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1
COMMUNICATION SYSTEM EMPLOYING
TURBO CODES AND A HYBRID
AUTOMATIC REPEAT REQUEST SCHEME

FIELD OF THE INVENTION

The present invention relates to a communication system
which operates a hybrid automatic repeat request (HARQ)
scheme. The invention further relates to the methods of
signal transmission and reception performed by the com-
munication system, and to transmitters and receivers within
the system.

BACKGROUND OF THE INVENTION

Many communication systems can be generally described
as including a first unit (transmitter) which is to send a
message to a second unit (a receiver). Frequently, the
transmitter includes an encoder for using the message to
generate a signal which is actually transmitted, and the
receiver includes a corresponding decoder for reconstructing
the message from the signal.

Recently turbo codes have become widely used in such
communication systems. FIG. 4 shows schematically the
structure of an encoder 20 used to produce a turbo code
signal with a coding rate (i.e. the ratio of the number of bits
of the message input to the encoder to the number of bits
output as the signal) of 4. A message enters the encoder 20
from the left of FIG. 4 as a bit stream. Each input bit is
output as corresponding “systematic bit” S. The input bit
stream is also transmitted to a first convolutional encoder 23.
The input bit stream is also transmitted to an interleaver 21,
and from there to a second convolutional encoder 25. For
each “systematic bit” S output by the encoder, the first
convolutional encoder 23 generates a corresponding first
parity bit P1, and the second convolutional encoder 25
generates a corresponding second parity bit P2.

There are various ways to modify the encoder 20 of FIG.
4 to get a coding rate of 4. One is provide an extra
interleaver receiving the output of interleaver 21, and an
extra convolutional encoder receiving the output of the extra
interleaver. Another method is to generate %4 Turbo codes
from Y5 Turbo codes by rate matching (bits repetition). A
third method is to generate % Turbo codes from 5 Turbo
codes by rate matching (bits puncturing). Note in this case,
two convolutional encoders with coding rate of %2 are used
to obtain the %5 Turbo codes.

The receiver reconstructs the message from this message
using a decoder which operates, in a well known fashion,
using a forward error correction (FEC) algorithm.

Such communication systems frequently have to operate
at multiple coding rates. To do so they frequently employ
“rate matching”. That is, a rate matching unit in the trans-
mitter processes the output of the encoder to convert its
coding rate to a second coding rate. In the case that the
second coding rate is higher than the encoder’s coding rate,
the rate matching is performed by “puncturing” the encoder
output (i.e. omitting bits of it). In the case that the second
coding rate is lower than the encoder’s coding rate, “rep-
etition” is performed (i.e. the encoder output is modified so
that one or more of its bits are repeated). The output of the
rate dematching unit is then transmitted by a physical signal
transmission unit (such as a radio transmission unit in the
case that the communication is by radio) to the receiver as
a signal (e.g. data packet).

For many communication systems, in the case that the
receiver is unable to reconstruct the message from the signal
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it receives (due to noise) the receiver is able to cause the
transmitter to transmit a further signal (also derived from the
message) to the receiver. For example, in the case that a
certain message not correctly reconstructed, the receiver
may send a NACK signal to the transmitter, which responds
by transmitting the further signal. As discussed below, the
further signal may be identical to the further signal, or may
be different. In some systems, this loop can be performed
until the receiver correctly reconstructs the message. In other
systems, there are a maximum number of transmissions.

To meet the demand for the wideband and high data rate
multimedia communications, several advanced technologies
have been proposed to achieve high peak data rate. Hybrid
automatic repeat request (HARQ) communication is one of
them. HARQ is defined as any combined ARQ and forward
error correction code (FEC) method in which the receiver
stores failed decoding attempts (i.e. received signals which
the decoder failed to decode) for future joint decoding.
HARQ is an implicit link adaptation technique.

There are two major methods for implementing HARQ—
Chase combining and Incremental Redundancy (IR). Chase
combining involves the retransmission by the transmitter of
the same coded data packet. The decoder at the receiver
combines these multiple copies of the transmitted packet
weighted by the received signal to noise ratio (SNR).
Diversity gain is thus obtained. Incremental redundancy is
another implementation of the HARQ technique wherein
instead of sending simple repeats of the entire coded packet,
additional redundant information is incrementally transmit-
ted if the decoding fails on the first attempt. In this case,
there are several different transmission versions of the coded
packet.

In general, IR can only provide significant gain for high
coding rate (greater than or equal to 0.5) and high order
modulation (greater than or equal to 16) compared with
Chase combining. Meanwhile, IR is much more complex in
terms of memory, processing, and signalling requirements.

Motorola has proposed a HARQ scheme based on block
interleaving and bit priority mapping (BMP) [1]. This
scheme is quite complex as it employs block interleaving
and BMP to generate different IR redundancy versions.
Ericsson introduced a HARQ scheme based on rate match-
ing technique [2]. It uses two stages of rate matching to
generate IR redundancy versions and only two IR redun-
dancy versions can be generated. The frame error rate (FER)
performances of these two methods are quite similar and no
significant gain is observed compared with that of Chase
combining [3]. In [4], Siemens proposed a HARQ scheme
by means of rate matching and symbol mapping based on
priority (SMP). This method provides 0.9 dB gain over
Chase combining for 16 QAM with coding rate of %2. For 16
QAM with coding rate of ¥, the corresponding gain is 1.7
dB. All these gains are measured at FER with 0.01 in
Additive Wideband Gaussian Noise (AWGN) channel.

As mentioned previously, the challenges of HARQ imple-
mentation for communication systems using Turbo codes
are a) how to keep the scheme as simple as possible; b) how
to achieve as much gain as possible. The method from
Motorola is very complex and provides marginal gain over
Chase combining. The method from Ericsson is simple but
there is no significant gain over Chase combining. The
method from Siemens can provide some gain over Chase
combining but it is also complex.

IPR2023-01272 Page 5
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SUMMARY OF THE INVENTION

The present invention aims to provide new and useful
methods and systems for data communication.

In general terms the present invention proposes a HARQ
system which uses IR for at least one transmission format.
The multiple IR signals are derived from a single encoded
signal (i.e. the output of an encoder) by permuting and rate
converting that encoded signal in respective ways.

As demonstrated below by simulation, the present pro-
posal achieves a better performance than the known tech-
niques described above, while its implementation is simpler.

Specifically, in a first expression, the present invention
proposes a method of transmitting a message comprising:

(i) generating from the message a first version of encoded
data having a first coding rate;

(i1) permuting said first version to obtain at least one
further version of said data also having the first coding
rate;

(iii) converting one of said versions to a second coding
rate, and transmitting a first signal generated from the
converted version; and

(iv) in response to a retransmission request, transmitting
a further signal generated from another of said versions
and having said second coding rate.

The various versions may be stored (in a buffer unit called
here a redundancy version store) at the first coding rate and
one of the stored versions is converted to the second coding
rate upon receipt of a retransmission request.

It is particularly envisaged that the invention will be
useful when the second coding rate is higher than the first
coding rate (so that the rate matching includes puncturing).
If the encoding is turbo encoding, then the encoded data
includes systematic bits and parity bits. In this case the first
transmitted signal preferably includes the systematic bits but
punctures the parity bits.

Generally, the transmitter will be able to operate in any of
plural transmission formats, each associated with corre-
sponding coding rates (which need not all be different from
each other). That is, said transmissions are in a selected one
of the formats.

Note that it is not necessary to the invention that IR is used
for all transmission formats. For example, the extra com-
plexity required to perform the permutation may not be
sufficiently advantageous for certain formats. Thus, for some
formats, step (iv) may be replaced by a step of retransmitting
the first transmitted signal in response to the retransmission
request.

In a second expression, the present invention provides a
transmitter for use in a communication system, the trans-
mitter comprising:

(1) an encoder for receiving a message and using the
message to generate a first version of encoded data
having a first coding rate;

(ii) a permutation unit for permuting said first version to
obtain at least one further version of said encoded data
also having the first coding rate;

(iii) a rate matching unit for converting data at the first
coding rate to a second coding rate;

(iv) a signal transmission unit for receiving the output of
the rate matching unit and transmitting a corresponding
signal at the second coding rate; and

the transmitter being arranged to transmit a first signal at
the second coding rate derived from one of said ver-
sions, and, in response to a retransmission request, to
transmit a further signal at the second coding rate
generated from another of said versions.
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A further expression of the invention is a communication
system including at least one transmitter as described above,
and at least one receiver adapted to receive signals from the
transmitter and reconstruct messages from them.

Other independent aspects of the invention are: the
receiver itself; the method performed by the receiver; and
the overall communication method performed by at least one
such transmitter and at least one such receiver.

BRIEF DESCRIPTION OF THE FIGURES

Non-limiting embodiments of the invention will now be
described for the sake of example only with reference to the
following figures, in which:

FIG. 1 shows the general construction of a transmitter
which is an embodiment of the invention;

FIG. 2 shows the results of a simulation comparing known
Chase combining and transmission by the embodiment of
FIG. 1 in the presence of additive white Gaussian noise;

FIG. 3 shows the structure of a receiver which is an
embodiment of the invention; and

FIG. 4 shows the structure of a known turbo encoder.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Three embodiments of the present invention will be
described in detail below, but all have the general structure
illustrated in FIG. 1.

A message to be transmitted to a receiver (not shown in
FIG. 1) is input (from the left of FIG. 1) to a Turbo encoder
1 (which may be of any known form) to generate an encoded
signal. The encoded signal is transmitted from the encoder
1 to a bit separation unit 3 (here referred to as a permutation
unit 3) which permutes the encoded signal in multiple ways
to generate respective multiple versions of the encoded
signal. The multiple versions of the encoded signal are
stored in the redundancy versions store 5. When it is desired
to transmit a message, a selected one of the versions in the
redundancy versions store 5 is transmitted to a rate matching
unit 7, which converts the selected version of the encoded
signal to a suitable coding rate. The output of the rate
matching unit 7 is transmitted to a physical signal transmis-
sion unit 9 (e.g. radio transmission unit if the signal is to be
transmitted by radio).

Upon receiving a NACK (no acknowledgement), a further
selected one of the versions is transmitted from the redun-
dancy versions store 5 to the rate matching unit 7, which
converts the selected version of the encoded signal to a
suitable coding rate. The output of the rate matching unit 7
is again transmitted to the signal transmission unit 9.

Optionally, if it is also desired that the embodiment is
capable (e.g. for certain transmission formats) of generating
signals for Chase combining in the receiver as in the prior
art, this can be obtained by ensuring that a single one of the
multiple versions in the redundancy versions store 5 is
always selected for transmission to the rate matching unit.
Note that there various alternative, but functionally equiva-
lent ways, in which this can be achieved. For example, the
permutation unit 3 can be bypassed, so that the redundancy
versions store 5 only receives one version of the encoded
signal for each message.

We now analyse the three embodiments in detail.

As the first embodiment of the invention, consider a
wideband code division multiple access (WCDMA) com-
munication system using Turbo codes with coding rate of V3.
Five modulation and coding schemes (MCS) are supported
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by this system. These are QPSK with coding rate of Y4,
QPSK with coding rate of %2, QPSK with coding rate of %,
16QAM with coding rate of %2 and 16QAM with coding rate
of %. Rate matching (puncturing or repetition) is employed
to adjust the coding rates. As explained above with reference
to FIG. 3, the output of the turbo encoder 1 is represented as
(S, P, P,). We refer to this encoded signal as “version 1.
The rate matching unit 5 is arranged, upon receiving this
encoded signal to transmit the systematic bits and repeat or
puncture the parity bits to get the desired coding.

Within the embodiment, the permutation unit 3 produces
a further three redundancy versions:

Version 2, (P, P,, S). In this version, all the parity bits P,
will be transmitted and parity bits P, and the systematic
bits S will be punctured or repeated by the rate match-
ing unit 5 to obtain the required coding rate;

Version 3, (P,, S, P,). In this version, all the parity bits P2
will be transmitted and parity bits P, and the systematic
bits S will be punctured or repeated by the rate match-
ing unit 5 to get the desired coding rate.

Version 4. (S, P,, P)). The difference between version 1
and version 4 is that parity bits P, and P, are swapped.
The reason for including this version is that parity bits
P, and P, will then be punctured by the rate matching
unit 5 with different puncturing patterns.

We prefer that the embodiment should use IR for high
coding rate and high order modulation only. Specifically, IR
according to the invention will preferably be employed for
QPSK with coding rate of %, 16QAM with coding rate of %2
and 16QAM with coding rate of %. For QPSK with coding
rate of 4 and QPSK with coding rate of Y, Chase combin-
ing will be used, as in the prior art.

Initially, the first version (S, P, P,) of the encoded signal
is transmitted to the rate matching unit 7. The result is
transmitted by the transmission unit 9 as a first transmission
to the receiver.

Considering first the case that Chase combining is desired
in the receiver, if no acknowledgement (NACK) is received
from the receiver after the first transmission, then the first
version is sent again to the rate matching unit 7, and the
result is retransmitted as a second transmission by the
transmission unit 9. This second transmission is identical to
the first one. This scheme is continued until the maximum
number of transmission attempts is reached.

By contrast, considering the case that IR in the receiver is
desired, then following the NACK, version 2 is transmitted
to the rate matching unit 7, to produce a second transmission
by the transmission unit 9. Following a further NACK,
version 3 is used to generate the third transmission. Follow-
ing a further NACK, version 4 is used to generate the fourth
transmission. Further retransmissions, if any, can be gener-
ated by further selections from among the four versions
stored in the redundancy version store 5.

The scheme thus has the following attributes:

It is easy to implement. Actually, only one extra operation
is needed: reordering of the encoded bits by the per-
mutation unit 3.

A single transmitter can support both IR and Chase
combining.

We will now present a simulation of the effects of the first
embodiment. The simulation conditions are shown in Table
1. Since multicode applications are the most common appli-
cations for high data rate WCDMA, we only present the
results for 5 code cases. Note that lor/loc is defined as the
carrier to noise ratio of the transmission channel.
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TABLE 1
Parameter Value
Carrier Frequency 2 GHz
Chip Rate 3.84 M
Propagation Conditions AWGN
HSDPA Frame Length 2 ms
ITor/Toc Variable
Spreading Factor 16
Modulations QPSK (Y4, Y2, %)
16QAM (%%, %4)
Channel Coding Turbo Code (PCCC), V3
Max no. of Iterations for the Turbo 6
Coder 1
Metric for Turbo Coder 1 Max-log MAP
Input to Turbo Decoder Soft
Turbo Interleaver Random
HARQ Proposed IR Scheme
Max no. of Transmission Attempts 4

FIG. 2 illustrates the Frame Error Ratio (FER) perfor-
mance of the proposed IR scheme in an additive white
Gaussian noise (AWGN) channel after four transmissions.
The FER performance of Chase combining is also presented
as a reference. The meaning of each of the lines of FIG. 2
is given in table 2. For %4 16QAM, the proposed IR scheme
outperforms Chase combining with a margin of 2.86 dB. For
15 16QAM, the gain of the proposed IR scheme over Chase
combining is 1 dB. For % QPSK, 2 dB gain can be obtained
with the proposed IR scheme. Even for Y2 QPSK, 0.64 dB
can be observed. All the gains are measured at a FER level
of 0.01. As expected, there is no significant gain for %
QPSK.

TABLE 2

Line Label in FIG. 2 Significance

10 Y QPSK Chase
1 Y4 QPSK IR

12 Y2 QPSK IR

13 Y QPSK Chase
14 % QPSK IR

15 34 QPSK Chase
16 Y2 16QAM IR

17 Y2 16QAM Chase
18 ¥ 16QAM IR

19 3% 16QAM Chase

Table 3 provides a comparison between the first embodi-
ment of the present invention and the different prior art
implementations described above. The comparison is in
terms of operation complexity and FER performance. It is
seen that the first embodiment can provide the best FER
performance. Meanwhile, the operation of the first embodi-
ment is simpler than that of the three prior art implementa-
tions.

TABLE 3
First
Features Motorola Ericsson Siemens embodiment
Operation Very Complex  Simple Complex Simplest
Complexity
FER No significant  No signifi- 1.7 dB better 2.86 dB
Performance gain over cant gain than Chase  better than
Chase over Chase Chase
‘We now turn to a second embodiment, which is a variation

of the first embodiment. The maximum number of trans-
mission attempts is limited to 3. Consequently, there are
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only 3 types of different IR redundancy versions: Version 1,
Version 2 and Version 3. Other conditions are same as those
of the first embodiment. The hardware units shown in FIG.
1 are the same in the first and second embodiments.

The operation of the second embodiment is as follows:

As in the first embodiment, version 1 is initially trans-
mitted from the redundancy version store 5 to the rate
matching unit 7. The result is transmitted to the transmission
unit 9 which produces a first transmission.

In the case that the receiver is performing Chase com-
bining, if no acknowledgement (NACK) is received after the
initial transmission, then the first version is sent again to the
rate matching unit 7, and the result is retransmitted as a
second transmission by the transmission unit 9. If NACK is
received again, then the first version is sent again to the rate
matching unit 7, and the result is retransmitted as a third
transmission by the transmission unit 9.

By contrast, considering the case that IR in the receiver is
desired, then following the first NACK, version 2 is trans-
mitted to the rate matching unit 7, to produce a second
transmission by the transmission unit 9. Following a further
NACK, version 3 is transmitted to the rate matching unit 5
to produce a third transmission by the transmission unit 9.

In this case, simulations show that 0.8 dB performance
degradation at a FER of 0.01 is observed for the second
embodiment compared with the first embodiment. However,
this variation still outperforms Chase combining with the
gain of 2 dB. Note that this comparison is done between the
second embodiment and Chase combining with a maximum
number of transmission attempts of 4. If the second embodi-
ment is compared with Chase combining with a maximum
number of transmission attempts of 3, the gain is 2.7 dB.
Moreover, compared with the method of Siemens with a
maximum number of transmission attempts of 3, the second
embodiment has a gain of 1.2 dB.

We now turn to a third embodiment of the invention.
Again, the structure of the transmitter is as shown in FIG. 1,
but in this case an encoder 1 is used having a coding rate of
15. Therefore, the output of Turbo encoder can be described
as (S, Py, P,, P, P,), where P, and P, are the two further
parity bit streams. Suppose that the required coding rates for
the transmissions are Y4, Y4 and 4. Based on our invention,
five IR redundancy versions can be constructed as follows:

Version 1, (S, P,, P, P;, P,). Upon receiving this version,
the rate matching unit 7 is arranged to transmit all the
systematic bits, and to puncture the parity bits P, P,,
P,, and P, to get the desired coding rate for transmis-
sion;

Version 2, (P, P,, P;, P,, S). For this version, the rate
matching unit 7 will arrange that all the parity bits P,
will be transmitted and parity bits P,, P;, P, and the
systematic bits S will be punctured to get the desired
coding rate for transmission;

Version 3, (P,, P5, P,, S, P)). For this version, the rate
matching unit 7 will arrange that all the parity bits P,
will be transmitted and parity bits P, P, P, and the
systematic bits S will be punctured to get the desired
coding rate for transmission;

Version 4, (P, P, S, Py, P,). For this version, the rate
matching unit 7 will arrange that all the parity bits P3
will be transmitted and parity bits P,, P,, P, and the
systematic bits S will be punctured to get the desired
coding rate for transmission;

Version 5, (P,, S, Py, P,, P;). For this version, the rate
matching unit 7 will arrange that all the parity bits P4
will be transmitted and parity bits P,, P,, P; and the
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systematic bits S will be punctured to get the desired
coding rate for transmission.

The operation of the third embodiment is as follows.

Initially, the version 1 is sent to the rate matching unit 7,
and the result sent to the transmission unit 9 to generate a
first transmission.

In the case the receiver is desired to perform Chase
combining, if no acknowledgement (NACK) is received
after the first transmission, version 1 will be sent repeatedly
to the rate matching unit 7 to generate further identical
transmissions by the transmission unit 9 until the maximum
number of transmission attempts is reached.

In the case that the receiver is desired to perform IR, if no
acknowledgement (NACK) is received after the first trans-
mission, the redundancy version store 5 will send version 2
to the rate matching unit 7, which converts it to the desired
coding rate and sends it to the transmission unit 9 to generate
a second transmission. Similarly, version 3 is used to pro-
duce the third transmission; version 4 is used to produce the
fourth transmission; and version 5 is used to produce the
fifth transmission. Further retransmissions, if any, can be
chosen by sending further selections among the five versions
to the rate matching unit 5.

Many variations of the transmitter of FIG. 1 are possible
within the scope of the invention as will be clear to a skilled
reader.

For example, the store 5 can be placed at the output of the
encoder 1, with a direct path to the rate matching unit 7. The
store 5 then would only store the output of the encoder. To
generate the initial transmission, the store 5 could send this
data to the rate matching unit 7, which sends its output to the
transmission unit 9. In response to a retransmission request
the store 5 could send its stored data to the permutation unit
3, which would forward the result to the rate matching unit.
Note that this variation of the system in FIG. 1 reduces the
memory requirement of the transmitter.

In another functionally equivalent variation, the order of
the redundancy versions store 5 and the rate matching unit
7 can be reversed, so that the redundancy version store 5
stores multiple version of the encoded signal which have all
been converted by the rate matching unit 5 to have the
coding rate suitable for transmission.

Turning to FIG. 3, a receiver according to the invention is
shown for receiving signals from the transmitter of FIG. 1.
It includes a physical signal reception unit 31 (e.g. radio
reception unit if the signal is transmitted by radio).

A signal received from the transmitter of FIG. 1 by the
signal reception unit 31 is passed to a rate matching unit 33,
which converts it to a format suitable for a turbo decoder 39.
The output of the rate matching unit 33 is passed to a store
35. Thus, when multiple signals relating to the same mes-
sage are transmitted by the transmitter of FIG. 1 (as
described below), they are accumulated in the store 35. The
output of the store 35 is transmitted via a bit separation
(permutation unit) 37 to the decoder 39.

As in the case of the transmitter, various modifications to
the order of the units 33, 35, 37 can be made within the scope
of the invention. For example, the units 35 and 37 can be
reversed, so that the permutation unit 37 only has to operate
once on a given received signal. The permutation unit
functions differently according to which version of the
signal it is operating on. For example, in the case described
above in which one of the versions of the signal transmitted
by the transmitter is derived without a permutation carried
out by the permutation unit 3, the permutation unit 37
preferably makes no modification to that version of the
signal. More generally, the permutation unit 37 is preferably
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arranged simply to reverse the permutation carried out by
the permutation unit 3 on the corresponding version of the
message.

The decoder 39 attempts to use the signals it receives to
reconstruct the message sent by the transmitter. The decoder
39 also generates ACK/NACK signals for return to the
transmitter according to the definition of the HARQ scheme
employed. These cause further signals to be transmitted by
the transmitter relating to the same message. The decoder 39
employs newly arrived signals in combination with the
signals previously stored in the store 35 to attempt to
reconstruct the message.

Although the invention has been described above in
relation to specific embodiments, the invention is not limited
in this respect, and many variants are possible within the
scope of the invention. For example, Furthermore, the
embodiments are described above using the term “units”, the
“units” may not be physically separate, but for example may
be implemented as software modules running on any num-
ber of processors.
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The invention claimed is:

1. A method of transmitting a message comprising:

(1) receiving a selection of a transmission format from a
predetermined plurality of transmission formats asso-
ciated with a corresponding coding rate, whereby a
selected format is obtained;

(i1) generating from the message a first version of encoded
data having a first coding rate;

(iii) permuting said first version to obtain a plurality of
further versions of said data also having the first coding
rate, said plurality of further versions comprising sys-
tematic bits and parity bits;

(iv) converting one of said plurality of further versions to
a second coding rate, wherein during the conversion,
the systematic bits are punctured, the second coding
rate being the corresponding coding rate of the selected
format, and transmitting, in the selected format, a first
signal generated from the converted version;

(v) in response to a retransmission request, if the selected
format is one of a predetermined subset of the formats,
retransmitting, in the selected format, the first trans-
mitted signal; and

(vi) in response to a retransmission request, if the selected
format is not one of a predetermined subset of the
formats, retransmitting, in the selected format, a further
signal generated from another of said plurality of
further versions and having said second coding rate.

2. A method according to claim 1 in which said plurality
of further versions are stored at the first coding rate and one
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of the stored versions is converted to the second coding rate
upon receipt of each retransmission request.

3. A transmitter for use in a communication system, the
transmitter comprising:

(i) means to register a selection of one of a plurality of
predetermined transmission formats, each associated
with a corresponding second coding rate;

(i1) an encoder for receiving a message and using the
message to generate a first version of encoded data
having a first coding rate;

(iii) a permutation unit for permuting said first version to
obtain a plurality of further versions of said encoded
data also having the first coding rate, said plurality of
further versions comprising systematic bits and parity
bits and at least one of said plurality of further versions
being arranged such that, during conversion to a second
coding rate in a rate matching unit, the systematic bits
are punctured,

(iv) a rate matching unit for converting data at the first
coding rate to the corresponding coding rate of the
selected format; and

(v) a signal transmission unit for receiving the output of
the rate matching unit and transmitting a corresponding
signal, in the selected format; and

the transmitter being arranged to transmit a first signal, in
the selected format, derived from one of said versions,
and, in response to a retransmission request, if the
selected format is one of a predetermined subset of
formats, to retransmit the first signal, in the selected
format, and in response to a retransmission request, if
the selected format is not one of a predetermined subset
of formats, to transmit a further signal, in the selected
format, generated from another of said plurality of
further versions.

4. A transmitter according to claim 3 comprising a buffer
for storing said plurality of further versions at the first
coding rate and for transmitting a selected one of said
plurality of further versions to the rate matching unit upon
receipt of a retransmission request.

5. A communication system including at least one trans-
mitter comprising:

(vi) means to register a selection of one of a plurality of
predetermined transmission formats, each associated
with a corresponding second coding rate;

(vii) an encoder for receiving a message and using the
message to generate a first version of encoded data
having a first coding rate;

(viii) a permutation unit for permuting said first version to
obtain a plurality of further versions of said encoded
data also having the first coding rate, said plurality of
further versions comprising systematic bits and parity
bits and at least one of said plurality of further versions
being arranged such that, during conversion to a second
coding rate in a rate matching unit, the systematic bits
are punctured,

(ix) a rate matching unit for converting data at the first
coding rate to the corresponding coding rate of the
selected format; and

(x) a signal transmission unit for receiving the output of
the rate matching unit and transmitting a corresponding
signal, in the selected format; and

the transmitter being arranged to transmit a first signal, in
the selected format, derived from one of said versions,
and, in response to a retransmission request, if the
selected format is one of a predetermined subset of
formats, to retransmit the first signal, in the selected
format, and in response to a retransmission request, if
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the selected format is not one of a predetermined subset
of formats, to transmit a further signal, in the selected
format, generated from another of said plurality of
further versions;

and at least one receiver adapted to receive signals from
the transmitter and reconstruct messages from them.

6. A receiver for reconstructing a message from encoded
signals, the encoded signals being transmitted by a trans-
mitter comprising:

(1) means to register a selection of one of a plurality of
predetermined transmission formats, each associated
with a corresponding second coding rate;

(ii) an encoder for receiving a message and using the
message to generate a first version of encoded data
having a first coding rate;

(iii) a permutation unit for permuting said first version to
obtain a plurality of further versions of said encoded
data also having the first coding rate, said plurality of
further versions comprising systematic bits and parity
bits and at least one of said plurality of further versions
being arranged such that, during conversion to a second
coding rate in a rate matching unit, the systematic bits
are punctured,

(iv) a rate matching unit for converting data at the first
coding rate to the corresponding coding rate of the
selected format; and

(v) a signal transmission unit for receiving the output of
the rate matching unit and transmitting a corresponding
signal, in the selected format; and

the transmitter being arranged to transmit a first signal, in
the selected format, derived from one of said versions,
and, in response to a retransmission request, if the
selected format is one of a predetermined subset of
formats, to retransmit the first signal, in the selected
format, and in response to a retransmission request, if
the selected format is not one of a predetermined subset
of formats, to transmit a further signal, in the selected
format, generated from another of said plurality of
further versions;

the receiver including:

a decoder for decoding signals having a first coding rate;

a signal reception unit for receiving signals at a second
coding rate;

a rate dematching unit for converting the received signals
from the second coding rate to the first coding rate; and

a permutation unit for permuting the converted signals
and passing them to the decoder;

wherein the permutation unit is operative to permute
successive received signals representative of a single
message in differing ways.

7. A method of reconstructing a message from encoded
signals, the encoded signals being transmitted by a trans-
mitter comprising:

(1) means to register a selection of one of a plurality of
predetermined transmission formats, each associated
with a corresponding second coding rate;

(i1) an encoder for receiving a message and using the
message to generate a first version of encoded data
having a first coding rate:

(iii) a permutation unit for permuting said first version to
obtain a plurality of further versions of said encoded
data also having the first coding rate, said plurality of
further versions comprising systematic bits and parity
bits and at least one of said plurality of further versions
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being arranged such that during conversion to a second
coding rate in a rate matching unit, the systematic bits
are punctured,

(iv) a rate matching unit for converting data at the first
coding rate to the corresponding coding rate of the
selected format; and

(v) a signal transmission unit for receiving the output of
the rate matching unit and transmitting a corresponding
signal, in the selected format; the transmitter being
arranged to transmit a first signal, in the selected
format, derived from one of said versions, and in
response to a retransmission request, if the selected
format is one of a predetermined subset of formats, to
retransmit the first signal, in the selected format, and, in
response to a retransmission request, if the selected
format is not one of a predetermined subset of formats,
to transmit a further signal, in the selected format,
generated from another of said versions;

the method using a receiver comprising a decoder for
decoding signals having a first coding rate; a signal
reception unit for receiving signals at a second coding
rate; a rate dematching unit for converting the received
signals from the second coding rate to the first coding
rate; and a permutation unit for permuting the con-
verted signals and passing them to the decoder; wherein
the permutation unit is operative to permute successive
received signals representative of a single message in
differing ways, the method comprising the steps of:

receiving multiple encoded signals, the multiple encoded
signals being derived from the message and having a
second coding rate;

converting the received signals from the second coding
rate to the first coding rate; and

permuting one or more of the converted signals; and
passing the converted signals, including the permuted
signals, to the decoder.

8. A method according to claim 1, wherein each of said
plurality of further versions comprises systematic bits, first
parity bits and second parity bits.

9. A method according to claim 8, wherein at least one of
said plurality of further versions is arranged such that during
conversion to a second coding rate in (iv), the systematic bits
and the first parity bits are punctured and the second parity
bits are not punctured.

10. A method according to claim 8, wherein at least one
of said plurality of further versions is arranged such that
during conversion to a second coding rate in (iv), the
systematic bits and the second parity bits are punctured and
the first parity bits are not punctured.

11. A transmitter according to claim 3, wherein each of
said plurality of further versions comprises systematic bits,
first parity bits and second parity bits.

12. A transmitter according to claim 11, wherein at least
one of said plurality of further versions is arranged such that,
during conversion to a second coding rate in a rate matching
unit, the systematic bits and the first parity bits are punctured
and the second parity bits are not punctured.

13. A transmitter according to claim 11, wherein at least
one of said plurality of further versions is arranged such that,
during conversion to a second coding rate in a rate matching
unit, the systematic bits and the second parity bits are
punctured and the first parity bits are not punctured.

* % ok k%
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