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ABSTRACT OF THE DISCLOSURE

88| An approach is providing for supparting broadcast transmission of low density parity
check (L.DPC) coded signals. A receiver includes a decoder (101) configured to decads an
LDPC signal to output a decoded signal. The decoder (101) is further configured to operate
as an encoder; as such, interference cancellation can be implemented by the encoder re-
encoded the received decoded signal. The abave approach has particular applicability to
satellite broadcast systems.
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ENCODING LOW DENSITY PARITY CHECK (1L.DPC)
CODES THROUGH AN LDPC DECODER

RELATED APPLICATIONS

[01] This application is related to, and claims the benefit of the earlier filing date undor

35 U.S.C. § 119(e) of, U.S. Provisional Patent Application Serial No. 60/484,988, filed

July 3, 2003, titled “Efficient Encoding of & Family of LDPC Code Through Its Decoder™; the
entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION
102] The present invention relates to communication systems, and more particularly to
caded systems.

BACKGROUND OF THE INVENTION

163] Communication systems employ coding (o ensure reliable communication across
noisy communication channels. These communication channels exhibit a fixed capacity that
can be expressed in terms of bits per symbal at certain signal to noise ratio (SNR), defining a
theoretical upper limit (known as the Shannon limit). As a result, coding design has aimed to
achicve ratcs approaching this Shannon limit. One such class of codoa that approach the
Shannon limit is Low Density Parity Check (LDPC) codes.

104] Traditionally, LDPC codes have not been widely deployed because of 2 number of
drawbacks. One drawback is that the LDPC encoding technique is highly complex.
Encoding an LDPC code using its genorator matrix would require storing a very large, non-
sparse matrix. Additionally, LDPC codes require large blocks to be effective; consegquently,
even though parity check matrices of LDPC codes are sparse, storing these matrices is
problematic.

[05] From an implementation perspective, a number of challenges are confronted. For
oxample, storage is an important reason why LDPC codes have nat became widespread in
practice. Also, a key challenge in LDPC code implementation has been how to achieve the
connection network between several processing engines (nodes) in the decader. Further, the
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computational load in the decoding process, specifically the check node operations, poses a
problem.

[06] For example, in broadoast applications, bscause of the staggering quantity of yreceivers
utilized, any cost impact stemming from the receiver hardware, which includes the LDPC
decoders, is magnified significantly.

[07] On the other hand, in some applications, such as satellite broadcast applications, the
number of ranamitter needed is relatively small. This leads to much higher costs for the
transmitier than the recejver.

[08] Therefore, therve 18 a need to configure a standard receiver to perform the encoding
operation. In this way, the transmitter can enjoy the economics of the receiver.
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SUMMARY OF THE INVENTION

[09] These and other needs are addressed by the present invention, wherein an approach is
provided for performing low denasity parity ocheck (LDPC) encoding using decoder
components. In one embadiment, n-k bits are initialized according to a maximum value of
likelihood ratio of a channe) bit associated with a logical zero value. The above approach
advantageously provides an encoding capability through the sharing of existing decoder
hardware, thereby enhancing the functionality of the receiver with minimal cost. Since the

- LDPC decoder can employ a multiplicity of parallel processing engines, the decoder can

utilize these resources fo provide fast and efficient encoding. Also, the above arrangement
advantageously eliminates the need to build dedicated hardware for the encoder within the
receiver. This provides significant coat aavings in satellite broadoast applications, which can
involve deployment of millions of receivers.

[10] According to one aspect of an embodiment of the present invention, a method for
supporting broadcast transmission of low density parity check (LDPC) coded signals to a
plurality of receivers is disclosed. The method includes receiving an input signal by one of
the recejvers, the ane receiver including an LDPC decoder. Also, the method includes
encoding, by the decoder, the input signal to output an encoded signal.

[11] According to anather aspect of an embodiment of the present invention, an apparatus
for recetving broadeast transmission of low density parity check (LDPC) coded signals is
diaclosad. The apparatus includes means for receiving an input signal by one of the receivers.
the one receiver including an LDPC decoder. The apparatus also includes a decoder
configured to encode the input signal to output an encoded signal.

|12] According to yet another aspect of an embodiment of the present invention, a decoder
for generating low density parity check (LDPC) codes is disclosed. The decoder includes a
processor canfigured to decode a received LDPC encoded signal. The processor is further
canflgured to encode the decoded signal for interference cancellation with respect to the
received LDPC encoded signal.

[13] Still other aspeots, features, and advantages of the present invention are readily
apparent from the following detailed description, simply by illustrating a number of particular
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embodiments and implementations, including the best mode contemplated for carrying out
the present invention. The present invention is also capable of other and different
embodiments, and its soveral details can be modified in various obvious respects, all without
departing from the spirit and scope of the present invention. Accordingly, the drawing and
description are to be regarded as illustrative in nature, and not as restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[14) The present invention is illustrated by way of example, and not by way of imitation,
in the figures of the accompanying drawings and in which like reference numerals refer to
similar elements and in which:

[1§] FIG. 1 is a diagram of a LDPC decoder capables of performing LDPC encoding,
according to an embodiment of the present ivention;

|16}  FIG. 2 is a diagram of a sparse parity check matrix, in accordance with an
embodiment of the present invention;

117}  FIG. 3 is a diagram of a bipartite graph of an LDPC code of the matrix of FIG. 2;
[18] FIG. 4 is a diagram of a sub-mairix of a sparse parity check mawix, wherein the sub-
matrix contains parity check values resiricted to the lower triangular region, socording to an
embaodiment of the present invention;

[19] FIG. 5 is a flow chart of the operation of the LDPC decoder in FIG. 1 used to encode
data, according to an embodiment of the present invention;

[20] FIG. 6 is a flow chart of 8 modified operation of the LDPC decoder in FIG. 1 used to
encode data, according to an embodiment of the present invention; and

j21) FIG. 7 is a diagram of a computer system that can perform the processes of encoding
and decoding of LDPC codes, in accordance with embodiments of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
[22] A system, method, and software for efficiently encoding Low Denaity Parity Check
(LPPC) cades are described. In the following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. It is apparent, however, to one skilled in the art that the present invention
may be practiced without these specific details or with an equivalent arrangement. In other
instances, well-known structuyes and devices are shown in black diagram form in order to
avoid unnecessarily obscuring the present invention.

1231 FIG. 1 13 a diagram of a Low Density Parity Code (LDPC) decoder capable of
porforming LDPC encoding, according to an embodiment of the present invention. In
general, an LDPC encoding process involves accepting input from an information source and
outputting coded stream of higher redundancy suitable for errar correction processing at the
receiver. By way of example, the information source gencrates & signals from a discrete
alphabet, X. LDPC codes are specified with parity check matnces. On the other hand,
encoding LDPC codes require, in genersl, specifying the gencrator matrices. Even though it
18 possible to obtain generator matrices from parity check matrices using Gaussian
climination, the resulting matrix is no longer sparse and storing a large generator matrix can

be complex.

[24] The LDPC encoding process generates signals fram alphabet Y to a modulator using a
simple encoding technique that makes use of only the parity check mairix by imposing
structure onto the parity check matrix. Specificaily, a restriction is placed on the parity check
matrix by constraining a certain portion of the mairix to be friangular. The construction of
such a parity check matrix is described more fully below in FIG. 4. Such a restriction results
in negligible performance loss, and therefore, constitutes an attractive trade-off.

|25]  As shown, the functional components supporting LDPC encoding process by the
decader 101 include a received vector oonatrustion module 103, a decoder initialization
module 105, and a check node processing module 107. The check node processing module
107 outputs to an adder 111 that sums the previous outputs stored in the register 109. These
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modules 103, 105, 107 operate in conjunction to encode new information or re-encode the
received data stream (as in the interference cancellation application) This proceas is more
fully deacribed with respect to FIGs. S and 6.

126] To appreciate the advantages offered by the present invention, it is instructive to more
closely examine how LDPC codes are generated, as discussed below.

{27] FIG. 2 1s a diagram of a sparse parity check matrix, in accordance with an
embodiment of the present invention. LDPC codes are long, linear block codes with sparse
parity check matrix H,_,...- Typically the block length, n, ranges from thousands to iens of

thousands of bits. For example, a parity check matrix for an LDPC code of length n=8 and
rate ¥3 16 shown in FIG. 2. The same code can be equivalently represented by the bipartite

graph, per FIG. 3.
28] FIG. 3 is a diagram of a bipartite graph of an LDPC code of the matrix of FIG. 2.

Parity check equations imply that for each check node, the sum (over GF (Galois Field)(2)) of
all adjacent bii nades is equal to zero. As seen in the figure, bit nodes acoupy the left side of
the graph and are associated with one or more check nodes, according to a predetermined
relationship. For example, corresponding to check node m, , the following expression exists
n, +n, +n; +n, =0 with respect to the bit nodes.

[29] Returning to the example of FIG. 1, the LDPC decoder 101 is considered a message
passing decoder, whereby the decoder 101 aims to find the values of bit nodes. To

accomplish this task, bit nodes and check nodes iteratively communicate with each other.
The nature of this communicalion is described below.

[30] TFrom check nodes to bit nodes, each check node provides to an adjacent bit node an
estimate (“opinion”) regarding the value of that bit node based on the information coming
from other adjacent bit nodes. For instance, in the above example if the sum of n,, #,and n,
“looks like” 0 to m,, then m, would indicate to n, that the vatue of », is believed to be 0
(since n, +n, +n, +n, =0); otherwise m, indicate to », that the value of », is believed to
be 1. Additionally, for soft decision decoding, a reliability measure is added.
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131] TFrom bit nodes to check nodes, each bit node relays to an adjacent check node an
estimnate about its own value based an the feedback coming from its other adjacent check
nodes. In the abave example n, has only two adjacent choeck nodes m, and m, . If the

feadback coming from m, to »n, indicaies that the value of n, is probably 0, then n; would

notify m, that an estimate of »,'s own value is 0. For the casc in which the bit node has more

than two adjacent check nodes, the bit node performs a majority vote (soft decision) on the
feodback coming from its other adjacent check nodes before reporting that decision to the
check node it communicates. The above process is repeated until all bit nodes are considered
to be correct (i.e., all parity check equations are satisfied) or until a predetermined maximum
number of iterations is reached, whereby a decoding fatlure is declared.

[32] FIG. 4 is 8 diagram of a sub-matrix of a sparse parity check matrix, wherein the sub-
matrix conlains parity check values restricted to the lower triangular region, according to an
cmbodiment of the present Invention. As described previously, the LDPC encoding process

can employ a simple encoding technique by restricting the values of the lower triangular area
of the parity check matrix. According to an embadiment of the prasent invention, the
restriction imposed on the parity check matrix is of the form:

Hniyin = [Ain-ra Bin-trstn-u ]
, Where B is lower triangular.
|133] Any information block = (i,,i;,....i;,) i§ encoded to a codeword
€= (ipy iy yrenssn» Pos ProPaepe;) Using He' = 0, and recursively solving for parity bits; for

example,
aooio “+ a°|i| n I ao.k._'ik_l + po — 0 = SOIVGPO ’
a'ojo + ani‘ +uo + a"_'jt..l +b10p0 + pl = 0 : SOMP;

and sunilarly for Pas P3ye e fPnk-1.

[34] Because the LDPC decoder 101 can be implemented as a highly parallel system, a
properly designed encoder using the hardware for decoding can be extremely efficient in
terms of processing time. Thus, the encoding process can “steal” clock cycles without
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affecting the normal operation of decoding. In terms of hardware cost, encoding by
leveraging the decoder hardware advantageously adds little or no additional cost to the
decoder 101.

|135| For the purposes of explanation, attention it drawn to one particular family of LDPC
codes (a8 described in FIG. 4), although the approach of the present invention can be applied
to other LDPC codes. Continuing with that set of codes, in terms of matrix operation, the
computation of the parity bits can be expressed as follows:

P=B"Ai.
136] Encoding can be accomplished by performing the above matrix multiplications. This

encaoding process can be adapted to the 1.DPC decoder 101. For the purposes of explanation,
it is assumed that the I DPC is decoded by a belief propagation.

|137] ‘Fwo cases are considered: the first case involves using hardware of the decoder 101 to
encade, in general, any information (FIGs. S and 6); and the second case concems re-
encoding data that is being decoded by the same hardware. In principle, the second case can
be a special case of the first caso, and consequently be handled precisely the same as the first
case. In the alternative, certain advantages attend the treatment of the second case differently
than merely viewing this case as a speclﬁc case of the former approach.

[38] FIQG. S is a flow chart of the operation of the LDPC decoder in FIG. 1 used to encode
data, according to an embodiment of the present invention. [t is recognized that any hardware
implementation has to use finite precision. Accordingly, the following is defined. let
POSINF and NEGINF be respectively the maximum value of likelihood ratio for a particular
channel bit to take 1 or ~1 (logical 0 or 1 respectively). The encoding algorithm for the first
case is as follows,

[39] Instep S01, the decoder 101, per the module 103, constructs a “receiving vector” from
the £ information bit to be encoded such that the first & received values are mapped from the £
information bit with logical zero mapped to POSINF and logical one mapped into NEGINF.
The last n-k received values are either initialized as POSINF. Next, the decoder 101, as in
step 503, is initialized by the module 105 with the constructed vector (all the edge values) by
performing the normal initialization of the decoder 101.
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[40] In step 505, for the i -th check node, the check node processing engine 107 computes
the following:

[41] where v, is the number of edges connected to the 7 -th check node. Without loss of
generality, it is assumed that e, is an edge connected to a bit node corresponding to a non-

information bit (a patity check bit).
[42] Next, the decoder 101 performs, as in step 307, hard decision d = (d,,*".d,_;_,) into

a binary vector b = (by,**,b,.,.,). The final parity check 7 is then computed as foliows
(step S09):

'y =§®bm -

143] From the above process, it is observed that with the computational time of one
iteration of the decoder 101, the encoding process can also be carried out by the decoder 101.
Given the fact that the LDPC decoder 101 generally neads to iterate at least tens of iterations
for decoding of most codes, the time for performing the encoding is a relatively small fraction
of the time to decode a typical LDPC frame.

|44] FIG. 6 is a flow chart of a modifiad operation of the LDPC decader in FIG. 1 used to
encode data, according to an embodiment of the present invention. This madified process is
similar to that of FIG. 5; however, in step 601. the last n-k received values are sither
initialized as “DON’T CARE" (or null value) instead of POSINF. The steps of 603-609
correspond to steps 503-509, and thus, are not described.

[45] FIG. 7 illustrates a computer system upon which an embodiment according to the
present invention can be implemented. The computer system 700 includes & bus 701 or other
communication mechanism for communicating information, and a processor 703 coupled to
the bus 701 for processing information. The computer system 700 also includes main
memory 705, such as a random access memory (RAM) or other dynamic storage device,
coupled to the bus 70} for storing information and instructions to be executed by the
processor 703, Mamn memory 705 can also be used for storing temporary variables or other

WA T
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intermediate information during execution of instructions to be executed by the processor
703. The computer system 700 further includes a read only memory (ROM) 707 or other
static storage device coupled to the bus 70] for storing &tatic informatnon and instructions for
the processor 703. A storage device 709, such as & magnetic disk or optica) disk, is
additionally coupled to the bus 701 for storing information and instructions.

{46] 'The computer system 700 may be coupled via the bus 701 to a display 711, such as a
cathode ray tube (CRT), hiquid crystal display, active matrix display, or plasma display, for
displaying information to a computer user. An input device 713, such as a keyboard
including alphanumeric and other keys, is coupled to the bus 701 for communicating
information and command selections to the processor 703. Another type of user input device
is cursor control 715, such as a4 mouse, a trackball, or cursor divection keys for

communicating direction information and command selections to the processar 703 and for
controlling cursar mavement on the display 711.

[47] According to onc embodiment of the invention, generation of LDPC codes is provided
by the computer system 700 in responae to the processor 703 executing an arrangement of
instructions contained in main memory 705. Such instructions can be read into main memory
705 from another computer-readable medium, such as the storage device 709. Execution of
the arrangement of instructions contained in main memory 705 causos the processor 703 to
perform the process steps described herein. One or more processors in a multi-processing
arrangement may also be employed to execute the instructions contained in main memory
705. In alternative embodiments, hard-wired circuitry may be used in place of or in
combination with software instructions to implement the embodiment of the present
invention. Thus, embodiments of the present invention are not limited to any specific
combination of hardware circuitry and software.

[48] The computer system 700 also includes a communication interface 717 coupled to bus
701. The communication interface 717 provides a two-way data communication ooupling to
a network link 719 connected to a local network 721. For example, the communication
interface 717 may be a digital subscriber line (DSL) card or modem, an integrated services
digital network (ISDN) cavd, a cable modem, or a telephone modem to provide a data
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communication connection to a corresponding type of telephone line. As another example,
communication intertace 71 7 may be a local arca netwark (LAN) card (¢.g. for Ethcrnet™ or
an Asynchronous Transfer Model (ATM) natwork) to provide s data communication
connection to a compatible LAN. Wireless links can also be implemented. In any such
implementation, communication interface 717 sends and receives clectrical, clectromagnetic,
or optical signals that carry digital data streams representing various types of information.
Further, the communication interface 717 can include peripheral interface devices, such as a
Universal Serial Bus (USB) interface, a PCMCIA (Personal Computer Memory Card
International Assaciation) interface, otc.

[49] The network link 719 typically provides data communication through one or more
networks to other data devices. For example, the network link 719 may provide a connection
through local network 721 to a host computer 723. which has connectivity to a network 725

(e.g. a wide area network (WAN) or the global packet data communication network now
commonly referred to as the “Internet”) or to data equipment operated by service provider.

The local network 721 and network 725 both use electrical, electromagnetic, or optical
signals to convey information and instructions. The signals through the various networks and
the signals on network link 719 and through communication interface 717, which
communicate digital data with computer systom 700, are exemplary forms of carricr waves
bearing the information and instructions.

(SO} The computer system 700 can send messages and receive data, including program
code, through the network(s), network link 719, and communication interface 717. In the
Internet example, a server (not shown) mighi transmit requested code belonging to an
application program for implementing an embodiment of the present invention through the
network 725, local network 721 and communication interface 717. The processar 703 may
execute the transmitted code while being received and/or store the code in storage device 709,
or other non-volatile storage for lator execution. In this mannor, computer system 700 may
obtain application code in the form of a carrier wave.

|S1]  The term “computer-readable medium™ as used herein refers to any medium that
participates in providing instructions to the processor 703 for execution. Such a medium may
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take many forms, including but not limited to non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical or magnetic disks, such
as storage device 709, Volatile media include dynamic memory, such as main memory 7085.
Transmission media include coaxial cables, copper wire and fiber optics, including the wires
that comprise bus 701 . Transmission media can also take the form of acoustic, optical, or
electromagnetic waves, such as those generated during radio frequency (RF) and infrared (IR)
data communications. Common forms of computer-readable media include, for example, a
floppy disk, a flexible disk, hard disk, magnetic tape, any other magnetic medium, a CD-
ROM, CDRW, DVD, any other optical medium, punch cards, paper tape, optical mark sheets,
any other physical modium with patierns of holes or other optically recognizable indicia, a
RAM, s PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a
carrier wave, or any other medium from which a computer can read.

[S2] Various forms of computer-readable media may be involved in providing instructions
to a processor for execution. For example, the mstructions for carrying out at lsast part of the

present invention may initially be borne on a magnetic disk of a remote computer. In such a

scenario, the remote computer loads the instructions into main memory and sends the
instructions over a telephone line using a modem. A madem of a Jocal computer sysiem
recejves the data on the tejephone line and uses an infrared transmitter to convert the data to
an mfrared signal and transmit the infrared signal to a portable computing device, suchas a
personal digital assistance (PDA) and a laptop. An infrared detector on the portable
computing device receives the information and instructions borne by the infrared signal and
places the data on a bus. The bus convoys the data to main memory, from which a processor
retrieves and executes the instructions. The instructions received by main memory may
optionally be stored on storage device either before or after execution by processor.

jS3]  Accordingly, the various embodiments of the present invention provide an approach
for supporung broadcast wansmission of low donsity parity check (LDPC) coded aignals to a
plurality of receivers. A receiver includee an LDPC decoder that decades the LDPC signal to
output a decoded signal as well as encodes an input signal. The input signal can be the
decoded signal, whereby the re-encoded signal is used for interference cancellation. The

mmpquumm.,.m.v*
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above approach advantageously avoids deployment of a separate, dedicated encoder in the
receiver. |

[S4] While the present invention has been deacribed in conmeotion with & number of
embodiments and implementations, the present invention is not so limited but covers various
obvious modifications and equivalent arrangements, which fall within the purview of the
appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for supporting broadcast transmission of low density parity check (LDPC)
coded signals to a plurality of receivers, the method comprising:
receiving an input signal by one of the receivers, the one receiver including an LDPC
decoder (101); and
encoding, by the decoder (101), the input signal to output an encoded signal.

2. A method according to claim 1, further comprising:
recerving an LDPC coded signal; and
decoding the LDPC signal by the LDPC decoder (101) to output a decoded signal.

3. A method according to claim 2, wherein the input signal is the decoded signal, and
the encoded signal 1s used for interference cancellation with the received LDPC signal.

4. A method according to claim 2, wherein the steps of decoding and encoding are
concurrently performed.

5. A method according to claim 2, further comprising:
constructing a receiving vector based on a first k information bits of the decoded signal;

and
initializing the decoder (101) with the receiving vector.
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6. A method according to claim 5, wherein the receiving vector has a length of n, and
the -k bits are initialized according to a maximum value of likelihood ratio of a channel bit

associated with a logical zero value.

7. A method according to claim 5, wherein the recerving vector has a length of #, and
the n-k bits are initialized according to a maximum value of likelihood ratio of a channel bit_

assuciated with a null value.

-

8. A method according to claim 1, wherein the LLDPC signal is received over a satellite
link.

9. A method according to claim 1, wherein the LDPC coded signal is modulated
according to a signal constellation that includes one of 8-PSK (Phase Shift Keying), 16-QAM
(Quadrature Amplitude Modulation), 16-APSK (Amplitude Phase Shift Keying), 32-APSK
and QPSK (Quadrature Phase Shift Keying).

10. A computer-readable medium bearing instructions for supporting broadcast
transmission of low density parity check (LDPC) coded signals to a plurality of receivers, said
instruction, being arranged, upon execution, to cause one or more processors to perform the
method of claim 1.

11. A receiver apparatus for receiving broadcast transmission of low density parity
check (LDPC) coded signals, the apparatus comprising:
means for receiving an input signal by one of the receivers, the one receiver including an
LDPC decoder (101); and
a decoder (101) configured to encode the input signal to output an encoded signal.
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12. An apparatus according to claim 11, further comprising:
means for receiving an LDPC coded signal, wherein the decoder (101) decodes the LDPC
signal to output a decoded signal.

13. An apparatus according to claim 12, wherein the input signal is the decoded signal,
and the encoded signal 1s used for interference cancellation with the received LDPC signal.

14. An apparatus according to claim 12, wherein the decoder (101) concurrently
performs the decoding and the encoding.

~ 15. An apparatus according to claim 12, wherein the decoder (101) is further configured
to construct a recetving vector based on a first & information bits of the decoded signal, and to
initialize the decoder (101) with the receiving vector.

16. An apparatus according to claim 15, wherein the receiving vector has a length of »,
and the #n-k bits are initialized according to a maximum value of likelihood ratio of a channel
bit associated with a logical zero value.

17. An apparatus according to claim 15, wherein the receiving vector has a length of n,
and the n-k bits are initialized according to a maximum value of likelihood ratio of a channel
bit associated with a null value.

18. An apparatus according to claim 11, wherein the LDPC signal is received over a
satellite link.
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19. An apparatus according to claim 11, wherein the LDPC coded signal is modulated
according to a signal constellation that includes one of 8-PSK (Phase Shift Keying), 16-QAM
(Quadrature Amphitude Modulation), 16-APSK (Amplitude Phase Shift Keying), 32-APSK
and QPSK (Quadrature Phase Shift Keying).

20. A decoder (101) for generating low density parity che(;k (LDPC) codes, the decoder
(101) comprising:
a processor (703) configured to decode a received LDPC encoded signal; and
wherein the processor (703) is further configured to encode the decoded signal for
interference cancellation with respect to the received LDPC encoded signal.
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