
20 020031 5-0  1 7 JAN 7002 1  Communication Systems with Hybrid Automatic
Repeat Requests  (HARQ) and Rate Matching 5 Field of the Invention The
present invention relates to communication systems in which employ both
hybrid automatic repeat requests and rate matching. 10 Description of
Background Art It is extremely common in modern communication systems that
a unit which is  to transmit a message (here referred to as a
"transmitter") to a unit at a  distance ("receiver") uses the message to
generate an encoded signal and 15 transmits the signal (e.g. as a data
packet) to the receiver. For this reason,  the transmitter includes an
encoder and the receiver includes a decoder.  Many coding schemes are
known, and coding schemes differ in the ratio of  the number of bits input
to the encoder to the number of bits output from the  encoder (the "coding
rate"). One well known coding scheme is called Turbo 20 Coding. Many
decoders function by a well known process known as forward  error
correction (FEC). In the case that the receiver does not correctly receive
a signal, it is well  known for the receiver to trigger an automatic
retransmission of a signal 25 derived from the message. This triggering is
known as an .automatic repeat  request (ARQ). For example, the receiver may
trigger the second signal by  transmitting to the transmitter a NACK ("no
acknowledgement") signal. The  receiver stores the multiple signals it
receives, and uses them in combination  to try to reconstruct the message
("joint decoding"). Note that the second and 



30 subsequent signals may simply be identical to the first signal (in which
case 2  the joint decoding is by a process called Chase combining), or they
may be  different but still derived from the same message (Incremental
Redundancy).  Hybrid Automatic Repeat Request (HARQ) signal transmission is
defined as 5 any data communication method which combines automatic repeat
requests  (ARQ) with forward error correction (FEC) and which saves failed
decoding  attempts for future joint decoding. The principle of HARQ is to
buffer data that  were not decoded successfully and subsequently combine
the. buffered data  with retransmissions. 10 To meet the different demands
of different services, many modern  communication systems need to support a
set of coding rates to provide  different coding gains for different
services. A straightforward method to  implement this is to employ multiple
encoders in the transmitter and multiple 15 decoders in the receiver, but
this method results in huge complexity in the  communication equipment.
Another more practical method is to employ only  one encoder and decoder.
The encoder provides a pre-chosen coding rate,  and other desired coding
rates can be obtained by "rate matching". That is,  when it is desired to
transmit data at a coding rate higher than that of the 20 encoder, bits
puncturing (i.e. simple omission of bits produced by the  encoder) is
performed to obtain.the desired coding rates. When it is desired to
transmit data at a coding rate lower than the pre-chosen coding rate, bit
repetition will be conducted to obtain the desired coding rate. 25 Fig. 1
shows the structure of such a known transmitter. An encoder 1 receives  a
message to be encoded (from the left of the diagram), encodes it, and  



transmits it to a rate matching unit 3, which performs puncturing or bit
repetition to produce a desired coding rate. The resultant data is then
transmitted to an signal transmission unit 5 for transmission. For example,
in 3  the case that the transmission is by radio, the signal transmission
unit 5 may  be an aerial unit, but the present invention is not limited in
this respect. The corresponding known receiver is shown in Fig. 2, and
corresponds to  5 what is shown in the standard document "3GPP TR25.848:
Physical layer  aspects of UTRA high speed downlink packet access" (the
disclosure of which  is incorporated herein by reference in its entirety).
It includes a decoder 13  selected correspondingly to the encoder 1. The
receiver further includes a  signal reception unit 7 (e.g. including an
aerial unit in the case the 10 transmission is by radio) which receives the
signal transmitted by the signal  transmission unit 5, and transmits it to
a rate dematching unit 9, which  converts the rate to one acceptable to the
decoder 13. The results are stored  in buffer 11, and transmitted to the
decoder 13. In the case that the decoder  13 determines (by known
algorithms) that there is a fault in the reconstruction 15 of the message,
the receiver sends a NACK signal (using components which  are not shown in
Fig. 2) to the transmitter of Fig. 1. The transmitter then sends  the next
signal derived from the message. The newly received signal is added  to the
buffer 11. The decoder 13 then performs joint decoding of the multiple
received versions of the signal. 20 The buffer 11 requires quite a large
memory size for high data rate  communications. For example, 3rd generation
mobile wireless  communications will support peak data rate of 2Mbps to
10Mbps. Therefore,  



this extra buffer memory will introduce a lot of cost to the user
equipment.  25 Summary of the invention The present invention aims to
provide new and useful communication  methods and systems. 30 ,i 4  In
particular, the invention proposes a HARQ system with rate matching and
having a reduced memory requirement. In general terms, the present
invention proposes that the receiver of.a HARQ  5 communication system
should be capable of buffering received signals in the  form they are in
before they are processed by the rate dematching unit. The  advantage of
this is that, in the case that the rate dematching unit increases  the
number of bits, the amount of memory required by the buffering is reduced.
The memory size required by HARQ buffering in a modern  10 communication
system strongly affects the cost of the communication  systems. Therefore,
the present invention may help reduce the cost of these  communication
systems, especially the user equipment. Specifically, the present invention
proposes a receiver for a communication  15 system in which messages are
transmitted as encoded signals derived from  the messages, the receiver
comprising: a signal reception unit for receiving signals; a buffer for
storing signals received by the signal reception unit;  a rate dematching
unit for receiving signals from the buffer and  20 converting their coding
rate to a predefined coding rate; and 



a decoder for receiving the converted signals from the rate dematching
unit, and decoding them to reconstruct the messages, the receiver being
arranged, upon detection that a message has not  been correctly decoded
from a first-signal, to request transmission within the  25 communication
system of a further signal derived from the message, and the encoder being
arranged to process data derived from the further signal and  from the
first signal stored in the buffer. In a first case, the multiple signals
derived from a single message are different  30 from each other
(incremental redundancy). In this case, the rate dematching 5  unit
converts all the accumulated signals, and transmits the converted signals
to. the encoder for joint decoding. In a second case, the buffer the
signals are identical, and the receiver 5 combines the multiple accumulated
signals and transmits the combination  signal to the rate dematching unit.
Thus, the receiver performs Chase  combining of the signals before the
dematching. The rate dematching unit is preferably operable to convert
signals at a 10 selected one of a plurality of coding rates to the
predetermined coding rate.  The present invention may alternatively be
expressed as a communication  system including at least one receiver as
defined above. 15 Alternatively, the invention may be expressed as the
method performed by a  receiver of a communication system. In this
expression, the present invention  provides a method for reconstructing a
message from a signal derived from  the message, the signal encoding the
message at a first coding rate and  being transmitted within a
communication system, the method comprising: 20 (i) receiving the signal; 



(ii) storing the signal at the first coding rate in a buffer; (iii)
converting the first coding rate of the signal to a second coding  rate;
(iv) decoding the converted signal to attempt to reconstruct the  25
message; (v) determining whether the message is correctly reconstructed;
and  (vi) upon detection that the message was not been correctly
reconstructed, triggering transmission within the communication system of a
further signal, the further signal being derived from the message and
having  30 the first coding rate, r  6  (vii) attempting to reconstruct the
message from the further signal and  the signal stored in the buffer. In
the case that the multiple signals transmitted within the communications  5
network are identical, step (vii) preferably includes combining the
multiple  signals (Chase combining), converting the coding rate of the
combined data to  the second coding rate and attempting to reconstruct the
message from the  converted data. 10 Alternatively, in the case that the
multiple signals transmitted within the  communications network are not
identical (e.g. Incremental Redundancy),  step (vii) preferably includes
converting each of the accumulated signals to  the second coding rate and
attempting to reconstruct the message from the  set of converted signals.
15 In either case, a further determination can be carried out of whether
the  



message has been correctly reconstructed, and if not a further signal can
be  requested from the transmitter, after which step (vii) is performed
again. This .  loop can be performed a predetermined maximum number of
times, or 20 alternatively until the message is correctly reconstructed. As
explained above, the present invention makes it possible to reduce the
amount of memory required for buffering in the case that the rate
dematching  unit increases the number of bits. However, conversely, if the
coding rate 25 used in the transmission is lower than the coding rate
acceptable to the  decoder, then the rate dematching unit reduces the
number of bits, so that  placing the buffer before the rate dematching unit
increases the buffer  memory requirement. Therefore, in the case that the
receiver of the present  invention is also intended to be used in cases in
which the transmission 30 coding rate is lower than the decoder coding
rate, we propose that the 7  receiver should preferably be arranged to
switch between buffering the  signals before the rate dematching unit (as
described above) and buffering  the signals after the rate dematching unit
(as in the prior art), according to  whether coding rate used in the
transmission is respectively higher or lower 5 than the one acceptable to
the decoder.  Brief Description of the Figures Non-limiting embodiments of
the invention will now be described in detail with  10 reference to the
following figures, in which: Fig. 1 shows a known transmitter of a
communication system;  Fig. 2 shows a known receiver of a communication
system; and  15 Fig. 3 shows the general structure of a receiver according
to the  



present invention. Detailed Description of the Embodiments  20 We will
consider two embodiments of the present invention in turn. As  discussed
below, both have the general structure shown in Fig. 3, in which the  same
reference numerals used in Fig. 2 are employed to label units having
corresponding respective functions. In particular, the receiver of Fig. 3
25 includes a signal reception unit 7 which transmits signals to a buffer
11. The  buffer accumulates one or more signals derived from a single
message,  transmits them all to a rate dematching unit 9. The rate
dematching unit 9  converts the coding rate of the data it receives to that
appropriate for a  decoder 13. Note that the output of the dematching unit
9 is preferably not 8  stored by the decoder 13 (at least after the decoder
13 has completed the  decoding). The receiver of Fig. 3, like that of Fig.
2, is capable of operating in 5 combination with the known transmitter of
Fig. 1, to form a communication  system. In practice, the communication
system may comprise multiple  transmitters and/or receivers, of which any
one or more receivers may be  embodiments of the present invention.
Furthermore, any receiver may be part  of.a physical unit which is also
capable of functioning as a transmitter. 10 We now turn to the first
embodiment of the invention, having the structure of  Fig. 3. This
embodiment is a receiver for a code division multiple access (CDMA)  15
communication system. The encoder 1 of the transmitter is a Turbo encoder  



with a pre-chosen coding rate of 1/3. Similarly, the decoder 13 is a Turbo
encoder accepting signals with this coding rate. The spreading factor is 16
and the chip rate is 3.84 Mchips/sec. The number of multicodes is 5. The
transmission time interval (TTI) is 2 ms. Two types of modulation and
coding 20 schemes are required to be supported, for example QPSK with
coding rate of  1/2, and QPSK with coding rate of 314. The HARQ mechanism
is stop and  wait (SAW) with 6 channels. In the case that a NACK signal is
received the  transmitter retransmits a signal identical to the first
signal transmitted to the  receiver. Naturally, each of these identical
signals transmitted within the 25 communications network are received with
differing noise.  The operation of the receiver in this case is as follows:
Step 1: If it is found that the message is not correctly reconstructed from
the  30 first signal transmitted by the transmitter, the received signal
before rate 9  dematching is stored at the HARQ buffer 11. Meanwhile, no
acknowledgement (NACK) will be sent to the transmitter, so as to trigger a
further transmission of an identical signal. 5 Step 2: Upon receiving next
signal, it is transmitted to the buffer 11 and stored  there. All the
accumulated data in the buffer 11 is now combined (Chase  combining) to
produce a bit stream of the same length as any one of the  stored signals.
This is "soft combining". The result is transmitted to the rate  dematching
unit 9. The result is decoded by the Turbo decoder 13. 10 Step3: If the
result is the message decoded with an error, go back to step I  until the
maximum transmission limitation (i.e. a predetermined maximum  number of
times the signal can be transmitted) is reached. 



Prior art First embodiment Percentage  change  QPSK % 43704 bits 29160 bits
-33%  QPSK 3/ 65304 bits 28992 bits -56% 15 Table 1 Table 1 shows a
comparison of the required memory size per TTI in the prior  art receiver
of Fig. 2 and in the first embodiment. The final column shows the  20
advantage of the first embodiment compared to the prior art, quoted as a
percentage. Evidently the required size of the buffer 11 can be reduced by
as  much as more than half with the proposed scheme. 10  Moreover, the time
taken by the soft combining operation is also reduced. The  reason is that
the soft combining is conducted before rate dematching. We turn now to the
second embodiment. This also has the structure of Fig. 3,  5 but in this
case the signals which are transmitted within the communications  network
are not all identical, but are derived from the message in different  ways.
Thus, as is well know, the signals should not be combined to  reconstruct
the message using using Chase combining, but rather  Incremental Redundancy
(IR) will be employed to implement soft combining. 10 IR is another well
known implementation of HARQ soft combining wherein  'instead of sending
simple repeats of the entire coded data, additional  redundancy information
is incrementally transmitted if the decoding fails on  the first attempt.
15 The HARQ operation in the second embodiment is different from that of
the  first embodiment in that that only two transmissions are allowed. The
whole  



procedure of the proposed scheme is as follows: Step 1: If it is found that
the first message is not correctly reconstructed from  20 the first signal
received by the receiver, the received data before rate  dematching is
stored at the HARQ buffer 11. Meanwhile, a NACK is sent to  the
transmitter. Step 2: Upon receiving the second signal, the second signal is
subject to rate  25 dematching by the rate dematcher 9 and transmitted to a
decoder buffer (not  shown in Fig. 3) of the Turbo decoder 13. Then, the
data stored in the HARQ  buffer 11 will be transmitted through the
dematcher 9 again and combined  with the data stored in the decoder buffer.
After that, the combined data will  be decoded by Turbo decoder 13. 30 11
It can be seen that in the second embodiment, the rate dematching is
performed twice for the first signal. Note that in the second embodiment,
since the maximum number of 5 transmission is two it is not necessary to
store the second signal in the buffer.  However, in variations of the
embodiment in which the maximum number of  transmissions is higher than
two, the second signals (and any further signals  up to the penultimate
signal) should be stored in the buffer. 10 The size of the HARQ buffer 11
can be reduced more than half with the  second embodiment, compared to the
prior art receiver of Fig. 2. However,  unlike the first embodiment, the
operation time for soft combining cannot be  reduced. This is because the
soft combining is performed after rate  dematching in the second
embodiment. 15 



Although the invention has been described above in relation to only two
embodiments, many variations are possible within the scope of the invention
as will be clear to a skilled reader. 20 For example, although in the
examples given above the coding rate of the  signals received by the
receiver embodiments is higher than the coding rate  acceptable to the
decoder 13, the invention is not limited in this respect.  Rather the
receiver embodiments are preferably capable of receiving and  processing
signals having a coding rate which is lower than the coding rate 25
acceptable to the decoder 13. When the signals received. by the signal
receiving unit 7 have such a lower coding rate, the receiver may be
arranged  to switch over to have the configuration shown in Fig. 2 (i.e.
the configuration  of the prior art), in which the signal received by the
signal reception unit 7 is  transmitted directly to the rate dematching
unit 9, and the output of the rate 30 dematching unit 9 is stored in the
buffer 11. When the signal received by the 12  signal receiving unit 7
reverts to one having a higher coding rate than the  decoder, the receiver
switches back to the configuration of Fig. 3.  Furthermore, although the
elements of the embodiments are described above 5 as "units", in.fact they
do not have to be physically separate. Rather, they may  for.example be
implemented as software modules running on any number of  integrated
circuits. Furthermore, although the embodiments employ SAW HARQ, the
invention is  10 not limited in this respect, and is equally applicable to
other HARQ techniques  employing soft combining, such as SR (selective
repeating) which is well known to a skilled reader. 13  



Claims 1. A receiver for a communication system in which messages are
transmitted as encoded signals derived from the messages, the receiver  5
comprising: a signal reception unit for receiving signals; a buffer for
storing signals received by the signal reception unit;  a rate dematching
unit for receiving signals from the buffer and  converting their coding
rate to a predefined coding rate; and 10 a decoder for receiving the
converted signals from the rate dematching  unit, and decoding them to
reconstruct the messages, the receiver being arranged, upon detection that
a message has not  been correctly decoded from a first signal, to request
transmission within the  communication system of a further signal derived
from the message, and the 15 encoder being arranged to process data derived
from the further signal and  from the first signal stored in the buffer. 2.
A receiver according to claim 1 in which the buffer is arranged, upon  the
further signal being received by the receiver, to transmit both the further
20 signal and the signal stored in the buffer to the rate dematching unit
for conversion to the predefined coding rate and transmission to the
encoder for  joint decoding. 3. A receiver according to claim 1 in which
the buffer is arranged, upon  25 the further signal being received by the
receiver, to combine the further signal  with one or more signals stored in
the buffer and transmit the combined signal  to the rate dematching unit. S
14  



4. A receiver according to any preceding claim in which the rate
dematching unit is. operable to convert. signals at a selected one of a
plurality  of coding rates to the predetermined coding rate. 5 5. A
receiver according to claim 4 in which all of the plurality of coding
rates are higher than the predetermined coding rate. 6. A receiver
according to claim 4 in which at least one of the plurality of  coding
rates is lower than the predetermined coding rate, the receiver being  10
arranged, upon the selected coding rate being lower than the predetermined
coding rate, to transmit the signal received by the signal reception unit
to the  rate dernatching unit, and to store in the buffer the converted
signals from the  rate dematching unit. 15 7.- A receiver according to any
preceding claim in which the buffer is  arranged to store the further
signal. 8. A communication system comprising a transmitter for transmitting
signals derived from.a message as encoded signals, and a receiver according
20 to any preceding claim. 9. A method for reconstructing a message from a
signal derived from the  message, the signal encoding the message at a
first coding rate and being  transmitted within a communication system, the
method comprising: 25 (i) receiving the signal; (ii) storing the signal at
the first coding rate in a buffer; (iii) converting the first coding rate
of the signal to a second coding  rate; (iv) decoding the converted signal
to attempt to reconstruct the  30 message; 1!"!"1Y1111IIIILIIll!II. 



15  (v) determining whether the message is correctly reconstructed; and
(vi) upon detection that the message was not been correctly reconstructed,
triggering transmission within the communication system of a  further
signal, the further signal being derived from the message and having  5 the
first coding rate, (vii) attempting to reconstruct the message from the
further signal and  the signal stored in the buffer. 10. A method according
to claim 9 in which the multiple signals transmitted  10 within the
communication system are identical, and step (vii) includes  combining the
multiple signals, converting the combined signal to the second  coding rate
and attempting to reconstruct the message from the converted  signal. 15
11. A method according to claim 9 in which step (vii) includes converting
the further signal and the signal stored in the buffer to the second coding
rate  and attempting to reconstruct the message from the set of converted
signals.  12. A method according to claim 11 in which the multiple signals
20 transmitted within the communication system are not identical. 13. A
method according to any of claims 9 to 12 in which the sequence of  steps
(v) and (vii) is performed again at least once. t ~IIIiI"Ill '1Q11' VIII  L


