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present invention relates to conmuni cation systens in which enpl oy gmgh
hybrid automatic repeat requests and rate matching. 10 Description of
Background Art It is extrenely common in nodern conmuni cation systens that
aunit whichis to transmt a nessage (hgre referred to as a
"transmtter”) to a unit at a distance ("receiver") uses the nessage to
generate an encoded signal and 15 transmts the signal (e.g. as a data
packet) to the receiver. For this reason, the transmtter includes an
encoder and the receiver includes a decoder. Many coding schenes are
known, and codi ng schenes differ in the ratio of the nunber of bits input

to the encoder to th%g%gﬁfca%n@géferﬁé’hﬂﬂ%iﬂr%&b@nat@ﬂ%t Ré$%s"(§0di ng
rate"). One well kno me IS call e ur.bo I ng ny
decoders function by a well knowin4 BRE NaeWiatgRINbor ward error
correction (FEC). In the case that the recei ver does not correctly receive
a signal, it is well known for the receiver to trigger an automatic
retransm sgi opidM ofttid BWahtigd derived fromthe nessage. This triggering is
known as an .autonatic repea request (ARQ . For exanple, the receiver may
trigger the second S|gnal transmtting to the transmtter a NACK ("no

Fecei ves. "and HewsSt R Y?PF@’EHE 68 1o ol on s Bths P WRicH HRgloy o
("joint decodhyBrid autéthatid Fepeat Pequestoand sate 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



30 subsequent signals may sinply be identical to the first signal (in which
case 2 the joint decoding is by a process called Chase conbining), or they
may be different but still derived fromthe sanme nessage (I ncrenenta
Redundancy). Hybrid Automati c Repeat Request (HARQ signal transmission is
defined as 5 any data comuni cati on net hod whi ch combi nes automatic repeat
requests (ARQ with forward error correctpon (FEC) and which saves failed
decoding attenpts for future joint decoding. The principle of HARQis to
buffer data that were not decoded successfully and subsequently conbi ne
the. buffered data wth retransm ssions. 10 To neet the different demands

of different rvi.ces ny. nodern co ni,cation syste negd to support a
set of codi ng Pailt Geeodind jy & hocessied dehars RIS, Otffey apay b8
services. A sidifiérght baf @I derfRidrsitRe shifitl MBBSAgd (Thérenterital ReRURdaridy).l i pl e
encoders in the transmtter and nultiple 15 decoders in the receiver, but

this nmethod results in huge conplexity in the comrunication equi pnent.

The encoder prfsLAGonte REped R (ARERD sondldforfRipch F REiebae n
rates can Be ciriyedatacomyminicatiomiethodwhichlé@hbings autbwaatic repeatdequestd t o
transmt data at a coding rate higher than that of the 20 encoder, bits

puncturing (i .(ARQ) with forward erren carregtion (rGhand whish sanes fajled decgding

performed to ' I k; . L oS '

transmt dat acgﬁe%a&gtggffnug&%a{{)@?%gg#'ﬂghgﬁé ? ﬁgc'é&g&cﬂégg'sggy%f%q r("I %?aet,halgi t
repetition w lwereenctastoded duccessilly and Sebstegichtly contbimg theobeffered daitg. 1
shows the structure of such a known transmtter. An encoder 1 receives a

message to be VEHEEAERNSMIBYANShe | eft of the diagran), encodes it, and
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

16  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



transmts it to a rate matching unit 3, which perforns puncturing or bit
repetition to produce a desired coding rate. The resultant data is then
transmtted to an signal transmission unit 5 for transm ssion. For exanple,
in 3 the case that the transm ssion is by radio, the signal transm ssion
unit 5 may be an aerial unit, but the present inventionis not limted in
this respect. The correspondi ng known recejver is shown in Fig. 2, and
corresponds to 5 what is shown in the standard docunent "3GPP TR25. 848:
Physi cal |ayer aspects of UTRA high speed downlink packet access” (the

di scl osure of which is incorporated herein by reference in its entirety).
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signal transmtted by the signal transm ssion unit 5, and transmts it to
a rate dematching unit 9, which converts the rate to one acceptable to the

decoder 13 1 11pie0 eebEndRG e hosiar b SAdin fr Eion?, ahd BTSSR & '
al gorithnsg t iviat ishshiown in thefstahdardrddduenert ¢8GPP TRR5 3481 Physichhaysessage,
the receiver sends a _NACK sjignal (using conponents which are not shown in

Fig. 2) to thaspegsafUlieA high speed downlink packet areess (thedisclesure ofiwhichext

signal deriveg, L e sl [ to the
bufter 11 Tho ORISR reliendeth fo eRERNCH iLHREs mcboBF T,
recei ved ver sselestedf correspondingly to2theldreddet fleThé tecaiver fuethenincliries a ar ge

menory size for hjgh data rate, caqmunjcations. For, exanple, 3rd generation
nobi | e wirel e§!9"al:%ﬁ$9ﬁp@é’mt' ne-includingan aefilanitinthe casethe 2mops to

10Mops.  Ther ef@h&mission 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

156  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



this extra buffer nmenory will introduce a |lot of cost to the user

equi pnent. 25 Summary of the invention The present invention ains to
provi de new and useful conmunication nethods and systens. 30 ,i 4 In
particular, the invention proposes a HARQ systemw th rate matching and
having a reduced nmenory requirenent. In general terns, the present

i nvention proposes that the receiver of.a4dARQ 5 comunication system
shoul d be capable of buffering received signals in the formthey are in
before they are processed by the rate dematching unit. The advantage of
this is that, in the case that the rate denatching unit I ncreases the

nunber of bit nt. of nmenory requ flering is reduced.
The nmenory si f"bp?'g'&ﬂ%’efg‘eﬂv" %Qfﬂﬁf’%ﬁ ﬁ(ﬁng H‘ fge nung i on

system str onghﬁv,ﬁP@ﬁ:’t@cbaengmgky RiquirBfefmMmuni cat i on systens. Therefore,
the present invention may hel p reduce the cost of these conmmunication

systens, especially the user equi pnent. Specifically, the present invention

ranam tted ol nieral o, AEBRREAr hhaRsoT BrontRbe thatindecoly g onapRg; °
conpri si ngs acemmncatmrewstem should be capabie of buffeting ne¢sived: signbissih ther
storing signals received the signal reception unit; a rate dematching

unit for recef@mhtheyigjadn §equ6rﬁh@¥1€r%m§$5%ﬁlhy theyrate dematehiggun Theodi ng
rate to a predgiiiageo? #i8% 2k Sn tAS dase 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



a decoder for receiving the converted signals fromthe rate dematching
unit, and decoding themto reconstruct the nessages, the receiver being
arranged, upon detection that a nessage has not been correctly decoded
froma first-signal, to request transm ssion within the 25 conmunication
system of a further signal derived fromthe nessage, and the encoder being
arranged to process data derived fromthe gurther signal and fromthe
first signal stored in the buffer. In a first case, the nmultiple signals
derived froma single nessage are different 30 from each ot her
(increnmental redundancy). In this case, the rate denatching 5 unit

converts all the accu ed s and ran mts t canver al s
Cor " the. encod U EBRPEE Al tieankiietsd Shals, S Rahmlid ing 2RiiVensd sipdl
signal s are i gefHe. éﬁéodeam&jbmd@%@mger 5 conbines the nultiple accurrul ated
signals and transmts the conbination signal to the rate dematching unit.

Thus, the recei ver perfornms Chase conbining of the signals before the

S?Sﬁéﬁ?‘ 00 o DEasBeBnllSHBE et ke binRlsArE el Bl ReTebdveRa !
predet er ni fed comlbllrie}s thetraultiplE@caunasiated Sighals andrtrariimitt) therdomibikation be
expressed as a, conmuni cation systemijncluding at |east one receiver as

defi ned aboveSigngl iQ therrate dem;chlmm@nit nlfys; the reagjves pesiopms Shaseas t he
nmet hod perfor on system In this
expression, EBH‘ reggr?{il nvgﬁgﬁoﬁrlgfo%rtg\%%@%t hod for reconstructing a

nmessage from a si gnal derived from the nessage, the signal encoding the

nessage at a fjrst ding.rate and ei transmtted within a
communi cat | onﬂ‘?ﬁ" emaiching Woil sy Eglr@ergwe(tp)cong@@isqgn%s 8hR signal ;

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;

(i) storing the signal at the first coding rate in a buffer;

(i) 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,



(ii1) 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 attenpt to reconstruct the 25
nmessage; (v) determ ning whether the nessage is correctly reconstructed;
and (vi) upon detection that the nessage was not been correctly
reconstructed, triggering transm ssion w téin the comrunication systemof a
further signal, the further signal being derived fromthe nessage and
having 30 the first coding rate, r 6 (vii) attenpting to reconstruct the
nmessage fromthe further signal and the signal stored in the buffer. In

th that th t4 ' Il ' | ' Lons 5
networ K are i dent | ep SEPEHEBTREotdRlt fie HiESelihs o INAARBT MR AN
mul tiple si g sighGhstoeed imthierbuffgr, converting the coding rate of the

conbined data to the second coding rate and attenpting to reconstruct the
nmessage fromthe converted data. 10 Alternatively, in the case that the

soage T ! ta. 1€ ely, t
mul tiple si gnah thd 66 tHdt R muifiglé Bignags trﬁtgétﬁg%!@?%_fhlﬁﬂ% ;@mg{dicétroﬁsno

identical (e.g. Incremental Redundancy), € vil) pref y Includes
conver t i ngbeadetwork are identioali sier (vi ipseferably includes carobining:thei myltiple e and

attenpting to _tegc ct . sage. fromthe .set .of nverted si,angls.

15 I el ther  SETE (o5 Bl Gitfuertidiine fousi6 tatd of 3hE KEm-Fredsidre;

t he 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
messége 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 presént 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



nmessage has been correctly reconstructed, and if not a further signal can
be requested fromthe transmtter, after which step (vii) is perforned
again. This . |loop can be performed a predeternm ned maxi nrum nunber of
times, or 20 alternatively until the nessage is correctly reconstructed. As
expl ai ned above, the present invention nakes it possible to reduce the
amount of nmenory required for buffering inpthe case that the rate
dematching unit increases the nunber of bits. However, conversely, if the
coding rate 25 used in the transmssion is |lower than the coding rate
acceptable to the decoder, then the rate dematching unit reduces the

nor eases t he BTRLSTON Beibd b0 BnaHbbaia dFAgh Peter Blfie AR ., ho
receiver of tsiynalebefore therats dentatehingluit (asdesetsed abbees)uarbufferigses in
which the transm ssion 30 coding rate Is | ower than the decoder coding

rate, we propdR@signals after the ratedamatchingsuniti(asriathe pHpyaR) ascprdingto ¢ o

Ceh bet : . _ e :
descr i bed abouttinicbdity fet8 useuit e rdREIRic'S rbpSeePNGRGr e [0,
(as in the5pr than thet 9ne accaptabledottbe debeddrer coding rate used in the

transm ssion is respectively higher or lower 5 than the one acceptable to
the decoder. Brief Description of the Figures Non-limting enbodi nents of

t he invention|3fn|'elfbé@,@ﬂt\#p&1 gete/Figafks n detail with 10 reference to the
following figdres, 1n rch. FiQg. shows a known transmtter of a
communi cation system Fig. 2 shows a known receiver of a comrunication

f gst ﬁren and i\?on'fﬁrﬁi_tin% esnrull%\g‘ln{err]\?s o fﬁ%riﬁ\llen %ornuv%lunro%v Bfe describe }/neéet%ﬁ%ﬁ hOII no

10  reference to the following figures, in which:
F'ig. 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 fora
decoder 13. Note that the output of the dematching unit 9 is preferably not



present invention. Detailed Description of the Enbodinents 20 W will
consi der two enbodi nents of the present invention 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 includes a signal reception unit 7 which transmits signals to a buffer
11. The buffer accunul ates one or nore signals derived froma single
nessage, transmts themall to a rate dematching unit 9. The rate
dematching unit 9 converts the coding rate of the data it receives to that

o T bref er abryp"Rd EYC EBEoder 13 itieAdHshidfe 460 Fher Caf PRI M o o

13 has conpl etjedod|hg) decoding). The receiver of Fig. 3, like that of Fig.
2, is capable of operating in 5 conbination with the known transmtter of
Fig. 1, to forma comunication system In practice, the conmunication

System ey COTRElEeiut of Pt3, IRAMERLE FRY 9 REHRIE BFGpafifig 10T, 0 O &Y

one or nore receivers nay r esen ention.
Furt her nor®, aambmmi-rwnth ﬂmjkmmmpaansnntteraaf;ﬂrgm ctarfommatcommuhucaﬁonl SO
capabl e of funct,ionin ransmtter now turn to the first

embodi ment of SYHEM- r“}gﬁ?ﬁa@ﬁ '}%\?f?rﬂﬁ‘uﬁf@t@ﬂﬁﬁ R @ayt corppgise multiple
enbodi ment i s trANEAMESN AndictreBeivarAE of‘WhréH &y BH or Ridted6E&TErs 15
communi cation system The encoder 1 of the transmtter IS a fur encoder
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)
16 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 inte_rVal (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



wWith a pre-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 Mhips/sec. The nunber of nulticodes is 5. The
transmission tine interval (TTl) is 2 ns. Two types of nodul ati on and

codi ng 20 schenes are required to be supported, for exanple QPSK with
coding rate of 1/2, and QPSK with codinggate of 314. The HARQ nechani sm
is stop and wait (SAW with 6 channels. In the case that a NACK signal is
received the transmitter retransmts a signal identical to the first

signal transmtted to the receiver. Naturally, each of these identical

signals transnitt Wt hi ( i gat ) network are received with
di ffering noi g‘g%a‘%&”ﬁb i%ga&é({l%h%%fﬁgﬁgggﬁ t@ﬁ?#ﬂ“t"‘?’ff% Pase is as fol | ows:
Step 1: If it acknéwiedgefrient (Nhewl$ae%ehstmb teasheigter xsor@scw*ggéfséed from
the 30 first _signal transmtted the transmtter, the recei véd signal

before rate ofurtardtansmissios @@Bﬂ@%ﬂﬂi’ﬁ' si98akARO buffer 11. Meanwhile, no
acknow edgenment (NACK) will be sent to the transmitter, so as to trigger a
further transm ssion of an identical signal. 5 Step 2: Upon receiving next
signal , it5i sStemBsUpbhedceivingmexbsighel, itli$ tangmitted tolthet heffer.11Aand stoved

b7 oduce o bi ¢ BapoIeS assmdatad daiadn e bulles 1w combined Goase gL&h s
init o Tho r SO prodits B Sttodt of K SdG Mot 2 R p0 B T O

result is thestored signalte dhikeis "softmomblmngbrTheg@shﬁwtransmtﬁem to thematd the
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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 Y% 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.



Prior art First enbodi nent Percentage change QPSK % 43704 bits 29160 bits
-33% QPSK 3/ 65304 bits 28992 bits -56% 15 Table 1 Table 1 shows a
conparison of the required nenory size per TTlI in the prior art receiver
of Fig. 2 and in the first enbodinent. The final colum shows the 20
advant age of the first enbodi ment conpared to the prior art, quoted as a
percentage. Evidently the required size ofijgthe buffer 11 can be reduced by
as nmuch as nore than half with the proposed schene. 10 Moreover, the tine
taken by the soft conbining operation is also reduced. The reason is that
the soft conmbining is conducted before rate denatching. W turn now to the

second enbodi . ' LS
case the si gngﬁs}é%l ﬁea%ﬁﬁ?g%i"&ttegamﬂgwbrrﬂgﬁgp lonﬁ!sa,lj‘% %@i"cgﬁ'efﬁ%rk
are not all i ceagonciglthattht safteccamtsiningds icondudted beforeagte dematdimg.ent  ways.
Thus, as is well know, the signals should not be conbined to reconstruct

the nmessage using usi ng Chase combi ning, but rather Incremental Redundancy

(IR will be quekfnad h%e%ﬁaten%%dm@ﬁm aﬂmﬂa&ﬂq@ étﬁjcg%t&%

known i npl ementation o I'nin erein I NSt ea
si npl e rep&at bubin thisecase thesignale whikit are trasmitted avithim ﬁubmolanu;nm:aﬂ‘omsrrat i on

15 The tARG opeRTkEE Mt efl enticah Bub AR etk fom s fressie inidiierehbe or
\mgl ef irst enpRYsMeRLs, ds BRI Kitw, tRE sigral®shdéRa Hiot BEicoRtbiRéFt&! | oved. The
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.

156 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



procedure of the proposed schene is as follows: Step 1: If it is found that
the first nmessage 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
transmtter. Step 2: Upon receiving the second signal, the second signal is
subject to rate 25 dematching by the ratg¢qdematcher 9 and transmtted 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 transmtted through the

demat cher 9 again and conbined wth the data stored in the decoder buffer.

't can bo seclt AHS pREY HERLEHE teoombufifaRfin e e BertBichi %, 0

perforned tw pgrfbfed tWickifosthesfirstgignalNot e that in the second enbodi nent,
since the maxi mum nunber of 5 transmission is two it is not necessary to

store the second signal in the buffer. However, in variations of the

embodi ment inrl}igﬁ fljfhtlﬁﬁw{gﬁéﬁr%rﬂpaﬁﬁerﬂfsm&éﬂf&sma%ﬁﬁ%%%rﬁb i gher than

two, the seco Sighal s arther’ up to the penultinmate
signal ) sh®ul transmissioreis i'wm |t isa'ndiufdcessary(ioﬁltmedheseoénd BignelhirGhb lfuffer. 11

can be reduced nore th h h t t, d th
prior art rec QV@V%:]"”I%?%@B ions &E\E’ch’d'sec Wﬁ'ﬂ‘% l?'lpnrlggx'm ﬁ&eﬁr '? he ©
operation ti mFraBths?é?érgsr %qu%ﬂ tAdn $RBPe é&onﬂ%‘iblfé?@'%an@é y fuitHes Gijifeds t he

soft conbining 1S per rate dematchin t he 'second
enbodi ment . 1%ip to the penultimate SIgnaI) 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 embodimént, the operation time for soft combining cannot be
reduced. This is because the soft combining is performed after rate
dematching in the second embodiment.

16
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



Al t hough the invention has been described above in relation to only two
enbodi nents, nmany variations are possible within the scope of the invention
as wWll be clear to a skilled reader. 20 For exanple, although in the
exanpl es given above the coding rate of the signals received by the

recei ver enbodi ments is higher than the coding rate acceptable to the
decoder 13, the invention is not limted i49 this respect. Rather the

recei ver enbodi nents 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. Wen the signals received. by the signal

receiving unit_ . i r Y

arranged to SIAIREGENG R, BRI EsR A e ristercBtiia e Mieh 8%

the confi gur atdezodenfthé hecaiveraswitohel back tekhe Bonfiguratigmef Figesei ved by the
signal reception unit 7 is transmtted directly to the rate dematching
unit 9, and the output of the rate 30 dematching unit 9 is stored in the
buffer 11. Wh (VA

reverts 1o ond HgorTorginclhthy erins f tle emblolifn b 28 deabiaMabole
swi t ches bé&ck asd'units", dmfdotgjueyadm aot baveFtcgbe physiEaliyt maratee Raﬂhemmghmhye
el enments of tge enbod Is are g?cgcrlb above f?éy" units", in.fact _they
do not have t 'E)%xﬁm? mg}e ?%SO armody Uﬁﬁgl;lg IHRNY: RYFREE ohe

i mpl enent ed aqn@@ﬁhg@angmgules running on any nunber of integrated
circuits. Furthernore, although the embodinents enploy SAWHARQ the
inventionis 10 not limted in this respect, and is equally applicable to

other HARQ te ues sof.t conbj ni n sel ect.i ve
Pepeat | ngy. whirhteLToee aeddh e Sadinenls vridioy ARHIRRT, the vehion s
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. '
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Clainms 1. A receiver for a conmunication systemin which nessages are
transmtted as encoded signals derived fromthe nessages, the receiver 5
conprising: 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 fromthe buffer and converting their coding
rate to a predefined coding rate; and 10 gsdecoder for receiving the
converted signals fromthe rate dematching wunit, and decoding themto
reconstruct the nessages, the receiver being arranged, upon detection that
a nmessage has not been correctly decoded froma first signal, to request
transm ssi on ﬁ“ the comunication systemof a further signal derived
fromthe nessggérignd the 15 encoder being arranged to process data derived
fromthe further signal and fromthe first signal stored in the buffer. 2.
A receiver according to,claiml in which the buffer is arranged, upon the
further signall-bei Ayraceivarieia gpmmminication systemip whichmessages are he furt her

For conver of ot StEd 85 cHeBAE siahals Heed fibmife riEsralbl. {8 TRpENER "™ *
encoder fof jeomprisitgrodi ng. 3. A receiver according to claim1 in which

the buffer is arranged, upon 25 the further signal being received by the
receiver, to conbi ReSIgnd éﬁ?ﬁmu@*&iz{?cewnﬂkﬁmﬁor more signals stored in

tlze buffer and t ragsgitter'fbPstoAg skitfhIs tdtiled Byt Sgha'BcdbtiBH Gitng unit- S

‘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.

AR R



4. A receiver according to any preceding claimin which the rate
dematching unit is. operable to convert. signals at a selected one of a
plurality of coding rates to the predeterm ned coding rate. 5 5. A

recei ver according to claim4 in which all of the plurality of coding
rates are higher than the predeterm ned coding rate. 6. A receiver
according to claim4 in which at |east ongqqo0f the plurality of coding
rates is |lower than the predeterm ned coding rate, the receiver being 10
arranged, upon the selected coding rate being |lower than the predeterm ned
coding rate, to transmt the signal received by the signal reception unit

to the rate dernatchi i d.to store in the buffe he converted
signals from 9he_ fé{gé;%g’gx%tcgm ?W p@ocegl!n_g %a%gbw&@?' th@éﬁ ing to any
precedi ng cl aidematching nitti operbie to tonvett sSigharthtiPssibated drizfof albrdﬂ@ﬁry .
signal. 8. A communi cation system conpri Slogig atransmtter for transnitting
si gnal s deri v&ficedipg ratesdtodhg predeterpgdcosingheate. and a recei ver according
20 to any preceding claim 9. A nethod for reconstructing a nessage froma

signal derived fromthe nessage, the signal encoding the nessage at a
first codifig Bate #nrbcebiengccomingstu ¢laiml4vinWhich all bt pluesity oncsdiagem the

met hod conprising: 25, (i eceiving the signal; (ii1) storing the signal at
the first codirﬁtﬁgraé?2"6'?&55%&%?53%@??@'" ROLIPGITAE-t he first coding rate
of the signal to a second coding rate; (iv) decoding the converted signal

to attenpt to reconstruct the 30 nessage; 1!"!"™1YL111l1I1ILITITYIT.
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 dematching unit, and to store in the buffer the converted signals from the
rate dematching unit.

15 7. Areceiver 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 accordihg
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;
(iif) 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; |

_—
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15 (v) determ ning whether the nessage is correctly reconstructed; and
(vi) upon detection that the nessage was not been correctly reconstructed,
triggering transmssion within the communication systemof a further
signal, the further signal being derived fromthe nmessage and having 5 the
first coding rate, (vii) attenpting to reconstruct the nessage fromthe
further signal and the signal stored in t4ge buffer. 10. A method according
to claim9 in which the nultiple signals transmitted 10 within the

comuni cation systemare identical, and step (vii) includes combining the
mul tiple signals, converting the conbined signal to the second coding rate

d att ti tor struct the,nessage from.t he co verted nal
ﬂ Z mea{rﬁoljngccorﬁﬁgé}ﬁﬁ'm"éﬁ Hﬁhﬁtﬂ‘?{%aﬁ sagg ls E’W?‘}t W?&Pﬂaté'éc@aﬂﬁ‘#tl ng .
the further signal (W@pbh%leiécﬁibh'théi@éﬂﬁe‘sﬁbéé"ﬁa@%ﬁ Béeﬁ%oFrEeﬂ;?econd codi ng
rate and attenBtl ng to reconstruct the nessage fromthe set converted

signals. 12. MRCORS m‘&&@%%%ﬂ@%ﬂﬁﬁél% withinghevepatmuynieatian sysiem @ﬂaggal s
20 transmtte L 1H 13
met hod accor d?nl‘gfh%r"%@rgél, o% c5 F@#F&é@g& @éﬂé&kﬁ%?@ﬁ" ﬂ%@g%ﬁ%@%%ﬁdg\awgq eps
(v) and (vbi) thefipstrcbdingeteigai n at least once. t ~I11il"IIl "1QL1" VIII L
(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.
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