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Coding/Decoding_Apparatus, An Encoding Method And A Decoding Method Field
of the Invention The present invention relates to an encoder system, a
decoder system and a coding/decoding apparatus for a number of FEC and/or
channel codes for wireless communications systems, and also to methods for
encoding and/or decoding a signal according to any of a number of FEC
and/or channel codes. Background of the Invention In wireless
communications systems, obtaining reliable high-speed communications poses
a number of problems for the wireless channel. The signal transmitted over
the wireless channel is subject to multi-path distortion which may
significantly affect the amplitude and phase of the transmitted signal.
Forward error control (FEC)/channel codes are widely used to reduce
transmission errors in a radio channel subject to fading. There are many
types of conventional FEC/channel codes having error correction
capabilities, for example, convolutional codes, block codes, Hamming codes
and turbo codes. The choice of FEClchannel codes will depend on the
required quality of service determined by, for example, the data rate,
delay rates and error rates, and the radio channel. Typically, different
FEC/channel codes will be employed in different standards as different
standards will have different target applications and therefore different
quality of service (QOS) requirements. However, it may be desired to
support, within the same standard, a set of FEC/channel codes providing
different coding gains for different services. To support multiple
FEC/channel codes, one commonly used conventional method is to employ
multiple encoders in the transmitter and multiple   S 2 decoders in the
receiver. However, this has the disadvantage of requiring the communication
equipment to be extremely complex. Thus, there is a need to provide a
coding/decoding (CODEC) system and process for use with multiple
FEC/channel codes which is less complex and more economical than
conventional systems and methods. Summay of the Invention In general terms,
the present invention provides an encoder andlor decoder system for a
number of FEC/channel codes based on the sharing of common modules and
reconfiguring the other modules according to the code format selected. The
systems embodying the present invention may be easily configured to support
different types of FEC/channel codes. The present invention has the
advantage of reducing hardware cost and ensuring the flexibility of CODEC
systems for use, for example, in wireless communications systems. According
to a first aspect there is provided an encoder system for encoding a signal
according to any of a number of FEC and/or channel codes, the system
comprising: a shift register; an array of modulation/ExcIusiveOR (MOD/XOR)
stages coupled to the shift register; a generator matrix stage coupled to
the shift register and/or the array of MOD/XOR stages to control one or
more connections between the shift register and the MOD/XOR stages; an
encoder selection stage arranged to select a coding format to be used to
encode an incoming signal;  



3 the generator matrix stage being arranged to alter the one or more
connections between the shift register and the MOD/XOR stages according to
the coding format selected by the encoder selection stage. Preferably, the
generator matrix stage is arranged to alter the one or more connections
between the shift register and the MOD/XOR stages according to a WLAN
coding format, and/or a WCDMA coding format, and/or a WLAN OFDM coding
format, andlor a WLAN PBCC coding format. In a further preferred
embodiment, the generator matrix stage may be arranged to alter the one or
more connections between the shift register and the MOD/XOR stages
according to a turbo coding format. According to a second aspect of the
invention there is provided a decoder system for decoding a signal encoded
according to any of a number of FEC and/or channel codes, the system
comprising: a decoding stage; a generator matrix stage coupled to the
decoding stage to configure the decoding stage to a decoding code format to
be applied to decode an incoming signal; a decoder selection stage coupled
to the generator matrix stage and arranged to select a decoding code format
to be used to decode an incoming encoded signal; wherein the decoder
selection stage is arranged to instruct the generator matrix stage to
configure the decoding stage according to the decoding code format selected
by the decoder selection stage. Preferably, the decoding stage comprises a
reconfigurable Viterbi decoder. In a preferred embodiment, the
reconfigurable Viterbi decoder may comprise:   4 the generator matrix
stage; a branch generation stage for generating one or more branches
according to the generator matrix stage, the branch generation stage having
an output; a branch metric calculation stage controllable by the generator
matrix stage, the branch metric calculation stage having an input connected
to the output of the branch generation stage, and an output; an
add-compare-select stage having an input connected to the output of the
branch metric calculation stage, and an output; and a survivor memory stage
having an input connected to the output of the 



add-compare-select stage; wherein the branch metric calculation stage is
arranged to calculate one or more branch metrics which are applied to the
input of the add compare-select stage; and wherein the add-compare-select
stage is arranged to locate one or more survivor paths from a number of
transitions between states in a trellis defined by the branch generation
stage, the survivor memory stage being arranged to store the one or more
survivor paths; the decoder being arranged to apply a trace back mechanism
to the survivor memory stage during decoding to produces a decoded signal.
Preferably, the decoder selection stage is arranged to instruct the
generator matrix stage to configure the decoding stage according to any one
or more decoding code formats associated with convolutional codes of WLAN
and/or WCDMA communication systems as selected by the decoder selection
stage. In a preferred embodiment, the decoding stage comprises:   Y v 5 one
or more reconfigurable Max-Log-MAP decoders. Preferably, the one or more
reconfigurable Max-Log-MAP decoders comprise: the generator matrix stage
having a output; a trellis generator stage having an input connectable to
the output of the generator matrix stage, and an input; a path metrics
calculator stage having an input connectable to the output of the trellis
generator stage, the path metrics calculator stage having an output; and an
extrinsic information calculation stage having an input connectable to the
output of the path metrics calculator stage; wherein the generator matrix
stage being arranged to configure the trellis generator stage and the path
metrics calculator stage according to the selected code as defined by the
decoder selection stage. In a preferred embodiment, the decoding stage
comprises a reconfigurable decoder arranged to perform decoding tasks for
different convolutional andlor RSC codes depending on the decoding code
format selected by the decoder selection stage. In a further preferred
embodiment, the decoding stage comprises a reconfigurable decoder arranged
to perform decoding tasks for one or more turbo codes depending on the
decoding code format selected by the decoder selection stage. According to
a third aspect of the present invention there is provided a coding and
decoding system (codec) for encoding and decoding a signal according to 



any of a number of FEC andlor channel codes comprising the encoder system
defined above.   6 According to a fourth aspect of the present invention
there is provided a coding and decoding system (codec) for encoding and
decoding a signal according to any of a number of FEC and/or channel codes
comprising the decoder system defined above. According to a fifth aspect of
the invention there is provided a coding and decoding system (codec) for
encoding and decoding a signal according to any of a number of FEC andlor
channel codes comprising the encoder system defined above and the decoder
system defined above. According to a sixth aspect of the invention there is
provided a method for encoding a signal according to any of a number of FEC
and/or channel codes, the method comprising the steps of: selecting in an
encoder selection stage a coding format to be used to encode an incoming
signal; altering in a generator matrix stage one or more connections
between a shift register and one or more MODlXOR stages according to the
selected coding format selected by the encoder selection stage. According
to a seventh aspect of the invention there is provided a method for
decoding a signal according to any of a number of FEC andlor channel codes,
the method comprising the steps of: selecting in a decoder selection stage
a decoding code format to be used to decode an incoming encoded signal;
applying the selected decoding code format to a generator matrix stage; and
configuring using the generator matrix stage a decoder stage to decode an
incoming signal according to the selected decoding code format.    7 Brief
Descriation of the Drawingis The present invention will now be described by
way of example and with 



reference to the accompanying drawings in which: Figure 1a is a schematic
block diagram of a conventional rate 1I2 convolutional encoder for use in
WCDMA systems; Figure 1 b is a schematic block diagram of a conventional
rate 1I3 convolutional encoder for use in WCDMA systems; Figure 2a is a
schematic block diagram of a conventional rate 1I2 convolutional encoder
for use in WLAN OFDM mode; Figure 2b is a schematic block diagram of a
conventional rate 1I2 convolutional encoder for use in WLAN PBCC mode;
Figure 3 is a schematic block diagram of a CODEC for use in WLAN and WCDMA
systems according to a preferred embodiment of the invention; Figure 4 is a
schematic block diagram of a conventional Viterbi decoder; Figure 5 is a
schematic block diagram of a reconfigurable Viterbi decoder according to an
embodiment of the invention; Figure 6 is a schematic block diagram of a
conventional turbo encoder system having two turbo codes; Figure 7 is a
schematic block diagram of the structure of a conventional encoder for use
in the system of Figure 6 applicable to a first turbo code; Figure 8 is a
schematic block diagram of the structure of a conventional encoder for use
in the system of Figure 6 applicable to a second turbo code;   S  Figure 9
is a schematic block diagram of a CODEC for two turbo codes according to an
embodiment of the invention; Figure 10 is a schematic block diagram of a
conventional max-log-MAP decoder structure; and Figure 11 is a schematic
block diagram of a reconfigurable max-log-MAP decoder according to an
embodiment of the invention. Description of Preferred Embodiments The
standards for WLAN/WCDMA systems include several types of convolutional
codes. Figure 1 a illustrates a conventional rate 1I2 convolutional encoder
1 for use in typical WCDMA systems. The encoder 1 comprises a number of
bistable stages 2 connected in sequence to form a shift register. In the
system of Figure 1 a, the encoder 1 comprises eight bistable stages 2. The
outputs of the bistable stages 2 of the shift register are coupled to a
plurality of Modulo/ExclusiveOR (MOD/XOR) stages 4, 6 which are arranged to
form two rows of sequentially connected MOD/XOR stages. As the encoder 1
has a rate of 1l2, it receives one input signal and produces two output
signals. The input signal passes through the bistable stages 2 forming the
shift register and is applied to the two rows of MOD/XOR stages 4, 6. The
outputs from the bistable stages 2 of the shift register are connected to
the MOD/XOR stages 4, 6 in a predetermined sequence to produce the two
output signals Output 0 and Output 1. The output signals are thereby
encoded. The output signal Output 0 from the outputs of the first row 4 of
MOD/XOR stages according to the configuration of Figure 1 a is encoded
according to a 



coding Go which equals 561 in octals. The output signal Output 1 from the
9 outputs of the second row 6 of MOD/XOR stages according to the
configuration of Figure 1 a is encoded according to a coding G~ which
equals 753 in octals. Figure 1 b shows an alternative conventional
convolutional encoder 10 for use in typical WCDMA systems. The encoder 10
has a rate of 1/3 and thus receives one input signal and produces three
output signals. The encoder 10 comprises a number of bistable stages 12
connected in sequence to form a shift register. In the system of Figure 1b
the encoder 10 comprises eight bistable stages 12. The encoder 8 also
comprises a plurality of MOD/XOR stages 14, 16, 18 which are arranged to
form three rows of sequentially connected MODIXOR stages. The input signal
passes through the bistable stages 12 of the shift register the outputs of
which are coupled to the rows of MOD/XOR stages 14, 16, 18 in a
predetermined sequence to produce the three output signals Output 0, Output
1 and Output 2. The output signals are thereby encoded. The output signal
Output 0 from the outputs of the first row 14 of MOD/XOR stages according
to the configuration of Figure 1 b is encoded according to the a coding Go
which equals 557 in octals. The output signal Output 1 from the outputs of
the second row 16 of MOD/XOR stages according to the configuration of
Figure 1b is encoded according to the a coding G~ which equals 663 in
octals. The output signal Output 2 from the outputs of the third row 18 of
MOD/XOR stages according to the configuration of Figure 1 b is encoded
according to the a coding GZ which equals 711 in octals. Figure 2a shows a
conventional rate 1/2 convolutional encoder for use in WLAN OFDM mode. This
encoder 20 comprises a series of bistable stages 22 connected sequentially
to form a shift register. The system of Figure 2a comprises six bistable
stages 22 connected in sequence. A plurality of    10 MOD/XOR stages are
arranged in two rows 24, 26, the MOD/XOR stages being connected
sequentially in each row 24, 26. The encoder 20 of Figure 2a has one input
and two outputs. The input signal passes through the bistable stages 22
forming the shift register and the outputs from the bistable stages 22 of
the shift register are connected to the MOD/XOR stages in a predetermined
sequence to produce the two output signals Output 0 and Output 1. The
output signals are thereby encoded. The output signal Output 0 from the
outputs of the first row 24 of MOD/XOR stages according to the
configuration of Figure 2a is encoded according to a coding Go which equals
133 in octals. The output signal Output 1 from the outputs of the second
row 26 of MOD/XOR stages according to the configuration of Figure 2a is
encoded according to a coding G~ which equals 171 in octals. Figure 2b is a
schematic block diagram of a conventional rate 1I2 convolutional encoder 30
for WLAN PBCC mode. The structure of the encoder 30 of Figure 2b is the
same as that described above in connection with Figure 2a and the same
reference numerals are used for corresponding components in the two
systems. The only structural difference between the systems of Figures 2a
and 2b is in the arrangement of the second row of MOD/XOR stages 26, 32 to
provide the appropriate coding for the respective systems. The output
signal Output 0 from the outputs of the first row 24 of MOD/XOR stages
according to the configuration of Figure 2b is encoded according to a
coding Go which equals 133 in octals. The output signal Output 1 from the
outputs of the second row 32 of MOD/XOR stages according to the
configuration of Figure 2b is encoded according to a coding G~ which equals
175 in octals.   11 Figure 3 is a schematic block diagram of a general
CODEC according to a preferred embodiment of the invention for use in, for
example, WEAN and WCDMA two-mode communication systems. The encoder section
34 comprises an encoder selection section 36 which selects the particular
code to be used for the encoding process. The encoder selection section 36
is coupled to the input of a generator matrix stage 38. The output of the
generator matrix stage 38 is connected to the input of a shift register and
an array of MOD/XOR gates 40. The input signal is applied to the shift
register and the array of MOD/XOR gates 40 where it is encoded. The
generator matrix stage 38 configures the connections between the shift
register and the MOD/XOR gates, depending on the selection made by the
encoder selection section 36 to produce the encoded output signals. For
example, the generator matrix stage 38 may configure the aforementioned
connections according to the codings Go, G~ and G2 given above in respect
of Figures 1a to 2b. The decoder section 42 of the system of Figure 3
comprises a decoder selection stage 44 the output of which is coupled to a
generator matrix stage 46. The output of the generator matrix stage 46 is
coupled to a reconfigurable Viterbi decoder 48. The reconfigurable Viterbi
decoder 48 is configured in accordance with the decoder selection stage 42
to decode the incoming data applied to the input of the reconfigurable
Viterbi decoder 48 to recover the original data. The reconfigurable Viterbi
decoder 48 may perform decoding tasks for different convolutional codes
with the generator matrix stage 46 supplying the configuration settings in
the form of input parameters. A conventional Viterbi decoder 50 is shown in
Figure 4. The Viterbi decoder 



50 is a form of maximum likelihood decoder for the decoding of
convolutional codes.   12 In the conventional Viterbi decoder 50 shown in
Figure 4, the incoming signal is applied to a branch generation stage 52
which generates branches of a trellis according to fixed generator matrix
settings. The output of the branch generation stage 52 is applied to the
input of a branch metric calculation stage 54. The branch metric
calculation stage 54 measures the difference between the received symbol
and the symbol that causes the transitions between the states in the
trellis. The branch metric for all possible transitions between all pairs
of states in a given trellis (as defined by the generator matrix) are
generated in the branch metric calculation stage 54. The output of the
branch metric calculation stage 54 is applied to the input of an
add-compare-select (ACS) stage 56 which determines the survivor path
entering each state of the trellis. The branch metrics of a given
transition between states in a given trellis are added in the ACS stage 56
to the corresponding partial path metrics stored in a path metric memory
(not shown). The new partial path metrics for the survivor paths are then
compared in the ACS stage 56 with all of the other new partial path metrics
corresponding to all the other transitions entering that state. The
transition which has the minimum partial path metric is selected to be the
survivor path of the state. The path metric of the survivor path of each
state is then updated and stored in the path metric memory within the ACS
stage 56. The ACS stage 56 is the core of a conventional Viterbi decoder
which typically consists of many ACS blocks 56. The output from the ACS
stage 56 is coupled to a survivor memory stage 58 and the survivor memory
stage 58 stores the survivor paths. A trace back mechanism is applied to
the survivor memory during the decoding stage to recover the original data.
13 It will be seen from the above that the branch generation and the branch
metric calculation stages 52, 54 are closely related to the generator
matrix of a convolutional code. It has been appreciated that, and according
to a preferred embodiment of the invention, by adding a generator matrix to
control the settings of the branch generation stage 52 and the branch
metric calculation stage 54, a reconfigurable Viterbi decoder may be
constructed. Such a reconfigurable decoder may decode different
convolutional codes. Figure 5 is a schematic block diagram showing a
reconfigurable Viterbi decoder 60 according to a preferred embodiment of
the present invention. In Figure 5, a generator matrix 62 is configured by
a decoder selection stage (not shown) and applied to a branch metric
generation stage 64 and a branch metric calculation stage 66 to control the
settings of the branch metric generation stage 64 and the branch metric
calculation stage 66. The encoded signal received by the decoder 60 is
applied to an input of the branch generation stage 64) the output of which
is coupled to the branch metric calculation stage 66. The branch metrics
calculated in the branch metric calculation stage 66 are applied to the
input of an ACS stage 68. The survivor paths from the ACS stage 68 are
applied to and stored in a survivor memory 70. The trace back mechanism
applied to the survivor memory 70 during the decoding stage produces the
decoded sequence. A general CODEC embodying the reconfigurable Viterbi
decoder 60 according to a preferred embodiment of the invention has a high
flexibility and is less complex compared to a conventional CODEC used in
multiple FEC/channel codes. By altering the settings, for example of the
generator matrices, it is possible to support a number of different
FEC/channel codes whilst keeping the core modules unchanged.   14 The
decoder of Figure 5 is therefore particularly useful for communications
systems with multiple FEC/channel codes, for example, multi-mode wireless
communications systems. According to a further preferred embodiment of the
invention, a communications system with two forms of turbo codes is
considered. Figure 6 illustrates a conventional turbo code generator system
72. In the system 72 of Figure 6, a data source (X) 73 is coupled to a
first encoder 74 to produce an output P1. It is also applied to an
interleaver stage 76, the output of which is coupled to a further encoder
78 which has the same structure as the first encoder 74, to produce an
output signal P2) The output signal is obtained by cycling between the data
source (X) 73, the output P1 from the first encoder 74 and the output P2
from the second encoder 78. Figure 7 is a schematic representation of the
encoders 74, 78 of Figure 6 used to produce a first turbo code. The system
of Figure 7 comprises a three stage shift register 80 formed of three
sequentially connected bistable stages 80a, 80b and 80c, and an array of
MODIXOR stages 82, 84, 86, 88. The incoming signal to the system of Figure
7 is applied to a first MODIXOR stage 82 in the array of MODIXOR stages.
The output of the first MOD/XOR stage 82 is applied to the input of the
shift register 80 and also to a further MOD/XOR stage 84 where it is
combined with the output of a first bistable stage 80a of the shift
register 80. The output of the further MODIXOR stage 84 is applied to
another MODIXOR stage 86 where it is combined with the output of the shift
register 80 to produce an output signal. The output of the shift register
80 is also applied to the input of a still further MOD/XOR stage 88, as is
the output from a second bistable stage 80b in the shift register 80. The
output of the MODIXOR stage 88 then is applied to the first MODIXOR stage
82 which combines this output with the incoming signal. 



15 The encoder of Figure 7 is a recursive systematic convolutional (RSC)
encoder with a generator matrix of (1+D+D3)/(1+Dz +D3). Therefore the
encoders 74, 78 used in the system of Figure 6 for the first encoder code
may comprise two identical recursive systematic convolutional (RSC)
encoders of the type shown in Figure 7 with a generator matrix of
(1+D+D3)/(1+D2 +D3). Figure 8 is a schematic representation of the encoders
of Figure 6 used to produce a second turbo code. The system of Figure 8
comprises a two-stage shift register comprising two bistable stages 90, 92
and an array of three MOD/XOR stages 94, 96 and 98. The input signal to the
system of Figure 8 its applied to a first stage 94 of the MOD/XOR stages.
The output of the first stage 94 of the MOD/XOR stages is applied to input
of the first bistable stage 90 of the shift register and it is also applied
to the input of a second stage 96 of the MOD/XOR stages to produce the
output signal. The output of the first bistable stage 90 of the shift
register is applied to the input of the second bistable stage 92 of the
shift register and to the input of a third stage 98 of the MOD/XOR stages.
The output of the second bistable stage 92 of the shift register is applied
to the inputs of the second and third stages 96, 98 of the MOD/XOR stages.
The output of the third MOD/XOR stage 98 is then applied to the input of
the first MOD/XOR stage 94 where it is combined with the incoming signal.
Therefore the encoders 74, 78 used in the system of Figure 6 for the second
encoder code may comprise two identical recursive systematic convolutional
(RSC) encoders of the type shown in Figure 8 with a generator matrix of
(1+D2)/(1+D+DZ). Figure 9 shows a system according to a preferred
embodiment of the invention for a general CODEC capable of operating in
multiple turbo codes. In the encoding section 100, an encoder selection
stage 102 determines on which code it is going to operate. The output of
the encoder selection stage   16 102 is coupled to the input of a generator
matrix stage 104, the output of which is coupled to the input of a shift
register and MOD/XOR array 106. The generator matrix stage 104 configures
the connections between the shift register and the MOD/XOR stages according
to the code selected in the encoder selection stage 102. The data input is
applied to the shift register and the MOD/ XOR stage 106 where it is
encoded to produce the encoded output signal. In the decoding section 108,
the output of a decoder selection stage 110 is coupled to the input of a
generator matrix stage 112. The decoder selection stage 110 determines the
decoding method to be applied to the encoded incoming signal. The output of
the generator matrix stage 112 is coupled to the inputs of two
reconfigurable max-log-MAP (maximum a posteriori) decoders 114, 116. The
generator matrix stage 112 sets the configuration of the reconfigurable
max-log-MAP decoders 114, 116 according to the instructions received from
the decoder selection stage 110. The first input signal X is applied
directly to the input of the first decoder 114 and also to the input of 116
second decoder through a first interleaver stage 118. The output of the
first decoder 114 is passed to the input of the second decoder 116 through
a second interleaver 120. The second input P1 signal is also applied to an
input of the first decoder 114. The output of a deinterleaver stage 122
which has as its input the output of the second decoder 116, is applied as
a further input signal to the first decoder 114. A further input signal P2
is applied directly to an input of the second decoder 116. Thus, the second
decoder 116 receives, as inputs, the further input 



signal P2, the output of the first decoder 114 via the second interleaver
120,   17 and the output of the first interleaver 118. The decoded signal
is obtained from the output of the second decoder 116. Thus, it has been
appreciated that the four RSC encoders necessary in conventional systems
having a separate coding system for each code, may be replaced by a single
shift register, as shown in the encoding section 100 of Figure 9. It has
also been appreciated that the connections between the shift register and
MODIXOR operation may be configured by a generator matrix, according to the
code to be applied, to support different encoders, as is shown in Figure 9.
Furthermore, a dynamically configured max-log-MAP (maximum a posteriori)
decoder is employed in the system of Figure 9. This max-log-MAP decoder may
perform decoding tasks, for example, for different recursive systematic
convolutional (RSC) codes, with the generator matrix determining the
decoding method to be applied according to the instructions from the
decoder selection stage 110. A reconfigurable max-log-MAP decoder which may
be used in the system of Figure 9, is a modified Viterbi decoder. The
structure of a max-log-MAP decoder according to a preferred embodiment of
the invention is illustrated in Figure 10. The decoder 124 of Figure 10
comprises three function stages. The input signal is applied to a first
stage 126 which is a trellis generation stage. This stage 126 generates the
trellis structure information for the turbo code to be decoded. The trellis
structure depends on the generator matrix of the RSC code for the turbo
code to be decoded. The output of the trellis generation stage 126 is
applied to a second stage 128 which is a path metrics calculation stage.
The path metrics calculated in the path metrics calculation stage 128
include alpha and beta functions, where   18 alpha represents probability
distributions accumulated in the forward direction along the trellis
structure and beta represents probability distributions accumulated in the
backward direction along the trellis structure. The alpha and beta path
metrics are obtained through the forward and backward recursions
respectively. The output of the path metrics calculation stage 128 is
applied to the input of an extrinsic information calculation stage 130.
Extrinsic information lambda may be used as a priori input information by a
further decoder (not shown). Lambda is determined by the alpha and beta
path metrics. The trellis generation stage 126 and the path metrics
calculation stage 128 are closely related to the trellis structure defined
by the generator matrix of an RSC code. By adding a generator matrix to
control the settings of the trellis generation stage 126 and the path
metrics calculation stage 128, a reconfigurable max-log-MAP decoder, may be
constructed. Such a reconfigurable decoder will decode different RSC
convolutional codes. Thus, such a decoder may therefore be used to decode
different turbo codes. Figure 11 shows a reconfigurable max-log-MAP decoder
132 according to a preferred embodiment of the invention for use, for
example, in the system of Figure 9. The decoder 132 of Figure 11 comprises
a generator matrix stage134, the output of which is coupled to the input of
a trellis generation stage 136 and the input of a path metrics calculation
stage 138. The generator matrix stage 134 is instructed by the decoding
selection stage (not shown) to determine the decoding method to be applied.
The input signal is applied to the trellis generation stage 136 to generate
the trellis structure information for the turbo code to be decoded. The
output of the trellis generation stage 136 is passed to the input of the
path metrics   h 19 calculation stage 138. Alpha and beta functions are
calculated in the path metrics calculation stage 138, where alpha
represents probability distributions accumulated in the forward direction
along the trellis structure and beta represents probability distributions
accumulated in the backward direction along the trellis structure. The
alpha and beta path metrics are obtained through the forward and backward
recursions respectively. The output of the path metrics calculation stage
138 is applied to the input of an extrinsic information calculation stage
140 and extrinsic information lambda may be used as a priori input
information by a further decoder (not shown). Lambda is determined by the
alpha and beta path metrics. Thus, the decoder 132 of Figure 11, when used
in a system such as that of Figure 9, may support the decoding of different
turbo codes by sharing common core modules, thereby reducing the complexity
and cost of the system. In a further preferred embodiment (not shown), the
first two embodiments described above in connection with Figures 3 and 9
may be combined. In a general codec according to this further embodiment
for use in a wireless communication system) several types of convolutional
codes and turbo codes may be used for encoding and decoding. 



In the encoder section, all convolutional and/or RSC encoders may share the
same shift register, and the connections between the shift register and
MOD/ XOR operation stages may be configured to support the different
encoding systems. In the decoding section, a reconfigurable Viterbi decoder
of the type shown in Figure 11 may be used to perform decoding tasks for
different convolutional and RSC codes, with the generator matrix
controlling the configuration of the decoder.   S 20 Embodiments of the
present invention have widespread applicability as multiple FEC/channel
codes are quite common in wireless communications systems. Embodiments of
the present invention aim to permit a reduction in the implementation cost
and to enhance the flexibility of wireless communication terminals, base
stations and access points.   21 Claims: 1. An encoder system for encoding
a signal according to any of a number of FEC and/or channel codes, the
system comprising: a shift register; an array of MOD/XOR stages coupled to
the shift register; a generator matrix stage coupled to the shift register
and/or the array of MOD/XOR stages to control one or more connections
between the shift register and the MOD/XOR stages; an encoder selection
stage arranged to select a coding format to be used to encode an incoming
signal; the generator matrix stage being arranged to alter the one or more
connections between the shift register and the MODIXOR stages according to
the coding format selected by the encoder selection stage. 2. An encoder
system according to claim 1, wherein the generator matrix stage is arranged
to alter the one or more connections between the shift register and the
MOD/XOR stages according to a WLAN coding format, and/or a WCDMA coding
format, and/or a WLAN OFDM coding format, and/or a WLAN PBCC coding format.
3. An encoder system according to claim 1, wherein the generator matrix
stage is arranged to alter the one or more connections between the shift
register and the MOD/XOR stages according to a turbo coding format. 4. An
encoder system according to claim 1, wherein the generator matrix stage is
arranged to alter the one or more connections between the shift register
and the MOD/XOR stages according to a WLAN coding format,   



22 and/or a WCDMA coding format, and/or a WLAN OFDM coding format, and/or a
WLAN PBCC coding format, and/or a turbo coding format. 5. A decoder system
for decoding a signal encoded according to any of a number of FEC and/or
channel codes, the system comprising: a decoding stage; a generator matrix
stage coupled to the decoding stage to configure the decoding stage to a
decoding code format to be applied to decode an incoming signal; a decoder
selection stage coupled to the generator matrix stage and arranged to
select a decoding code format to be used to decode an incoming encoded
signal; wherein the decoder selection stage is arranged to instruct the
generator matrix stage to configure the decoding stage according to the
decoding code format selected by the decoder selection stage. 6. A decoder
system according to claim 5, wherein the decoding stage comprises a
reconfigurable Viterbi decoder. 7. A decoder system according to claim 6,
wherein the reconfigurable Viterbi decoder comprises: the generator matrix
stage; a branch generation stage for generating one or more branches
according to the generator matrix stage, the branch generation stage having
an output;    23 a branch metric calculation stage controllable by the
generator matrix stage, the branch metric calculation stage having an input
connected to the output of the branch generation stage, and an output; an
add-compare-select stage having an input connected to the output of the
branch metric calculation stage, and an output; and a survivor memory stage
having an input connected to the output of the add-compare-select stage; 



wherein the branch metric calculation stage is arranged to calculate one or
more branch metrics which are applied to the input of the add
compare-select stage; and wherein the add-compare-select stage is arranged
to locate one or more survivor paths from a number of transitions between
states in a trellis defined by the branch generation stage, the survivor
memory stage being arranged to store the one or more survivor paths; the
decoder being arranged to apply a trace back mechanism to the survivor
memory stage during decoding to produces a decoded signal. 8. A decoder
system according to any one of claims 6 or 7, wherein the decoder selection
stage is arranged to instruct the generator matrix stage to configure the
decoding stage according to any one or more decoding code formats
associated with convolutional codes of WLAN and/or WCDMA communication
systems as selected by the decoder selection stage. 9. A decoder system
according to claim 5, wherein the decoding stage comprises: one or more
reconfigurable Max-Log-MAP decoders.    24 10. A decoder system according
to claim 9, wherein decoding stage further comprises one or more
interleaver stages couplable to one or more of the one or more
reconfigurable Max-Log-MAP decoders. 11. A decoder system according to any
one of claims 9 or 10, wherein the decoding stage further comprises a
de-interleaver stage couplable to one or more of the one or more
reconfigurable Max-Log-MAP decoders. 12. A decoder system according to
claim 10) wherein an interleaver stage is coupled between a first
reconfigurable Max-Log-MAP decoder and a second reconfigurable Max-Log-MAP
decoder. 13. A decoder system according to claim 11, wherein a
de-interleaver stage is coupled between a first reconfigurable Max-Log-MAP
decoder and a second reconfigurable Max-Log-MAP decoder. 14. A decoder
system according to any one of claims 9 to 13, wherein the one or more
reconfigurable Max-Log-MAP decoders comprise: the generator matrix stage
having a output; a trellis generator stage having an input connectable to
the output of the generator matrix stage, and an input; a path metrics
calculator stage having an input connectable to the output of the trellis
generator stage, the path metrics calculator stage having an output; and 



an extrinsic information calculation stage having an input connectable to
the output of the path metrics calculator stage; wherein the generator
matrix stage being arranged to configure the trellis generator stage and
the path metrics calculator stage according to the selected code as defined
by the decoder selection stage.    25 15. A decoder system according to
claim 5, wherein the decoding stage comprises a reconfigurable decoder
arranged to perform decoding tasks for different convolutional and/or RSC
codes depending on the decoding code format selected by the decoder
selection stage. 16. A decoder system according to claim 5, wherein the
decoding stage comprises a reconfigurable decoder arranged to perform
decoding tasks for one or more turbo codes depending on the decoding code
format selected by the decoder selection stage. 17. A coding and decoding
system (codec) for encoding and decoding a signal according to any of a
number of FEC and/or channel codes comprising the encoder system of any one
of claims 1 to 4. 18. A coding and decoding system (codec) for encoding and
decoding a signal according to any of a number of FEC and/or channel codes
comprising the decoder system of any one of claims 5 to 16. 19. A coding
and decoding system (codec) for encoding and decoding a signal according to
any of a number of FEC and/or channel codes comprising an encoder system,
and a decoder system, wherein the encoder system comprises: a shift
register; an array of MOD/XOR stages coupled to the shift register; a
generator matrix stage coupled to the shift register and/or the array of
MOD/XOR stages to control one or more connections between the shift
register and the MODIXOR stages; an encoder selection stage arranged to
select a coding format to be used to encode an incoming signal;   26 the
generator matrix stage being arranged to alter the one or more connections
between the shift register and the MOD/XOR stages according to the coding
format selected by the encoder selection stage; and wherein the decoder
system comprises: a decoding stage; a generator matrix stage coupled to the
decoding stage to configure the decoding stage to a decoding code format to
be applied to decode an incoming signal; a decoder selection stage coupled
to the generator matrix stage and 



arranged to select a decoding code format to be used to decode an incoming
encoded signal; wherein the decoder selection stage is arranged to instruct
the generator matrix stage to configure the decoding stage according to the
decoding code format selected by the decoder selection stage. 20. A method
for encoding a signal according to any of a number of FEC and/or channel
codes, the method comprising the steps of: selecting in an encoder
selection stage a coding format to be used to encode an incoming signal;
altering in a generator matrix stage one or more connections between a
shift register and one or more MOD/XOR stages according to the selected
coding format selected by the encoder selection stage. 21. A method for
decoding a signal according to any of a number of FEC and/or channel codes,
the method comprising the steps of: selecting in a decoder selection stage
a decoding code format to be used to decode an incoming encoded signal;
27 applying the selected decoding code format to a generator matrix stage;
and configuring using the generator matrix stage a decoder stage to decode
an incoming signal according to the selected decoding code format.
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