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(57) Abrege/Abstract:
A method and an apparatus for decoding low-density parity-check codes are provided. The method includes the following: A first
decoding unit performs decoding computation on a first code word from a second time period to an O" time period: a second
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(57) Abrege(suite)/Abstract(continued):
decoding unit performs decoding computation on a second code word from a third time period to an (O+1)" time period: an NI

decoding unit performs decoding computation on an N code word from an (N+1)" time period to an (N+O-1)" time period: and
an M decoding unit performs decoding computation on an M code word from an (M+1)" time period to an (M+O-1)" time
period. Each decoding unit may perform decoding computation in multiple time periods, so that the iteration time of decoding
computation Is adjusted according to a decoding algorithm and the channel status, and the number of iterations Is thereby
effectively iIncreased to ensure the decoding performance.
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ABSTRACT

A method and an apparatus for decoding low-density parity-check codes are
provided. The method includes the following: A first decoding unit performs decoding
computation on a first code word from a second time period to an O™ time period; a second

5 decoding unit performs decoding computation on a second code word from a third time period
to an (O+1)™ time period; an N™ decoding unit performs decoding computation on an N*™ code
word from an (N +1)th tirﬁe period to an (N+0O-1)" time period; and an M™ decoding unit
performs de‘coding computation on an M™ code word from an (M+1)™ time period to an
(M+0-1)" time period. Each decoding unit may perform decoding computation in multiple

10 time periods, so that the iteration time of decoding computation is adjusted according to a
decoding algorithm and the channel status, and the number of iterations 1s thereby eftectively

increased to ensure the decoding performance.
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METHOD AND APPARATUS FOR DECODING LOW-DENSITY
PARITY-CHECK CODES

FIELD OF THE INVENTION

[0001] The present invention relates to the field of communications technologies, and

in particular, to a method and an apparatus for decoding low-density parity-check codes.

BACKGROUND OF THE INVENTION

[0002] A purpose of a communication system is to rapidly, reliably and sometimes
securely transmit information from a source to a desination. The source has many forms, such
as voice, data, image and video. In the communication system, there are many types ot
channels for transmitting information, including a mobile communication channel, a satellite
communication channel, an optical fiber communication channel, an underwater acoustic
communication channel, an infrared communication channel, a copper cable transmitting
channel and a data storage channel. Generally, noises and interferences of different levels are
usually brought into the channels, thereby lowering the accuracy of the information. In order
to resist the noises and interferences, channel coding technologies may be adopted. In brief,
the channel coding is to add redundant information to original information at a sending end
according to a certain rule, and at a receiving end by using the redundant information, correct
errors brought by the channel noises; therefore, the channel coding is also called correction

coding.

[0003] Low-density parity-check (Low-density parity-check, LDPC) is a coding and
decoding scheme that has the performance close to the Shannon limit and can be

implemented.

[0004] The LDPC decoding inclucdes three steps, that is, storage, decoding
computation and outputting. A first code word is stored and then decoding computation 1s
performed on the first code. The decoding computation of the first code word 1s ended after a
second code word is stored, and the decoding computation of the second code word 1s then

started. The decoding computation time of the first code word is the same as the storage time
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of the second code word. Assuming it takes 5000 clock cycles to store a code word and takes
500 clock cycles to finish a decoding iteration in the decoding computation, 10 decoding

iterations may be completed, and the performance of the decoding computation 1s closely

related to the number of iterations.

SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention provide a method and an apparatus for
decoding low-density parity-check codes, which can significantly improve the decoding

performance of the low-density parity-check and increase the number of decoding 1teration.

10006] An embodiment of the present invention provides a method for decoding low-
density parity—check codes, where a decoding apparatus includes M decoding units, and M is a

natural number greater than 1. The method includes:

storing, by a first decoding unit, a first code word in a first time period;

storing, by a second decoding unit, a second code word in a second time

period;

storing, by an N™ decoding unit, an N™ code word in an N™ time period, where

N is a natural number that is greater than or equal to 1 and smaller than M;
storing, by an M™ decoding unit, an M™ code word in an M™ time period;

perforrnihg, by the first decoding unit, decoding computation on the first code
word from the second time period to the O™ time period, where O is a natural number greater
than 3, wherein when a channel rate is reduced, a value of O is increased, when the channel

rate is increased, the value of O is reduced;

performing, by the second decoding unit, decoding computation on the second

code word from the third time period to the (O+1)™ time period;

performing, by the N™ decoding unit, decoding computation on the N™ code
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word from the (N+1)™ time period to the (N +O-1)th time period;

performing, by the M™ decoding unit, decoding computation on the M™ code

word from the (M+1)™ time period to the (M+0-1)" time period:

outputting, by the first decoding unit, the decoded first code word in the
(1+0)™ time period;

outputting, by the second decodin-g unit, the decoded second code word in the

(2+0)™ time period:;

outputting, by the N decoding unit, the decoded N™ code word in the (N+O)"

time period; and

outputting, by the M decoding unit, the decoded M™ code word in the
(M+0)™ time period.

[0007] - An embodiment of the present invention provides an apparatus for decoding
low-density parity-check codes, where the decoding apparatus includes M decoding units, and

M i1s a natural number greater than 1. The apparatus includes:
a first decoding unit, configured to store a first code word in a first time period;

a second decoding unit, configured to store a second code word in a second

time period;

an N" decoding unit, configured to store an N™ code word in an N™ time

period, where N i1s a natural number that is greater than or equal to 1 and smaller than M;

th . . . h .-
an M" decoding unit, configured to store an M™ code word in an M™ time

period;

the first decoding unit, configured to perform decoding computation on the
first code word from the second time period to the O™ time period, where O is a natural

number greater than 3;
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the second decoding unit, configured to perform decoding computation on the

second code word from the third time period to the (O+1)™ time period;

the N™ decoding unit, configured to perform decoding computation on the N

code word from the (N+1)™ time period to the (N+O-1)" time period;

the M™ decoding unit, configured to perform decoding computation on the M

code word from the (M+1)™ time period to the (M+0-1)" time period;

the first decoding unit, configured to output the decoded first code word in the

(1+0)™ time period;

the second decoding unit, configured to output the decoded second code word

in the (2+0)" time period;

the N™ decoding unit, configured to output the decoded N™ code word in the

(N+O)™ time period;

the M™ decoding unit, configured to output the decoded M™ code word in the
(M+0)™ time period; and

a control unit, configured to contol the M decoding units to perform storage,
decoding computation and outputting, when a channel rate is reduced, a value of O 1s

increased, when the channel rate 1s increased, the value of O is reduced.

[0008] In the embodiment of the present invention, the first decoding unit stores the
first code word in the first time period; the second decoding unit stores the second code word
in the second time period; the N decoding unit stores the N™ code word in the N* time
period, where N is a natural number that is greater than or equal to 1 and smaller than M; the
M™ decoding unit stores the M™ code word in the M™ time period; the first decoding unit
performs decoding computation on the first code word from the second time period to the o™

time period, where O is a natural number greater than 3; the second decoding unit performs
decoding computation on the second code word from the third time period to the (O+1)" time

period; the N™ decoding unit performs decoding computation on the N™ code word from the
4
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(NJrl)th time period to the (N +0-1)" time period; the M™ decoding unit performs decoding
computation on the M™ code word from the (M+1)™ time period to the (M+0-1)" time period;
the first decoding unit outputs the decoded first code word in the (1+O)™ time period; the
second decoding unit outputs the decoded second code word in the (2+0)™ time period; the
N™ decoding unit outputs the decoded N code word in the (N+O)™ time period; and the M"
decoding unit outputs the decoded M™ code word in the (M+O)™ time period. Each decoding
unit may perform decoding computation in (O-1) time periods. The decoding computation
time of the code word 1s greater than the storage time of the code word, which may increase
the number of decoding iterations. Meanwhile, the iteration time of decoding computation
may be adjusted according to a decoding algorithm and the channel status. When the channel
rate is reduced, the value of O 1s increased, and thereby the decoding computation time is
shortened and the number of decoding iterations is increased to improve the performance of
decoding iteration. When the channel rate is increased, the value of O is reduced, to ensure
that the decoding iteration can be completed in time. Multiple decoding units may work
simultaneously without interfering with each other, and thereby the processing quantity of
data is effectively increased, so that the decoding rate may meet the current demand for rapid

expansion of the network bandwidth.

BRIEF DESCRIPTION OF THE DRAWING

[0009] To 1llustrate the technical solutions according to the embodiments of the
present invention or in the prior art more clearly, the accompanying drawings for describing
the embodiments or the prior art are introduced briefly in the following. Apparently, the
accompanying drawings in the following description are only some embodiments of the
present invention, and persons of ordinary skill in the art can derive other drawings from the

accompanying drawings without creative efforts.

(0010} FIG. 1 1s a structural diagram of an apparatus for decoding low-density parity-

check codes according to an embodiment of the present invention;

[0011] FIG. 2 is a structural diagram of a first decoding unit according to an

embodiment of the present invention;
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[0012] FIG. 3 is a structural diagram of a first decoding unit and an N™ decoding unit

according to an embodiment of the present invention; and

[(0013] FIG. 4 is a structural diagram of another apparatus for decoding low-density

parity-check codes according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

10014] The technical solutions of the present invention will be clearly and completely
described in the following with reference to the accompanying drawings. It is obvious that the
embodiments to be described are only a part rather than all of the embodiments of the present
invention. All other embodiments obtained by persons of ordinary skill in the art based on the
embodiments of the present invention without creative effects shall fall within the protection

scope of the present invention.

[0015] As shown in FIG. 1, an embodiment of the present invention provides an
apparatus 100 for decoding low-density parity-check codes, where the decoding apparatus 100

includes M decoding units, and M is a natural number greater than 1. The apparatus includes:

a first decoding unit 101, configured to store a first code word in a first time

period;

a second decoding unit 102, configured to store a second code word 1n a

second time period;

an N decoding unit 103, configured to store an N code word in an N*™ time

period, where N is a natural number that is greater than or equal to 1 and smaller than M;

an M™ decoding unit 104, configured to store an M™ code word in an M™ time

period;

the first decoding unit 101, configured to perform decoding computation on the
first code word from the second time period to the O™ time period, where O is a natural

number greater than 3;
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the second decoding unit 102, configured to perform decoding computation on

the second code word from the third time period to the (0+1)th time period;

the N"™ decoding unit 103, configured to perform decoding computation on the

N™ code word from the (N+1)™ time period to the (N+O-1)™ time period:;

the M™ decoding unit 104, configured to perform decoding computation on the

M™ code word from the (M+1)™ time period to the (M+0-1)™ time period;

the first décoding unit 101, configured to output the decoded first code word 1n

the (1+0)™ time period;

the second decoding unit 102, configured to output the decoded second code

word in the (2+0)™ time period;

the N™ decoding unit 103, configured to output the decoded N™ code word in
the (N +O)th time period; and

| the M" decoding unit 104, configured to output the decoded M™ code word in
the (M+0)™ time period.

[0016] As shown in FIG. 1, the LDPC decoding apparatus in this embodiment may

further include;

a control unit 105, configured to control the M decoding units to perform

storage, decoding computation and outputting;

a bus 106, configured to transmit the first code word, the second code word,
the N™ code word and the M™ code word, and input the first code word, the second code

word, the N" code word and the M™ code word to the M decoding units; and further
configured to receive the decoded first code word, the decoded second code word, the
decoded N™ code word and the decoded M™ code word that are output by the M decoding

units, and transmit the decoded first code word, the decoded second code word, the decoded

N'™ code word and the decoded M™ code word:; and

7
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a bus arbiter 107, configured to control the M decoding units to use the bus.

(0017} As shown in FIG. 1, the LDPC decoding apparatus in this embodiment may

further include:

a channel information collection unit 108, configured to collect channel

information; and

a serial-parallel conversion unit 109, configured to adjust a serial-parallel
conversion rate according to the channel information, and input the code word to the bus

according to the serial-parallel conversion rate.

(0018} The control unit 105 is further configured to control, according to the serial-
parallel conversion rate, the M decoding units to perform storage, decoding computation and

outputting.

[0019] The use of the channel information collection unit 108 and the serial-parallel
conversion unit 109 enables the LDPC decoding apparatus 100 to be adaptive to a éhange of
the channel rate. For example, previously the channel condition is not good and the data iput
in parallel is 64 bits, and when the channel information collection unit finds that the channel
status turns good, the data input in parallel may be adjusted into 128 bits, so that the
throughput of the LDPC decoding apparatus 100 is doubled. Since microwave channels are
more greatly influenced by factors such as the environment and the weather, this embodiment

may solve the problem and adapt to the microwave channel condition.

[(0020] In this embodimeht, as shown in FIG. 1, the control unit 103 1s connected to
each decoding unit, connected to the bus arbiter 107, and connected to the serial-parallel
conversion unit 109; and the serial-parallel conversion unit 109 1s connected to the channel
information collection unit 108. In other embodiments, information exchange between the

control unit 105, the bus arbiter 107, the channel information collection unit 108 and the

serial-parallel conversion unit 109 1s implemented through the bus 106.

[0021] This embodiment may further include a monitoring unit (not shown in the

8
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drowing) configured to: monitor decoding computation of the M decoding units, and if the
monitored decoding result is correct, stop the decoding computation. In the embodiment of the
present invention, the monitoring unit may be integrated in each decoding unit or integrated in
the control unit, and may also act as an independent unit to monitor each decoding unit. The
monitoring unit 1s set to greatly reduce the power consumption of the system, so as to achieve

green communication without affecting the decoding performance.

10022} As shown 1n FIG. 2, the first decoding unit 101 provided in the embodiment of

the present invention includes:
a storing unit 201, configured to store a first code word in a first time period:;

a decoding computation unit 202, configured to perform decoding computation
on the first code word from the second time period to the O™ time period, where O is a natural

number greater than 3; and

an output unit 203, configured to output the decoded first code word in the

(1+0)™ time period.
[0023] ~ Each decoding unit may adopt the foregoing structure.
[0024] The output unit 203 is substantially a storing unit, and generally the storing

unit 201 and the output unit 203 of a same decoding unit may not work at the same time. In
order to reduce the cost and achieve green communication, the storing unit 201 and the output
unit 203 may be integrated into one unit, and implement the storage and the output operation

seperately in difterent time periods.

[0025] [n some time periods, the decoding computation unit 202 does not work, and in
order to make full use of the precious computing resources, different decoding units may use a

same decoding computation unit in different time periods.

[0026] As shown 1n FIG. 3, a schematic diagram showing that the first decoding

unit 101 and the N™ decoding unit 103 share the decoding computation unit 303 is given.
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[0027] The storing unit and the output unit of the first decoding unit 101 are integrated
into one unit, that is, a storage output unit 301, configured to store a first code word in a first

time period and output the decoded first code word in the (1+0)™ time period.

[0028] The storing unit and the output unit of the N decoding unit 102 are integrated
into one unit, that is, a storage output unit 302, configured to store an N™ code word in an N

time period and output the decoded N™ code word in the (N+O)™ time period.

[0029] In this embodiment, each decoding unit may perform decoding computation in
multiple time periods, so that the iteration time of decoding computation may be adjusted
according to a decoding algorithm and the channel status, and thereby the number of iterations
may be ettectively increased to ensure the decoding performance. Multiple decoding units
may work simultaneously without interfering with each other, and thereby the proéessing
quantity of data may be effectively increased, so that the decoding rate can meet the current

demand for rapid expansion of the network bandwidth.

[0030] - As shown in FIG. 4, an embodiment of the present invention provides an
apparatus 400 for decoding low-density parity-check codes, where in this embodiment, the

decbding apparatus 400 includes four decoding units, including:

a first decoding unit 401, configured to store a first code word in a first time

period;

a second decoding unit 402, configured to store a second code word in a

second time period;

a third decoding unit 403, configured to store a third code word in a third time

period;

a fourth decoding unit 404, configured to store a fourth code word in a fourth

time period;

the first decoding unit 401, configured to perform decoding computation on the

first code word from the second time period to the O™ time period, where O is a natural
10
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number greater than 3;

the second decoding unit 402, configured to perform decoding computation on

the second code word from the third time period to the (O+1)™ time period;

the third decoding unit 403, configured to perform decoding computation on

the third code word from the fourth time period to the (O+2)™ time period;

the fourth decoding unit 404, configured to perform decoding computation on

the fourth code word from the fifth time period to the (O+3)™ time period;

the first decoding unit 401, configured to output the decoded first code word in
the (O+1)™ time period;

the second decoding unit 402, configured to output the decoded second code

word in the (O+2)th time period;

the third decoding unit 403, configured to output the decoded third code word
in the (O+3)" time period; and

the fourth decodihg unit 404, configured to output the decoded fourth code

word in the (O+4)™ time period.

11
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[0031] Table 1 shows the working status of the decoding apparatus 400 when O=3.
T 2T 3T 4T ST
| | | |
the decoding unit 1 the decoding 1 the decoding 1 the decoding 1 the decoding
1 writes l unit 1 I unit 1 computes | unit 1 outputs I unit 1 writes
' computes | ' |
| | | |
| | | |
the decoding unit | the decoding |, the decoding | the decoding | the decoding
2 1s 1dle | unit 2 writes 1 unit 2 computes | unit 2 computes 1 unit 2
1 | l I outputs
| | | !
the decoding unit : the decoding : the decoding : the decoding : the decoding
3 1s1dle t unit3i1sidle ; unit 3 writes ; unit 3 computes ;  unit 3
! | ! | computes
1 | | |
the decoding unit : the decoding : the decoding : the decoding : the decoding
4 1s 1dle , umt4isidle | unit4isidle |, wunit4 writes ,  unit4
| I | | computes
6T 7T
| | .
| the decoding |, the decoding
| unit 1 | unit 1
I computes | computes
| !
: the decoding : the decoding
| unit 2 writes unit 2
| I computes
l I e e e e - =
: the decoding : the decoding
 unit 3 outputs ; unit 3 writes
| |
| the decoding ! the decoding
: unit 4 : unit 4 outputs
, computes
Table 1
[0032] After the decoding starts, data enters the LDPC decoding unit 1 for storage.

After one code word is fully stored, the LDPC decoding computation is performed, and

meanwhile the storage of the LDPC decoding unit 2 is performed. After one code word is

12
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fulfy stored, the LDPC decoding computation is performed, and meanwhile the storage of the
LDPC decoding unit 3 1s performed... The rest can be deduced in the same manner. After the
LDPC decoding unit 4 is fully stored, the LDPC decoding unit 1 completes output of the
decoded code word, and can be used for storing an input code word. Through the above cycle
operation, the storage and computation of the code words may be performed continuously,

which improves the decoding performance and also ensures high data traffic.

[0033] Table 2 shows the working status of the decoding apparatus 400 when O=3. In
this embodiment, the decoding unit 1 includes a storing unit 1, the decoding unit 2 includes a
storing unit 2, the decoding unit 3 includes a storing unit 3, and the decoding unit 4 includes a
storing unit 4; the decoding unit 1 and the decoding unit 3 share a computation unit 1, and the
decoding unit 2 and the decoding unit 4 share a computation unit 2. In Table 2, "the storing
unit 1 writes" under 1T indicates that the first code word is stored in the first time period, "the
storing unit 1 outputs” under 4T indicates that the decoded first code word is output in the
fourth time period, "the storing unit 1 1s working" under 2T and 3T indicates that the storing
unit 1 needs to be used for work such as buffering when the computation unit 1 performs
decoding computation, and "the storing unit 3 1s working" under 4T and 5T indicates that the
storing unit 3 needs to be used for work such as buffering when the computation unit 1
performs decoding computation. It can be seen that the decoding unit 1 uses the computation
unit 1 to perform decoding computation in 2T and 3T, and the decoding unit 3 uses the
computation unit 1 to perform decoding computation in 4T and 5T; this solution may

effectively reduce the hardware resource.

T 2T 3T 47 ST

. l
the storing unit | the storing unit 1

1 writes I 1S working
l
|

the storing unit
1 writes

the storing unit
1 outputs

the storing unit
1 1s working

the storing unit
2 outputs

the storing unit
2 1s working

the storing unit
2 1s working

the storing unit 2
writes

the storing unit 2
i1s 1dle
|
the storing unit 3 ! the storing unit 3

1s 1dle : 1s 1dle

the storing unit
3 1s working

the storing unit
3 1s working

the storing unit
3 writes

13
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the storing unit
4 1s working

the storing unit
4 writes

the storing unit
4 1s 1dle

the storing unit 4
1s 1dle

the storing unit 4 :
is idle |
|
the computation ! the computation
unit 1 1s working : unit 1 1s

working

the computation
unit 1 1s
working

the computation
unit 1 1s
working

the computation
unit 1 1s 1dle

the computation 1 the computation 1 the computation I the computation I the computation

unit 2 is idle unit 2isidle ! unit 2 is idle unit 2 is unit 2 is
: working working
6T 7T
: the storing unit : the storing unit 1
, lisworking =~ 1S working
| |
| the storing unit 1 the storing unit 2
! 2 writes I 1s working
| | o
I . * l » .
¢ the storing unit ; the storing unit 3
1 3outputs | writes
! |
: the storing unit : the storing unit 4
,  4isworking ,  1s working
| |
| the computation |1 the computation
' unit 1 1s I unit 1 is working
: working :
| S o
| the computation | the computation
! unit 2 18 | unit 2 1s working
: working : |
Table 2
[0034] In this embodiment, each decoding unit may perform decoding computation in

multiple time periods, so that the iteration time of decoding computation may be adjusted
according to a decoding algorithm and the channel status, and thereby the number of iterations
may be effectively increased to ensure the decoding performance. Multiple decoding units

may work simultaneously without interfering with each other, and thereby the processing

quantity of data is effectively increased, so that the decoding rate can meet the current demand

14
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for rapid expansion of the network bandwidth.

[0035] An embodiment of the present invention provides a method for decoding low-
density parity-check codes, where a decoding apparatus includes M decoding units, and M is a

natural number greater than 1. The method includes:
storing, by a first decoding unit, a first code word in a first time period;

storing, by a second decoding unit, a second code word in a second time

period;

storing, by an N™ decoding unit, an N" code word in an N™ time period, where

N is a natural number that is greater than or equal to 1 and smaller than M;
storing, by an M™ decoding unit, an M™ code word in an M™ time period;

performing, by the first decoding unit, decoding computation on the first code
word from the second time period to the O™ time period, where O is a natural number greater

than 3;

performing, by the second decoding unit, decoding computation on the second

code word from the third time period to the (O+1)th time period;

performing, by the N decoding unit, decoding computation on the N™ code

word from the (N+1)th time period to the (N+O-1 )th time period;

performing, by the M™ decoding unit, decoding computation on the M™ code

word from the (M+1)™ time period to the (M+0O-1)" time period;

outputting, by the first decoding unit, the decoded first code word 1n the
(1+O)th time period;

outputting, by the second decoding unit, the decoded second code word 1n the

(2+0)™ time period;

15
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outputting, by the N decoding unit, the decoded N™ code word in the (N+O)™

time period; and

outputting, by the M decoding unit, the decoded M™ code word in the
(M+0)™" time period.

(0036] ~ Before the storing, by the first decoding unit, the first code word in the first

time period, the method further includes:
Inputting, by a bus, the first code word.

[0037] After the outputting, by the first decoding unit, the decoded first code word in
the (1+0)™ time period, the method further includes:

Outputting, by the bus, the decoded first code word.

[0038] Betore the inputting, by the bus, the first code word, the method further

includes:

adjusting, by a serial-parallel conversion unit, a serial-parallel conversion rate
according to channel information, and inputting the first code word to the bus according to the

serial-parallel conversion rate.

[0039] After the adjusting, by the serial-parallel conversion unit, the serial-parallel

conversion rate according to the channel information, and inputting the first code word to the

bus according to the serial-parallel conversion rate, the method further includes:

adjusting, by the control unit, the value of O according to the serial-parallel

conversion rate.

[0040] The performing, by the first decoding unit, decoding computation on the first

code word from the second time period to the O™ time period further includes:

monitoring, by a monitoring unit, a decoding result of the first decoding unit,

and stopping the decoding computation when the decoding result 1s correct.
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10041} In this embodiment, each decoding unit may perform decoding computation in
multiple time periods, so that the iteration time of decoding computation may adjusted
according to a decoding algorithm and the channel status, and thereby the number of iterations
may be effectively increased to ensure the decoding performance. Multiple decoding units
may work simultaneously without interfering with each other, and thereby the processing
quantity of data is effectively increased, so that the decoding rate can meet the current demand
for rapid expansion of the network bandwidth. After the initialization of the LDPC decoder is
completed, at a same moment, ohly one decoding unit 1s 1n a read status and one decoder unit

1S 1n a write status, and other decoder units are in a computation status.

[0042] - The apparatus embodiments are merely exemplary. Units described as separate
components may be or may not be physically separated. Components shown as units may be
or may not be physical units, that 1s, may be integrated or may be distributed to mﬁltiple
network units. Some or all of the modules may be selected to achieve the objective of the
solution of the embodiment according to actual requirements. Persons of ordinary skill in the

art can understand and make implementation without making creative efforts.

[0043] Through the above description of the implementation manners, persons skilled
in the art can clearly understand that the implementation manners may be implemented
through hardware, or through software plus a necessary universal hardware platform. Based
on this understanding, the essence of technical solutions or the part that makes contributions
to the prior art can be embodied 1n the form of a software product. The computer software
product may be stored in a computer readable storage medium such as a ROM/RAM, a
magnetic disk, or an optical disk, and include several instructions for instructing computer
equipment (for example, a personal computer, a server, or network equipment) to perform the
methods described 1in the embodiments of the present invention or in some parts of the

embodiment of the present invention.

[0044] Finally, it should be noted that the foregoing embodiments are merely used for
describing the technical solutions of the present invention, but not intended to limit the present
invention. Although the present invention has been described in detail with reference to the

foregoing embodiments, it should be understood by persons of ordinary skill in the art that:
17
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modifications can be made to the technical solutions described in the foregoing embodiments,
or equivalent replacements can be made to some technical features in the technical solutions,
and such modifications or replacements do not cause the essence of corresponding technical

solutions to depart from the scope of the present invention.
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CLAIMS:

| A method for decoding low-density parity-check codes, wherein a decoding
apparatus comprises M decoding units, and M is a natural number greater than 1, the method

comprising:
storing, by a first decoding unit, a first code word 1n a first time period;

storing, by a second decoding unit, a second code word in a second time

period;

storing, by an N™ decoding unit, an N™ code word in an N™ time period, where

N is a natural number that 1s greater than or equal to 1 and smaller than M;
storing, by an Mt decoding unit, an M™ code word in an M™ time period;

performing, by the first decoding unit, decoding computation on the first code
word from the second time period to the O™ time period, where O is a natural number greater
than 3, wherein when a channel rate is reduced, a value of O is increased, when the channel

rate 1s increased, the value of O 1s reduced;

performihg, by the second decoding unit, decoding computation on the second

code word from the third time period to the (O+1)" time period;

performing, by the N decoding unit, decoding computation on the N™ code

word from the (N+1)th time period to the (N +O-1)th time period;

performing, by the M™ decoding unit, decoding computation on the M" code

word from the (M+1)™ time period to the (M+0-1)" time period;

| outputting, by the first decoding unit, the decoded first code word 1n the
(1+0)" time period; ‘

outputting, by the second decoding unit, the decoded second code word 1n the

(2+0)™ time period;
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outputting, by the N" decoding unit, the decoded N code word in the (N+O)"

time period; and

outputting, by the M™ decoding unit, the decoded M™ code word in the
(M+0)™ time period.

2. - The decoding method according to claim 1, wherein

before the storing, by the first decoding unit, the first code word in the first

time period, the method further comprises:
inputting, by a bus, the first code word; and

- after the outputting, by the first decoding unit, the decoded first code word in
the (1+0)™ time period, the method further comprises:

outputting, by the bus, the decoded first code word.
3. The decoding method according to claim 2, wherein

before the inputting, by the bus, the first code word, the method further

comprises:

adjustting, by a serial-parallel conversion unit, a serial-parallel conversion rate
according to channel information, and inputting the first code word to the bus according to the

serial-parallel conversion rate.
4, The decoding method according to claim 3, wherein

after the adjusting, by the serial-parallel conversion unit, the serial-parallel
conversion rate according to the channel information, and inputting the first code word to the

bus according to the serial-parallel conversion rate, the method further comprises:

adjusting, by the control unit, the value of O according to the serial-parallel

conversion rate.

5. - The decoding method according to claim 1, wherein
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the performing, by the first decoding unit, decoding computation on the first

code word from the second time period to the O™ time period further comprises:

monitoring, by a monitoring unit, a decoding result of the first decoding unit,

and stopping the decoding computation when the decoding result is correct.

6. An apparatus for decoding low-density parity-check codes, wherein the
decoding apparatus comprises M decoding units, and M 1s a natural number greater than 1, the

apparatus comprising:
a first decoding unit, configured to store a first code word in a first time period;

a second decoding unit, configured to store a second code word 1n a second

time period;

an N" decoding unit, configured to store an N" code word in an N time

period, where N is a natural number that is greater than or equal to 1 and smaller than M;

: . t : th .
an M™ decoding unit, configured to store an M " code word in an M™ time

period;

the first decoding unit, configured to perform decoding computation on the
first code word from the second time period to the O™ time period, where O is a natural

number greater than 3;

the second decoding unit, configured to perform decoding computation on the

second code word from the third time period to the (O+1 )™ time period;

the N™ decoding unit, configured to perform decoding computation on the N

code word from the (N+1)™ time period to the (N+O-1)" time period;

the M™ decoding unit, configured to perform decoding computation on the M™

code word from the (M+1)™ time period to the (M+0-1)" time period;

the first decoding unit, configured to output the decoded first code word 1n the

(1+0)™ time period;
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the second decoding unit, configured to output the decoded second code word

in the (2+0)™ time period;

the N™ decoding unit, configured to output the decoded N code word in the
(N+0)™ time period;

the M™ decoding unit, configured to output the decoded M™ code word in the
(M+0)™ time period; and

a control unit, configured to control the M decoding units to perform storage,
decoding computation and outputting, when a channel rate is reduced, a value of O is

incréased, when the channel rate is increased, the value of O 1s reduced.
7. The decoding apparatus according to claim 6, further comprising:

a bus, configured to transmit the first code word, the second code word, the N*
code word and the M™ code word, and input the first code word, the second code word, the
N™ code word and the M™ code word to the M decoding units; and further configured to
recéive the decoded first code word, the decoded second code word, the decoded N™ code
word and the decoded M™ code word that are output by the M decoding units, and transmit the

decoded first code word, the decoded second code word, the decoded N™ code word and the

decoded M™ code word; and

a bus arbiter, configured to control the M decoding units to use the bus.
8. The decoding apparatus according to claim 7, further comprising:

a channel information collection unit, configured to collect channel

information; and

a serial-parallel conversion unit, configured to adjust a serial-parallel
conversion rate according to the channel information, and input the code word to the bus

according to the serial-parallel conversion rate,

wherein the control unit i1s further configured to control, according to the serial-

parallel conversion rate, the M decoding units to perform storage, decoding computation and
22
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outputting.
9. The decoding apparatus according to claim 6, wherein

the M decoding units respectively comprise a storing unit, a decoding

computation unit and an output unit;
the storing unit is configured to store a code word;

the decoding computation unit is configured to perform decoding computation

on the stored code word; and

the output unit is configured to output the code word after the decoding

computation.
10. - The decoding apparatus according to claim 9, wherein

the storing unit and the output unit of a same decoding unit are one unit used in

different time periods.
11. The decoding apparatus according to claim 9, wherein

different decoding units use a same decoding computation unit in different time

periods.
12. The decoding apparatus according to claim 6, further comprising;:

a monitoring unit, configured to monitor decoding computation of the M

decoding units, and if the monitored decoding result is correct, stop the decoding

computation.

23



CA 02817467 2013-05-09

- P

1/2

100

A

LLDPC decoding apparatus
105 109 108
— Control unit
- IS
R >
% 2
> 3
101 = 102 . 103 . 104 £ !
Z 5 c = S| |8
5 - o0 = - D= ==
of) c od) o) — = -
= S £ k= S § =
E R f 2| E
S %> O > e i
e - o e g L
s o -
] 07 ?}; = - w w o
— Q Z. > 2 <
/ 3 o R
| e -,
Bus ‘
arbiter \
106

FIG. 1

101

-

First decoding unit

202

£

Decoding computation unit

Storing |-201
unit

Output
unit

203

FIG. 2



CA 02817467 2013-05-09

101 103
___________________ Y AU
First decoding unit N decoding unit :

|
¥ I
' I

Decoding computation unit 303

301 | 302
[ ] [

Storage output unit T Storage output unit

- e wm v wn o s s i s e b b e S

- -y e b wm e ww e

W M AR S S AR S R REE R BEE B WS B S VR WP SN B S W WS W W W i W W ey war e e wfe N AR AL An e am e W ANE R AN R W R R R S WS WP R WA SE OWE S WS SR W W P W W W W v e e e e AR d AR A A -

LDPC decoding apparatus
405 409 408

[ L

-
R - 3= 52| |
= | 401 | § | 402] £ | 403| 5 | 404 | . ||BE|| BE
= ol - o0 g CSS - E =
> o o0 = S O c o
2 1= k= 5 = 7| £5
:_8 o C - = ”CES‘ 0‘3 - *5
> O Q Q Q 3, =
3 - _g e @ v g = ©
9 o on 13 5 O
— - o ) Mo
= O e O
407 % 3 a
Bus
arbiter \
| . T ‘ , ' 406 : - - : e

FIG. 4




100

LLDPC decoding apparatus

108

109

105

jun
UOI199][00 UONBULIOJUI [3UURY))

L

n
UOISIOAUND [R[ered-jELag

104

Contrel unit

}um SUIPosAp AN

103

HUN BUIPOddP N

102

1Hun FUEPOOIP PUuOI

101

nun Wpodsp 1511

106

7
O/-

Bus
arbiter




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - abstract drawing

