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(57) Abstract: A parallel convolutional coder (104) comprising: a plurality of serial convolutional coders (108) each having a register with a plurality of memory cells and a plurality of serial coder outputs,- input means (120) from which data can be transferred
in parallel into the registers,- and a parallel coder output (124) comprising a plurality of output memory cells each of which is connected to one of the serial coder outputs so that data can be transferred in parallel from all of the serial coders to the parallel coder
output.
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PARALLEL CONVOLUTIONAL CODER

Field of the Invention
The present invention relates to digital communication systems and in
particular to covolutional coders for use in such systems.

Background to the Invention
In data communications, the data to be sent often travels over harsh
environments which distort the signal and add noise. A receiver will also
add its own thermal noise to the received signal. A convolutional coder
accepts the original data bits to be sent and adds redundancy to the data
so that, at the receiver, an estimate of the original data input to the
encoder can be found even in the presence of noise. A convolutional
decoder is required at the receiver; this is almost exclusively a Viterbi
decoder, but can take other forms.

A convolutional coder is used in most digital communication systems
including Wireless LAN (W-LAN and WiFi), digital television (DVB-T,
DVB, ISDB), handheld devices (DVB-H, T-DMB), and Wireless-USB,
but also in CD and DVD.

The convolutional coder has a number of interconnected memory elements
each of which is in a particular state which changes each clock cycle. It
works by accepting a steam of bits to be sent and, with the arrival of each
bit, modifying the states of the coder memory elements with the new bit
and feedback from the current states of the memory elements. There are
also a number of output elements, the state of which depends on the states
of the memory elements, and for each new bit input, a corresponding set
of output bits is produced. Rather than a single bit, the coder may accept
more bits at each step. If a coder accepts k bits in, and outputs n bits out,
n must be > k, and the coder is said to be a k/n coder. In many systems
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k/n is 1/2 or 1/3. This ratio is generally termed the mother code. The
resulting bits are usually collected in series as A, B, C

and passed to

a puncturing system.

The addition of redundancy in the coder means that the coded data is
much larger than the original data before coding; therefore the transmitter
would have more data to send. Since the receiver is capable of correcting
for errors, and the additional bits are related to the original bits in a
known way, it is possible to remove certain bits from the output of the
coder and not send then, and use the error correcting capability of the
decoder to estimate what the removed bits were. This process is termed
puncturing. In the transmitter puncturing is performed after the coder,
and in the receiver the opposite step of de-puncturing is performed before
the decoder.

Puncturing reduces the number of bits that need to be sent, but also
allows for a trade-off between speed and reliability as puncturing takes
away some of the error correcting capability of the decoder.

Particular systems generally have variable puncturing levels. For example
Wireless-USB ECMA-368 defines a mother code of 1/3, and by varying
the puncturing various code rates are achieved, which can be selected at
any time depending on the prevailing conditions:

1/3 rate, by doing no puncturing;
1/2 rate, by removing 1 bit of every 3 coded bits, therefore
1/3 * 3/2 = 1/2;
5/8 rate, by removing 7 bits of every 15 coded bits, therefore
1/3 * 15/8 = 5/8;
3/4 rate, by removing 5 bits of every 9 coded bits, therefore
1/3 * 9/4= 3/4.
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The order of removal is very important to ensure that the transmitter and
receiver are synchronised. The order will be referred to in more detail
below.

As data rates get higher, we start to reach fundamental limits for the
technology being used to deploy the system. For ECMA-368, various
code rates are used for different data rates to achieve the same
transmission rates.

For a data rate of 480Mbit/sec - 1/3 rate encodes 1440Mbit/sec,
punctures down to an overall 3/4 coder, therefore data out of puncturing
block is 640Mbit/sec.
For a data rate of 400Mbit/sec - 1/3 rate encodes 1200Mbit/sec,
punctures down to an overall 5/8 coder, therefore data out of puncturing
block is 640Mbit/sec.
For a data rate of 320Mbit/sec - 1/3 rate encodes 960Mbit/sec, punctures
down to an overall 1/2 coder, therefore data out of puncturing block is
640Mbit/sec.

Considering that the latest Field Programmable Gate Arrays FPGA's are
at best capable of clocking at just over 500MHz, then the above clock
rates become an issue. It is possible to have a coder that at the same time
punctures, thus having a maximum rate of 640MHz, but this rate is still
very high.

Summary of the Invention
Accordingly the present invention provides a parallel convolutional coder
comprising: a plurality of serial coders each having a register with a
plurality of memory cells and a plurality of serial coder outputs; input
means from which data can be transferred in parallel into the registers;
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and a parallel coder output comprising a plurality of output memory cells
each of which is connected to one of the serial coder outputs so that data
can be transferred in parallel from all of the serial coders to the parallel
coder output.

Preferred embodiments of the present invention will now be described by
way of example only with reference to the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a diagram of a serial convolutional coder forming part of an
embodiment of the invention;

Figures 2a, 2b and 2c are diagrams illustrating different coding rates and
puncturing orders which can be provided using embodiments of the
invention;

Figure 3 is a diagram of part of a transmitter including a coder according
to an embodiment of the invention;

Figure 4 is a diagram of a coder according to an embodiment of the
invention;

Figure 5 is a diagram of a coder according to a further embodiment of the
invention;

Figure 6 is a diagram of a coder according to a still further embodiment
of the invention;

Figure 7 is a diagram of a coder according to a further embodiment of the
invention; and

WO 2009/147401

PCT/GB2009/001406

Figure 8 is a schematic diagram of a transmitter according to a further
embodiment of the invention.

Description of the Preferred Embodiments
Referring to Figure 1 a serial convolutional coder 8 which forms part of
various embodiments of the invention comprises an input 10 and a shift
register comprising a series of memory elements 12a, 12b, 12c, 12d, 12e,
12f. The input is connected to the first memory element 12a so that input
data is entered into the first memory element 12a, and the other memory
elements are connected together so that the data is forwarded from each
one to the next along the series at each clock pulse. A network of EXOR
gates 14 are connected between the memory elements 12 and three outputs
16, which are labelled output A, output B and output C. The output bit at
each of the outputs therefore changes with each clock pulse, i.e. with
each new bit arriving at the input, and is dependent on the contents of
several of the memory elements 12, and therefore on a number of
consecutive bits in the input bit stream. This coder is a 1/3 coder, and
coders with other mother codes operate in a similar manner.

If puncturing is to be applied to the output of the coder 8, then different
puncturing structures can be used depending on the degree of puncturing
that is required. In embodiments of the invention puncturing and coding
can be performed simultaneously, but they will be referred to here as
separate steps as that is how they are conventionally performed. Referring
to Figure 2a, if an overall rate of the coder and puncturing is to be a 1/2
rate, then one of each group of three output bits needs to be removed by
the puncturing, which can be the bit produced at output B. Therefore for
each input bit Xo, the coder 8 produces 3 output bits Ao, B„ and C„. The
puncturing then removes the second of these bits B0 so that the punctured
data includes just two of the bits Ao and €„. This is the data that is
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transmitted. In the receiver, the two bits

AQ

and Co are received. The de-

puncturing inserts a dummy bit which is an estimate of the original bit

BQ

to reconstruct the coded data. The de-coder then decides the coded data
stream to determine the original data bit y,,. In embodiments of this
invention, several coders each providing a V2 rate can be arranged to
operate in parallel as will be described in more detail below.

Referring to Figure 2b, if an overall rate of 5/8 is required, then five
consecutive input bits Xo to xA can be input in parallel to five serial
coders, with each of the five serial coders producing a group of three
output bits Ao Bo Co for the first serial coder, A, B, C, for the second
coder etc. This coded data can then be punctured by removing one bit
from three of the groups and two bits from each of the other two groups
as shown, leaving eight bits which are used to produce the punctured data
stream for transmission. Again, in the receiver, the de-puncturing reinserts estimated values of the removed bits, and the original data is
decoded from the de-punctured data.

Referring to Figure 2c, of an overall rate of 3/4 is required, three
consecutive input bits x, x2 X3 are input in parallel to three serial coders to
produce three groups of three bits. This encoded data is then punctured to
reduce the nine bits to four bits in the punctured data stream for
transmission. The de-puncturing and de-coding is performed in a similar
manner.

Referring to Figure 3, a transmitter according to an embodiment of the
invention comprises a memory device 100,

a parallel side stream

scrambler 102 and a parallel convolutional coder 104.

A control system

is arranged to fetched data from the memory device 100 in words of N
bits, in this case N being 16, and input them to the parallel side stream
scrambler 102. The scrambler 102 is arranged to scramble the input data
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and output it as scrambled data, again in words of N bits. The scrambled
data forms the input to the coder 104 which is arranged to output coded
and punctured data in words, in this case, of eight bits. Since the coding
process increases the number of bits, the coder 104 has to output more
than one word for each input word it receives.

Referring to Figure 4, the coder 104 in this embodiment is a parallel M
coder and comprises six serial coders 108a, 108b, 108c, 108d, 108e, 108f
each of which is essentially the same as the coder 8 of Figure 1 including
six memory elements 112 and three outputs 116. The network of EXOR
gates between the memory elements 112 and the outputs 116 are present
in each serial coder, but omitted from Figure 4 for simplicity. The coder
104 also comprises an input register 120 comprising 16 memory cells 122
into which the input data can be loaded and an output register 124
comprising eight memory cells 126 in which the coder output is held for
outputting in parallel as an eight-bit word with bits O, to (V

In other

embodiments, the input and output registers can have different sizes, for
example the input word could be 32 bits and the output word 16 bits.

Rather than use all of the three outputs A, B, C from each of the serial
coders 108a - 108f, in order to perform the equivalent of coding and
puncturing at the same time, only eight of the total of 18 outputs are
connected to the output register 124. For example, as shown, outputs A
and B from the first serial coder 108a are connected to the first and
second memory cells in the output register 124 to provide output bits O,
and 02, while output C from the first serial coder 108a is not connected to
the output register. Only output C from the second coder 108b is input to
the output register 124 to provide output bit 03, as are output C from the
third coder 108c to provide output bit O4, outputs A and B from the
fourth coder 108d to provide output bits O5 and 06, and output C from
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each of the fifth and sixth coders 108e, 108f to provide output bits O, and
08.
It will be seen that the coder of Figure 4 employs the puncturing structure
of figure 2c, and codes 6 bits directly into 8 bits (i.e. 6/8 = 3/4 directly
computed) using 6 registers of 6 bits each, all in one clock cycle.

In operation the 16 bit word is loaded into the input register 120, and the
selected 6 input bits (in this case j..o) are taken from the input register
120 and each input to the start of a respective one of the shift registers.
The loading of data into the registers is controlled by an input control
system 140 which will be described in more detail below. As in the
structure of Figure 2c, the outputs A and B from the first serial coder are
used for the first code operation, then only C and then only C, with this
code repeated thus we take outputs A,, B,, C2, C3, A4, B4, C5, C6 into the
8 bit output word, where A, is the A output from the first serial coder
etc.. It must be understood that as in Figure 1, previous bits must be
allowed to propagate from the start to the end of the short registers,
hence bits previous to the current input are present in the registers and
affect the outputs A, B, C.

When the coder starts, all the registers will be cleared to 0. The N-bit
input word is applied and the first 6 bits are used (a..f) with a being
placed into the bottom of register 1 (108a), a being in the second to
bottom and b being in the bottom of register 2 (108b), so that each
register holds six bits from the input sequence, with each register being
one bit ahead in the sequence compared to the previous register. This
results in a diagonal structure of stored data, with the bit in each element
of each register being the same as the bit in the previous element in the
adjacent register. With the encoding of each block of 6 input bits the
registers effectively all advance by 6 ready for the next block of 6 bits in

WO 2009/147401

PCT/GB2009/001406

9
the input word. Therefore at each step, the bit in the first element of the
last register 108f moves to the second element in the first register, the
third element in the second register, the fourth element in the fifth
register etc.

As can be seen all the above operation can be done in one clock cycle all
at the same time with the input control system 140 changing the content
of each cell in each register to move it on along the input word by a
number of places equal to the number of registers, in this case six. Only
one clock is needed for the general operation as 6 bits are coded to 8, but
the arrival of the N-bit input word must be correct.

It will be appreciated that, with six bits being taken from the input
register at each step, after two steps there will only be four bits left in the
input register to input to the serial coders 108a-f. Therefore the input
control system 140 acts as a buffer between the input register and the
serial coders 108a-f. At each clock cycle the input control system has two
possible operations depending on whether there are six new bits in the
input register to be input to the serial coders 108a-f. If there are, then
those bits are input into the serial coders 108a-f. If there are less than six
new bits then the input control system 140 stores the remaining bits from
the word currently in the input register, then waits for the next 16 bit
word to be loaded into the input register, and takes sufficient bits from
the beginning of the new word to make up, together with the stored bits,
a total of six bits. These six stored bits are then used to update the serial
codes and shift them forward another stage of six places. It will be seen
that the system will operate in cycles of three input words, the first of
which will have its last four bits combined with the first two bits of the
second word, the second will have its last two bits combined with the first
four bits of the third word, leaving twelve bits from the third word to
complete the cycle. As this cycle will be repeated, the input control

WO 2009/147401

PCT/GB2009/001406

10
system can be set up to simply run through this cycle on a repeating
basis. It will be appreciated that the rate at which words are entered into
the input register will be lower than the clock rate at which the parallel
coder operates.

The action of the coder 8 is to only use a sub-set of the data presented at
its input, and code that sub-set in parallel creating a set of coded bits all
at the same time.

Referring to Figure 5, a coder according to a further embodiment of the
invention is constructed on the same principles as that of Figure 4, but in
this case is arranged to provide an overall coding rate of 5/8. The input
register 220 and output register 224 again have 16 and 8 memory
elements respectively. In this case there are only five serial coders 208a 208e. To correspond with the puncturing structure of Figure 2b, outputs
A and B from each of the first coder 108a, the third coder 108c and the
fifth coder 108e, and output C from coders 108b and 108d are input to the
output register 224, with the output bits in the output word being taken
from the serial coders in order of first 108a to fifth 108b, and in order A
to C from the outputs of each coder. In this case, only five bits are taken
from the input register at each clock cycle and each of the registers is
moved on by five places at each clock cycle.

Referring to Figure 6, a parallel coder according to a further embodiment
of the invention is arranged to provide a 1/2 rate, and is again constructed
on the same basis as the parallel coder of Figure 4. In this case there are
four serial coders 308a-308d, a sixteen bit input register 320 from which
bits are taken in groups of four to input to the serial coders, and an
output register 324 of eight bits. In this case the outputs A, B, C, from
the four coders 308a-308d are connected to the output register 324 so as
to mirror the puncturing structure of Figure 2a, with the eight output bits
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taken in order from outputs A and C of the four serial coders 308a in
order. The shift registers are moved on four places at each coding step.

Referring to Figure 7, in a further embodiment of the invention a single
parallel convolutional coder is structured in a similar manner to that of
Figure 4 with input register 420, output register 424 and six serial coders
408a-408f. However, in this case the coder is re-configurable so as to
operate in the same way as any one of the coders of Figures 4 to 6. to
achieve this each of the outputs A, B, C, from each of the serial coders
408a-408f is connected via a switch 450 to each of the output register
elements 426 that it needs to be connected to for any one of the three
configurations. In this case only serial coders 408a to 408e are used for
the configuration of Figure 5, and serial coders 408a to 408d are used for
the configuration of Figure 6. For example, output A from the first serial
coder 408a is connected via a switch 450 to output element Oj output B
from the first serial coder 408a is connected via a switch to output
element O2 output C from the first serial coder 408a is connected via a
switch to output element O2. Some of the outputs are connected to two of
the output elements, for example output C from the second serial coder is
connected by switches to output element O3 as that is required for the
configuration of Figure 5 and by a separate switch to output element O4 as
that is required for the configuration of figure 6. Only the connections for
the first serial coder 408a are shown in Figure 7 for simplicity. A switch
control system 452 is arranged to control all of the switches 450 so that
the coder can be switched between the three configurations to provide
different coding rates as required. Similarly the input control system 440
is operable in three modes to transfer bits from the input register 420 in
groups of six, five or four to the appropriate group of serial coders 408
which are being used for the current configuration.

WO 2009/147401

PCT/GB2009/001406

12
Referring to Figure 8, in a further embodiment of the invention a
transmitter comprises a memory device 500 and a parallel scrambler 502,
and three separate parallel convolutional coders 504, 505, 506. One of
these is a 3/4 coder of Figure 4, one is a 5/8 coder of Figure 5 and one is
a 1/2 coder of Figure 6. A controller 560 is arranged to control operation
of the transmitter, and is arranged to switch the output of the scrambler
502 to one of the coders 504, 505, 506, so that the most appropriate
coder can be selected in any particular circumstances. Since each of the
coders is arranged to receive data into its input register in words of the
same length, and to output data in words of the same length, switching
between the three coders is a simple operation. Furthermore, because all
of the coders are made up of the same basic components: the same basic
serial coder units, the same input and the same output, the manufacture of
a transmitter having the three coders on it is relatively simple.

The embodiments described have a number of advantages over known
systems. Having a two-stage process of coding and puncturing is wasteful
as data that is not needed is calculated, and this is avoided with the one
stage coding and puncturing of these embodiments. Also the output rate of
the parallel convolutional coder is much lower than the conventional
convolutional coder. This is important as electrical power dissipation
increases as the switching rate increases; thus it is advantageous to keep
the rates as low as possible.
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Claims
1. A parallel convolutional coder comprising: a plurality of serial
coders each having a register with a plurality of memory cells and a
plurality of serial coder outputs; input means from which data can be
transferred in parallel into the registers; and a parallel coder output
comprising a plurality of output memory cells each of which is
connected to one of the serial coder outputs so that data can be
transferred in parallel from all of the serial coders to the parallel
coder output.

2. A coder according to claim 1 wherein each parallel coder output
cell is connected to a different one of the serial coder outputs.

3. A coder according to claim 1 or claim 2 wherein there are fewer
output memory cells than serial coder outputs and data from some of
the serial coder outputs is not transferred to the parallel coder output.

4. A coder according to any foregoing claim wherein each of the
serial coders further comprises a network of components connecting
the register to the outputs.

5. A coder according to any foregoing claim wherein all of the serial
coders are identical to each other.

6. A coder according to any foregoing claim wherein the input means
comprises a plurality of input memory cells and input control means
arranged to transfer data from the memory cells in parallel to the
registers.

7. A coder according to claim 6 wherein the input control means is
arranged to input data to the registers in cycles wherein, in each cycle,
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each of the registers is moved on by a number of steps equal to the
number of serial coders.

8. A coder according to claim 6 or claim 7 wherein there are a greater
number of input memory cells than registers.

9. A coder according to any foregoing claim further comprising
control means arranged to control the loading of data into the input
means so that new data is only loaded into the input means when all of
the data currently in the input means has been input to the serial
coders.

10. A coder according to any foregoing claim wherein switching means
is provided to alter which of the serial coder outputs is connected to
which of the output memory cells, so that the code rate of the coder
can be altered.

11. A coder according to claim 10 wherein the switch means is
arranged to vary the number of the serial coders of which any outputs
are connected to the output memory cells.

12.A coder according to claim 11 wherein transfer means is provided
to transfer data from the input to the registers, and the transfer means
is arranged to alter the number of the registers to which data is input.

13.A transmitter comprising a plurality of parallel convolutional
coders each of which is a coder according to any foregoing claim.

14. A

transmitter

according

to

claim

13

wherein

the

parallel

convolutional coders are arranged to have different code rates, the
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transmitter further comprising control means arranged to select one of
the coders depending on the code rate required.

15.A transmitter according to claim 14 wherein all of the coders have
parallel coder outputs with the same number of memory cells.

16.

A transmitter according to claim 14 or claim 15 wherein all

of the coders have input registers with the same size.
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