the modulator 220 in the transmitter uses the
16QAM modulation, the S/P converter 312 outputs first 2 bits to a first deinterleaver
314 and the next 2 bits to a second deinterleaver 316, by switching the coded bits in a
2-bit unit. When the modulator 220 in the transmitter uses the 64QAM modulation,
the S/P converter 312 outputs first 3 bits to the first deinterleaver 314 and the next 3

11



>

10

15

20

23

30

CA 02380142 2004-10-27

bits to the second deinterleaver 316, by switching the coded bits in a 3-bit umt.
However, when the transmitter uses an asymmetric coding rate and interleavers having
a variable length, the S/P converter 312 recognizes the variable length based on
previously received information. In this manner, the S/P converter 312 outputs as
many coded bits as a length of the first interleaver 214 1n the transmmtter to the first
deinterleaver 314, and outputs as many coded bits as a length of the second interleaver

216 in the transmitter to the second deinterleaver 316.

The first and second deinterleavers 314 and 316 deinterleave the coded bats
provided from the S/P converter 312. Operations of the first and second deinterleavers
314 and 316 correspond to operations of the first and second interleavers 214 and 216
in the transmitter. That is, since the first and second deinterleavers 314 and 316 (based
on a prior storage and/or exchange of information) recognize the interleaving patterns
performed by the first and second interleavers 214 and 216 of the transmaitter, the same
interleaving pattern is pre-arranged for the transmaitter and the receiver. For example,
the transmitter niéy previously inform the receiver of the interleaving pattern

information as system information before call setup.

A classifier 318 classifies the deinterleaved coded bits provided from the first
and second deinterleavers 314 and 316. The coded bits may be systematic bits, panty
bits or a mixture of the systematic bits and the parity bits. When the coded bits are the
mixed bits of the systematic bits and the parity bits, the classifier 318 is an essential
element. In this case, among the coded bits output from a deinterleaver for
deinterleaving the mixed bits of the systematic bits and the parity bits, the systematic
bits having higher priority will always exist in specific positions. By prior
arrangement, the transmitter and the receiver will agree on the positions of the
systematic bits, analogous to the interleaving pattern information. For example, the
transmitter may previously inform the receiver of the systematic bit position
information as system information. For example, when the coded bits having higher
priority are deinterleaved by the first deinterleaver 314 and the coded bits having
lower priority are deinterleaved by the second deinterleaver 316, the classifier 318
may first output the deinterleaved coded bits from the first deinterleaver 314 and then

output the deinterleaved coded bits from the second deinterleaver 316. However, the
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classifier 318 is not an essential element when the transmitter uses the symmetric

coding rate such as 1/2 coding rate.

A channel decoder 320 receives the coded bits from the classifier 318 or the
coded bits from the first and second deinterleavers 314 and 316, and decodes the
received coded bits according to a predetermined decoding method, thereby outputting
desired decoded bits. For the predetermined decoding method, a method for receiving
systematic bits and parity bits and then decoding the systematic bits i1s used, and the

decoding method is determined based on the encoding method of the transmitter.

Operations of the first embodiment of the present invention will be described

in detail herein below with reference to FIGs. 2 and 3.

First, operations of the transmitter will be described in detail with reference
to FIG. 2. Operations of the transmitter according to the first embodiment of the
present invention can be divided into three operations depending on the coding rate
and whether the transmitter uses interleavers with a fixed length or interleavers with a
variable length. The three operations include (1) a first operation where the transmitter
uses the symmetric coding rate, (2) a second operation where the transmitter uses the
asymmetric coding rate and the interleavers with a fixed length, and (3) a third
operation where the transmitter uses the asymmetric coding rate and the interleavers
with a variable length. A detailed description of the three operations according to the

first embodiment of the present invention will be given below.

First Operation (Transmitter)

An operation of the transmitter using the symmetric coding rate will be
described in detail below. Transport data is provided to the channel encoder 210 where
it is encoded by a specific code. That is, the channel encoder 210 outputs systematic
bits (S bits), which are actual transport data, and parity bits (P bits) for error
controlling of the transport data, through encoding. For example, when the channel
encoder 210 uses the symmetric coding rate such as 1/2 coding rate, it outputs the S
bits and the P bits in the same ratio. The S bits provided from the channel encoder 210

are provided to the first interleaver 214, while the P bits provided from the channel
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encoder 210 are provided to the second interleaver 216.

Theretore, the S bits are interleaved by the first interleaver 214 and the P bits
are interleaved by the second interleaver 216. The interleaving pattern of the first and
second interleavers 214 and 216 is previously determined, and by pre-arrangement the

determined interleaving pattern 1s recognized by the receiver.

The interleaved S and P bits- from the first and second interleavers 214 and
216 are provided 1n parallel to the P/S converter 218. The interleaved S bits and P bits
provided in parallel to the P/S converter 218 are output in series. Preferably, the P/S
converter 218 first outputs a predetermined number of the interleaved S bits and then

outputs a predetermined number of the interleaved P biuts.

The interleaved S and P bits from the P/S converter 218 are pfovided to the
modulator 220 where they are subject to symbol mapping according to the
predetermined symbol pattern and then transmitted to the receiver of Fig. 3. For
example, when the modulation mode of the modulator 220 1s 16QAM, the
predetermined symbol pattern is defined as [H,H,L,L]. Therefore, the modulator 220
maps the 2 interleaved S bits to the H-bit positions in the symbol pattern and the 2
interleaved P bits to the L-bit positions in the symbol pattern, and then the symbol-
mapped bits are transmitted to the receiver. However, when the modulation mode of
the modulator 220 is 64QAM, the predetermined symbol pattern is defined as
[HHMM,L,L]. Therefore, the modulator 220 maps 3 interleaved S bits to 2 H-bit
positions and 1 M-bit position in the symbol pattern, and maps 3 interleaved P bits to
the remaining 1 M-bit position and 2 L-bit positions in the symbol pattern. The

symbol-mapped bits are then transmitted to the receiver.

First Operation (Receiver)

An operation of the receiver using the symmetric coding rate will be

described in detail below. Data received from the transmitter is provided to the
demodulator 310 where the received data is demodulated in coded bits according to a
demodulation mode corresponding to the modulation mode used by the modulator 220

of the transmitter. The demodulated coded bits from the demodulator 310 are provided
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in series to the S/P converter 312, and the S/P converter 312 outputs the received
coded bits in parallel. For example, when the modulator 220 of the transmitter uses
16QAM modulation, the S/P converter 312 outputs the first 2 bits to the first
deinterleaver 314 and the next 2 bits to the second deinterleaver 316. However, when
the modulator 220 of the transmitter uses 64QAM modulation, the S/P converter 312
outputs the first 3 bits to the first deinterieaver 314 and the next 3 bits to the second

deinterleaver 316.

The coded bits from the S/P converter 312 are classified into two bit groups,
and the classified bit groups are provided to the first and second deinterleavers 314
and 316, where the bit groups are subject to deinterleaving. The deinterleaving
operations of the first and second deinterleavers 314 and 316 correspond to the
interleaving operations performed by the first and second interleavers 214 and 216 of
the transmitter. That 1s, the first and second deinterleavers 314 and 316 perform
deinterleaving according to the interleaving pattern pertormed by the first and second

interleavers 214 and 216 of the transmatter.

The deinterleaved coded bits from the first and second deinterleavers 314 and
316 are provided to the decoder 320 where the coded bits are decoded into desired
received bits according to a predetermined decoding method. For the predetermined
decoding method, a method for receiving S bits and P bits and then decoding the S bits
is used, and the decoding method is determined based on the encoding method of the

transmitter.

Second Operation (Transmitter)

An operation of the transmitter using the asymmetric coding rate and the
interleavers with a fixed length will be described in detail below. Transport data is
provided to the channel encoder 210 where it is encoded by a specific code. That 1s,
the channel encoder 210 outputs systematic bits (S bits), which are actual transport
data, and parity bits (P bits) for error controlling of the transport data, through
encoding. For example, when the channel encoder 210 uses the asymmetric coding
rate such as 3/4 coding rate, it outputs the S bits and the P bits in a ratio based on the
3/4 coding rate. That is, the channel encoder 210 outputs 3 S bits and 1 P bit.
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The S bits and the P bits from the channel encoder 210 are provided to the
distnibutor 212 where they are divided into two bit groups in the same ratio. That is,
when 16QAM modulation is used, the distributor 212 provides 2 S bits to the first
interleaver 214, and provides the remaining 1 S bit and 1 P bit to the second

interleaver 216.

A description will be made as to how the distributor 212 operates 1n two
possible cases. In a first case where the number of the systematic bits s larger than the
number of the parity bits, the distributor 212 fills the first interleaver 214 with the
systematic bits, and fills the second interleaver 216 with the remaining systematic bits
along with the parity bits. In a second case where the number of the systematic bits 1s
less than the number of the parity bits, the distributor 212 fills the first interleaver 214
with the systematic bits, fills the remaining part of the first interleaver 214 with parity

bits, and fills the second interleaver 216 with the remaining panty bits.

Therefore, the 2 S bits are interleaved by the first interleaver 214, and the
remaining 1 S bit and the 1 P bit are interleaved by the second interleaver 216. The
interleaving pattern of the first and second interleavers 214 and 216 is previously set,
and the same interleaving pattern is previously set in the receiver. Further, provided
with the S bit and the P bit from the distributor 212, the second interleaver 216
determines the S bit position before interleaving based on a previously determined
pattern that is the same as the receiver, so that the receiver can efficiently classify the
S bit and the P bit in the decoding process. For example, the S bit to be interleaved by
the second interleaver 216 is located in a front position before interieaving, so that the

receiver can estimate a bit located in the front position as the S bit after deinterleaving.

The S bits interleaved by the first interleaver 214, and the S bit and the P bit
interleaved by the second interleaver 216 are provided in parallel to the P/S converter
218. The P/S converter 218 outputs in series the provided interleaved S bits and P bit
and the provided interleaved S bit and P bit. Preferably, the P/S converter 218 first
outputs the output bits of the first interleaver 214 and then outputs the output bits of

the second interleaver 216.
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The interleaved S bits and the interleaved S bit and P bit from the P/S
converter 218 are provided to the modulator 220 where they are subject to symbol
mapping according to the predetermined symbol pattern and then are transmitted to
the receiver of Fig. 3. For example, when the modulation mode of the modulator 220
1Is 16QAM, the predetermined symbol pattern 1s defined as [H,H,L,L]. Therefore, the
modulator 220 maps the 2 interleaved S bits to the H-bit positions in the symbol
pattern and the 2 interleaved bits of the S bit and the P bit to the L-bit positions in the
symbol pattern, and the symbol-mapped bits are then transmitted to the receiver.
However, when the modulation mode of the modulator 220 is 64QAM, the
predetermined symbol pattern is defined as {H,HM,M,L,L}. Therefore, the modulator
220 maps 3 S bits interleaved by the first interleaver 214 to 2 H-bit positions and 1 M-
bit position in the symbol pattern, and maps 3 P bits interleaved by the second
interleaver 216 to the remaining 1 M-bit position and 2 L-bit positions in the symbol

pattern. The symbol-mapped bits are then transmitted to the receiver.

In this case, since the two interleavers have a fixed size, it i1s not necessary to
vary the length of the interleavers according to the coding rate. Thus, it 1s simpie to
implement the interleavers. However, when there exist three or more reliability levels
as in the high order modulation of over 64QAM, there is a case where an optimal
condition is not satisfied. The “optimal condition” refers to a condition in which the
bits having higher priority are always mapped to the bit positions having higher
reliability. In the optimal condition, if the number of the S bits 1s larger than the
number of P bits, the remaining S is provided to the second interleaver and then
interleaved along with the P bit. Accordingly, though the S bits interleaved by the first
interleaver 214 are mapped to the bit positions having the higher rehability, the S bit
provided to the second interleaver 216 may be mapped to the bit position having lower
reliability. To avoid this, it 1s possible to increase the number of interleavers to cover
the 3 different reliability levels. Increasing the number of the interleavers is mere
extension of the present invention, so the detailed description will not be given in
order not to obscure the gist of the present invention. However, even the transmitter
using the two interleavers with a fixed length demonstrates better performance than
the conventional transmitter.
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Second Operation (Receiver)

An operation of the receiver using the asymmetric coding rate and the

interleavers with a fixed length will be described in detail below. Data received from

5 the transmitter is provided to the demodulator 310 where the received data is
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demodulated in coded bits according to a demodulation mode corresponding to the
modulation mode used by the modulator 220 of the transmitter. The demodulated
coded bits from the demodulator 310 are provided in series to the S/P converter 312,
and the S/P converter 312 outputs the received coded bits in parallel. For example,
when the modulator 220 of the transmitter uses 16QAM modulation, the S/P converter
312 outputs the first 2 bits to the first deinterleaver 314 and the next 2 bits to the
second deinterleaver 316. In this case, the first 2 bits are comprised of only the
systematic bits, and the next 2 bits are comprised of an S bit and a P bit. However,
when the modulatof 220 of the transmtter uses 64QAM modulation, the S/P converter
312 outputs the first 3 bits to the first deinterleaver 314 and the next 3 bits to the

second deinterleaver 316.

The coded bits from the S/P converter 312 are classified into two bit groups,
and the classified bit groups are provided to the first and second deinterleavers 314
and 316, where the bit groups are subject to deinterleaving. The deinterleaving
operations of the first and second deinterleavers 314 and 316 correspond to the
interleaving operations performed by the first and second nterleavers 214 and 216 of
the transmitter. That is, the first and second deinterleavers 314 and 316 perform
deinterleaving according to the interleaving pattern performed by the first and second

interleavers 214 and 216 of the transmuitter.

The deinterleaved coded bits from the first and second deinterleavers 314 and
316 are provided to the classifier 318 where the coded bits are classified into the S bits
and the P bits, As the output bits of the second deinterleaver 316 are mixed bits of the
S bit and the P bits, by pre-arrangement along with the transmitter, the classifier 318

recognizes the position where the S bit among the deinterleaved bits exists.

The coded bits from the classifier 318 are provided to the decoder 320 where
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the coded bits are decoded into desired received bits according to a predetermined

decoding method. For the predetermined decoding method, a method for recetving S

bits and P bits and then decoding the S bits is used. The decoding method is

determined based on the encoding method of the transmitter.

Third Operation (Transmitter)

An operation of the transmitter using the asymmetric coding rate and the
interleavers with a variable length will be described in detail below. Transport data 1s
provided to the channel encoder 210 where it i1s encoded by a specific code. That is,
the channel encoder 210 outputs systematic bits (S bits), which are actual transport
data, and parity bits (P bits) for error controlling of the transport data, through
encoding. In this example, when the channel encoder 210 uses the asymmetric coding
rate such as 3/4 coding rate, it outputs the S bits and the P bits in a different ratio
based on the 3/4 coding rate. That is, the channel encoder 210 outputs 3 S bitsand 1 P
bit. The S bits from the channel encoder 210 are provided to the first interleaver 214,

and the P bits from the channel encoder 210 are provided to the second interleaver 216.

Therefore, the S bits are interleaved by the first interleaver 214, and the P bits
are interleaved by the second interleaver 216. The interleaving pattern and length of
the first and second interleavers 214 and 216 are previously determined, and the
determined interleaving pattern and length are by pre-arrangement also recogmzed by

the receiver. The length can be determined based on a ratio of the S bits to the P bits.

The interleaved S bits and P bits from the first and second interleavers 214
and 216 are provided in parallel to the P/S converter 218. The P/S converter 218
outputs the provided interleaved S bits and P bits in series. Preferably, the P/S
converter 218 outputs the interleaved S bits and P bits such that the interleaved S bits

are mapped to the bit positions having higher reliability.

The interleaved S bits and the interleaved P bits from the P/S converter 218
are provided to the modulator 220 where they are mapped to predetermined bit
positions and then transmitted to the receiver of Fig. 3. For example, when a length of

the first interleaver 214 receiving the S bits is 18 bits long and a length of the second
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interleaver 216 recetving the P bits is 6 bits long, a symbol mapping operation

performed by the modulator 220 is as follows.

First, when the modulation mode of the modulator 220 1s 16QAM, the
predetermined symbol pattern is defined as [H,H,L,L]. Therefore, the modulator 220
maps the 2 interleaved S bits to the H-bit positions in the symbol pattern, maps the
remaining 1 S bit and 1 .P bit to the L-bit positions in the symbol pattern, and then

transmits the symbol-mapped bits to the receiver.

Next, when the modulation mode of the modulator 220 1s 64QAM, the
predetermined symbol pattern is defined as [H.HMM,L,L]. Therefore, in a first
modulation process, the modulator 220 symbol-maps the S bits and the P bits
according to the symbol pattern in a ratio of 4:2. In a second modulation process, the
modulator 220 symbol-maps the S bits and the P bits according to the symbol pattern
in a ratio of 5:1. In a third modulation process, the modulator 220 symbol-maps the S
bits and the P bits according to the symbol pattern in a ratio of 4:2. In a fourth
modulation process, the modulator 220 symbol-maps the S bits and the P bits
according to the symbol pattern in a ratio of 5:1. That is, in the first and third
modulation processes where the ratio of the S bits to the P bits 1s 4:2, the modulator
220 maps the 2 S bits to the 2 H-bit positions in the symbol pattern, maps the
remaining 2 S bits to the 2 M-bit positions in the symbol pattern, and maps the 2 P bits
to the 2 L-bit positions in the symbol pattern. The symbol-mapped bits are then
transmitted to the receiver. In the second and fourth modulation processes where the
ratio of the S bits to the P bits is 5:1, the modulator 220 maps the 2 S bits to the 2 H-
bit positions in the symbol pattern, maps the remaining 2 S bits to the 2 M-bit
positions in the symbol pattern, and maps the last 1 S bit and the 1 P bit to the 2 L-bit
positions in the symbol pattern. The symbol-mapped bits are then transmitted to the

recelver.

Shown in Table 2 are the modulation processes performed by the transmitter

using the asymmetric coding rate and the 64QAM modulation.

Table 2
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When the length of the interleavers 1s varnied as described above, i1t 1s
necessary to disadvantageously control the size (length) of the two interleavers
according to the coding rate. It is nonetheless possible to pertorm symbol mapping 1n
an optimal condition regardless of the coding rate and the order of the modulator. In
addition, since it is not necessary to distribute the S bits and the P bits to the two

interleavers in a specific ratio, the transmitter does not require the distributor 212.

Third Operation (Receiver)

An operation of the receiver using the asymmetric coding rate and the
interleavers with a variable length will be described in detail below. Data received
from the transmitter is provided to the demodulator 310 where the received data 1s
demodulated in coded bits according to a demodulation mode corresponding to the
modulation mode used by the modulator 220 of the transmitter. The demodulated
coded bits from the demodulator 310 are provided in series to the S/P converter 312,
and the S/P converter 312 outputs the received coded bits in parallel. When the
transmitter uses the asymmetric coding rate and the interleavers with a variable length,
the S/P converter 312 by pre-arrangement will recognize the varying length. Thus, the
S/P converter 312 outputs as many coded bits as a length of the first interleaver 214 1n
the transmitter to the first deinterleaver 314, and outputs as many coded bits as a

length of the second interleaver 216 in the transmitter to the second deinterleaver 316.

- When the modulator 220 of the transmitter uses 16QAM modulation, the S/P
converter 312 outputs the first 3 bits to the first deinterleaver 314 and the next 1 bits to
the second deinterleaver 316. However, when the modulator 220 of the transmitter
uses 64QAM modulation, the S/P converter 312 divides the coded bits from the
demodulator 310 into a series output of S bits and P bits according to a ratio of the S

bits and the P bits used by the P/S converter 218 of the transmitter. The ratio can be
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determined based on a ratio of a length of the first interleaver 214 to a length of the

second interleaver 216 of the transmitter.

For example, when the P/S converter 218 of the transmitter has used 4:2, 5:1,
4:2. and 5:1 ratios of the S bits to the P bits, 1.e., ratios of the length of the first
interleaver 214 to the length of the second interleaver 216, the S/P converter 312
outputs the first 4 bits to the first deinterleaver 314 and the next 2 bits to the second
deinterleaver 316, in first and third processes. In second and fourth processes, the S/P
converter 312 outputs the first 5 bits to the first deinterleaver 314 and the next 1 bit to

the second deinterleaver 316.

The coded bits from the S/P converter 312 are classified into two bit groups,
and the classified bit groups are provided to the first and second deinterleavers 314
and 316, where the bit groups are subject to deinterleaving. The deinterleaving
operations of the first and second deinterleavers 314 and 316 correspond to the
interleaving operations performed by the first and second interleavers 214 and 216 of
the transmitter. That is, the first and second deinterleavers 314 and 316 perform
deinterleaving according to the interleaving pattern performed by the first and second

interleavers 214 and 216 of the transmitter.

The deinterleaved coded bits from the first and second deinterleavers 314 and
316, previously divided mnto thé S bits and the P bits by the S/P converter 312, are
provided to the decoder 320 where the coded bits are decoded into desired received
bits according to a predetermined decoding method. For the predetermined decoding
method, a method for receiving S bits and P bits and then decoding the S bits 1s used.

The decoding method is determined based on the encoding method of the transmatter.

Second Embodiment

FIG. 4 illustrates a structure of a transmitter in an HSDPA mobile
communication system according to a second embodiment of the present mnvention.
Referring to FIG. 4, a tail bit generator 410 receives transport data, and adds
associated tail bits to the received transport data. A channel encoder 412, under the

control of a controller 426, encodes the tail bits-added data received from the tail bit
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generator 410 using a predetermined code. The predetermined code refers to a code
for outputting transport bits and error control bits of the transport bits. For example,
the transport bits are systematic bits (S), and the error control bits are parity bits (P).
The predetermined code includes a turbo code and a systematic convolutional code, as

mentioned above.

A rate matcher 414 performs rate matching by repeating and puncturing the
coded bits from the channel encoder 412. A distributor 416, under the control of the
controller 426, receives the systematic bits and the parity bits from the rate matcher

414, and distributes the systematic bits and the parity bits to a plurality of interleavers.

First and second interleavers 418 and 420 receive the coded bits from the
distributor 416, and interleave the received coded bits. The coded bits may be the
systematic bits, the parity bits, or a mixture of the systematic bits and the parity bits.
When the received coded bits are the mixed bits of the systematic bits and the parity
bits, the distributor 416 1s essential. In this case, an interleaver receiving the mixed
bits of the systematic bits and the parity bits rearranges the coded bits such that the
systematic bits having higher priority always exist in specific positions, before
interleaving. This assists the receiver in performing a decoding operation, and the
transmitter pre-notifies the receiver of the specific positions of the systematic bits.
When the first and second interleavers 418 and 420 have a vanable length, they are
controlled by the controller 426. That 1s, when the first and second interleavers 418
and 420 have a variable length, the lengths of the first and second interleavers 418 and

420 are determined by the controller 426.

A parallel-to-serial (P/S) converter 422, under the control of the controller
426, receives in parallel the interleaved coded bits output from the first interleaver 418
and the interleaved coded bits output from the second interleaver 420, and outputs the
received coded bits in series. For example, when the coded bits having the higher
priority are interleaved by the first interleaver 418 and the coded bits having the lower
priority are interleaved by the second interleaver 420, the P/S converter 422 first
outputs the coded bits received from the first interleaver 418 and then outputs the

coded bits received from the second interleaver 420. This 1s to map the systematic bits
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having the higher priority to the bit positions having the higher ‘reliabi]ity In a

succeeding modulation process.

A modulator 424 symbol-maps the coded bits from the P/S converter 422
according to a predetermined symbol pattern, and then the symbol-mapped coded bits
are transmitted to the receiver. For example, when the modulator 424 uses the 16QAM
modulation, the coded bits are subject to symbol mapping according to a symbol
pattern {H,H,L,L]. However, when the modulator 424 uses the 64QAM modulation,

the coded bits are subject to symbol mapping according to a symbol pattern
(H.HM,M,L,L].

The controller 426 controls the overall operation of the transmitter according
to the second embodiment of the present invention. First, the controller 426
determines a coding rate and a modulation mode to be used in the current radio
channel state. The controller 426 controls the coding rate of the channel encoder (or
turbo encoder) 412 based on the determined coding rate to be used, and controls the
modulator 424 based on the determined modulation mode. In addition, the controller
426 controls a distribution pattern of the distnibutor 416 based on the determined
coding rate and the determined modulation mode. For example, when the plurality of
interleavers include the two interleavers 418 and 420, the controller 426 controls the
distributor 416 to distribute the systematic bits and the parity bits into two bit groups
(bit streams) having the same number of bits. One of the two bit groups 1s provided to
the first interleaver 418, and the other bit group is provided to the second interleaver
420. If the plurality of interleavers include 3 interleavers, the controller 426 controls
the distributor 416 to distribute the systematic bits and the parity bits into three bt
groups. However, when the transmitter uses the symmetric coding rate such as 1/2
coding rate, the distributor 416 1s not essential in this embodiment. The reason 1s
because when the 1/2 symmetric coding rate is used, the number of systematic bits is
identical to the number of parity bits, and thus the systematic bits are provided to the
first interleaver 418 and the parity bits are provided to the second interleaver 420. This
is equally applied even when the first and second interleavers 418 and 420 support a
variable length, although they use an asymmetric coding rate such as 3/4 coding rate.

That is, the distributor 416 is essential only when the first and second interleavers 418
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and 420 support the asymmetric coding rate and the fixed length.

Third Embodiment

FIG. 5 illustrates a structure of a transmitter in a CDMA mobile
communication system according to a third embodiment of the present invention. The
transmitter of FIG. 5 outputs coded symbols in series by an interleaver without a

separate P/S converter.

Referring to FIG. 5, transport data is provided to a channel encoder 510
where the received transport data is encoded by a predetermined code. That is, the
channel encoder 510 outputs systematic bits (S bits), which are actual transport data,
and parity bits (P bits) for error controlling of the transport data. The S bits and the P
bits from the channel encoder 510 are provided to a controller 514 that is part of an
interleaver 512. The controller 514 assigns a predetermined address to the S bits
provided from the channel encoder 510, and sequentially stores the S bits in an S
region of a memory 516. In addition, the controller 514 assigns a predetermined
address to the P bits provided from the channel encoder 510, and sequentially stores

the P bits in a P region of the memory 516.

Further, the controller 514 performs a control operation of transporting the S
bits and the P bits stored in the memory 516. Specifically, the controller 514 analyzes
the coding rate used by the channel encoder 510 to traﬁsmit the S bits and the P bits
stored in the memory 516, and also analyzes the modulation mode to be used by a
modulator 518. After determining the coding rate and the modulation mode through
the analysis, the controller 514 reads the S bits and the P bits stored in the memory

516 based on the determined coding rate and modulation mode.

For example, when the determined coding rate is a symmetric coding rate 1/2
and the determined modulation mode 1s 16QAM or 64QAM, the controller 514
repeatedly alternately accesses the S region and the P region of the memory 516 1n the
same ratio, and outputs the same number of the S bits and the P bits. That is, the
controller 514 first reads 2 (or 3) S bits by accessing the S region, and then reads 2 (or
3) P bits by accessing the P region. In the case of 2 bits, the 2 S bits and the 2 P bits
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output from the controller 514 are provided to the modulator 518 where the S bits and
the P bits are subject to 16QAM modulation. Specifically, the 2 S bits are mapped to
the 2 H-bit positions in the symbol pattern [H,H,L,L] defined for the 16QAM
modulation, and the 2 P bits are mapped to the 2 L-bit positions in the symbol pattern.

However, when the determined coding rate is a 3/4 asymmetric coding rate
and the determined modulation mode 1s 16QAM, the controller 514 outputs the S bits
and the P bits in a ratio of 3:1 by accessing the P region of the memory 516 once while
accessing the S region 3 times. In this case, the 3 S bits and the 1 P bit output from the
controller 514 are provided to the modulator 518 where the S bits and the P bit are
subject to 16QAM modulation. Specifically, the 2 S bits are mapped to the 2 H-bit
positions in the symbol pattern [H,H,L,L] defined for the 16QAM modulation, and the
remaining 1 S bit and the 1 P bit are mapped to the 2 L-bit positions in the symbol'

pattern.

Finally, when the determined coding rate is the 3/4 asymmetric coding rate
and the determined modulation mode is 64QAM, the controller 514 outputs the S bats
and the P bits by accessing the S region and the P region of the memory 516 1n a
predetermined ratio. Here, the total access number of the memory 516 1s a value that
can be divided by 2 (for QPSK), 3 (for 8PSK), 4 (for 16QAM) and 6 (for 64QAM). As
an example of this condition, when the total access number A, 1s 144 bits, the

following condition is satisfied.

A[ot = Asys + Apar = 144 ....... (2)
where Agy represents the number of accesses to the S region and Ay, represents the

number of accesses to the P region.

In the 64QAM modulation mode, since one symbol is comprised of 6 bits and

'Asys:Apa,=3:1, 0 S bits and 3 P bits are required in constructing 2 symbols (12 bits).

That is, the controller 514 should theoretically output 4.5 S bits and 1.5 P bits per
symbol. However, because the bit numbers are not an integer, the controller 514

changes the number of output bits in a symbol unit. For example, the controller 514

first outputs 4 S bits and 2 P bits, and then outputs 5 S bits and 1 P bit.
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In this case, the S bits and the P bits output from the controller 514 are
provided to the modulator 518, where the provided bits are subject to 64QAM
modulation. When the 4 S bits and the 2 P bits are provided from the controller 514,

the modulator 518 maps the first 2 S bits to the 2 H-bit positions in the symbol pattern
[H.H.M ,M,L,L] defined for the 64QAM modulation, maps the remaining 2 S bits to
the 2 M-bit positions in the symbol pattern, and maps the 2 P bits to the 2 L-bit
positions in the symbol pattern. Meanwhile, when the 5 S bits and the 1 P bit are
provided from the controller 514, the modulator 518 maps thé first 2 S bits to the 2 H-
bit positions in the symbol pattern [HHMM,L,L] defined for the 64QAM
modulation, maps the next 2 S bits to the 2 M-bit positions 1n the symbol pattern, and
maps the remaining 1 S bit and the 1 P bit to the 2 L-bit positions in the symbol

pattern.

FIG. 7 illustrates simulation results obtained when the simulation is
performed using an encoder and a decoder both supporting 64QAM modulation
according to an embodiment of the present invention. FIG. 8 illustrates simulation
results obtained when the simulation is performed using an encoder and a decoder
both supporting 16QAM modulation according to an embodiment of the present
invention. Both simulation are under rate=1/2 (i.e., the amount of systematic bits are
same as parity bits, and both are first embodiments.). FIGs. 7 and 8 prove the etfects
of the invention. While the simulations were performed in a controlled setting, they
are sufficient to show the beneficial effects of the invention. The simulation results of
FIGs. 7 and 8 show a comparison between a bit error rate (BER) and a bit-to-noise
ratio (Ey/N,). According to the simulation results, the invention shows an increase in a
gain of about 0.4dB or over for both the 16QAM and the 64QAM as compared with
the prior art. The simulation results of FIGs. 7 and 8 were obtained in the simulation
condition where AWGN (Additive White Gaussian Noise) exists, turbo encoder input

block size of 5114 bits, coding rate of 1/2, and the interleavers with a fixed length are

used.

As described above, the present invention maps the bits having higher
priority to the bit positions having higher reliability, thereby obtaining superior
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transportation efficiency in the technical fields of error control coding,
modulation/demodulation and data transportation. Further, the invention can be
applied not only to the transceiver of the existing wired/wireless communication
system, but also to the transceiver of the 3¢ generation mobile communication system,
IMT-2000 system, thus improving the overall system performance. This is achieved
by modulating (mapping) the bits having higher priority with the bits having higher
reliability, which are less affected by the noises and environments. That 1s, compared
with the conventional system, the system according to the present invention has a

lower bit error rate (BER) and improved system performance.

While the invention has been shown and described with reference to a certain
preferred embodiment thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A data processing method in a mobile communication system, for processing data
comprised of bits having higher priority and bits having lower priority, generated by an
encoder, comprising the steps of:

interleaving the bits having higher priority and the bits having lower priority,
respectively; and

mapping the interleaved bits having higher priority to a first bit part and the interleaved
bits having lower priority to a second bit part,

wherein a symbol outputted the modulator comprised of the first bit part having higher
reliability and the second bit part having lower reliability.

2. The method as claimed in claim 1, further comprising a step of distributing the
bits having higher priority and the bits having lower priority based on a ratio of the bits
having higher priority to the bits having lower priority, such that the bits having the

higher priority are equal in number to the bits having lower priority.

3. The method as claimed in claim 1, wherein the interleaving step comprises first

 interleaving the bits having higher priority and second interleaving the bits having lower

priority.

- 4, The method as claimed in claim 1, wherein the bits having higher priority are

systematic bits.

. The method as claimed in claim 4, wherein the bits having lower priority are
parity bits.
6. The method as claimed in claim 2, wherein the ratio of the bits having higher

priority to the bits having lower priority is 1/2, which is a coding rate of the encoder.

7. The method as claimed in claim 2, wherein the ratio of the bits having higher

priority to the bits having lower priority is 3/4, which is a coding rate of the encoder.

29



CA 02380142 2007-10-15

8. The method as claimed in claim 1, further comprising the step of determining the

number of bit streams mapped to the one symbol according to a modulation mode based

on a radio channel state.

9. A data processing apparatus in a mobile communication system, for processing
data compnsed of bits having higher priority and bits having lower priority, generated by
an encoder, comprising: '

an interleave unit for interleaving the bits having higher priority and the bits having
lower priority, respectively; and

a modulator for mapping the interleaved bits having higher priority to a first bit part and
the interleaved bits having lower priority to a second bit part,

wherein a symbol outputted the modulator comprised of the first bit part having higher
reliability and the second bit part having lower reliability.

'10.  The apparatus as claimed in claim 9, further comprising a distributor for receiving
the bits having higher priority and the bits having lower priority, distributing the received
bits into a first bit stream comprised of the bits having higher priority and a second bit
stream comprised of the bits having higher priority excluded from the first bit stream and
the bits having lower priority, such that the bits of the first bit stream are equal in number
to the bits of the second bit stream, outputting the first bit stream to the interleave unit

and outputting the second bit stream to the interleave unit.

11. The apparatus as claimed in claim 9, wherein the interleave unit comprises first
interleaver for interleaving the bits having higher priority and second interleaver for

interleaving the bits having lower priority.

12.  The apparatus as claimed in claim 9, further comprising a controller for
determining a modulation mode according to a radio channel state, and controlling the
number of bits of the bit stream mapped to one symbol based on the determined

modulation mode.

13.  The apparatus as claimed in claim 9, wherein the bits having higher priority are

systematic bits.
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14.  The apparatus as claimed in claim 13, wherein the bits having lower priority are

parity bits.

15.  The apparatus as claimed in claim 10, wherein a ratio of the bits having higher

priority to the bits having lower priority is 1/2, which is a coding rate of the encoder.

16.  The apparatus as claiamed in claim 10, wherein a ratio of the bits having higher

priority to the bits having lower priority is 3/4, which 1s a coding rate of the encoder.

17. A method for receiving data in a mobile cbrhmunication system, comprising the
steps of: '

demodulating bits having higher priority situated in a first bit part and bits having lower
priority situated in the second bit part; \

deinterleaving the demo&ulated bits having higher priority and the demodulated bits
having lower priority, respectively; and

decoding the deinterleaved bits having higher priority and the deinterleaved bits having
lower priority,

wherein a received data symbol comprised of the first bit part having higher reliability

and the second bit part having lower reliability.

18.  The method as claimed in claim 17, further comprising the step of receiving the
demodulated bits having higher priority and the demodulated bits having lower priority,

and dividing the received bits into two bit streams.

19.  The method as claimed in claim 17, wherein the deinterleaving step comprises
first deinterleaving the demodulated bits having higher priority and second deinterleaving

the demodulated bits having lower priority.

20.  The method as claimed in claim 17, wherein the bits having higher priority are

systematic bits.

21. The method as claimed in claim 20, wherein the bits havirig lower priority are
parity bits.
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22.  An apparatus for receiving data in a mobile communication system, compnsing;:

a demodulator for demodulating bits having higher priority situated in the first bit part
and bits having lower priority situated in the second bit part;

a deinterleave unit for deinterleaving the demodulated bits having higher priority and
the demodulated bits having lower priority, respectively; and

a decoder for decoding the deinterleaved bits having higher priority and the
deinterleaved bits having lower priority,

wherein a received data symbol comprised of the first bit part having higher reliability

and the second bit part having lower reliability.

23.  The apparatus as claimed in claim 22, further comprising a serial-to-parailel (S/P)
converter for receiving the demodulated bits having higher priority and the demodulated
bits having lower priority from the demodulator, and dividing the received bits into two

bit streams.

24.  The apparatus as claimed 1n claim 22, wherein the deinterleave unit comprises
first deinterleaver for interleaving the bits having higher priority and second deinterleaver

for interleaving the bits having lower priority.

25. A data processing apparatus in a mobile communication system, for transforming
data comprised of bits having higher priority and bits having lower priority, generated by
an encoder at a predetermined coding rate, comprising:

a memory physically divided into a first region and a second region, for storing the bits
having higher priority in the first region and the bits having lower priority in the second
region; '

a controller for determining a ratio of the bits having higher priority to the bits having
lower priority based on a coding rate of the encoder and a modulation mode of a
modulator, reading the bits having higher priority and the bits having lower priority from
the first region and the second region according to a predetermined interleaving pattern
so as to secure the determined ratio; and

the modulator for mapping the read bits having higher priority to a first bit part and the

read bits having lower priority to a second bit part, in mapping a bit stream comprised of
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at least 3 bits to one symbol, the bit stream comprised of the first bit part having higher
reliability and the second bit part having lower reliability.

26.  The data processing apparatus as claimed in claim 25, wherein the bits having

higher priority are systematic bits.

27.  The data processing apparatus as claimed in claim 26, wherein the bits having

lower prionity are parity bits.

28. A method for processing data comprised of bits having higher priority and bits
having lower priority, generated by an encoder, using a memory physically divided into a
first region and a second region and a high-order modulator in which a bit stream
comprised of at least 3 bits represents one symbol and the bit stream is comprised of a
first bit part having higher reliability and a second bit part having lower reliability,
comprising the steps of: ‘

étoring the bits having higher priority in the first region and the bits having lower
prionty in the second regioh;

determining a ratio ot the bits having higher priority to the bits having lower priority
based on a coding rate of the encoder and a modulation mode of a modulator;

reading the bits having higher priority from the first region according to a
predetermined interleaving pattern so as to secure the determined ratio;

reading the bits having lower priority from the second regioh according to the
predetermined interleaving pattern so as to secure the determined ratio;

modﬁlating the bits having higher priority and the bits having lower priority such that
the read bits having higher priority are situated in the first bit part and the read bits

having lower priority are situated in the second bit part.

29.  The method as claimed in claim 28, wherein the bits having higher priority are

systematic bits.

30.  The method as claimed in claim 29, wherein the bits having lower priority are

parity bits.
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31. A method for transmitting data using a high-order modulation scheme in a mobile
communication system, comprising the steps of:

encoding a data bit stream by an encoder;

inputting k-th bits and k+1-th bits of the encoded bit stream and k+2-th bits and k+3-th
bits to an interleave unit, respectively;

interleaving said k-th bits and k+1-th bits and said k+2-th bits and k+3-th bits in the
interleave unit, respectively; and

generating a modulation symbol with 4 bits of (n-th, n+1-th, n+2-th, n+3-th) output
from the interleave unit, .

wherein the n-th bits and n+1-th bits are output in order as result bits of interleaving the
k-th bits and k+1-th bits, and the n+2-th and n+3-th are output in order as result bits of
interleaving the k+2-th bits and k+3-th bits.

32.  The method as claimed in claim 31, wherein a 16QAM(16-ary Quadrature

Amplitude Modulation) is used in generating a modulation symbol.
33.  The method as claimed in claim 31, wherein the encoding step is turbo encoding.

34.  The method as claimed in claim 31, further comprising the step of rate matching

bits output from the encoder if the bits output from said encoder is not equal in number to

the bits transmitted from a radio channel.

35.  An apparatus for transmitting data using a high-order modulation scheme in a
- mobile communication system, comprising:

an encoder for encoding a data bit stream;

an interleave unit for interleaving k-th bits and k+1-th bits of the encoded bit stream and
k+2-th bits and k+3-th bits of the encoded bit stream, respectively; and

a modulator for generating a modulation symbol with 4 bits of (n-th, n+1-th, n+2-th,
n+3-th) output from the interleave unit,
wherein the n-th and n+1-th bits are output in order as result bits of interleaving the k-th
bits and k+1-th bits, and the n+2-th and n+3-th are output in order as result bits of

interleaving the k+2-th bits and k+3-th bits.
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36.  The apparatus as claimed in claim 35, wherein the modulator is a 16QAM(16-ary
Quadrature Amplitude Modulation) modulator.

37.  The apparatus as claimed in claim 35, wherein the encoder is a turbo encoder.

38.  The apparatus as claimed in claim 36, further comprising a rate matcher for rate
matching a bit stream output from the encoder if the bits output from the encoder 1s not

equal in number to the bits transmittable in a radio channel.

39. A method for transmitting data using a high-order modulation scheme in a
HSDPA mobile communication, comprising the steps of:

a) encoding a data bit stream using an encoder; '

b) distributing the encoded bit stream into a first bit stream being comprised of bits
having a high priority and a second bit stream being comprised of bits having a low
priority;

¢) interleaving the first bit stream using a first interleaver and interleaving the second bit
stream using a second interleaver; and

d) generating a modulation symbol by combining 2 bits output from the first interleaver
and 2 bits output from the second interleaver,
wherein in step b) the second bit stream is comprised of the bits having low priority and a
part of bits having a high priority if the number of bits having a high priority is larger
than the number of bits having a low priority, and the first bit stream is comprised of the
bits having a high priority and a part of the bits having a low priority if the number of bits
having a low priority is larger than the number of bits having a high priority such that the
encoded bit stream 1is distributed into the first bit stream and the second bit stream in the

same ratio.

40.  The method as claimed in claim 39, wherein a 16QAM modulation is used in

generating a modulation symbol.

41.  The method as claimed in claim 39, wherein the encoding is turbo encoding.
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42.  The method as claimed in claim 39, further comprising the step of rate matching a
bit stream output from the encoder if the bits output from the encoder is not equal in

number to the bits transmittable 1n a radio channel.

43. A apparatus for transmitting data using high-order modulation scheme 1n a
HSDPA mobile communication system, comprising:

an encoder for encoding a data bit stream;

a distributor for distributing an encoded bit stream into a first bit stream being
comprised of bits having a high priority and a second bit stream being comprised of bits
having a low priority;

an interleaver being comprised of a first interleaver for interleaving the first bit stream
and a second interleaver for interleaving the second bit stream; and |

a modulator for generating a modulation symbol by combining 2 bits output from the
first interleaver and 2 bits output from the second interleaver,

wherein the distributor is characterized by distributing the encoded bit stream into the
first bit stream and the second bit stream 1n the same ratio, for which the second bit
stream 1s comprised of the bits having low priority and a part of bits having a high
priority if the number of bits having a high priority is larger than the number of bits
having a low priority, and the first bit stream 1s comprised of the bits having a high
priority and a part of the bits having a low priority if the number of bits having a low

priority is larger than the number of bits having a high priority.

44.  The apparatus as claimed 1n claim 43, wherein the modulator uses a 16QAM

modulation.
45.  The apparatus as claimed in claim 43, wherein the encoder is a turbo encoder.
46.  The apparatus as claimed in claim 43, further comprising a rate matcher for rate

matching a bit stream output from the encoder if the bits OUtput from the encoder 1s not

equal in number to the bits transmittable in a radio channel.

36



CA 02380142 2004-10-27

1 /8

43 TIOULNOD

0c!

401V INAOK

gll

43AY I RIALNI

9Ll

LAV JONId

I OIA

vil

43C00IN3
TINNVYHD

4%

HOLVHINID

118 VL

Otl

10018
L140dSNVY YL N



CA 02380142 2002-04-03

2/8

1401V INAORW

Qcc

411 4 IANOD

c/ ]
S/ G

glc

¢ Jld

9ic¢

4IAV I TEIINT ANC

MIAYITHIAINI IS

| voLnaISIC

A%

d

H3JOON3
TINNYH

—k? €1 T F ¥ SN\S

oLl




CA 02380142 2002-04-03

glt
HAAYIRIAUN

pLle




CA 02380142 2002-04-03

4 /8

HOL Y INAOWR

XA

XA

HIAV T TMALNI ANC

HIAYITHILNI LSI

v Ol

giv




CA 02380142 2002-04-03

5/8

401V NGO

BLG

NOIO 3y

A

43 TI08LNOD

HYIAV I THLNI

-

¢lS

SEIUONINE
T3INNVHI

OLS

INLC
LHOJSNY ML

.'.. w
27
B

L\ 4
A " . N ;
KE._ o R R R o Wy
‘. '#ﬁtf' . ;' S T
‘.r' e
) b



CA 02380142 2002-04-03

6/8

\\.\.\ o

.\- N q:\‘\ )
N \

ONE SYMBOL LENGTH

6

N
*\§§

&
—
£

VY ¢ & o, ,
. - % -

X N "
N . \
R
v

\
N
NN

W




CA 02380142 2002-04-03

7/8

LA |

4 ’ ’ - - - - - ¢ - 4 » ’ ’ - - -
- . - - - - - -

rl < ’ - - . . - - - - F * & - - N

' - ‘ . '

. - - . ’ [ - L [} [] 1 "R TN . ]

] ’ N s, Y - - - - N . - a - e
L ] A L ' « s v « sdn ® - e e =

. - - . «. & . - v v v v LI

(3S0d0dd—
TYNOLLNIANOD-O—

v + & w = u B« ¢ =« & =w of = ¢ e . 0w
. - s 0= e - - - -
s = - s s e - - -
e e ., . v afl- [ '
- - . P -
L Y P - R T
- o« P 4 = > ' . . . L T Y

ubmo ™ WY OF9

— 90—300 |

’

.

-

¢

4,

-
- -~
.

¢0—100 1
¢0—3001
10—300 |

0+300'!

434

- ~,
. >,
. LA
"
CR o
EZ
p
A
- . o
-._ . ot
\-
o, o
ot F g A
. - -
’
- |c|||
ss\ -~ -
vte =™
-
%
.
- ‘ - o
A . -
el -5
o -,

».
\\\\us 2
a¥
g~
e
‘.
.
[
.
LY -
*

=z-4 .

Sy

cedar e i o S oMot

LLNPENN



CA 02380142 2002-04-03

8

Q3S0d0y
1VNOLLNIANO

g IDld

(gp)oN/ a3
G0

ubMDTNYDIL

' G0-300°L
1 v0-300°(
{ £0-300'1

Z0-300")
10-300°}




218 220

210 214
1ST INTERLEAVER

P /S

CONVERTE MODULATOR

212
TRANSPORT > -
DATA ] CHANNEL
! ENCODER DlSTRlBUTOR
2ND INTERLEAVER

216




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - abstract drawing

