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t he mssageiﬂl‘mﬂ\ﬁmmmlman encoded signal and 15 transmits the signal (e.g.
as a data p receiver. For this reason, the transmtter

I ncl udes an enceghed*and t he receiver includes a decoder. Many codi ng
schenmes are known, and coding schenes differ in the ratio of t he nunber of
bits input to the eCBﬁﬁ'ﬁﬁmetlérhS SleRRewith HybridsAstonpatic Re uests oder
(the "coding rate")" nown_codi ng schene is called Turbo 20

Codi ng. Many decoders functlon HARQ)and Rate MatehiBdess known as f or war d
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

automat i G5 I etjefNsNheIneéntidn a si gnal 25 derived fromthe nessage. This

triggering iS known as an automatic repeat request (ARQ . For exanpl
( . : e, the
receiver may trigger the second signal by w

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



transmtting to the transmtter a NACK ("no acknow edgement”) signal. The
receiver stores the nultiple signals it receives, and uses themin
conbination to try to reconstruct the nmessage ("joint decoding”). Note
- that the second and 30 subsequent signals may sinply be identigalt he
first signal (in which case 17 A M2 the joint decoding is by ﬁlé\}‘o@&s
cal l ed Chase conbining), or they may be éji fferent but still derived from
the sane message (Increnental Redundancy)” Hybrid Autonmatic Repeat Request
(HARQ signal transmission is defined as 5 any data conmunication method
whi ch conbi nes automatic repeat requests (ARQ wth forward error

correction (FEC) and which saves failed decodi ng ttenpts jor futu | Oi nt
decodi ng. Ththepjointdiespdingris RxrPIosess caligd @rhaaﬁtcgmaq\'&'f‘gg\%rtéeﬁmayo%%gdjegl "
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onm ssion of bits produced by the encoder) is performed to obtain the
desired codi mithrretrepsmig®ens.t is desired to transnit data at a coding rate
| ower th%‘n the pre-chosen coding rate, bit

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



repetition will be conducted to obtain the desired coding rate. 25 Fig. 1
shows the structure of such a known transmtter. An encoder 1 receives a
nmessage to be encoded (fromthe left of the diagram, encoqesjyitzppsand
transmts it to a rate matching unit 3, which performs puncturing or bit
repetition to produce a desired coding rate. The resultant data is then
transmtted to an signal transm ssion unit 5 for transm ssion. For exanple,
in 17 JUL 1006 3 the case that the transm ssion is by radio, the signal
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TR25. 848: Physical |ayer aspects of UTRA high speed downlink packet
access" (the disclosure of which is incorporated herein by reference in its
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transmtted to t{é% decoder é)n the c at t he decoder 13 determ nes
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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 muitiple
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 invention is defined in the independent claims. Some optional features of
the invention are defined in the dependent claims.

30
The present invention aims to provide new and useful communication

methods and systems.



The buffer 11 requires quite a large nenory size for high data rate
comuni cations. For exanple, 3rd generation nobile wreless comunications
wi || support peak data rate of 2Mops to 10Mops. Therefore, this extra
buffer nmenory will introduce a |ot of cost to the user ewig @ﬁ 25
Summary of the invention The invention is defined in the nigz dent
clains. Sone optional features of the i fbention are defined in the
dependent clains. 30 The present invention ains to provide new and usef ul
conmmuni cation nethods and systens. 17 JUL 2006 4 In particular, the
I nvention proposes a HARQ systemw th rate matching and having a reduced
menory requi lreparticules, the igeerticri ptoposes atHRRQr systern witly eateinoatchingparsks t hat
the receiver of. a HA %om'runi cation system shoul d be capabl e of buffering
recei ved si gHaViDg; & redfice fm?m%éﬁﬂ%e@%ﬁ' 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 nunber of bits, the anount of nenory
required By imgebneral termsy the present investion prepasesdhat thezeceiwguof @ HARQHARQ
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equi pnent. 15 Specifically, the present invention proposes a receiver for a
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10 reduced. The memory size required by HARQ buffering in a modern

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.

15  Specifically, the present invention proposes a receiver for a communication
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;

20 a rate dematching unit for receiving signals from the buffer or from the
signal reception unit and converting their coding rate to a predefined coding
rate; and

a decoder for receiving the converted signals from the rate dematching
unit or from the buffer, and decoding them to reconstruct the messages,

25 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
encoder being arranged to process data derived from the further signal and
from the first signal stored in the buffer, wherein

30 the rate dematching unit is operable to convert signals at a selected
one of a plurality of coding rates to the predefined coding rate, and

in which the receiver is selectively arranged,



a signal reception unit for receiving signals; a buffer for storing
signals; 20 a rate dematching unit for receiving signals fromthe buffer or
fromthe signal reception unit and converting their codingutgﬂezﬁp a
predefined coding rate; and a decoder for receiving the co rke signal s
fromthe rate dematching wunit or fromt buffer, and decoding themto
reconstruct the nessages, 25 the receiver¥being arranged, upon detection
that a nmessage has not been correctly decoded froma first signal, to

request transm ssi L Ry - i | si.gnal
derived fromthe #@ggggée?baﬁﬁﬁ%&ﬂgﬁgﬁﬁ%g&n@gﬁ@r@epﬁtdgﬂéééggég@bdata
ge; :c ved INII:I omrateetd stordar thel uffdr the dignitsoreceivedfby thie sigmalaeceptionewhit,n t he
uffer, erein.30 the.rate.de chi uni.t i _operaple to convert signals
ot & el et eanddndapsmil GeciGnaTs Jrogh bt to e Bt ermalcBingdiiThoe " cod: ng
rate, and i ncehiéRidn® theGrbdEinddScsfihgfatevet y arranged, 17 JUL 2006 5 upon

the selected coding rate being hlgher han the predefined coding rate, to
store in $he buff dpontike selpstedcowngiratedaing iawerdhanihe peedgfinedrcoding , and

conver si on ¢ EnD HATRe g flebafratsesty fl indybfeattPuiMidhetBld o ng
rate bei ng | gertatéhiag unitcand eslsfore asitheobliffes the abaverted sighakfrémtthe rategnal
received by the signal reception unit to the rate dematching unit, and to

store in thedgmateing MBitconverted signals fromthe rate dematching unit.
10 In a first case, the nultiple signals derived froma single nessage are
different fromeach other (increnental redundancy). In this case, the rate
dermat chi 0@ In a first case, the multiple signals derived from a single message are different

from each other (incremental redundancy). In this case, the rate dematching
unit converts all the accumulated signals, and transmits the converted signals

to the encoder for joint decoding.

15  In a second case, the buffer the signals are identical, and the receiver
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.

20 The rate dematching unit is preferably operable to convert signals at a
selected one of a plurality of coding rates to the predetermined coding rate.

The present invention may aiternatively be expressed as a communication
system including at least one receiver as defined above.
25
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 selected one of a plurality
30 of first coding rates and being transmitted within a communication system, the
method comprising:
(i) receiving the signal;



unit converts all the accunul ated signals, and transmts the converted
signals to the encoder for joint decoding. 15 In a second case, the buffer
the signals are identical, and the receiver conbines the multiple

accunul ated signals and transnits the conbination signal to]ZHELEWﬁe

demat ching unit. Thus, the receiver perforns Chase conbining of the
signal s before the dematching. 20 The rat® demat ching unit is preferably
operable to convert signals at a selected one of a plurality of coding

rates to the prede ] ' rate . . [

alternatively be Z'bg'[pt?ysntgg s%i&éggg?ﬁ%ﬁﬁphn [ 5%6821%&'%%&?/@%%@8%\%&% | east
one recei ver cadingartte) etoripthe sighalAititee fissticoding, ratéin a buffet;i on may be
expressed as the ngethod pe,rforr‘er by a recejyver  of onmuni cati gn system
In this expressi ofill) eoRvVEstag tha 'W%Qéﬂ‘ﬂgdﬁte #rtﬁeise&%a'zo FePording
reconstructi pgea message froma signal derived from the nessage, the
signal encoding'the nmessage at a selected one of a plurality 30 of first
codi ng rafes and HKig) dgcodingding corvendd signabloaitemptitodeconstaiotithen t he

met hod conpri si n%:g (i) receiving the signal; 17 JUL 2006 6 (ii) upon the
selected fir&t®%%88Png rate being higher than a second coding rate, storing

the signal at the(f) dsteriRfhgi@hetie? thé nfestEfé & corrédtly) reconsteudtedgandie fir st
coding rate of the signal to the second coding rate; 5 (iv) decoding the

converted signal ¥)Hpeegtectionithaiihsimatsagenkas Relskagibconestlydet er ni ni ng
whether the nESSAGRIcteY, HGJ&HHd YahGRRERN Witif the 88Mmunication system of a

10 further signal, the further signal being derived from the message and having
the first coding rate, and

(vii) attempting to reconstruct the message from the further signal and
the signal stored in the buffer; or

(viii) upon the selected coding rate being lower than the second coding

15 rate, converting the first coding rate of the received signal to the second
coding rate;

(viiii) thereafter storing the converted signal at the second coding rate
in a buffer;

(x) decoding the converted signal to attempt to reconstruct the

20 message;

(xi) determining whether the message is correctly reconstructed,

(xii) upon detection that the message has not been correctly
reconstructed, triggering transmission within the communication system of a
further signal, the further signal being derived from the message and having

25 the first coding rate, and
(xiii) 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
30 network are identical, step (vii) preferably includes combining the multiple
signals (Chase combining), converting the coding rate of the combined data to



(vi) upon detection that the nessage has not been correctly reconstructed,
triggering transm ssion within the comuni cation system of a 10 further
signal, the further signal being derived fromthe nessage and g vbﬁg t he
first coding rate, and (vii) attenpting to reconstruct the nkb @b romthe
further signal and the signal stored in fhe buffer; or (viii) upon the

sel ected coding rate being | ower than the®8econd coding 15 rate,
converting the first coding rate of the received signal to the second

coding rate; bbdd h | | gg% second
coding rate ﬂi‘é/nggé%%df ?i@; 6?%(%%Jg%@éwgg?éwgﬁg%g\%ﬂléﬁﬂgﬁgna qegﬁ%r%mtl ﬁ?rpt to
reconstruct thaverted datssage; (xi) determining whether the nmessage is
correctly reconstructed; (xii) upon detection that the nessage has not

been correctly reconstructed, triggering transm ssion within the

communi cat i oAitepstRElyOin the tadd that td midftiple siaRalsurdnshittel Within Bfi N9 deri ved
fromthe nessage and havin 25 the first coding rate, and (xiil)

attenpting t oMERHsatians netwerkasaglddentical (e.@. InarementaliRedundanay), t he

signal stored,] : : t Lt I_anal s

trgnsm' tted g\}étpﬂﬁvhpﬁrr\ezé%om%!uc%ggP%Hggﬁ®8 %é{:}ﬁe gﬁg”#@ﬁ??@%"@%&%p (vii)
preferably i thd seondceuding rate driveateermpiing ® lféo@ngirﬁct(tﬁb&ﬁ@ssag@tﬂdlh nge .
converting the cfodi n% rgte of the combined data to 17 JUL 2006 6a the
second codi n§et%hGONYRHE SIS ng to reconstruct the message fromthe
converted data.

10  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
alternatively until the message is correctly reconstructed.

16
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
used in the transmission is lower than the coding rate acceptable to the

20 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
coding rate is lower than the decoder coding rate, we propose that the



Alternatively, in the case that the multiple signals transmtted within the
5 communi cati ons network are not identical (e.g. Increnental Redundancy),
step (vii) preferably includes converting each of the accunul ated signals
to the second coding rate and attenpting to reconstruct the yesgpQa0sf rom
the set of converted signals. 10 In either case, a further determ nation
can be carried out of whether the nessa has been correctly
reconstructed, and if not a further signal can be requested fromthe
transmtter, after which step (vii) is perforned again. This |oop can be
performed a predeterm ned maxi num nunber of times, or alternatively until
the message is correctly reconstructed. 15 As expl ai ned above, the present

i nventi on nakReEVer shesdd preferably ke grrangad to switah bebween:huffgring:the red f or

buffering in ; | O 3 o number
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demat chi ng unit .reduces the nunber, of bits,. sa that | aci.ng the buffer
before the r e FANG ‘Pb‘ﬁﬁg?'?hﬁ&%%@'sﬂ?@ 'B&??@Cﬂeﬁg’nﬁig  @JAWEE et .
Ther ef or e5 | thdmiheCaeaddeptablBo tfs Bb¥sderof the present invention is also
I ntended to be used in cases in which the transm ssion coding rate is

| ower than the decoder coding rate, we propose that the 17 JUL 2006 7
receiver ShOB'rig g tﬁ)t?'ll f r eged to switch between buffering the
signal s befo 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 transm ssion i s respectively higher or
lover 5 t hanNORAINGHieS seekasliments etiherevaniionaui now be deséribed in detal 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



Brief Description of the Figures Non-limting enbodi mrents of the invention
w Il now be described in detail with 10 reference to the follow ng
figures, in which: 15 20 Fig. | shows a known transmtter of a

communi cation system Fig. 2 shows a known receiver of a cofpypj ¢e6i on
system and Fig. 3 shows the general structure of a receiver according to
the present invention. Detailed Descrlp%%on of the Enbodi nents W wi ||
consi der two enbodi nents of the present vention in turn. As discussed
bel ow, both have the general structure shown in Fig. 3, in which the sane
reference nunerals used in Fig. 2 are enployed to | abel units having
correspondi ng respective functions. In particular, the receiver of Fig. 3
25 i ncl udes atogedg%wthe despdenh3 (atileast afier e deecodsri 13:has gompisted the buf f er
11. The buféﬁé%@ﬁéynulates one or nore signals derived froma single
nmessage, themall to a rate dematching unit 9. The rate
dematching unit 9 converts the coding rate of the data it receives to that
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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 3/4. 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



enbodi nents of the present invention. Furthernore, any receiver may be part
of a physical unit which is also capable of functioning as a transmtter.
10 W now turn to the first enbodi ment of the invention, having the
structure of Fig. 3. This enbodinent is a receiver for a coq? ﬂhv}luﬁdeon
mul ti ple access (CDMA) 15 conmuni cati on system The encoder
transmtter is a Turbo encoder with a pres;chosen coding rate of 1/3.
Simlarly, 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
Mchi ps/sec. The nunber of multicodes is 5. The transmssion tinme interval
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retransnmits axrﬁ'negrtmnsnuwon@&bnudemtmal Bignat. signal transnmitted to the
receiver. Naturally, each of these identical signals transmtted within the
25 conmuni cations network are received with differing noise. The operation
of the regei gpdp DNUpBhTebaiigi fextSignal '|ﬂ§ﬁran§hﬂ@ed~to iﬁe b&fféﬁnfmgtdré@t the
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signal, it is transmtted to the buffer 11 and stored there AII t he
accurul at ed @8Matehing wBItS, e result jssdegadeddntingeturbesieseder 1
10

Step3: If the result is the message decoded with an error, go back to step 1
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 % 65304 bits 28992 bits -56%
15
Table 1

Table 1 shows a comparison of the required memory size per TTl 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.



conbining) to produce a bit streamof the same | ength as any one of the
stored signals. This is "soft conbining”. The result is transmtted to the
rate dematching unit 9. The result is decoded by the Turbo decoder 13. 10
Step3: If the result is the nmessage decoded with an error, goh?ﬁgﬁzw@ step
1 wuntil the maximumtransmssion limtation (i.e. a predeter Xi mum
nunber of tines the signal can be transnhbted) Is reached. Prior artFirst
enbodi ment Per cent age change QPSK 1/a43704 bits29160 bits-33% QPSK 3/ 65304
bits28992 bits-56% 15 Table 1 Table 1 shows a conparison of the required
menory size per TTlI in the prior art receiver of Fig. 2 and in the first
enbodi nent. The final colum shows the 20 advantage of the first enbodi nent

conpared to Megegyergthestime taken by the saft cpmbining sgeration; ig@lsa Sﬁduﬁléfrﬁh@ihr eg
[ f th ; : : with the
o oposed shiiasons HaiiAg saf GRMARY P boRdycBH HeGR, K SelrBfhill ¢

conbi ning operation is also reduced. The reason is that the soft conbining
I s conducted,hefore rate denatchi ng. turn.now to the second odj ment .
Thi s al so nal%e ﬁgﬂg&%{wsée&m&eﬁvﬁéﬁﬂ&'s flroas e deidye @P&g’s

whi ch ar e5 t r Basifi thisshsel thBigigridle whidHTave teaidreiRe d WaEHIP tHe é'érﬁnﬂi?ﬁc?L ns _
identical, but are derived fromthe nessage in different ways. us, as is
wel | know, t Retwarlese aotabidentisat butawodesivesdsrom the saessagedptdifferentressage

using using (HasenGATRISL Wi Bidw, tRE Bnals 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



I ncrenental Redundancy (IR) will be enployed to inplenent soft conbining.
10 IR is another well known inplenentation of HARQ soft conbi ni ng wherein
i nstead of sending sinple repeats of the entire coded data, additional
redundancy information is incrementally transmtted if the dﬁﬁgg}@mﬁ' S
on the first attenpt. 15 The HARQ operation in the second e S
different fromthat of the first enbodingnt in that that only two
transm ssions are allowed. The whole procedure of the proposed schene is
as follows: Step 1. If it is found that the first nessage is not correctly
reconstructed from 20 the first signal received by the receiver, the
recei ved data before rate dematching is stored at the HARQ buffer 11.
Meanwhi | e, altgROKe seer fatiip the secqndemkpdinsnt, thedigtodemadshingisei vi ng t he
second signa % ki bject to rate 25 dematching by the
rate demtché?ﬁghﬁﬁg?ﬁggﬁgfnt te t%lgngkldecoder buffer (not shown in Fig. 3)
of the Turbo decoder 13. Then, the data stored in the HARQ buffer 11 wll

be t itted. t t he demat cher 9 .agai d conbined ,with the dat
otored n t hie MR the peednd SnBedment; SMeRTE Ssimdt Gkt be
decoded by TyhREMGAHR twbdit is3fotinecésbargd8Gtdrk the s@gan@_@.igm@m fheauftep. the

second enbodi ment, the rate dematching i's perforned tw ce for the first
si gnal . Not e Howagver rintvagiatiens afithengrobpdimant in which theenasimuramumbesef of 5

Lo ] or eSS B SR el S RO Ml
number of typnshe penoltimate BighadsHouithbé storet! lne tieebaffét, si gnal s (and any
further signals
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 Forexample, 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



up to the penultimate signal) should be stored in the buffer. 10 The size
of the HARQ buffer 11 can be reduced nore than half with the second
enbodi ment, conpared to the prior art receiver of Fig. 2. However, unlike
" the first enbodi nent, the operation tinme for soft conbining aﬁqﬂﬁt ﬁp
reduced. This is because the soft conbining is perforned aft t@
demat ching in the second enbodi nent. 15 t hough the invention has been
descri bed above in relation to only two nbodi ments, many variations are
possible within the scope of the invention as will be clear to a skilled
reader. 20 For exanple, although in the exanples given above the coding
rate of the signals received by the receiver enbodinents is higher than
the codi ng r &igPal [RGEMEIRALNE 7t iIeVEHS to epedwvingza highericading natethan thet | i ni t ed

oot vi g angeoaserc T oo sEFey Baok I Hie RMeEr M8 Folh 7 <" ower t han

the coding rate 25 acceptable to the decoder 13. Wen the signals received

by the signa eceiving,unit 7 have such a |ower, coding rate, the receiver
may be arranb@&hefrﬁoﬁma?@ﬂ“%@me ?@Wﬂ“@qﬂ@%ﬁpi’@mr&ﬁia&dﬁmq abevey. 2

i .e. thegcogkirgriat | } r i I i | Lved b
'Ehe Si gnal5 rg%egwsghlrﬁ%ic% ﬂ?%dynﬁgﬂemﬁtqé(a%h@?%@ﬁaﬁ%%f Eg%t g{e?gﬁrrachi né
unit 9, and farexampleteompiéraentedeas3softieanst mbdulgsuunning orsasy number of t he
buffer 11. Wen the signal received by the 17 JUL 2006 12 signal receiving
unit 7 revert egrgt%gnrtﬁ.ﬂ% ng a higher coding rate than the decoder, the
receiver switches back to the configuration of Fig. 3. Furthernore,

al t hough the_el enents of the enbodi nents are descri bed above 5 as "units",

in fact theyFughanolieaalheeghtheembodiments eapplenSAWRAREY, the inventiery 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.



for exanple be inplenmented as software nodul es running on any nunber of
Integrated circuits. Furthernore, although the enbodi nents enpl oy SAW HARQ
the invention is 10 not limted in this respect, and is equally applicable
to other HARQ techni ques enploying soft conbining, such as SR (selective
repeating) which is well known to a skilled reader. 17 JUL 2006l 7L3UCIl6 ns
1. Areceiver for a comrunication syste n which nmessages are transmtted
as encoded signals derived fromthe ness % the receiver 5 conprising: a
signal reception unit for receiving signals; a buffer for storing signals;
a rate dematching unit for receiving signals fromthe buffer or fromthe
signal reception unit, and converting their coding rate to a predefined
coding 10 rglamsand a decoder for receiving the converted signals fromthe
rate dematching wunit or fromthe buffer, and decoding themto reconstruct
t he nessages, the receiver being arranged, upon detection that a nmessage

oo oo ontus e e R A ach sl el rase
deri ved frorﬁfﬂh@“l@%@nc%‘ﬁﬂ %'QBa@é&S Bfﬁ%ﬁ% mm%%ﬁg%gt}\e rﬁ?"d& rss dat a
but for . viher SHPHRIG 26 Genmtching uni ¢ 15 operabl e to convert signals.
a selected one oé signal veception wfit ﬁoomcagvmgtsg?lalm t he predefined cggﬁn; !
rate, and 20 in Whlbu?fer ?& srtce)rlr% \s/%rna|s sel ectively arranged,
a rate dematching unit for receiving signals from the buffer or from the
signal reception unit, and converting their coding rate to a predefined coding
10 rate; and
a decoder for receiving the converted signals from the rate dematching
unit or from the buffer, 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
15 communication system of a further signal derived from the message, and the
decoder being arranged to process data derived from the further signal and
from the first signal stored in the buffer, wherein
the rate dematching unit is operable to convert signals at a selected
one of a plurality of coding rates to the predefined coding rate, and
20 in which the receiver is selectively arranged,
upon the selected coding rate being higher than the predefined coding
rate, to store in the buffer the signals received by the signal reception unit,
and to transmit the signals from the buffer to the rate dematching unit for
conversion to the predefined coding rate; or
25 upon the selected coding rate being lower than the predefined coding
rate, to transmit the signal received by the signal reception unit to the rate
dematching unit, and to store in the buffer the converted signals from the rate

dematching unit.



upon the selected coding rate being higher than the predefined coding
rate, to store in the buffer the signals received by the signal reception

unit, and to transmt the signals fromthe buffer to the rate dematching
“unit for conversion to the predefined coding rate; or 25 upon L”@H?@hected
coding rate being | ower than the predefined coding rate, to tl t he
signal received by the signal reception ggit to the rate dematching unit,
and to store in the buffer the converted'signals fromthe rate dematching
unit. 17 JUL 2006 14 2. A receiver according to claim1 in which the buffer
is arranged, upon the further signal being received by the receiver and
upon the selected coding rate bein her than the predefined coding
rate, to tradsni tAgeceivehacedingdo c @ng%m whith theduffegisarranged.dupan t he

codi ng rat e drdorafSRPRERRE Byked B sia Rk e aritndh HEEsQREEE Mt
recei ver acceitdl b@mgt mghéathankherprwem’cw dswnbglfréter td FaAsmit et the fupther t he
further signal eln? recei ved t he recei ver and upon the sel ected coding

10 rate bei n§gAR man@lrﬁomde'aéhe Mer:tmtwaﬁ%gemaﬂ@'e@#mtrﬁ@ the
further i geéﬁve%.bp t81Re gfeda?rn%dgs i C%téfaﬂeetpads@g&gntwftﬁ&anea@lartfsﬁnsm t

t he conbi ned nal to the rate recel ver according
to any precejrblmgecbdmgl in which the buffer is 15 arranged to store the
further signal. 5. A conmmunication systemconprising a transmtter for
transmtting signals derived froma nessage as encoded signals, and a

receiver accgrdi ng ret&ivaricdsrarRtotdaif! Riffwhih the buffer is arranged, upon
the further signal being received by the receiver and upon the selected coding
10 rate being higher than the predefined coding rate, to combine the further
signal with one or more signals stored in the buffer and transmit the combined
signal to the rate dematching unit.

4.  Areceiver according to any preceding claim in which the buffer is
15 arranged to store the further signal.

5. A communication system comprising a transmitter for transmitting
signals derived from a message as encoded signals, and a receiver according
to any preceding claim.

20

6. A method for reconstructing a message from a signal derived from the
message, the signal encoding the message at a selected one of a plurality of
first coding rates and being transmitted within a communication system, the
method comprising:

25 (i) receiving the signal;
(ii) upon the selected first coding rate being higher than a second
coding rate, storing the signal at the first coding rate in a buffer;
(iii) converting the first coding rate of the signal to the second coding

rate;



6. A nethod for reconstructing a nmessage froma signal derived fromthe
nmessage, the signal encoding the nessage at a selected one of a plurality
of first coding rates and being transmtted within a conmuni cati on system
the method conprising: 25 (i) receiving the signal; (ii) upon fthgJstlgct ed
first coding rate being higher than a second coding rate, storing the
signal at the first coding rate in a bufi r; (iii) converting the first
coding rate of the signal to the second %ding rate; 17 JUL 2006 15 (iv)
decodi ng the converted signal to attenpt to reconstruct the nessage; (V)
determ ni ng whet her the nessage is correctly reconstructed; (vi) upon
detection that the nessage has not been correctly 5 reconstructed,
triggering transnfi@sienoding thencanveriedraignal daattempd ya reganstrugt theur t her
signal, the fur%%&g signal being derived fromthe nessage and having the
first codingn$§ *“and (vii) attenpting to reconstruct the nessage fromthe

further signal an@) defernsihipgabhether the message isuddrractlyvecdist(udted;) upon the
sel ected coding rate being I gwer than the second cﬁi)di ng converting

the first codi ng WAuPQT detestior thatibe mesgage has n ese@c‘i%[r'factﬂgbdi ng rate;
o b ! Sl PG SRR e i oot (21
t he messagefurther signal, the further signal being derived from the message and having
the first coding rate, and
(vii) attempting to reconstruct the message from the further signal and
the signal stored in the buffer; or
10 (viii) upon the selected coding rate being lower than the second coding
rate, converting the first coding rate of the received signal to the second
coding rate;
(viiii) thereafter storing the converted signal at the second coding rate
in a buffer;
15 (x) decoding the converted signal to attempt to reconstruct the
message;
(xi) determining whether the message is correctly reconstructed;
(xii) upon detection that the message has not been correctly
reconstructed, triggering transmission within the communication system of a
20 further signal, the further signal being derived from the message and having
the first coding rate, and
(xiii) attempting to reconstruct the message from the further signal and

the signal stored in the buffer.

25 7. A method according to claim 6 in which the multiple signals transmitted
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.

30



(xi) determ ning whether the nessage is correctly reconstructed; (xii)
upon detection that the nessage has not been correctly reconstructed,
triggering transm ssion within the conmunication systemof a 20 further
signal, the further signal being derived fromthe nessage and hqvhn.ugghe
first coding rate, and (xiii) attenpting to reconstruct the nmessage from
the further signal and the signal storeﬂ%in the buffer. 25 7. A nethod
according to claim6 in which the nultiple signals transmtted wthin the
conmmuni cation systemare identical, and step (vii) includes conbining the
mul tiple signals, converting the conbined signal to the second coding rate
and attenpting to reconstruct the nmessage fromthe converted signal. 30 17
JUL 2006 16 &. A Awnetbadasserdingdo clain|Ginwisich stem(\ih inpluges eonvering| udes

cecond codi eyl Sihate s Fafat 6l B Aoler R eigXddii . oo,
of convert edasd gfiehpting t8 redoristiueo theamessaganfrotrothel stitof @ohvertéd signalse
multiple signals transmtted wthin the comunication system are not

identical. 10. A nmethod according to any of clainms 6 to 9 in which the

sequence Of ¢St epg fathoAMbcbtdihg td S1R'd AWRKEh W& LIRS Ie!sigiidls BaR8mitted

within the communication system are not identical.

10. A method according to any of claims 6 to 9 in which the sequence of
steps (v) and (vii) is performed again at least once.



