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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to iter-
ative decoding, and specifically to fast iterative decoding
of multiple-component codes.

BACKGROUND OF THE INVENTION

[0002] Transmission of digital data is inherently prone
to interference which may introduce errors into the trans-
mitted data. Error detection schemes have been sug-
gested to determine as reliably as possible whether er-
rors have been introduced into the transmitted data. For
example, it is common to transmit the data in packets,
and add to each packet a CRC (cyclic redundancy check)
field, for example of a length of 16 bits, which carries a
checksum of the data of the packet. When a receiver
receives the data, it calculates the same checksum on
the received data and verifies whether the result of its
calculation is identical to the checksum in the CRC field.
[0003] When the transmitted data is not used on-line,
it is possible to request re-transmission of erroneous data
when errors are detected. However, when the transmis-
sion is performed on-line such as in telephone lines, cel-
lular phones, remote video systems, etc., it is not possible
to request re-transmission.
[0004] Convolution codes have been introduced to al-
low receivers of digital data to correctly determine the
transmitted data even when errors may have occurred
during transmission. The convolution codes introduce re-
dundancy into the transmitted data and pack the trans-
mitted data into packets in which the value of each bit is
dependent on earlier bits in the sequence. Thus, when
a few errors occur, the receiver can still deduce the orig-
inal data by tracing back possible sequences in the re-
ceived data.
[0005] To further improve the performance of a trans-
mission channel, some coding schemes include inter-
leavers, which mix up the order of the bits in the packet
during coding. Thus, when interference destroys a few
adjacent bits during transmission, the effect of the inter-
ference is spread out over the entire original packet and
can more readily be overcome by the decoding process.
Other improvements may include multiple-component
codes which include coding the packet more than once
in parallel or in series. For example, U.S. patent
5,446,747, describes an error correction method using
at least two convolutional codings in parallel. Such par-
allel encoding is known in the art as "Turbo coding."
[0006] For multiple component codes, optimal decod-
ing is often a very complex task, and may require large
periods of time, not usually available for on-line decoding.
In order to overcome this problem, iterative decoding
techniques have been developed. Rather than determin-
ing immediately whether received bits are zero or one,
the receiver assigns each bit a value on a multi-level scale

representative of the probability that the bit is one. A com-
mon scale, referred to as LLR probabilities, represents
each bit by an integer in the range {-32,31}. The value of
31 signifies that the transmitted bit was a zero with very
high probability, and the value of -32 signifies that the
transmitted bit was a one, with very high probability. A
value of zero indicates that the value is indeterminate.
[0007] Data represented on the multi-level scale is re-
ferred to as "soft data," and iterative decoding is usually
soft-in/soft-out, i.e., the decoding process receives a se-
quence of inputs corresponding to probabilities for the
bit values and provides as output corrected probabilities
taking into account constraints of the code. Generally, a
decoder which performs iterative decoding, uses soft da-
ta from former iterations to decode the soft data read by
the receiver. A method of iterative decoding is described,
for example, in U.S. patent 5,563,897.
[0008] During iterative decoding of multiple-compo-
nent codes, the decoder uses results from decoding of
one code to improve the decoding of the second code.
When parallel encoders are used, as in Turbo coding,
two corresponding decoders may conveniently be used
in parallel for this purpose.
[0009] The iterative decoding is carried out for a plu-
rality of iterations until it is believed that the soft data
closely represents the transmitted data. Those bits which
have a probability indicating that they are closer to one
(for example, between 0 and 31 on the scale described
above) are assigned binary zero, and the rest of the bits
are assigned binary one.
[0010] Generally, the iterative process is repeated a
predetermined number of times. According to "An Intro-
duction to Turbo Codes," by Matthew C Valenti, which
can be found at http://lamarr.mprg.ee.vt.edu/documents/
turbo.pdf, the predetermined number of iterations is
about 18. however, this article further states that in many
cases as few as 6 iterations can provide satisfactory per-
formance. "Iterative Decoding of Binary Block Codes,"
by Joachim Hagenauer, Elke Offer and Lutz Papke, IEEE
Trans. of Information Theory, Vol. 42, No. 2, pp. 429-445
(March 1996), suggests using a cross entropy criteria to
determine when to stop the iterative decoding process
individually for each packet. Thus, the calculation power
of a decoder may be used more efficiently than when all
packets are decoded using the same number of itera-
tions. However, the cross entropy criterion is in itself very
complex, reducing substantially the gain in efficiency in
applying variable numbers of iterations.
[0011] In one commonly-used multiple-component
coding scheme, the packet is first encoded by a first "out-
er" coding scheme. Thereafter, it is interleaved and is
then encoded by a second "inner" coding scheme. During
decoding, the inner code is first decoded, the result is
de-interleaved, and then the outer code is decoded. The
results of decoding the outer code are thereafter used in
a second iteration of decoding the inner code to improve
its results. This process is continued iteratively until the
coded packet is satisfactorily decoded.
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[0012] The above-described decoding scheme is typ-
ically implemented by a single hardware decoder, which
alternately decodes the inner and outer codes. However,
when very fast decoding is needed, and the inner and
outer codes are substantially different, the computational
load is generally beyond the capability of a single decoder
of conventional design. Therefore, it has been suggested
to use a decoder including two processors, one for the
inner code and one for the outer code. However, this
results in having each of the processors idle half of the
time, while it waits for results from the other processor.
[0013] Further attention is drawn to the article entitled
"Iterative Decoding of Serially Concatenated Codes with
Interleavers and Comparison with Turbo Codes" by S.
Benedetto et al., Global Telecommunications Confer-
ence (Globecom), US, New York, IEEE, 3. Nov. 1997,
pp. 654-658, XP000737620. The article describes an it-
erative decoding algorithm for serially concatenated
codes. An iterative decoder is described that comprises
an inner SISO (soft-input soft-output) decoder and an
SISO outer decoder. Output data from the SISO inner
decoder is passed through an inverse interleaver to the
SISO outer decoder. Output data from the SISO outer is
fed via an interleaver to the block SISO inner decoder
for a further iteration.
[0014] Attention is also drawn to a paper by D. Divsalar
and F. Pollara, "Turbo Codes for PCS Applications", Pro-
ceedings of the International Conference on Communi-
cations (ICC) 1995, US, New York, IEEE, pp. 54-59. The
paper is related to turbo codes which are the most excit-
ing and potentially important development in coding the-
ory in many years. They were introduced in 1993 by Ber-
rou, Glavieux and Thitimajshima, and claimed to achieve
near Shannon-limit error correction performance with rel-
atively simple component codes and large interleavers.
A required Eb/No of 0.7 dB was reported for BER of 10-5

and code rate of 1/2. However, some important details
that are necessary to reproduce these results were omit-
ted. This paper confirms the accuracy of these claims,
and presents a complete description of an encoder/de-
coder pair that could be suitable for PCS applications.
The paper describes a new simple method for trellis ter-
mination, analyzes the effect of interleaver choice on the
weight distribution of the code, and introduces the use
of unequal rate component codes which yields better per-
formance. Turbo codes are extended to encoders with
multiple codes and a suitable decoder structure is devel-
oped, which is substantially different from the decoder
for two-code based encoders.

SUMMARY OF THE INVENTION

[0015] In accordance with the present invention a
method for terminating an iterative decoding process be-
ing performed on a packet in an iterative decoder, as set
forth in claim 1, and iterative decoder, as set forth in claim
7, are provided. Preferred embodiments of the invention
are claimed in the dependent claims. The present inven-

tion will be more fully understood from the following de-
tailed description of the preferred embodiments thereof,
taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig, 1 is a block diagram of an iterative decoder, in
accordance with an approach wich is not claimed
but useful for the understanding of the present in-
vention;
Fig. 2 is a flow chart of actions performed by a de-
coder to determine whether to stop decoding a pack-
et, in accordance with one approach wich is not
claimed but useful for the understanding of the
present invention;
Fig. 3 is a block diagram of an iterative decoder, in
accordance with an embodiment of the present in-
vention;
Fig. 4 is a flow chart of actions performed by a de-
coder to determine whether to stop decoding a pack-
et, in accordance with the embodiment of the present
invention; and
Fig. 5 is a flow chart of actions performed by a de-
coder to determine whether to stop decoding a pack-
et, in accordance with another approach wich is not
claimed but useful for the understanding of the
present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0017] Fig. 1 is a block diagram of a decoding proces-
sor 50. Processor 50 is preferably part of a digital receiver
which receives analog signals. The received signals are
digitized and preferably transformed to a scale in the
range {-32,31} representing probability values in a loga-
rithmic scale, as is known in the art. Alternatively, the
scale may be in any other range and/or may be a non-
logarithmic scale. Preferably, decoding processor 50 re-
ceives the digitized signals from a demodulator or chan-
nel de-interleaver (not shown), as is known in the art.
The received digital signals were encoded before send-
ing in accordance with a multi-code scheme, preferably
including in series an outer coding scheme, interleaving,
and an inner coding scheme. Alternatively or additionally,
the multi-code scheme includes a Turbo code scheme,
or any other suitable iterative scheme.
[0018] The digitized data incoming to processor 50 is
accumulated in two parallel buffers 62 and 64, wherein
buffer 62 receives a first packet of data and buffer 64
receives a second packet. An inner decoder 68, which
decodes the inner code, is connected alternately to buff-
ers 62 and 64 via a switch 66. Decoder 68 is preferably
an A Posteriori Probability (APP) decoder, also termed
a Maximum A Posteriori (MAP) decoder. Such decoders
are known in the art and are described, for example, in
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"Implementation and Performance of a Turbo/Map De-
coder," by Steven S. Pietrobon, International Journal of
Satellite Communications, vol. 16, 1998, pp.23-46, as
well as in a U.S. patent application having Serial No.
09/186,753, filed November 5, 1998 (published as WO
2000/027034 and granted as US 6,189,126 and entitled
"Efficient Trellis State Metric Normalization," which is as-
signed to the assignee of the present invention. Further
alternatively, decoder 68 may comprise other decoders
known in the art including SOVA decoders.
[0019] Two dual-port memories, preferably RAMs 52
and 54, are connected alternately to inner decoder 68
through two switches 56 and 58. Preferably, switch 56
conveys decoded output from decoder 68 to one of RAMs
52 and 54, while switch 58 conveys input to decoder 68
from the same one of the RAMs. Preferably, the output
from decoder 68 is de-interleaved by a de-interleaver 72
upon its entrance to RAM 52 or 54 or upon its exit there-
from. Likewise, the input to decoder 68 through switch
58 is preferably interleaved by interleavers 74 associated
with RAMs 52 and 54.
[0020] An outer APP (or MAP) decoder 70, preferably
similar to decoder 68 in structure although directed to
decoding a different code, i.e., the outer code, is con-
nected alternately to RAMs 52 and 54 via a switch 76.
Preferably, decoder 70 comprises two output lines: a first
output line 90 which provides probability information on
coded signals for further processing, and a second output
line 92 which provides probability information on decoded
data signals. A switch 78 connected to output line 90
preferably alternately directs output from decoder 70 to
interleavers 74 of RAMs 52 and 54. After a sufficient
number of iterations in processor 50, the output from de-
coder 70 on output line 92 is preferably passed to a de-
cision unit 80, which converts soft data to hard data. Pref-
erably, the hard data is passed to a CRC checking unit
83 which determines and checks the CRC of the decoded
packet.
[0021] Preferably, decoder 68 outputs the decoded da-
ta as extrinsic information, i.e., as the difference between
the LLR probabilities of its input data from switch 58 and
its calculated improved LLR probabilities, as is known in
the art and defined, for example, in the above mentioned
publication by Hagenauer et al. Decoder 70 on the other
hand preferably has two output lines 90 and 92, as de-
scribed above, one of which (preferably line 90) conveys
extrinsic information as feedback to decoder 68 and the
other of which (preferably line 92) conveys a priori prob-
ability information, i.e., the calculated LLR probabilities,
to decision unit 80.
[0022] The decoded hard data is preferably output
from decoding unit 50 via a switch 86 which directs the
output on two separate lines 82 and 84, depending on in
which of buffers 62 and 64 the original packet was stored.
Preferably, a control unit 88 controls the operation of de-
coders 68 and 70, the states of the switches, and other
operations of processor 50.
[0023] During operation, two successive packets of

data are input to buffers 62 and 64, respectively. Switches
66 and 56 are set to their upper states (as shown in Fig.
1), and decoder 68 performs a first cycle in which a first
inner decoding iteration on the packet in buffer 62. In the
first inner decoding iteration, decoder 68 receives the
input packet from buffer 62 and generates an output
packet in RAM 52. The output packet is preferably de-
interleaved in RAM 52 by de-interleaver 72, thus prepar-
ing the packet for input to decoder 70. The state of switch
58 does not affect the operation of decoder 68 and there-
fore does not matter or is disconnected.
[0024] Thereafter, switches 56 and 66 are brought to
their lower state, and switches 76 and 78 are brought to
their upper states. At this point control unit 88 initiates
operation of both decoders 68 and 70. Decoder 68 per-
forms a first inner decoding iteration on the packet in
buffer 64 and generates an output packet in RAM 54.
The output packet is preferably de-interleaved by de-in-
terleaver 72 on its way into RAM 54 in preparation for
input to decoder 70 during the next cycle of the processor.
Alternatively or additionally, de-interleaver 72 de-inter-
leaves the packet on its way out of RAM 54. Concurrently,
decoder 70 performs a first outer decoding iteration on
the packet in RAM 52. Decoder 70 operates on the de-
interleaved packet in RAM 52 and generates an output
packet back in RAM 52. The output packet is interleaved,
by interleaver 74 associated with RAM 52, in preparation
for re-use by decoder 68.
[0025] In a third operation cycle, switches 56, 58 and
66 are brought to their upper state and switches 76 and
78 are brought to their lower state, as in the first cycle.
Decoder 68 receives input from both buffer 62 and RAM
52 and performs a second inner decoding iteration on
the packet in buffer 62. The output packet is passed to
RAM 52 as in the first inner decoding iteration. Concur-
rently, decoder 70 performs a first outer decoding itera-
tion on the packet from buffer 64. The output is returned
to RAM 54 to be interleaved by unit 74 in preparation for
use by decoder 68. Thereafter the states of switches 56,
58, 66, 76 and 78 are changed, decoder 68 operates on
the packet in buffer 64 and decoder 70 operates on the
packet from buffer 62. Thus, decoders 68 and 70 inter-
changeably perform decoding iterations on the packets
in buffer 62 and 64. Both of decoders 68 and 70 operate
concurrently, and thus, using the same amount of hard-
ware as processors known in the art, it is possible to
achieve twice the decoding speed.
[0026] Control unit 88 decides when to terminate the
decoding of the packets, preferably in accordance with
a method described hereinbelow. The output from de-
coder 70 is passed both through switch 78 and to decision
unit 80, which derives hard data (0’s and 1’s) from the
signs of the soft data in the packet, as described herein-
above or as is generally known in the art. The hard data
is passed to CRC checking unit 83 which determines the
CRC and passes it to control unit 88. According to the
CRC and other information, control unit 88 decides
whether to perform another decoding iteration as de-
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scribed further hereinbelow.
[0027] Alternatively or additionally, after a predeter-
mined number of decoding iterations, the decoding of
each packet is terminated. Switch 86 is set on whichever
of the two lines 82 or 84 the packet is to be output, and
preferably switch 78 is disconnected. The output from
decoder 70 is passed to decision unit 80, and from there
is output via lines 82 or 84. At substantially the same
time, a new packet of data is input to buffer 62 or 64 in
which the now-decoded packet was originally stored, and
the decoding process is continued. Preferably, new pack-
ets are sequentially loaded into each of buffers 62 and
64 and then processed by decoder 68 independently of
one other. Alternatively, buffers 62 and 64 are filled with
new packets one after the other in immediate succession,
so that two new packets enter the decoding process in
immediately successive cycles.
[0028] Fig. 2 is a flow chart illustrating an iterative de-
coding method performed by decoding processor 50 un-
der supervision of control unit 88, in accordance with one
approach wich is not claimed but useful for the under-
standing of the present invention. Preferably, for each
new packet entering processor 50, a counter of the
number of decoding iterations performed is set to zero.
For each outer decoding iteration of the packet, the coun-
ter is incremented. Until the counter reaches a predeter-
mined minimum number of iterations (TR), the packet is
automatically passed back from decoder 70 to decoder
68 for another decoding iteration. Preferably, the prede-
termined number (TR) is set to the minimal number of
iterations which may achieve a sufficient decoding quality
suitable for output. Further preferably, the predetermined
number (TR) is between four and eight.
[0029] After the predetermined number of initial itera-
tions have been performed, decoder 70 and/or control
unit 88 determines the minimal absolute value of the LLR
probability values L of the bits in the packet, min(|L|), i.e.,
the LLR probability value among all of the bits in the pack-
et that is closest to zero. (As noted hereinabove, the bit
probabilities are measured in the log domain on a scale
of -32 to 31, with the extrema of the scale corresponding
to high probabilities of a one or a zero, respectively.) The
minimal LLR probability represents a level of confidence
that the LLR probability represents the correct hard bit
value. Therefore, if the minimal LLR probability value is
not above a predetermined absolute probability thresh-
old, the decoding process continues. However, if the min-
imal LLR probability value is above the predetermined
threshold, the CRC of the packet is preferably verified,
and the decoding of the packet is terminated if the CRC
is correct.
[0030] Preferably, the minimal absolute value is calcu-
lated from the decoded data LLR probabilities on output
line 90. Alternatively or additionally, the minimal absolute
value is calculated from the coded data LLR a priori prob-
abilities which corresponds to the extrinsic information
on line 92, as described hereinabove and as is known in
the art.

[0031] Alternatively, decoder 70 checks either the min-
imum probability value or the CRC code, but not both.
Further alternatively, any other measure of the progress
of convergence of the probability values to the extrema
is used instead of the minimum value. For example, the
average or the median of the probability values of the
bits may be compared to a different respective threshold.
It is noted, however, that using the minimum is simple
and generally requires less time to compute. In one ap-
proach wich is not claimed but useful for the understand-
ing of the present intention, instead of first calculating the
minimum and only then comparing to the threshold, the
probabilities are compared in sequence to the minimum
threshold. If a bit with a probability lower than the thresh-
old is found, the checking is terminated and another it-
eration is performed.
[0032] Further alternatively or additionally, the mini-
mum probability is adjusted to ignore outliers. Preferably,
a predetermined number of probability values beneath
the minimum value are ignored.
[0033] Further alternatively or additionally, the mini-
mum or average probability is calculated on a subset of
the bits in the packet, preferably on a random subset.
[0034] It is noted that the method described herein-
above of determining when to terminate the iterative de-
coding, is not limited to use only with decoding processor
50. The above method may be used in any iterative de-
coder, including Turbo code decoders and Turbo-style
decoders.
[0035] It is further noted that although the above de-
scription refers to decoding methods using LLR proba-
bilities in the log domain, the methods of the present in-
vention may be used with other probability representa-
tions. Particularly, the methods of the present invention
may be used with decoders, such as DSP floating-point-
arithmetic decoders, which represent probabilities in the
normal range, i.e., between 0 and 1. In such decoders,
the method of choosing the minimum probability is ad-
justed so that the minimum is chosen relative to a hard
data decision (’0’ or ’1’) represented by the probabilities.
[0036] In the embodiment of the present invention, an
iterative decoding system 100 includes a frame buffer
102, an inner decoder 104, an interleaver 106, a de-in-
terleaver 108, an outer decoder 110, a decision unit 112,
a CRC checking unit 114, and a control unit 116, as
shown in Fig. 3. The interleaver 106 and the de-interleav-
er 108 may advantageously be implemented with RAM
memory. The system 100 is advantageously part of a
digital receiver that receives analog signals. The received
signals are digitized and advantageously transformed to
a scale in the range (-32,31) representing probability val-
ues in a logarithmic scale, as is known in the art. Alter-
natively, the scale may be in any other range and/or may
be a non-logarithmic scale.
[0037] Advantageously, the iterative decoding system
100 receives the digitized signals from a demodulator or
channel de-interleaver (not shown), as is known in the
art. The received digital signals were encoded before be-
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ing transmitted in accordance with a multi-code scheme,
advantageously including in series an outer coding
scheme, interleaving, and an inner coding scheme. Al-
ternatively or additionally, the multi-code scheme in-
cludes a Turbo code scheme, or any other suitable iter-
ative scheme.
[0038] The digitized data incoming to the system 100
is accumulated in the frame buffer 102, which receives
the data in packets. The frame buffer 102 may advanta-
geously be implemented with FIFO. The frame buffer 102
is configured to send a hardware control signal, denoted
FAST_DECODE and described hereinbelow, to the con-
trol unit 116. The inner decoder 104, which decodes the
inner code, is coupled to the frame buffer 102. The de-
coder 104 is advantageously an APP decoder (or MAP
decoder), as known in the art. Further alternatively, the
inner decoder 104 may comprise other decoders known
in the art including, e.g., SOVA decoders.
[0039] The inner decoder 104 is coupled to the de-
interleaver 108. A decoded data signal is output from the
inner decoder 104 and is de-interleaved by the de-inter-
leaver 108. The de-interleaver 108 is coupled to the outer
decoder 110.
[0040] The outer APP (or MAP) decoder 110, which is
advantageously similar to the inner decoder 104 in struc-
ture although directed to decoding a different code (i.e.,
the outer code), is also coupled to the interleaver 106.
The interleaver 106 is advantageously a pseudo-random
interleaver, but may in the alternative be a block inter-
leaver or a convolutional interleaver. Advantageously,
the outer decoder 110 includes two output lines: a first
output line that is connected to the interleaver 106, pro-
viding probability information on coded signals for further
processing, and a second output line that is connected
to the decision unit 112, providing probability information
on decoded data signals. After a sufficient number of
iterations in the decoding system 100, the output from
the outer decoder 110 on the second output line is ad-
vantageously passed to the decision unit 112, which con-
verts soft data to hard data. Advantageously, the hard
data is passed to the CRC checking unit 114, which de-
termines and checks the CRC of the decoded packet.
[0041] Advantageously, the inner decoder 104 outputs
the decoded data as extrinsic information, i.e., as the
difference between the LLR probabilities of its input data
and its calculated improved LLR probabilities, as is
known in the art and defined, for example, in the above-
mentioned publication by Hagenauer et al. The outer de-
coder 110, on the other hand, advantageously includes
two output lines, as described above, one of which con-
veys extrinsic information as feedback to the inner de-
coder 104 and the other of which conveys a priori prob-
ability information, i.e., the calculated LLR probabilities,
to the decision unit 112.
[0042] The decoded hard data is advantageously out-
put from the decoding system 100 under the control of
the control unit 116. The control unit 116 also controls
other operations of the iterative decoding system 100.

The control unit 100 may advantageously be a micro-
processor. In the alternative, the control unit 116 may be
implemented with any conventional processor, control-
ler, microcontroller, or state machine.
[0043] When both decoders 104, 110 have decoded a
packet, the decoding system 100 has performed one it-
eration. The control unit 116 decides when to terminate
the decoding of the packets, advantageously in accord-
ance with method steps described hereinbelow. The out-
put from the outer decoder 110 is passed to the decision
unit 112, which derives hard data (0’s and 1’s) from the
signs of the soft data in the packet, as described herein-
above or as is generally known in the art. The hard data
is passed to the CRC checking unit 114, which deter-
mines the CRC in accordance with known methods and
passes the CRC to the control unit 116. Based upon the
CRC and other information, the control unit 116 decides
whether to perform another decoding iteration as de-
scribed further hereinbelow.
[0044] Alternatively or additionally, after a predeter-
mined number of decoding iterations, the decoding of
each packet is terminated. The output from the inner de-
coder 110 is passed to the decision unit 112, and from
there is output from the decoding system 100. At sub-
stantially the same time, a new packet of data is input to
the frame buffer 102 (in which the now-decoded packet
was originally stored), and the decoding process is con-
tinued.
[0045] In accordance with the embodiment, the itera-
tive decoding system 100, under the supervision of the
control unit 116, performs the algorithm steps illustrated
in the flow chart of Fig. 4 to stop the process of iteratively
decoding a data packet. In step 200 a counter (not shown)
of the number of decoding iterations performed is set to
zero for each new packet that enters the system. The
current iteration number is denoted ITER_NUM. The sys-
tem then proceeds to step 202 and begins a decoding
iteration. The system then proceeds to step 204 and in-
crements the current iteration number, ITER_NUM. For
each outer decoding iteration of the packet, the counter
is incremented. Until the counter reaches a predefined
minimum number of iterations, MIN_ITER_NUM, the
packet is automatically passed back from the outer de-
coder to the inner decoder for another decoding iteration.
Advantageously, the predefined minimum number of it-
erations, MIN_ITER_NUM, is set to the minimal number
of iterations that may achieve a sufficient decoding qual-
ity suitable for output. Further advantageously, the pre-
defined minimum number of iterations, MIN_ITER_NUM,
is between four and eight. In one embodiment the pre-
defined minimum number of iterations, MIN_ITER_NUM,
is a four-bit frame parameter. After incrementing the cur-
rent iteration number, ITER_NUM, the system proceeds
to step 206.
[0046] In step 206 the system determines whether the
current iteration number, ITER_NUM, is equal to a pre-
defined maximum number of iterations, MAX_ITER_
NUM. Advantageously, the predefined maximum
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number of iterations, MAX_ITER_NUM, is between
twelve and sixteen. In one embodiment the predefined
maximum number of iterations, MAX_ITER_NUM, is a
four-bit frame parameter. If the current iteration number,
ITER_NUM, is equal to the predefined maximum number
of iterations, MAX_ITER_NUM, the system proceeds to
step 208. In step 208 the system stops performing de-
coding iterations on the data packet. If, on the other hand,
the current iteration number, ITER_NUM, is not equal to
the predefined maximum number of iterations, MAX_
ITER_NUM, the system proceeds to step 210.
[0047] In step 210 the system determines whether the
current iteration number, ITER_NUM, is greater than or
equal to the predefined minimum number of iterations,
MIN_ITER_NUM. If the current iteration number, ITER_
NUM, is greater than or equal to the predefined minimum
number of iterations, MIN_ITER_NUM, the system pro-
ceeds to step 212. If, on the other hand, the current iter-
ation number, ITER_NUM, is not greater than or equal
to the predefined minimum number of iterations, MIN_
ITER_NUM, the system returns to step 202 to perform
another decoding iteration.
[0048] In step 212 the system determines whether a
condition flag denoted CRC_CHECK_MODE_OK is
equal to one (i.e., whether the flag is set). The condition
flag CRC_CHECK_MODE_OK flag, which is advanta-
geously a flag in a decoding mode register (not shown)
in the control unit, is advantageously written by the control
unit. In one embodiment the CRC_CHECK_MODE_OK
flag having a value of one indicates that the previous two
iterations resulted in good cyclic redundancy checks
(CRC). CRC is an error-detection method that is well
known in the relevant art. In another embodiment the
CRC_CHECK_MODE_OK flag having a value of one in-
dicates that the CRC bits for the previous two iterations
were identical. In another embodiment the CRC_
CHECK_MODE_OK flag having a value of one indicates
that the CRC bits for the previous two iterations were
identical and that the previous two iterations resulted in
good CRC. In another embodiment the CRC_CHECK_
MODE_OK flag having a value of one indicates that the
CRC bits for the previous iteration were good and that
the entire packet is identical to the decoded packet on
the previous iteration. In another embodiment a
CONVERGE_DETECTED flag may be used in place of
the CRC_CHECK_MODE_OK flag. The CONVERGE_
DETECTED flag having a value of one indicates that the
entire packet is identical to the decoded packet on the
previous iteration. This is beneficial, for example, when
the decoder has converged to an erroneous solution, and
there is no need to continue trying to decode (i.e., there
is no CRC in this mode). In other embodiments the CRC_
CHECK_MODE_OK flag may having a value of one may
indicate whether other known error-detection measures
were satisfied for the previous two data packets.
[0049] If in step 212 the CRC_CHECK_MODE_OK
flag is equal to one, the system proceeds to step 208,
terminating the iteration process for the data packet. If,

on the other hand, the CRC_CHECK_MODE_OK flag is
not equal to one (i.e., the flag is equal to zero, or cleared),
the system proceeds to step 214.
[0050] In step 214 the system determines whether a
hardware control signal denoted FAST_DECODE is
equal to one. The FAST_DECODE hardware control sig-
nal may advantageously be used in a multi-user decoding
system, in which a signal is sent by the demodulator (not
shown) to speed up the decoding system. The FAST_
DECODE hardware control signal may advantageously
be generated by an external FIFO to tell the decoding
system to finish decoding a packet as soon as possible
after the minimum number of iterations, MIN_ITER_
NUM, has been performed. Alternatively, the FAST_DE-
CODE hardware control signal may be driven by the FIFO
of the input frame buffer to the decoding system. A thresh-
old is set on the FIFO such that if the FIFO is filled with
packets to a level that is below the threshold, the decod-
ing system can run the maximum number iterations,
MAX_ITER_NUM. If the FIFO is close to full (i.e., if the
threshold is met or exceeded), the decoding system will
run only the minimum number of iterations, MIN_ITER_
NUM. Thus, if the FIFO is filled to within a predefined
percentage of the storage capacity of the FIFO, the
FAST_DECODE hardware control signal is driven. The
threshold level may thus advantageously be set on the
FIFO to drive the FAST_DECODE hardware control sig-
nal in the event the decoding system realizes that it can-
not serve all of the packets waiting in the input frame
buffer.
[0051] If in step 214 the FAST_DECODE hardware
control signal is equal to one, the system proceeds to
step 208, stopping the iteration process for the data pack-
et. If, on the other hand, the FAST_DECODE hardware
control signal is not equal to one (i.e., it is equal to zero),
the system returns to step 202 to perform another de-
coding iteration.
[0052] It would be understood by those skilled in the
art that the method steps of Fig. 4 may be performed by
any iterative decoder including, e.g., Turbo decoders or
Turbo-style decoders. It is well known that the Turbo de-
coding principal can be used for iterating between an
equalizer and a decoder, or between a demodulator and
a decoder. Therefore, it would also be understood by
those skilled in the art that the method steps of Fig. 4
may be performed in Turbo equalization (including a de-
coder).
[0053] In accordance with another approach wich is
not claimed but useful for the understanding of the inven-
tion, the iterative decoding system 100 of Fig. 3, under
the supervision of the control unit 116, performs the al-
gorithm steps illustrated in the flow chart of Fig. 5 to stop
the process of iteratively decoding a data packet. In step
300 a counter (not shown) of the number of decoding
iterations performed is set to zero for each new packet
that enters the system. The current iteration number is
denoted ITER_NUM. The system then proceeds to step
302 and begins a decoding iteration. The system then
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proceeds to step 304 and increments the current iteration
number, ITER_NUM. For each outer decoding iteration
of the packet, the counter is incremented. Until the coun-
ter reaches a predefined minimum number of iterations,
MIN_ITER_NUM, the packet is automatically passed
back from the outer decoder to the inner decoder for an-
other decoding iteration. Advantageously, the predefined
minimum number of iterations, MIN_ITER_NUM, is set
to the minimal number of iterations that may achieve a
sufficient decoding quality suitable for output. Further ad-
vantageously, the predefined minimum number of itera-
tions, MIN_ITER_NUM, is between four and eight. In one
approach wich is not claimed but useful for the under-
standing the predefined minimum number of iterations,
MIN_ITER_NUM, is a four-bit frame parameter. After in-
crementing the current iteration number, ITER_NUM, the
system proceeds to step 306.
[0054] In step 306 the system determines whether the
current iteration number, ITER_NUM, is equal to a pre-
defined maximum number of iterations, MAX_ITER_
NUM. Advantageously, the predefined maximum
number of iterations, MAX_ITER_NUM, is between
twelve and sixteen. In one approach wich is not claimed
but useful for the understanding the predefined maximum
number of iterations, MAX_ITER_NUM, is a four-bit
frame parameter. If the current iteration number, ITER_
NUM, is equal to the predefined maximum number of
iterations, MAX_ITER_NUM, the system proceeds to
step 308. In step 308 the system stops performing de-
coding iterations on the data packet. If, on the other hand,
the current iteration number, ITER_NUM, is not equal to
the predefined maximum number of iterations, MAX_
ITER_NUM, the system proceeds to step 310.
[0055] In step 310 the system determines whether a
condition flag denoted CRC_CHECK_MODE_OK is
equal to one (i.e., whether the flag is set). The condition
flag CRC_CHECK_MODE_OK flag, which is advanta-
geously a flag in a decoding mode register (not shown)
in the control unit, is advantageously written by the control
unit. In one approach wich is not claimed but useful for
the understanding the CRC_CHECK_MODE_OK flag
having a value of one indicates that the previous two
iterations resulted in good CRC. In another approach
wich is not claimed but useful for the understanding the
CRC_CHECK_MODE_OK flag having a value of one in-
dicates that the CRC bits for the previous two iterations
were identical. In another approach wich is not claimed
but useful for the understanding the CRC_CHECK_
MODE_OK flag having a value of one indicates that the
CRC bits for the previous two iterations were identical
and that the previous two iterations resulted in good CRC.
In another approach which is not claimed but useful for
the understanding the CRC_CHECK_MODE_OK flag
having a value of one indicates that the CRC bits for the
previous iteration were good and that the entire packet
is identical to the decoded packet on the previous itera-
tion. In another approach wich is not claimed but useful
for the understanding a CONVERGE_DETECTED flag

may be used in place of the CRC_CHECK_MODE_OK
flag. The CONVERGE_DETECTED flag having a value
of one indicates that the entire packet is identical to the
decoded packet on the previous iteration. This is bene-
ficial, for example, when the decoder has converged to
an erroneous solution, and there is no need to continue
trying to decode (i.e., there is no CRC in this mode). In
another approach wich is not claimed but useful for the
understanding the CRC_CHECK_MODE_OK flag may
having a value of one may indicate whether other known
error-detection measures were satisfied for the previous
two data packets.
[0056] If in step 310 the CRC_CHECK_MODE_OK
flag is equal to one, the system proceeds to step 308,
terminating the iteration process for the data packet. If,
on the other hand, the CRC_CHECK_MODE_OK flag is
not equal to one (i.e., the flag is equal to zero, or cleared),
the system proceeds to step 312.
[0057] In step 312 the system determines whether the
current iteration number, ITER_NUM, is equal to the pre-
defined minimum number of iterations, MIN_ITER_NUM.
If the current iteration number, ITER_NUM, is equal to
the predefined minimum number of iterations, MIN_
ITER_NUM, the system proceeds to step 314. If, on the
other hand, the current iteration number, ITER_NUM, is
not equal to the predefined minimum number of itera-
tions, MIN_ITER_NUM, the system returns to step 302
to perform another decoding iteration.
[0058] In step 314 the system determines whether a
hardware control signal denoted FAST_DECODE is
equal to one. The FAST_DECODE hardware control sig-
nal may advantageously be used in a multi-user decoding
system, in which a signal is sent by the demodulator (not
shown) to speed up the decoding system. The FAST_
DECODE hardware control signal may advantageously
be generated by an external FIFO to tell the decoding
system to finish decoding a packet as soon as possible
after the minimum number of iterations, MIN_ITER_
NUM, has been performed. Alternatively, the FAST_DE-
CODE hardware control signal may be driven by the FIFO
of the input frame buffer to the decoding system. A thresh-
old is set on the FIFO such that if the FIFO is filled with
packets to a level that is below the threshold, the decod-
ing system can run the maximum number iterations,
MAX_ITER_NUM. If the FIFO is close to full (i.e., if the
threshold is met or exceeded), the decoding system will
run only the minimum number of iterations, MIN_ITER_
NUM. Thus, if the FIFO is filled to within a predefined
percentage of the storage capacity of the FIFO, the
FAST_DECODE hardware control signal is driven. The
threshold level may thus advantageously be set on the
FIFO to drive the FAST-DECODE hardware control sig-
nal in the event the decoding system realizes that it can-
not serve all of the packets waiting in the input frame
buffer.
[0059] If in step 314 the FAST_DECODE hardware
control signal is equal to one, the system proceeds to
step 308, stopping the iteration process for the data pack-
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et. If, on the other hand, the FAST_DECODE hardware
control signal is not equal to one (i.e., it is equal to zero),
the system returns to step 302 to perform another de-
coding iteration.
[0060] It would be understood by those skilled in the
art that the method steps of Fig. 5 may be performed by
any iterative decoder including, e.g., Turbo decoders or
Turbo-style decoders. It is well known that the Turbo de-
coding principal can be used for iterating between an
equalizer and a decoder, or between a demodulator and
a decoder. Therefore, it would also be understood by
those skilled in the art that the method steps of Fig. 5
may be performed in Turbo equalization (including a de-
coder).
[0061] Thus, a novel, efficient, iterative decoder has
been described. Those of skill in the art would understand
that the various illustrative logical blocks and algorithm
steps described in connection with the embodiments dis-
closed herein may be implemented or performed with a
digital signal processor (DSP), an application specific in-
tegrated circuit (ASIC), discrete gate or transistor logic,
discrete hardware components such as, e.g., registers
and FIFO, a processor executing a set of firmware in-
structions, or any conventional programmable software
module and a processor. The processor may advanta-
geously be a microprocessor, but in the alternative, the
processor may be any conventional processor, control-
ler, microcontroller, or state machine. The software mod-
ule could reside in RAM memory, flash memory, regis-
ters, or any other form of writable storage medium known
in the art. Those of skill would further appreciate that the
data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout
the above description are advantageously represented
by voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.
[0062] It will be appreciated that the preferred embod-
iments described above are cited by way of example,
and the full scope of the invention is limited only by the
claims.

Claims

1. A method of terminating an iterative decoding proc-
ess being performed on a packet in an iterative de-
coder, comprising the steps of:

determining (206) whether a number of decod-
ing iterations equals a predefined maximum
number of iterations;
determining (214) whether a packet storage el-
ement coupled to an input of the iterative decod-
er is filled to within a predefined percentage of
the storage capacity of the packet storage ele-
ment;
determining (210) whether the number of decod-

ing iterations is greater than or equal to a pre-
defined minimum number of iterations;
determining (212) whether an error-detection
measure has been satisfied for the decoded
packet on at least the previous iteration; and
terminating (208) the iterative decoding process
for the packet if (1) the number of decoding it-
erations equals the predefined maximum
number of iterations, or if (2) the number of de-
coding iterations is greater than or equal to the
predefined minimum number of iterations, and
the packet storage element is filled to within the
predefined percentage of the storage capacity
of the packet storage element, or if (3) the
number of decoding iterations is greater than or
equal to the predefined minimum number of it-
erations, and the error-detection measure has
been satisfied for the decoded packet on at least
the previous iteration.

2. The method of claim 1, wherein the error-detection
measure comprises a cyclic redundancy check.

3. The method of claim 1, wherein the error-detection
measure has been satisfied for the decoded packets
on the two previous iterations.

4. The method of claim 1, wherein the error-detection
measure is satisfied if cyclic redundancy check bits
are identical for the decoded packets on two previous
iterations.

5. The method of claim 1, wherein the error-detection
measure is satisfied if a cyclic redundancy check is
satisfactory for a decoded packet on the previous
iteration, and if the decoded packet on the previous
iteration is identical to the entire decoded packet on
the present iteration.

6. The method of claim 1, wherein the error-detection
measure is satisfied if the decoded packet on the
previous iteration is identical to the entire decoded
packet on the present iteration.

7. An iterative decoder (100), comprising:

first and second decoding means (104, 110) for
performing an iterative decoding process on a
packet;
packet storage means (102) provided at the in-
put of the iterative decoder (100);
means for determining whether a number of de-
coding iterations equals a predefined maximum
number of iterations;
means for determining whether the packet stor-
age means is filled to within a predefined per-
centage of the storage capacity of the packet
storage means;
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means for determining whether the number of
decoding iterations is greater than or equal to a
predefined minimum number of iterations;
means for determining whether an error-detec-
tion measure has been satisfied for the decoded
packet on at least the previous iteration; and
means for terminating (116) the iterative decod-
ing process for the packet if (1) the number of
decoding iterations equals the predefined max-
imum number of iterations, or if (2) the number
of decoding iterations is greater than or equal to
the predefined minimum number of iterations,
and the packet storage means is filled to within
the predefined percentage of the storage capac-
ity of the packet storage means, or if (3) the
number of decoding iterations is greater than or
equal to the predefined minimum number of it-
erations, and the error-detection measure has
been satisfied for the decoded packet on at least
the previous iteration.

8. The iterative decoder of claim 7, wherein the error-
detection measure comprises a cyclic redundancy
check.

9. The iterative decoder of claim 7, wherein the error-
detection measure has been satisfied for the decod-
ed packets on the two previous iterations.

10. The iterative decoder of claim 7, wherein the error-
detection measure is satisfied if cyclic redundancy
check bits are identical for the decoded packets on
two previous iterations.

11. The iterative decoder of claim 7, wherein the error-
detection measure is satisfied if a cyclic redundancy
check is satisfactory for a decoded packet on the
previous iteration and if the decoded packet on the
previous iteration is identical to the entire decoded
packet on the present iteration.

12. The iterative decoder of claim 1, wherein the error-
detection measure is satisfied if the decoded packet
on the previous iteration is identical to the entire de-
coded packet on the present iteration.

Patentansprüche

1. Ein Verfahren zum Terminieren eines iterativen De-
codierungsprozesses, der auf einem Paket in einem
iterativen Decodierer durchgeführt wird, wobei das
Verfahren die folgenden Schritte aufweist:

Bestimmen (206), ob eine Zahl von Decodie-
rungsiterationen gleich einer vordefinierten ma-
ximalen Zahl von Iterationen ist;
Bestimmen (214), ob ein Paketspeicherele-

ment, gekoppelt mit einem Eingang von dem ite-
rativen Decodierern, gefüllt ist bis zum einem
Grad innerhalb eines vordefinierten Prozentsat-
zes von der Speicherkapazität von dem Paket-
speicherelement;
Bestimmen (210), ob die Zahl von Decodie-
rungsiterationen größer oder gleich einer vorde-
finierten minimalen Zahl von Iterationen ist;
Bestimmen (212), ob ein Fehlerdetektionsmaß
für das decodierte Paket, bei wenigstens der
vorhergehenden Iteration, erfüllt worden ist; und
Terminieren (208) des iterativen Decodierungs-
prozesses für das Paket, falls (1) die Zahl von
Decodierungsiterationen gleich der vordefinier-
ten maximalen Zahl von Iterationen ist oder, falls
(2) die Zahl von Decodierungsiterationen größer
oder gleich der vordefinierten minimalen Zahl
von Iterationen ist, und das Paketspeicherele-
ment gefüllt ist bis zu einem Grad innerhalb des
vorher bestimmten Prozentsatzes von der Spei-
cherkapazität von dem Paketspeicherelement
oder, falls (3) die Zahl von Decodierungsitera-
tionen größer oder gleich der vordefinierten mi-
nimalen Zahl von Iterationen ist, und das Fehl-
erdetektionsmaß erfüllt worden ist für das deco-
dierte Paket bei wenigstens der vorhergehen-
den Iteration.

2. Verfahren nach Anspruch 1, wobei das Fehlerdetek-
tionsmaß eine zyklische Redundanzprüfung bzw.
cyclic redundancy check aufweist.

3. Verfahren nach Anspruch 1, wobei das Fehlerdetek-
tionsmaß erfüllt worden ist für die decodierten Pa-
kete bei den zwei vorhergehenden Iterationen.

4. Verfahren nach Anspruch 1, wobei das Fehlerdetek-
tionsmaß erfüllt worden ist, falls zyklische Redun-
danzprüfbits identisch sind für die decodierten Pa-
kete bei zwei vorhergehenden Iterationen.

5. Verfahren nach Anspruch 1, wobei das Fehlerdetek-
tionsmaß erfüllt ist, falls eine zyklische Redundanz-
prüfung befriedigend ist für ein decodiertes Paket
bei der vorhergehenden Iteration und falls das de-
codierte Paket bei der vorhergehenden Iteration
identisch ist zu dem gesamten decodierten Paket
bei der aktuellen Iteration.

6. Verfahren nach Anspruch 1, wobei das Fehlerdetek-
tionsmaß erfüllt ist, falls das decodierte Paket bei
der vorhergehenden Iteration identisch ist zu dem
gesamten decodierten Paket bei der aktuellen Itera-
tion.

7. Ein iterativer Decodierer (100), der aufweist:

erste und zweite Decodierungsmittel (104, 110)
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zum Ausführen eines iterativen Decodierungs-
prozesses auf einem Paket;
Paketspeichermittel (102), vorgesehen an dem
Eingang von dem iterativen Decodierer (100);
Mittel zum Bestimmen, ob eine Zahl von Deco-
dierungsiterationen gleich einer vordefinierten
maximalen Zahl von Iterationen ist;
Mittel zum Bestimmen, ob die Paketspeicher-
mittel gefüllt sind bis zu einem Grad, der inner-
halb eines vorherbestimmten Prozentsatzes
von der Speicherkapazität von dem Paketspei-
chermitteln ist;
Mittel zum Bestimmen, ob die Zahl von Deco-
dierungsiterationen größer oder gleich einer
vordefinierten minimalen Zahl von Iterationen
ist;
Mittel zum Bestimmen, ob ein Fehlerdetektions-
maß erfüllt worden ist für das decodierte Paket
bei wenigstens der vorhergehenden Iteration;
und
Mittel zum Terminieren (116) des iterativen De-
codierungsprozesses für das Paket, falls (1) die
Zahl von Decodierungsiterationen gleich der
vordefinierten maximalen Zahl von Iterationen
ist, oder falls (2) die Zahl von Decodierungsite-
rationen größer oder gleich der vordefinierten
minimalen Zahl von Iterationen ist, und die Pa-
ketspeichermittel gefüllt sind bis zu einem Grad,
der innerhalb des vordefinierten Prozesssatzes
von der Speicherkapazität von den Paketspei-
chermitteln ist, oder falls (3) die Zahl von Deco-
dierungsiterationen größer oder gleich der vor-
definierten minimalen Zahl von Iterationen ist
und das Fehlerdetektionsmaß für das decodier-
te Paket bei wenigstens der vorhergehenden
Iteration erfüllt worden ist.

8. Iterativer Decodierer nach Anspruch 7, wobei das
Fehlerdetektionsmaß eine zyklische Redundanz-
prüfung bzw. cyclic redundancy check aufweist.

9. Iterativer Decodierer nach Anspruch 7, wobei das
Fehlerdetektionsmaß erfüllt ist für die decodierten
Pakete bei den zwei vorhergehenden Iterationen.

10. Iterativer Decodierer nach Anspruch 7, wobei das
Fehlerdetektionsmaß erfüllt ist, falls zyklische Red-
undanzprüfbits identisch sind für die decodierten Pa-
kete bei zwei vorhergehenden Iterationen.

11. Iterativer Decodierer nach Anspruch 7, wobei das
Fehlerdetektionsmaß erfüllt ist, falls eine zyklische
Redundanzprüfung erfüllt ist für ein decodiertes Pa-
ket bei der vorhergehenden Iteration, und falls das
decodierte Paket bei der vorhergehenden Iteration
identisch zu dem gesamten decodierten Paket bei
der aktuellen Iteration ist.

12. Iterativer Decodierer nach Anspruch 7, wobei das
Fehlerdetektionsmaß erfüllt ist, falls das decodierte
Paket bei der vorhergehenden Iteration identisch zu
dem gesamten decodierten Paket bei der aktuellen
Iteration ist.

Revendications

1. Procédé pour terminer un processus de décodage
itératif en cours d’exécution sur un paquet dans un
décodeur itératif, comprenant les étapes suivantes :

déterminer (206) si un nombre d’itérations de
décodage est égal à un nombre d’itérations
maximum prédéfini ;
déterminer (214) si un élément de mémorisation
de paquets couplé à une entrée du décodeur
itératif est rempli jusqu’à moins d’un pourcenta-
ge prédéfini de la capacité de mémorisation de
l’élément de mémorisation de paquets ;
déterminer (210) si le nombre d’itérations de dé-
codage est supérieur ou égal à un nombre d’ité-
rations minimum prédéfini ;
déterminer (212) si une mesure de détection
d’erreur a été satisfaite pour le paquet décodé
sur au moins l’itération précédente ; et
terminer (208) le processus de décodage itératif
pour le paquet si (1) le nombre d’itérations de
décodage est égal au nombre d’itérations maxi-
mum prédéfini, ou si (2) le nombre d’itérations
de décodage est supérieur ou égal au nombre
d’itérations minimum prédéfini et l’élément de
mémorisation de paquets est rempli jusqu’à
moins du pourcentage prédéfini de la capacité
de mémorisation de l’élément de mémorisation
de paquets, ou si (3) le nombre d’itérations de
décodage est supérieur ou égal au nombre d’ité-
rations minimum prédéfini et la mesure de dé-
tection d’erreur a été satisfaite pour le paquet
décodé sur au moins l’itération précédente.

2. Procédé selon la revendication 1, dans lequel la me-
sure de détection d’erreur comprend une vérification
de redondance cyclique.

3. Procédé selon la revendication 1, dans lequel la me-
sure de détection d’erreur a été satisfaite pour les
paquets décodés sur les deux itérations précéden-
tes.

4. Procédé selon la revendication 1, dans lequel la me-
sure de détection d’erreur est satisfaite si des bits
de vérification de redondance cyclique sont identi-
ques pour les paquets décodés sur deux itérations
précédentes.

5. Procédé selon la revendication 1, dans lequel la me-
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sure de détection d’erreur est satisfaite si une véri-
fication de redondance cyclique est satisfaisante
pour un paquet décodé sur l’itération précédente et
si le paquet décodé sur l’itération précédente est
identique au paquet décodé entier sur l’itération pré-
sente.

6. Procédé selon la revendication 1, dans lequel la me-
sure de détection d’erreur est satisfaite si le paquet
décodé sur l’itération précédente est identique au
paquet décodé entier sur l’itération présente.

7. Décodeur itératif (100), comprenant :

des premier et deuxième moyens de décodage
(104, 110) pour exécuter un processus de dé-
codage itératif sur un paquet ;
des moyens de mémorisation de paquets (102)
prévus à l’entrée du décodeur itératif (100) ;
des moyens pour déterminer si un nombre d’ité-
rations de décodage est égal à un nombre d’ité-
rations maximum prédéfini ;
des moyens pour déterminer si les moyens de
mémorisation de paquets sont remplis jusqu’à
moins d’un pourcentage prédéfini de la capacité
de mémorisation des moyens de mémorisation
de paquets ;
des moyens pour déterminer si le nombre d’ité-
rations de décodage est supérieur ou égal à un
nombre d’itérations minimum prédéfini ;
des moyens pour déterminer si une mesure de
détection d’erreur a été satisfaite pour le paquet
décodé sur au moins l’itération précédente ; et
des moyens pour terminer (116) le processus
de décodage itératif pour le paquet si (1) le nom-
bre d’itérations de décodage est égal au nombre
d’itérations maximum prédéfini, ou si (2) le nom-
bre d’itérations de décodage est supérieur ou
égal au nombre d’itérations minimum prédéfini
et l’élément de mémorisation de paquets est
rempli jusqu’à moins du pourcentage prédéfini
de la capacité de mémorisation de l’élément de
mémorisation de paquets, ou si (3) le nombre
d’itérations de décodage est supérieur ou égal
au nombre d’itérations minimum prédéfini et la
mesure de détection d’erreur a été satisfaite
pour le paquet décodé sur au moins l’itération
précédente.

8. Décodeur itératif selon la revendication 7, dans le-
quel la mesure de détection d’erreur comprend une
vérification de redondance cyclique.

9. Décodeur itératif selon la revendication 7, dans le-
quel la mesure de détection d’erreur a été satisfaite
pour les paquets décodés sur les deux itérations pré-
cédentes.

10. Décodeur itératif selon la revendication 7, dans le-
quel la mesure de détection d’erreur est satisfaite si
des bits de vérification de redondance cyclique sont
identiques pour les paquets décodés sur deux itéra-
tions précédentes.

11. Décodeur itératif selon la revendication 7, dans le-
quel la mesure de détection d’erreur est satisfaite si
une vérification de redondance cyclique est satisfai-
sante pour un paquet décodé sur l’itération précé-
dente et si le paquet décodé sur l’itération précéden-
te est identique au paquet décodé entier sur l’itéra-
tion présente.

12. Décodeur itératif selon la revendication 7, dans le-
quel la mesure de détection d’erreur est satisfaite si
le paquet décodé sur l’itération précédente est iden-
tique au paquet décodé entier sur l’itération présen-
te.
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