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tion system having a turbo encoder which turbo encodes input source START
data into a plurality of information frames and tail symbols at a given
code rate 1s disclosed. The puncturing device comprises a frame gener-

ator for generating a transmission frame by performing puncturing and ‘
adding invalid symbols; and a controller for performing puncturing on
the information frames according to the code rate, puncturing the tail W

symbols only when the number of punctured information frames and )
tail symbols exceeds a bit number according to a symbol rate, and oth-

erwise, controlling the frame generator by reading a puncturing pattern YES
according to the code rate and information about the number of invalid
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PUNCTURING DEVICE AND METHOD FOR TURBO ENCODER IN
MOBILE COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a puncturing device and
method for a turbo encoder in a mobile communication system, and in particular,
to a puncturing device and method for minimizing puncturing of tail symbols.

2. Description of the Related Art

In mobile communication systems such as satellite, ISDN (Integrated
Services Digital Network), digital cellular, W-CDMA (Wideband Code Division
Multiple Access) and IMT-2000 communication systems, a channel codec
punctures encoded data in order to match symbol rates during transmission of
data having different data rates. In particular, the IMT-2000 system can use either
a convolutional encoder or a turbo encoder. However, in either case, the rates of
the output symbols should be identical to one another because an interleaver

typically follows the encoder and has the same memory capacity for storing the
symbols.

Generally, the number of output nodes of the convolutional encoder is
equal to a code rate. However, in the turbo specific encoder, the number of output
nodes 1s not equal to the code rate and therefore puncturing should be performed
to match the code rate. At this point, the tail symbols output from the turbo

encoder are also punctured according to the same puncturing pattern as that used
for the parity part of the code symbol.

In the convolutional encoder and the turbo encoder, the number of tail
symbols required for termination varies depending on the code rate. For example,
a constraint length K=9 convolutional encoder requires (8x(1/code rate)) tail
symbols, Column A of Table 1, and a K=4 turbo encoder requires 3x6=18 tail
symbols regardless of the code rate (when using two component encoders and
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separate termination), Column B of Table 1. Therefore, turbo

encoder has extra symbols (or reserved symbols, Column C of

Table 1) except for the case of the code rate 1/2, as
compared with the convolutlonal encoder. The extra symbols
correspond to the difference between Columns A and B and are
equal to 0 1f negative. When using the turbo encoder, for
symbol rate matching, 1invalid information ('0’ or ‘1’ which
18 known to the receiving side) is added to the reserved
symbols to create a frame. Herein, the invalid information
added for symbol rate matching will be referred to as
invalid symbols. Column C of Table 1 below shows the invalid
number of symbols.

[Table 1]
| Tail sSymbols T ]
Tai1l Symbols | Reserved
Code for |
for Turbo Symbol Number
Rate Convolutional
| | Code (B) 1 (C)
Code (A)
|
R=1/2 | 16(=8x 2) 18(=3x 6) 0 bit
'R=1/3  |24(=8x 3)  |18(=3x 6) 6 bits |
R=1/4  |32(=8x 4) 18(=3 x 6) 114 bits o
| ' “

FIG. 1 shows a conceptional block diagram of a

common turbo encoder. A description will be made of an

operation of puncturing a turbo code, with reference to

FIG. 1.
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The turbo encoder comprises a first encoder 110,

an interleaver 130 and a second encoder 120, and recelves an

L-bit information frame X. The first encoder 110 encodes the
L-bit one information frame X, which 1s source data, into a
first systematic symbol L, a first L-bit parity symbol YO0, a
second L-bit parity symbol Y1, and m bit tail symbols for
each of the parity signals Y0, Y1 and m tail symbols for
first systematic symbol X. The m tail symbols for first
systematic symbol L are a tail bit itself, generated by
first encoder terminating memory of the encoder. The m tail
symbols are generated when the first encoder receives the
last three bits of the tail bit, thereby to reset a shift
register 1n the first encoder 110. Further, the information
frame X 1s output, as it 1s, without coding, and only the m

tail symbols for the information frame X are created by the

-

first encoder 110. The interleaver 130 interleaves the input

one frame data X and outputs
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interleaved source data X’. The second encoder 120 encodes the interleaved
source data X’ into a third parity symbol Y0, a fourth parity symbol Y’l, and m
tail symbols for each of the parity symbol Y0, Y’1 and m tail symbols for second
systematic symbol L’. The m tail symbols for second systematic symbol L’ are a
tail bit itself, generated by second encoder terminating memory of the encoder.
The second encoder can output second systematic symbol X’, but all of the
second systematic symbol X’ is punctured at all of the code rate. Therefore, it is
equal to do not output the second systematic symbol X’. In this specification, we
describe the turbo encoder outputs several coded symbol frames X, Y0, Y1 YO
and Y’1 in response to an input frame, and excluding the interleaved information
frame X’, and m tail symbols for each of the signals X, Y0, Y1, Y’0, Y’1 and X.

Commonly, there are provided 3 tail symbols for each of the coded symbol frame.

However, it 1s also possible to output the interleaved frame X’, as it 1s, and then
delete 1t in the following stage by puncturing.

Such a turbo encoder internally creates the five coded symbol frames and
six set of tail symbols using one input information frame. The five coded symbol
frames and six set of tail symbols should undergo the same puncturing pattern

during creation of a transmission frame, for transmission at a previously defined
code rate.

For code rate matching, the proposed IMT-2000 system performs select
(inversely say puncturing) as shown in Table 2.

Y’0(t)
Y’ 1(t)

None
Alternate at t=m+?2

t=m+4
Alternate at t=m+3

[Table 2]
T wm T wmm [ mw
X(t) & X(t) =m-+1 t=m-+] t=m+1
(Tail Bit)
None None t=m-+2
2
None
X’(t) (Tail Bit) t=m+3 t=m+4 t=m-+5
(when tail bit X’(t)
Yoy
R LTI

Z
E%

In Table 2, ‘m’ denotes a given time point, and ‘i’ in m+i (1=1,2,3,4,5,..)
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denotes the order of selection at the time m. For example,

for a code rate R=1/2, at the time m, the systematic frame X

18 first selected, the encoded information frame YO is

punctured all, and one of the encoded symbols Y1 and Y’'1l is

selected and the non selected one (Y1l OR Y’1l) is punctured.

Further, after the tail symbols for the systematic frame X
are selected, one of the tail symbols for the encoded parity

symbol frames Y1l and Y’'1l are selected and the non selected

one (Y1 OR Y’'1l) 1s punctured and thereafter, the tail
symbols for the interleaved frame X’ are selected. After
puncturing in this manner, multiplexing is performed to

transmit the frame.

FIGS. 2A to 2C show puncturing methods according

to Table 2, for R=1/2, 1/3 and 1/4, respectively. In the

drawlngs, the hatched boxes denote the tail symbols, and the

‘X'’ -marked boxes denote the punctured bits. The boxes
corresponding to X’ (t) are surrounded by a dashed line as

they are not output. This can be expressed with the factors

output from the turbo encoder as follows, wherein the
underlined factors denote the punctured factors (i.e. not

selected) .
1) For the case of R =1/2:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0),
X(1),Y0(1),Y1(1)Y'0(1),Y'1(1),.....

X(L-1),Y0(L-1),¥Y1(L-1),Y'0(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),TP22(0),

T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1). ..
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T1 (m-1) ,TP11 (m-1),TP12 (m-1),T2(m-1),TP21 (m-

erETE—————

1) ,T22 (m-1)

r————

where T1 is tail symbol for systematic symbol,

TP11l 1s tail parity for parity YO , TPl2 IS tail parity for
5 parity Y1, TP21 1s tail parity for Y’'0, TP22 is tail parity
for Y’1.

2) For the case of R=1/3:

X (0),Y0(0),Y1(0),Y'0(0),Y"1(0),

0
X(1),¥0(1),¥1

PR —

(1), ¥'0(1),y'1(1), ..,

10 X(L-1),Y0(L-1),Y1(L-1),Y'0(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0), ...

Tl(m-1),TP11(m-1),TP12 (m-1),T2(m-1),TP21 (m-

1) :T22 (m_l) !

RVB(0),RVB(1)...... ,RVB (h) .
15 where RVB{() means reserved bits.
3) For the case of R=1/4:

X(0),Y0(0),Y1(0)Y'0(0),Y'1(0),

X(1),Y0(1),Y1(1),Y'0(1),¥Y'1(1), ... ,

X(L"Z) !YO (L-z) fX_l (2"2) 1Y'0 (L_2) !Y'l (L—2) !

20 X(L-1),Y0(L-1),Y1(L-1),Y'0(L-1),Y'1(L-1)

A Np—. R —

!

T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),

———

T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...

A —
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Tl (m-1),TP11 (m-1),TP12 (m-1),T2 (m-1),TP21 (m-

1),T22 {(m-1) ,
RVB(Q) ,RVB(1)...... ,RVB (h) .

Table 1 has shown the number of the reserved
symbols at every code rate, and Table 2 has shown the
puncturing methods. As shown in Tables 1 and 2, even when
the tail symbols of the turbo code are punctured, the

reserved symbols are generated except for the case of R=1/2.

When the tail symbols are punctured, 6 invalid symbols are

inserted for R=1/3 as shown in FIG. 2B, and the 3 tail
symbols are punctured, 14 invalid symbols are inserted for

R=1/4 as shown in FIG. 2C and Table 1.

As described above, even though there remain the

reserved symbols, a method for puncturing the encoded

information frame is equally applied to the tail symbols in
order to match a rate of the symbols added to increase a
decoding accuracy, thereby decreasing the decoding

capability of the receiver.

SUMMARY OF THE INVENTION

-

It 18, therefore, an object of an embodiment of

the present invention to provide a puncturing device and
method for a turbo encoder, which minimizes or avoids
puncturing of tail symbols using reserved symbols generated

while performing turbo encoding.

It 1s another object of an embodiment of the
present 1nvention to provide a selection (puncturing) device
and method for a turbo encoder, which selection(puncturing)

rule 1s different at the coded symbol frame period and tail
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symbol selection period for minimize puncturing of tail

symbol .

To achieve the above object, there is provided a
puncturing device for a turbo encoder in a mobile
communication system having a turbo encoder which turbo
encodes 1nput source data into a plurality of coded symbol
frames and tail symbols at a given code rate. The puncturing
device comprises a frame generator for generating a
transmigsion frame by performing puncturing and adding
invalid symbols; and a controller for performing puncturing
on the symbol frames according to the code rate, puncturing
the tail symbols only when the number of selected symbol
frames and tail symbols exceeds a bit number according to a

symbol rate.

In one aspect, the i1nvention provides a puncturing
device for a turbo encoder in a mobile communication system
which encodes an input frame data into a plurality of symbol
frames including a systematic symbol frame and parity symbol
frames, and tail symbols at a given code rate, the device
comprising: a frame generator for generating a transmission
frame by puncturing the encoded symbol; and a controller for
controlling said frame generator by controlling said
puncturing of the symbol frames according to the code rate,
and puncturing the tail symbols only when a number of
selected symbol out of the symbol frames and tail symbols
exceeds a bit number according to a transmission symbol

rate.

The invention also provides a puncturing method in
a mobile communication system including an encoder for turbo

encoding input source data into a plurality of symbol frames



10

15

20

25

30

CA 02321977 2005-02-08

7553588-126

6b

and tail symbols at a given code rate, the method comprising
the steps of: detecting the code rate of the turbo encoder;
reading from a memory information about the puncturing
pattern for the detected code rate and information about the
number of invalid symbols to be added, said information
including a puncturing pattern for puncturing from said tail
symbola only when the number of melected symbol out of the
symbol frames and tail symbols exceeds a bit number
according to a transmigssion symbol rate; and performing

puncturing according to the information read.

There is also provided a puncturing device for a
turbo encoder in a mobile communication system which encodes
a input frame data into a systematic code symbol frame,
plurality of parity symbol frames and plurality sets of tail
coded gymbol at a given code rate, the device comprising; a
frame generator for generating a transmission frame by
puncturing at least one of said parity symbols and tail
coded symbols and; a controller for controlling said frame
generator to puncture said parity symbol frames with a first
puncturing pattern and said seta of tail coded symbol with a
second puncturing pattern, wherein, said number of punctured
symbols i1n the second puncturing pattern is less than that

of the first puncturing pattern.

According to another aspect of the invention,
there is provided a puncturing device for a turbe encoder in
2 mobile communication system which encodes a input Fframe
data into a systematic code symbol frame, plurality of
parity symbol frames and plurality sets of tail coded symbol
at a given code rate, the device comprising; a frame
genexrator for\generating a transmission frame by code rate

matching and symbol rate matching and; a controller for
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cure only said

controlling said frame generator to punc
parity symbol frames for code rate matching and to repeat

said tail coded symbols according to a number of excess

bits.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and

advantages of the present invention will become more

apparent from the followling detailed description when taken

1n conjunction with the accompanying drawings in which:

FIG. 1 1s a block diagram illustrating a common

10
turbo encoder according to the prior art;

FIG. 2A 1s a diagram 1llustrating a puncturing
a general R=1/2 turbo encoder according to the

F
—

method ot

prior art;

FIG. 2B 1s a diagram 1llustrating a puncturing

15
method of a general R=1/3 turbo encoder according to the

prior art;

FIG. 2C 1s a diagram illustrating a puncturing

method of a general R=1/4 turbo encoder according to the

20 prior art;
FIG. 3 1s a block diagram illustrating a

puncturing device for a turbo encoder according to an
embodiment of the present invention;

FIG. 4A 1s a diagram 1illustrating a puncturing

25 method of an R=1/2 turbo encoder according to an embodiment

of the present invention;
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FIG. 4B 1s a diagram 1illustrating a puncturing
method of an R=1/3 turbo encoder according to an embodiment

of the present invention;

FIG. 4C 1s a diagram 1llustrating a puncturing
method of an R=1/4 turbo encoder according to an embodiment

of the present invention; and

FIG. 5 1s a flow chart i1llustrating a puncturing
method for a turbo encoder according to an embodiment of the

present 1nvention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

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

since they would obscure the invention in unnecessary

detail.
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FIG. 3 shows a block diagram of a puncturing device for a turbo encoder
according to an embodiment of the present invention. Referring to FIG. 3, upon
receiving 5 symbol frames and 6 tail symbols part encoded by the turbo encoder
of FIG. 1, a frame generator 133 performs puncturing for code rate matching and
symbol rate matching on the received encoded symbols to output a frame of the
symbol rate. However, since the total encoded symbols number is larger than the
transmission symbol number according to the predetermined code rate, it is
necessary to match the code rate and symbol rate by puncturing some of the
encoded symbols. At this point, the frame generator 133 according to the present
invention is controlled to perform puncturing for code rate matching on the
symbol frame and perform puncturing for symbol rate matching on the tail
symbols. Further, the frame generator 133 adds invalid symbols to the reserved
symbols to generate a frame according to the symbol rate. A memory 137 has
information about a puncturing pattern for the code rate and information about the
number of the added invalid symbols. A controller 135, which may previously
know the code rate of the turbo encoder, controls the frame generator 133
according to the information about the puncturing pattern and the number of the
added invalid symbols, thereby performing puncturing for code rate matching,
puncturing for symbol rate matching, and invalid symbol inserting.

FIGS. 4A to 4C show puncturing methods of the puncturing device for a
turbo encoder according to an embodiment of the present invention. More
specifically, FIG. 4A shows a puncturing method of an R=1/2 turbo encoder
according to an embodiment of the present invention: FIG. 4B shows a
puncturing method of an R=1/3 turbo encoder according to an embodiment of the

present invention; and FIG. 4C shows a puncturing method of an R=1/4 turbo
encoder according to an embodiment of the present invention.

In FIG. 4A, puncturing for code rate matching is performed on the coded
symbols frame corresponding to the input information frame, and then two
symbols are punctured from 18 coded tail symbols for the tail bits to output 16
tail symbols that the convolutional code can transmit. That is, there are no
reserved symbols. However, in FIG. 4B, puncturing for code rate matching is
performed on the coded frame symbols corresponding to the input information
frame, and then 6 invalid symbols are inserted without puncturing the tail
symbols, because there remain 6 reserved symbols when the 18 tail symbols for

- - . w e gm kP, AT LTI PR AT 1 2 oo ot
OF P sTIN WY Lt e AR SRl s Bt A AL LA R M S O 1T s - Sl n e W IS i
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the turbo code are smaller than the 24 tail symbols for the convolutional code can
transmit. Further, in FIG. 4C, when compared with the convolutional code, the
turbo code has 14 reserved symbols. Therefore, 14 invalid symbols are inserted
without puncturing the tail symbols. That is, puncturing the tail symbols is
minimized to increase the decoding accuracy. Generally, the tail symbol is more

important than parity symbol at decoding. Therefore, it is preferable to repeat the
tail symbols, rather than insert the invalid symbols.

This can be expressed with the factors output from the turbo encoder as
follows:

1) For the case of R=1/2:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0), X(1),YO(1),Y1(1)Y'0(1),Y"1 (1), ...
X(L-1),YO(L-1),Y1(L-1),Y'O(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),TP22(0),

T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...

T'l(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1)

2) For the case of R=1/3:

X(0),Y0(0),Y1(0),Y'0(0),Y'1(0), X(1),YO(1),Y1(1),Y'0(1),Y'1(1), ......
X(L-1),YO(L-1),Y1(L-1),Y'O(L-1),Y'1(L-1),

T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),...

T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1),

RVB(0),RVB(1),RVB(2)......,.RVB(h).

3) For the case of R=1/4:
X(0),Y0(0),Y1(0)Y'0(0),Y"1(0), X(1),YO(1),Y1(1)Y'0(1),Y'1(1), .....
X(L-2),YO(L-2),Y1(L-2),Y'0(L-2),Y'1(L-2),
X(L-1),YO(L-1),Y1(L-1),Y'O(L-1),Y'1(L-1),
T1(0),TP11(0),TP12(0),T2(0),TP21(0),T22(0),
T1(1),TP11(1),TP12(1),T2(1),TP21(1),T22(1)...
T1(m-1),TP11(m-1),TP12(m-1),T2(m-1),TP21(m-1),T22(m-1),
RVB(0),RVB(1),RVB(2)......,.RVB(h).

FIG. 5 shows a puncturing method of a turbo encoder according to an
embodiment of the present invention. Referring to FIG. 5, the controller 135
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examines 1n step 501 whether data 1s 1nput from the turbo

|

encoder. The controller 135 may either previously know a
code rate of the turbo encoder, or detect the code rate of
the data. Upon receipt of data from the turbo encoder, the
controller 135 detects a code rate of the received data 1in
step 503 using the above methods. After detecting the code
rate, the controller 135 reads a puncturing pattern for the
detected code rate in step 504. For example, when the
detected code rate is 1/3, the controller 135 reads the
puncturing pattern of FIG. 4B. After reading the puncturing
pattern, the controller 135 controls puncturing on the
parity symbols according to the read puncturing pattern and
inserts 1invalid symbols 1in the reserved symbols, if any, in
step 505. For example, when the detected code rate is 1/2,
the controller 135 controls the frame generator 133 to
puncture on the parity symbols for code rate matching and on
the taill parity symbol for symbol rate matching. For the
symbol rate matching two of the tail symbols for the parity
signals are punctured. When the code rate matching is 1/4,
the controller 135 controls the frame generator 133 to
puncture the parity symbol for code rate matching. There is

no puncturing on the tail symbol but insertion of reserved

bits.

As described above, the novel puncturing device
can minimize or avoilid puncturing of tail symbols according
to the code rate, thereby increasing the decoding capability
of the receiver. And this invention provide different

puncturing pattern on one frame period for minimizing or
avoid puncturing of tail symbol.

While the invention has been shown and described
wlith reference to a certain preferred embodiment thereof, it
will be understood by those skilled in the art that wvarious
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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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CLAIMS:
1. A puncturing device for a turbo encoder in a

mobile communication system which encodes an input frame
data into a plurality of symbol frames including a

5 systematic symbol frame and parity symbol frames, and tail

symbols at a given code rate, the device comprising:

a frame generator for generating a transmission

frame by puncturing the encoded symbol; and

a controller for controlling said frame generator
10 by controlling said puncturing of the symbol frames
according to the code rate, and puncturing the tail symbols
only when a number of selected symbol out of the symbol

frames and tail symbols exceeds a bit number according to a

transmission symbol rate.

15 2. The puncturing device as claimed in claim 1,
wherein said frame generator, under the control of said
controller, punctures two symbols out of the tail symbols of
the parity symbol frames according to the code rate when the

code rate is ¥, said tail symbols corresponding to the coded
20 symbol frames.

3. The puncturing device as claimed in c¢laim 1,

wherein systematic symbols are not punctured.

4. The puncturing device as claimed in claim 1,
wherein said controller further controls said frame

25 generator by reading a puncturing pattern according to the

code rate and information about a number of invalid symbols.
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5. A puncturing method in a mobile communication
system including an encoder for turbo encoding input source
data into a plurality of symbol frames and tail symbols at a

given code rate, the method comprising the steps of:
detecting the code rate of the turbo encoder;

reading from a memory information about a
puncturing pattern for the detected code rate and
information about a number of invalid symbols to be added,
said information including the puncturing pattern for
puncturing from said tail symbols only when a number of
selected symbol out of the symbol frames and tail symbols

exceeds a bit number according to a transmission symbol

rate; and

performing puncturing according to the information

read.

6. The puncturing method as claimed in claim 5,
wherein two bits of tail symbols of parity signals and three
bits of symbol frames at a puncturing time are punctured,

when the code rate is 1/2.

7. The puncturing method as claimed i1n claim 5,
wherein only bits of the symbol frames are punctured, when

the code rate is lower than 1/2.

8. A puncturing device for a turbo encoder in a
mobile communication system which encodes a input frame data
into a systematic code symbol frame, plurality of parity
symbol frames and plurality sets of tail coded symbol at a

given code rate, the device comprising;

. 2 ary a e e Ty iy PR, "t - Agrvwanm s B e L e et Ll el e B e e s
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a frame generator for generating a transmission
frame by puncturing at least one of said parity symbols and

tail coded symbols and;

a controller for controlling said frame generator
5 to puncture said parity symbol frames with a first
puncturing pattern and sailid sets of tail coded symbol with a
second puncturing pattern, wherein, said number of punctured
symbols 1n the second puncturing pattern i1s less than that

of the first puncturing pattern.

10 9. The puncturing device as claimed 1n claim 8,

wherein first puncturing pattern is for code rate matching.

10. The puncturing device as claimed in claim 8,
whereln second puncturing pattern is for symbol rate

matching.

15 11. A puncturing device for a turbo encoder in a
mobile communication system which encodes a input frame data
1into a systematic code symbol frame, plurality of parity
symbol frames and plurality sets of tail coded symbol at a

given code rate, the device comprising;

20 a frame generator for generating a transmission

frame by code rate matching and symbol rate matching and;

a controller for controlling said frame generator
Lo puncture only said parity symbol frames for code rate
matching and to repeat said tail coded symbols according to

25 a number of excess bitg.
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