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DEVICE AND METHODS FOR CHANNEL 
CODING AND RATE MATCHING IN A 

COMMUNICATION SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

PRIORITY 

This application claims priority to an application entitled 
“Channel Coding Device and Method” ?led in the Korean 
Industrial Property Oi?ce on Jun. 5, 1998 and assigned Ser. 
No. 98-20990, the contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a channel cod 
ing device and method for a communication system. 
Speci?cally, the present invention relates to a rate matching 
device and methods for inserting known bits in an input 
source data bit stream, channel coding the bit-inserted data 
stream and then, puncturing the channel coded data symbols. 

2. Description of the Related Art 
In a communication system, a rate of source user data is 

changed to a rate of channel symbols during data transmis 
sion via a channel. Particularly, in a spread spectrum com 
munication system, since a chip rate for spreading is ?xed, a 
channel symbol rate should be changed in order to be a 
multiple of the chip rate after multiplexing various service 
channels. Such a procedure is called rate matching. 

With reference to FIG. 1, there is illustrated a block dia 
gram of a conventional rate matching scheme for a source 
data rate of 64 Kbps. A CRC (Cyclic Redundancy Code) 
generator 101 adds 13 CRC bits to source coded user data 
input. A rate 1/3 (R=1/3) channel coder 102 codes the CRC 
added data into 653><3=1959 symbols. Herein, a description 
will be made regarding a method of changing the number of 
data symbols to be transmitted from 1959 symbols to 2048 
symbols. To this end, a rate matcher 103 repeats 89 symbols. 
However, a simple symbol repetition may cause degradation 
in performance of the system according to a channel condi 
tion as discussed in CSELT, “Power Control Parameters 
Optimization in W-CDMA Down-Link”, SMG2 Layer 1 
Expert Group Agenda Item 7, Oslo, Apr. 142, 1998 (the 
CSELT Reference). 

The channel coder 102 of FIG. 1 includes a convolutional 
coder, a Reed-Solomon coder, a concatenated coder in 
which the convolutional coder is coupled to the Reed 
Solomon coder, and a turbo coder in which plural convolu 
tional coders are coupled in series or parallel. Herein, a 
detailed description of the respective coders will be avoided 
for convenience. Instead, a description will be made as to the 
turbo coder. The turbo coder, a parallel concatenated coder, 
codes N-bit frame data into parity symbols using two simple 
parallel concatenated codes, wherein recursive systematic 
convolutional (RSC) codes are generally used for the con 
stituent codes. 

FIGS. 2 and 4 are block diagrams illustrating a conven 
tional turbo coder and a turbo decoder, respectively. Refer 
ence can be made to US. Pat. No. 5,446,747 issued on Aug. 
29, 1995 to Berrou for a comprehensive description. The 
turbo coder of FIG. 2 includes a ?rst constituent coder 201, a 
second constituent coder 202, and an interleaver 211 inter 
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2 
connected between the constituent coders 201 and 202. For 
the ?rst and second coders 201 and 202, an RSC coder is 
typically used, which is well-known in the art. The inter 
leaver 211 has the same siZe as a frame length, N, of input 
data bit stream dk, and changes arrangement of the input data 
bit stream dk to be provided to the second constituent coder 
202 to decrease the correlation among the data bits. 
Therefore, an output parallel concatenated code for the input 
data bit stream dk becomes xk (i.e., dk without modi?cation) 
and y l k, and yzk. 

A turbo decoder for decoding the output of the turbo coder 
of FIG. 2 is disclosed in US. Pat. No. 5,446,747, and sche 
matically illustrated in FIG. 4. Since the turbo decoder itera 
tively decodes received data in a frame unit using a MAP 
(Maximum A Posterior Probability) decoding algorithm, an 
increase in frequency of iterative decoding will decrease a 
bit error rate (BER). For the turbo decoder, a MAP decoder 
or a SOVA (Soft-Out Viterbi Algorithm) decoder is typically 
used, which can provide soft-decision iterative decoding. 

FIG. 3 illustrates a convolutional coder with a constraint 
length 9 (K=2) and a coding rate 1/3 (R=1/3). For decoding an 
output of the convolutional coder, a Viterbi decoder is gener 
ally used which employs a Viterbi algorithm. A detailed 
description of the Viterbi decoder is avoided herein. 

FIG. 5 is a block diagram illustrating a transmission part 
of a known communication system, which multiplexes user 
data and control data and transmits the multiplexed data. The 
user data is coded by a ?rst source coder 501 and a ?rst 
channel coder 502. Further, the control data is coded by a 
second source coder 511 and a second channel coder 512 
and then multiplexed with the coded user data by a multi 
plexer 503. The multiplexed user data and control data is rate 
matched at a rate matcher 504 by symbol repetition, punctur 
ing or puncturing-after-symbol repetition. The rate matched 
symbols are provided to a transmitter 507 via a channel 
interleaver 505 and a modulator 506. 

FIG. 6 is a block diagram illustrating a transmission part 
of another known communication system which multiplexes 
?rst and second user data and control data and transmits the 
multiplexed data. The ?rst and second user data are channel 
coded by ?rst and second channel coders 602 and 612, 
respectively, and then, rate matched by ?rst and second rate 
matchers 603 and 613 according to their service option and 
class by symbol repetition, puncturing or puncturing-after 
symbol repetition. Similarly, the control data is channel 
coded by a third channel coder 622 and then, rate matched 
by a third rate matcher 623. Outputs of the ?rst to third rate 
matchers 603, 613 and 623 are multiplexed by a multiplexer 
604 and then, ?nally rate matched by a channel rate matcher 
605. The channel rate matched symbols are provided to a 
transmitter 608 via a channel interleaver 606 and a modula 
tor 607. 

A description will now be made as to symbol repetition 
performed for matching rates of symbols outputted from the 
channel coders 602, 612 and 622. A simple repetition of the 
channel coded symbols is a very simple symbol repetition 
method. However, the simple symbol repetition is not suit 
able for error correction. This is because in the light of the 
channel coded symbols, although a BER for the case where 
all the symbols are repeated two times (i.e., a rate 1/2) is 
similar to a BER for the case where the symbols are not 
repeated (i.e., a rate 1), a performance degradation may 
occur according to a channel condition in the case where the 
respective symbols are unequally repeated (see the CSELT 
Reference). Therefore, when unequal symbol repetition is 
performed for rate matching, e?iciency of the overall system 
typically decreases. 
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Further, reference Will be made to a turbo coder of FIG. 2 
having a constraint length 3 (K=3). Outputs of the turbo 
coder include non-coded data bit xk and channel coded data 
parity bits ylk and yzk. When the data bit Xk is punctured for 
rate matching or various symbol rates, performance degrada 
tion is signi?cant. In addition, When the parity bits ylk and 
yzk are simultaneously punctured at a time k, there exist no 
parity bits for a data bit at the time k. In the K=3 turbo coder, 
When the same parity bits ylk and ylk+1 or the same parity 
bits y2k and yzk+1 are simultaneously punctured, there exist 
no parity bits for data bits at the time k and k+l, so that a 
performance degradation occurs even though iterative 
decoding is performed. That is, When the parity bits output 
ted from the ?rst and second constituent coders are consecu 
tively punctured as many as the number of memories in the 
turbo coder, performance degradation occurs. 

Therefore, for rate matching Which requires symbol 
repetition, it is possible to guard against performance degra 
dation by providing a channel coder Which inserts speci?c 
bits in an input data bit stream and encodes the bit-inserted 
data bit stream. It is assumed herein that a value of the spe 
ci?c bits and bit inserting positions Where the speci?c bits 
are to be inserted are knoWn to both a transmission party and 
a reception party. Moreover, When puncturing is required for 
the channel coded symbols, the turbo coder selects punctur 
ing positions for the parity bits, such that performance deg 
radation due to puncturing is minimiZed. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to mini 
miZe performance degradation of a communication system 
during symbol repetition, puncturing and puncturing-after 
symbol repetition in a rate matching device. 

It is another object of the present invention to provide a 
rate matching device and method for inserting knoWn bits in 
an input source data bit stream, channel coding the bit 
inserted data bit stream and thereafter puncturing the chan 
nel coded data symbols. 

It is further another object of the present invention to 
minimize performance degradation caused during punctur 
ing by selecting acceptable symbol puncturing positions 
When performing rate matching for input channel coded 
symbols. 

To achieve the above objects, there is provided a channel 
coding device. In the device, a bit inserter inserts knoWn bits 
in an input data bit stream at predetermined positions. A 
channel coder codes the bit-inserted data bit stream to gener 
ate coded symbols. A rate matcher matches a rate of the 
coded symbols to a given channel symbol rate. A channel 
interleaver interleaves the rate matched channel symbols. 
The rate matcher includes a puncturer for puncturing the 
inserted knoWn bits included in the coded symbols When the 
coded symbol rate is higher than the given channel symbol 
rate. The rate matcher includes a repeater for repeating the 
coded symbols to match the coded symbol rate to the given 
channel symbol rate When the coded symbol rate is loWer 
than the given channel symbol rate. 

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 is a block diagram illustrating a conventional rate 
matching scheme for a date rate of 64 Kbps; 
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4 
FIG. 2 is a block diagram illustrating a conventional turbo 

coder; 
FIG. 3 is a diagram illustrating a conventional convolu 

tional coder; 
FIG. 4 is a block diagram illustrating a conventional turbo 

decoder; 
FIG. 5 is a block diagram illustrating a transmission part 

of a conventional communication system; 

FIG. 6 is a block diagram illustrating a transmission part 
of an another conventional communication system; 

FIG. 7 is a block diagram illustrating a transmission part 
of a communication system according to a ?rst embodiment 
of the present invention; 

FIG. 8A is a block diagram illustrating a rate matching 
scheme Where a source coder has a data rate of 64 Kbps; 

FIG. 8B is a block diagram illustrating a rate matching 
scheme Where a source coder has a data rate of 32 Kbps; 

FIG. 9 is a block diagram illustrating a transmission part 
of a communication system according to a second embodi 
ment of the present invention; 

FIG. 10 is a block diagram illustrating a reception part 
corresponding to the transmission part of FIG. 9; 

FIG. 11 is a block diagram illustrating a transmission part 
of a communication system according to a third embodiment 
of the present invention; 

FIG. 12 is a block diagram illustrating a reception part 
corresponding to the transmission part of FIG. 11; 

FIG. 13 is a block diagram illustrating a transmission part 
of a communication system according to a fourth embodi 
ment of the present invention; 

FIG. 14 is a block diagram illustrating a reception part 
corresponding to the transmission part of FIG. 13; 

FIG. 15 is a block diagram illustrating a transmission part 
of a communication system according to a ?fth embodiment 
of the present invention; and 

FIG. 16 is a block diagram illustrating a reception part 
corresponding to the transmission part of FIG. 15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will be 
described herein beloW With reference to the accompanying 
draWings. In the folloWing description, Well knoWn func 
tions or constructions are not described in detail since they 
Would obscure the invention in unnecessary detail. 

It is assumed herein that a K=3 RSC coder is used for both 
?rst and second constituent coders. A soft-decision iterative 
decoder is used for the ?rst and second constituent coders. 
Further, a MAP or SOVA decoder can be used for the soft 
decision iterative decoder. In addition, not only an RSC 
coder but also a non-RSC coder can be used for the ?rst and 
second constituent coders. Moreover, the ?rst and second 
constituent coders may use different constraint lengths and 
generator polynomials. 

A. First Embodiment 

FIG. 7 is a block diagram illustrating a rate matching 
scheme for a channel coding device according to a ?rst 
embodiment of the present invention. A source coder 701 
codes input source data according to a predetermined coding 
method. Here, the source data includes user data and control 
data. A bit inserter 702 inserts a predetermined number of 
knoWn bits in the coded source data at predetermined 




















