011121 wNE T Twmd 1T *166166* 1 17 JUL 2006 Conmmuni cati on System Enpl oyi ng
Tur bo Codes brid Automati ¢ Repeat Request Schene Field of the

| nvention 5 Tﬁﬁ"ﬂMﬁ@mﬂmmmwvention relates to a comunication system which
operates a h i c repeat request (HARQ schene. The VnmedeOn
further relates twsitshe net hods of signal transm ssion and reception
performed by the comrunication system apnd to transmtters and receivers
within the system 10 Background of the invention Many commruni cati on
systens can be generally described as including a first wunit (transmtter)
which is to send a nessage to a second unit (a receiver). Frequently, the
transmtter includes an en oder for oenerate a

signal which is a#&f 3
correspondi ng decoder for reconsgqr TatR% h@?t ge fromthe Si gnal

Recently turbo codes have beconme™w h conmuni cati on
systens. Fig. 4 shows schematically the structure of an encoder 20 used to
20 produce aﬁti‘igﬁléﬁge ili.gnal with a coding rate (i.e. the ratio of the
nunber of € v ge input to the encoder to the nunber of bits
out put ass t h§he prageHt inviintibhFelafed®ss aeﬁmeurﬁ.eét%ﬁ HAstEeMORRIRh operategr t he
Ieft of Fig. 4 as a bit stream Each ut bit is output as corresponding

"systemati c BYRrid sutomatici repgat fﬂﬁuﬁsbﬁ/é‘a isshemeo The dmantiondurther eelatesst
convol uti ona A itted to an
[ nt\érl eaver gl @gﬂ%ﬂfopg%ft @gﬁl Ertggg'tgt1 %eé:noégd ‘Q'%‘geﬁ@&i“ﬁ%eﬁ'@ﬁ%etd % er 25. For

each "syst er_md)mmmmd:atloﬁ systerat ahy td transmittets and receivers within the system.

10  Backaground of the invention

Many communication systems can be generally described as including a first
unit (transmitter) which is to send a message to a second unit (a receiver).
Frequently, the transmitter includes an encoder fo'r'using the message to

15 generate a signal which is actually transmitted, and the receiver includes a
corresponding decoder for reconstructing the message from the signal.

Recently turbo codes have become widely used in such communication
systems. Fig. 4 shows schematically the structure of an encoder 20 used to

20 produce a turbo code signal with a coding rate (i.e. the ratio of the number of
bits of fhe message input to the encoder to the number of bits output as the
signal) of 1/3. A message enters the encoder 20 from the left of Fig. 4 as a bit

-stream. Each input bit is output as corresponding "systematic bit" S. The input

bit stréam' is also transmitted to a first convolutional encoder 23. The input bit

25 steam is also transmitted to an interleavef 21, and from there to a second
convolutional encoder 25. For each "systematic bit" S output by the encoder,
the first convolutional encoder 23 generates a corresponding first parity bit Py,
and the second convolutional encoder 25 generates a corresponding second
parity bit Pa.

30
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. the. first convolutional encoder 23 generates a corresponding first parity
bit PI, and the second convol utional encoder 25 generates a correspondi ng
second parity bit P2 30 *000002* 17 JUL 2006 2 There are various ways to
modi fy the encoder 20 of Fig. 4 to get a coding rate of % Onel7 JUp2esgi de
an extra interleaver receiving the output of interleaver 21, and an extra
convol utional encoder receiving the outp of the extra interleaver.
Anot her nethod is to generate'/ Turbo codes from 1/3 Turbo codes by rate 5
mat ching (bits repetition). Athird nethod is to generate '/< Turbo codes
from1l/5 Turbo codes by rate matching (bits puncturing) Note in this
case, two convolutional encoders with codin ate of are used to obtain
the 1/5 Tur bdrergadeyariogs wsﬁ@@@wmthe&*@ﬁéef &Qpé Fig 4 teeasl aeoding fateni s

message usinga @ﬁ&%’ Fowt{l%;é\ghﬁpffn?ér%]ve'r?%@elﬁﬁé'thé@B%tB?ﬁﬁéﬁ&ve‘t’%ng a

forward error correct onmuni'cati on syst
frequent | y handean extsaeoavelutionahendodee reasiving thsoutpué of thEcextra intertdaver.

f tl t chi te ' i t th
Lranen 1t or AGIBELTelh o B EEna ats e hsoa ens o 1 BB chdes Byaldhg ra e
to a secgnd @a%ngg (ﬁfserepénudﬂyeAqn@& nicthéd id'® @éﬁé?afé %OFUrBB doabs fiom RIsaher

than the encoder's coding rate, the rate matchi ng performnmed
"puncturing TUth&@ﬂﬁ(hYe'ﬁtQ)Utamhan (bits punstuting)g N@KQ m fbis tage, twn t he case

rapet 11 onCorolEnAPaAtbdeRS Bt todEfatb dR34 Bl R LSipl FRCIBIIBRG: one

or nore of idmxideits are repeated). The

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

Such communication systems frequently have to operate at multiple coding

15  rates. To do so they frequently employ "rate matching". That is, a rate matching
unit in the transmitter processes the output of the encoder to convert its coding
rate to a second coding rate. In the case that the second coding rate is higher
than the encoder's coding rate, the rate matching is performed by "puncturing”
the encoder output (i.e. omitting bits of it). In the case that the second coding

20 rate is lower than the encoder's coding rate, "repetition" is performed (i.e. the
encoder output is modified so that one or more of its bits are repeated). The
output of the rate dematching unit is then transmitted by a physical signal
transmission unit (sdch as a radio transmission unit in the case that the
communication is by radio) to the receiver as a signal (e.g. data packet).

25
For many communication systems, in the case that the receiver is unable to
reconstruct the message from the signal it receives (due to noise) the receiver
is able to cause the transmitter to transmit a further signal (also derived from the
message) to the receiver. For example, in the case that a certain message not

30 correctly reconstructed, the receiver may send a NACK signal to the transmitter,



. output of the rate dematching unit is then transmtted by a physical signal
“transmission unit (such as a radio transmssion unit in the case that the
comuni cation is by radio) to the receiver as a signal (e.g. data packet).
25 For many conmuni cation systens, in the case that the recelv?yjygzg@able
to .reconstruct the nessage fromthe signal it receives (due tO ) the
receiver 1s able to cause the transn1tteé to transmt a further signal
(al so derived fromthe nmnessage) to the receiver. For exanple, in the case
that a certain nessage not 30 correctly reconstructed, the receiver may
send a NACK signal to the transmtter, 17 JUL 2006 3 which responds by
transmtting the further signal, As dlscussed bel ow, the further signal
may be i dentWBigh respens bwtranérnltang;ﬂmfurtherﬁrwabet\sjdlswm beipw,

systers. LN Rrb@PRIhARG seHEARKRT WL Kl Sid B8 SRy BUIASELY n <o

reconstructs t r sys r'ear e’ a nmaxi mum nud of
transm ssi onsystém§ptmmbbptdw b:teparidrrf\@d uhtiletheirdediaadcarnettlyl rgbonsttucts ﬂtee
mul timedia conmuni cations, sever advanced .t echnol ogi es have, been
proposed to m&éﬁ?gﬁrén I?iﬂéeﬂ' %’é %I'atgﬁrﬁ g% WWF‘PB’ B.W%ﬁpf Fapgpissionsequest

(HARQ gommunication is one of them HARQ is defined as any conbi ned ARQ
and 10 forward error correction code (FEC) nmethod in which the receiver
stores fail eflo meeidhée demanddopthe widebandes high c@it@ratéanﬁhrﬁdia he decoder

failed to decode) f f ut t d HA 'I'k
adapt at| o ¢ SUMTpRtoRheteveEalAt oo o iikeish Dove bR araRertd by Hamo -
Chase conbi naglgledd Highlfedk@atama, HybRacalrgmacy répéat. re&he.@tql-mmm) ni ng

i nvol ves the retransmssion by the transmtter of the sanme coded data
packet. The eRBBH&Ycationtisenp«tdhemay HARQ is defined as any combined ARQ and

10  forward error correction code (FEC) method in which the receiver stores failed
decoding attempts (i.e. received signals which the decoder failed to decode) for
future joint decoding. HARQ is an implicit link adaptation technique.

There are two major methods for implementing HARQ - Chase combining and

15  Incremental Redundancy (IR). Chase combining involves the retransmission by
the transmitter of the same coded data packet. The decoder at the receiver
combines these multiple copies of the transmitted packet weighted by the
received signal to noise ratio (SNR). Diversity gain is thus obtained.
Incremental redundancy is another implementation of the HARQ technique

20 wherein instead of sending simple repeats of the entire coded packet, additional
redundant information is incrementally transmitted if the decoding fails on the
first attempt. In this case, there are several different transmission versions of
the coded packet.

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

terms of memory, processing, and signalling requirements.



combi nes these nmultiple copies of the transmtted packet weighted by the
received signal to noise ratio (SNR). Diversity gain is thus obtained.

I ncrenmental redundancy i s another inplenentation of the HARQ t echni que 20
wherein instead of sending sinple repeats of the entire coded {J3cletpg
additional redundant information is incrementally transmtted if the
decoding fails on the first attenpt. In,this case, there are several
different transm ssion versions of the coded packet. 25 In general, IR can
only provide significant gain for high coding rate (greater than or equal
to 0.5) and high order nodul ation (greater than or equal to 16) conpared
wi th Chase conbining. Meanwhile, IR is nuch nore l(ilgrrgl_ex in, ter of

menory, pro %rdﬁgha%ﬁepgqsgﬁ'aﬁ Hﬁﬁﬁ ﬁéaﬁﬁnﬁé??éﬁp§n intedeaying agikit ol a has
pr oposed am]%ﬁéq‘;ﬂﬁgfzgm nan THIOSkndrné & n%ﬁ?é’b&%p?éi@a@it*emﬂé%slogl'g?kzk

mappi ng (B Is quite co ex as it enploys Dl
i nt er | eavi nintenteaviligPand BMRA ¢o geoerkté idifferant Imedemdadangrsmas iE5i¢8SOMEr i csson

5"t ages of MANoRAAARG 59¢Tns besB Critel ehehib @ SPie (2 mHBes NS v
IR T ed®da§&§e§%f$a@nﬁa&¢qihq>® genaa Wredﬁh@aﬁéyf‘%rs%r@énd ahky toHR)

per f or mance t hese two hods are quite simlar and no_significant gain
i s obser vetedihgaacy yergions t:arabecgerelmgd theframegrpriate (RERY], Si enens

bropoSed, 2ol 5 s TydlhoR e e e 8 R BRIncERRARG, booed
for 16 QAMbbééed @dmmarediwithothal 6PChase cambihg Ya]t h1 @ dSiemerstpropbsé 4,

the corresponding gain is 1.7dB._All these gai neasured at FER with
0.01 in Ad8iHARR ﬁﬁ?'mhm"@&rs%?dﬁtmaé 'vgxgm)sy mapping based on

10  priority (SMP). This method provides 0.9 dB gain over Chase combining for 16
QAM with coding rate of 1/2. For 16 QAM with coding rate of 3/4, the
corresponding gain is 1.7dB. All these gains are measured at FER with 0.01 in
Additive Wideband Gaussian Noise (AWGN) channel.

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

20 over Chase combining. The method from Siemens can provide some gain over
Chase combining but it is also complex.

Summary of the invention

25 The invention is defined in the independent claims. Some optional features of
the invention are defined in the dependent claims.

The present invention aims to provide new and useful methods and systems for
data communication.
30



.15 As nentioned previously, the challenges of HARQ inpl enentation for
communi cati on systens using Turbo codes are a) how to keep the schene as
sinpl e as possible; b) howto achieve as much gain as possi bl (i gﬁ_g&et hod
from Mdtorola is very conpl ex and provi des nmargi nal gain over Clh 0

conbi ning. The nmethod fromEricsson is sinple but there is no significant
gain 20 over Chase conbi ning. The nmet hodgzfrom Si enens can provi de sone gain
over Chase conbining but it is also conplex. Summary of the invention 25
The invention is defined in the independent clains. Sone optional features
of the invention are defined in the dependent clains. The present

I nvention ains to Erovi de new and useful nethods and systens for

) | ) da
conmuni cat i Bhgengrahtermg the poesent|investieaRiPreas @ HARQsYSIIR Which Uses
proposes a | f i for mat .
The mul ti pl g%:%giésél%tr?g‘%%g{rsgﬁaééﬁraﬁj%% ti o-ﬁn{eaﬁhgilp(rﬁ%ﬁgs n?é)édée Sl gv'r?glﬁ?ln.ag. t he
out put of asinglecenededosigpalr(iret thegoutpat ofareencastereby pagmuting asdeaiged si gnal
in respective ways. .5 As d nstrated bel ow by sinul ation, the present
pr oposal acﬁ?'é‘(ﬁéén%trl?éte["éngggee‘r'quﬂilffbﬁs@ef’ﬁ\é%w%x% known t echni ques descri bed
above, while its inplenentation is sinpler. 10 Specifically, in a first
expression, the present invention proposes a nethod of transmtting a

message conpsidsmenstiated below by simulatien dbeirsesest piopesa aenieyes @ befiefat from
a predeter mpgﬁgrmance than the known techniques described above, while its

implementation is simpler.

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

(i) receiving a selection of a transmission format from a predetermined
plurality of transmission formats associated with a corresponding coding rate,
whereby a selected format is obtained,

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

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

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

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

(vi) in response to a retransmission request, if the selected format is not
one of a predetermined subset of the formats, transmitting, in the selected



plur@ality of transm ssion formats associated with a correspondi ng codi ng
rate, whereby a selected format is obtained; 15 (ii) generating fromthe
nessage a first version of encoded data haV|ng a first coding rate; (|||)
permuting said first version to obtain a plurality of further versIbNN_
said data also having the first coding rate, said plurality of further
versions conprising systematic bits andsparity bits; 20 (iv) converting
one of said plurality of further versions to a second coding rate wherein
during the conversion, the systematic bits are punctured, the second
coding rate being the corresponding coding rate of the selected fornmat,
and transmttin i n the sel ected f@rnat a first sugnalhpigpr t ed fronlthe
ofdy Rt

converted viargiagm fusther\sjanal geperais goffbaﬁoﬁhgfp $id Rlwral if the
sel ect ed fo{/érr%odssaﬁﬁawﬂ sQidPE &]l p?] gubset of the formats,

retransmttin e sefected e first transmtted S|gnal and
(vi) in response to a retransm SS|on request I f the selected format is not

one of ter.m ned subset A ' | ect ed
17° 0L 2000 BSMBRRUE versios Fiaybe e (hautte sbRelbd belf ndedubddgl = ©
plurality ofefsiyr Q@Fe) AARE fititTodiy A BRE onei of the etited Geeions isdéchvefted

various versions nmay be stored (in a buffer unit called here a redundancy 5

versi on st otaethessecond dading rate dipay reeeipt el refransonissier readedtd versions is
converted to the second coding rate upon receipt of a retransm ssion
request. GCenerally, the transmtter will be able to operate in any of
plural trangsnesallynthd Pansrhitter el be abioto operatenint dnycof plarg) tratismissionli ng
rates (which need not all
formats, each associated with corresponding coding rates (which need not all
10 be different from each other). That is, said transmissions are in a selected one

of the formats.

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

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

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

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

25 are punctured,

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

unit and transmitting a corresponding signal, in the selected format; and



.10 be different fromeach other). That is, said transm ssions are in a

sel ected one of the formats. In a second expression, the present invention
provides a transmtter for use in a comunication system the Ligwf?mster
conprising: 15 (i) neans to register a selection of one of a pl y of
predetermned transm ssion formats, each associated with a corresponding
second coding rate; (ii) an encoder for.receiving a nessage and using the
nmessage to generate a first version of ‘éncoded data having a first coding
rate; 20 (iii) a pernmutation unit for permuting said first version to
obtain a plurality of further versions of said encoded data al so having
the first coding rate, said plurality of further versiaons conprising
systematic bits Hedrangmitier being airngad to té%{ﬁr“'t)ﬁé'rﬂfs'%%ﬁ‘ld'”p‘ﬁﬁrsﬁlqg?d of

further verplrfft Qthal ihRECSt it Delshis, ol t8sp6iiey &S & r@faridin@sipAcond

coding rateTn dra mat chi ng ystematic bits 5 are punctured;
(iv) a rat erempieshiifthelselectéd foromatus ohe rof aderedetermired $ubsset of farfmags,tate to

th di ing rate.of th lected f t: and i gnal
L ansn ssi PRSI B8 THBLER ORI ecsi it forRat, ARty BUBSHRRER  unit. and
transm tgi ”Eét?ar%ﬁfiéééﬁ?@%ﬂléﬁ, ﬁir%‘@élecfdeﬂ foftRatiSIRt bRe df Y pretetertthedd’ JUL

2006 6a the transmtter being arranged to transmt a first signal, in the
sel ected f subsat of flymatedortranandih e farthergignaleinstherselecied formatr gengratad to a
retransm ssjon reguest. .if the selected format is one of a predeterm ned
subset of f P%?%ﬁﬂ?50%$%?rprjgllf@ﬁtiytoeftfwgﬁ?ri\feggog?'gnal, in the selected format,
and, in response to a 5 retransm ssion request, if the selected format is

not one of a predetern ned . o o . '
A further expression of the invention is a communication system including at

10 least one transmitter as described above, and at least one receiver adapted to
receive signals from the transmitter and reconstruct messages from them.



. subset of formats, to transmt a further signal, in the selected format,
generated fromanother of said plurality of further versions. A further
expression of the invention is a comunication system including at gm

| east one transnmitter as described above, and at |east one recei VESUladiht ed
to receive signals fromthe transmtter and reconstruct nessages fromthem
17 JUL 1006 O her independent aspects of, the invention are: the receiver
itself; the nethod performed by the receiver; and the overal

comuni cati on nethod perfornmed by at |east one.. such transmtter and at

| east one such receiver. 5 Brief description of the figures Non-limting
enbodi nents of the invention will now be described for the sake of exanple
only with 1Qther mdependemmna@ts ofhegnvenjioncare: the rpeetver itself, Fthg mathefows t he

gener al const uctl S
Pventi on: Pergnsd e BrebEE R hE G PRaReR HieMBR perftiniet®y .o
conbi ni ng %%a&bﬂ@%ﬂcﬁ&rmnﬂﬁeiﬁm afrleadt orauch rédeiverl in the presence of

additive white 15 Gaussi an noise; Fig. 3 shows the structure of a receiver
which is an enbodi nent of the invention; and 20 Fig. 4 shows the structure

of a kngwné R SER ?Bfthe%i_éé ed descrl ption of the enbodi nents Three
1 tﬁ'e—%l% en

enbodi mént s 0 ion will be described in detail below, 25
but all have the general structure illustrated in Fig. 1. A nessage to be

Fo D to NOTIseCabagrats oo eDioL Aot Tms dibel b e 2 C oy o
an encoded gi;g8Kik onk itk RERAGKLeSiodRa folldwihg Figarés, e ihigem t he

10  Fig. 1 shows the general construction of a transmitter which is an embodiment

of the invention;

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

15 = Gaussian noise;

Fig. 3 shows the structure of a receiver which is an embodiment of the

invention; and

20 Fig. 4 shows the structure of a known turbo encoder.

Detailed description of the embodiments

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

A message to be transmitted to a receiver (not shown in Fig. 1) is input (from
the left of Fig. 1) to a Turbo encoder 1 (which may be of any known form) to
generate an encoded signal. The encoded signal is transmitted from the

30 encoder 1 to a bit separation unit 3 (here referred to as a permutation unit 3)



;.30 encoder 1 to a bit separation unit 3 (here referred to as a pernutation
unit 3) 13 JUL 2006 8 which pernutes the encoded signal in nultl |l e ways to
generate respective nultiple versions of the encoded signal. dil 1! e
versions of the encoded signal are stored in the redundancy verS|ons store
5. When it is desired to transmt a nessage, a selected one of the
versions in the redundancy versions 5 stoge 5 is transmtted to a rate

mat ching unit 7, which converts the selected version of the encoded signal
to a suitable coding rate. The output of the rate matching unit 7 is
transmtted to a physical signal transmssion unit 9 (e.g. radio

transm ssion unit if the signal is to be transmtted by radio). 10 Upon
recei vi ng a WACR pefipuiesthe/gnangessignal l@mtumlﬁe/vaﬁetpegﬁr@aat@rr@smctmae

versions is ﬁh@l’ﬂ%{}qértsﬁqlcfcgﬁ%{eg%gﬂg&’g@‘?‘%gf%hqevﬁ‘é‘ft g?é‘%r% Q%%gggge ate

mat chi ng unit onver ron- o I gnal

to a suitabdignalcaiersgoredtia thd hedundapey vetsibhe store 6. Wﬁéﬂ”ﬂt deretd to is again
transmtted  to the Si gnal transmssion unit 9. 15 Cptionally, if it is

al so desi r edranpit aqge ected apgniiihe versigns mhecréw@c#ancvw%rﬁwss. on
formats) gof %n@s%traﬁsm f£e g@ﬂe fgAHILT WhBh cBnbEfs Eﬁ@énéé{ed as ;n

the prior art, this can be obtalne surln that a sin one of
mul tiple veredrsion ofihe MCoédd:am;o aeuﬁalmlascosimg @até. The aumysfthd te ed for

2l tor nat ve, Vot HAEZ R i R Pikbioalfal tiamERer e & G Spmaio

achi eved. Fofraggraigeiod, uriihié thePsightl igttd @@ triHsmiBle6 ¥y ragid)ypassed, so that the
redundancy versions store 5 only receives one version of the encoded

signal for each nessage. 25 W now anal yse the three enbodinents in detail.
10 Upon receiving a NACK (no acknowledgement), a further selected one of the

versions is transmitted from the redundancy versions store 5 to the rate
matching unit 7, which converts the selected version of the encoded signal to a
suitable coding rate. The output of the rate matching unit 7 is again transmitted
to the signal transmission unit 9.

15
Optionally, if it is also desired that the embodiment is capable (e.g. for certain
transmission formats) of generating signals for Chase combining in the receiver
as in the p'ridr art, this can be obtained by ensuring that a single one of the
multiple versions in the redundancy versions store 5 is always selected for

20 transmission to the rate matching unit. Note that there various alternative, but
functionally equivalent ways, in which this can be achieved. For example, the
permutation unit 3 can be bypassed, so that the redundancy versions store 5
only receives one version of the encoded signal for each message.

25 We now analyse the three embodiments in detail.

As the first embodiment of the invention, consider a wideband code division

multiple access (WCDMA) communication system using Turbo codes with

coding rate of 1/3. Five modulation and coding schemes (MCS) are supported
30 by this system. These are QPSK with coding rate of 1/4, QPSK with coding rate



. As thhe first enbodi rent of the invention, consider a w deband code division
mul tiple access (WCDMA) conmuni cation system using Turbo codes with codi ng
rate of 1/3. Five nodul ation and codi ng schenes (MCS) are supﬁ? gggwgo
this system These are QPSK with coding rate of 1/4, QPSK wt d rate
17 JUL 1006 9 of 1/2, QPSK with coding rate of 3/4, 16QAMw th coding rate
of 1/2 and 16QAMvmth coding rate of 3/4, Rate matching (puncturing or
repetition) is enployed to adjust the colli ng rates. As expl ai ned above
with reference to Fig. 3, the output of the turbo encoder lis represented
as (S, P1, P2). W refer to 5 this encoded signal as "version 1". The rate
mat chi ng unrt 5 is arranged, upon receiving this encoded signal to
transmt theofsi2: QM&K witbicodingnate eh/dt 16QAMMntht¢ndmg radepii/2 anddi ts to get

t he desired tatr n.u produces
a further thfé)gb‘wwlt%éghgarh%oﬁggs%@ge atqug (@ rrraq;gprep‘erfrtléy?rsl nthis
version, al Iembbyedrtotardjrmtme Bdding |rétebeAbrea<pfa'ihéd Qﬂove?twﬂhnéfdréucé)td BigP2 and
the systematic bits S w punct ur ed r epeat ed the rate rratchlng

unit 5 to ob®dhf wwqm Ft@,raoe@&pﬁgr tis Eeprwnt%ragr(sn% PyPyVe rfeptp)
Lhis vers oNnicbhedded 9ghaitas Defsion 4" i rdfi€ dhi Lfntrteffrs d&g&h&% UpbnD! ts

P1 and the systematicC unc ure &Prat e
mat chi ng uni rlecérvlrrtg wend:rmmagnaldodmsngt ﬂmaaysteﬁr{amstaﬁd rér&‘eatlfb? P1).

The difference en v jop 1 d versi.on is that parity bits P, and
P2 are swapp¥lC "ﬁ?e P&fé@ﬁg\‘%&’ gﬁﬁﬁﬁrﬂe@fef]rﬁog'%rsr on is 20 that parity
bits P1 and P2 will then be punctured by the rate matching unit 5 wth

different puncturing patterns. W prefer that the enbodi nent should use IR
for high codvitgin meeerahqdrmegﬁ the permutation unit 3 produces a further three

10 redundancy versions:

¢ Version 2, (P4, P2, S). In this version, all the parity bits P; will be transmitted
and parity bits P2 and the systematic bits S will be punctured or repeated by
the rate matching unit 5 to obtain the required coding rate;

15 o Version 3, (P2, S, P4). In this version, all the parity bits P2 will be transmitted
and parity bits P4 and the systematic bits S will be punctured or repeated by
the rate matching unit 5 to get the desired coding rate.

e Version 4. (S, P2, P4). The difference between version 1 and version 4 is that
parity bits P4 and P; are swapped. The reason for including this version is

20 that parity bits P4 and P, will then be punctured by the rate matching unit 5
with different puncturing patterns.

We prefer that the embodiment should use IR for high coding rate and high
order modulation only. Specifically, IR according to the invention will preferably
25 be employed for QPSK with coding rate of 3/4, 16QAM with coding rate of 1/2
and 16QAM with coding rate of 3/4. For QPSK with coding rate of 1/4 and
QPSK with coding rate of 1/2, Chase combining will be used, as in the prior art.



.order nodul ation only. Specifically, IR according to the invention wll
preferably 25 be enployed for QPSK with coding rate of 3/4, 16QAM w th
coding rate of 1/2 and 16QAMwith coding rate of 3/4. For QPSK with codi ng
rate of 1/4 and QPSK with coding rate of 1/2, Chase conbi ni nﬁg] Mtﬂupe
used, as in the prior art. 17 JUL 2006 10 Initially, the firs sron (S,
P1, P2) of the encoded signal is transm’t1toed to the rate matching unit 7.
The result is transmtted by the transmission unit 9 as a first

transm ssion to the receiver. 5 Considering first the case that Chase
conbining is desired in the receiver, if no acknow edgement (NACK) is
recei ved fromtr]e receiver after the first transnm ssion, then the first

version is dBR@IggRedirstovarsionda: B1nB2)Qfithe enspded sigaabis tiansmitted te thes
retransmtt LSEE 1 SShi e Thi s
second tranﬁt@%ﬂﬁﬁg%g;\?ﬁ %ﬁk?@ﬁﬁgﬁ%’m?@tﬁ %@.@%ﬁﬁmggﬁg%ﬁtiga%gnti nued
10 until t hdfirsbtransmissiomterthefre¢eiesrsni ssi on attenpts i s reached. By
contrast, considering the case that IR in the receiver is desired, then
following the NACK, version 2 is transmtted to the rate matching unit 7,

to prodece @ofsEEARY fifskRaTLase tHat [DhdsBecdrhBiRmg i HeSted N therecERier GMHEY 2
further 15 NACK, version 3 is used to generate the third transm ssion.

Fol | owi ng a acknomdedgament (NAGK) isiregeived (frsal theorageiver after thesfitsbur t h

transm ssi o t ] S5 i A ; t her

sel ections 1& F%Ar:n%tsrgﬁé ' E"Le@ trh? gﬁ‘%‘? @Z?@Bgﬁg eb% %?%‘8 tﬁg% Eage?@%ghﬁéﬂf?jeé% on

store 5. 20 fheaesclh@metrahumittadas Asdcohdardarmgnisdibn byuthe ranshiisdion eaRY. t 0

i mpl ement . Afét ually, only one extra gperation is needed: reordering of the
S

encoded bi t s By SERENP RS isuApRtical to hafirky oee ThisSeheme iscantisiedor t
both 1R gnd (haske FAKRHOM Sumber of transmission attempts is reached.

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

15 NACK, version 3 is used to generate the third transmission. Following a further
NACK, version 4 is used to generate the fourth transmission. Further
retransmissions, if any, can be generated by further selections from among the
four versions stored in the redundancy version store 5.

20 The scheme thus has the following attributes:
s ltis easy to implement. Actually, only one extra operation is needed:
reordering of the encoded bits by the permutation unit 3.

o A single transmitter can support both IR and Chase combining.

25 We will now present a simulation of the effects of the first embodiment. The
simulation conditions are shown in Table 1. Since multicode applications are the
most common applications for high data rate WCDMA, we only present the
results for 5 code cases. Note that lor/loc is defined as the carrier to noise ratio
of the transmission channel.

30



+25 W will now present a sinulation of the effects of the first enbodi nent.
The sinulation conditions are shown in Table 1. Since nulticode
applications are the nobst common applications for high data rate WCDVA, we
only present the results for 5 code cases. Note that for/loc;y?ﬂfqgmned as
the carrier to noise ratio of the transm ssion channel. 30 1 2006 11
Par anmet er Val ue Carrier Frequency2GHz Chiq1Rate3.84M Propagati on
Condi ti onsAWGN HSDPA Frame Lengt h2ns for/'I'ocVari abl e Spreadi ng Fact or 16
Modul ati onsQPSK (1/4, 1/2, 3/4) 16QAM (1/2, 3/4) Channel Codi ngTurbo Code
(PCCC), 1/3 Max no. of Iterations for the Turbo 6 Coder 1 Metric for Turbo
Coder 1Max-1og MAP I nput to Turbo Decoder Soft Turbo Interl eaver Random
HARQPr oposed | R Schene Max no. of Transm ssion Attenpts4

Parameter Value

Carrier Frequency 2GHz

Chip Rate 3.84M

Propagation Conditions AWGN

HSDPA Frame Length 2ms

lor/loc Variable

Spreading Factor 16

Modulations QPSK (1/4, 1/2, 3/4)

16QAM (1/2, 3/4)

Channel Coding Turbo Code (PCCC), 1/3

Max no. of iterations for the Turbo | 6

Coder 1

Metric for Turbo Coder 1 Max-log MAP

Input to Turbo Decoder Soft

Turbo Interleaver Random

HARQ Proposed IR Scheme

Max no. of Transmission Attempts | 4

Table 1



., Table 1 17 JUL 2006 12 Figure 2 illustrates the Frame Error Ratio (FER)
performance of the proposed IR schene in an additive white Gaussi an noi se
(AWEN) channel after four transm ssions. The FER perfornmance of Ch%[ﬁ
conbining is also presented as 5 a reference. The neaning of eddhlUbflllbhe
lines of Fig. 2 is given in table 2. For 3/4 16QAM the proposed IR schene
out perfornms Chase conbining wwth a margijn of 2.86dB. For 1/2 16QAM the
gain of the proposed IR schenme over Chasé conbining is 1dB. For 3/4 QPSK,
2dB gain can be obtained with the proposed IR schene. Even for 1/2 QPSK,
0. 64dB can be observed. Al the 10 gains are neasured at a FER | evel of
0.01. As expected, there is no significant gain for 1/4 QPSK. Line Label
in Fig. 2Significance 10'/4 QPSK Chase 11'/4 QPSK IR 12'/ QPSK IR 13'/2

oK, Shece, 1Rl TS Aiceie’ SRR PRy rER 1R hofs it prpmat oo
bet ween t he IR scftereerfrodn rmeinitivefwhiteeGaussiantnoise (AWGN) channel after four

transmissions. The FER performance of Chase combining is also presented as

5 areference. The meaning of each of the lines of Fig. 2 is given in table 2. For

3/4 16QAM, the proposed IR scheme outperforms Chase combining with a

margin of 2.86dB. For 1/2 16QAM, the gain of the proposed IR scheme over

Chase combining is 1dB. For 3/4 QPSK, 2dB gain can be obtained with the

proposed IR scheme. Even for 1/2 QPSK, 0.64dB can be observed. All the

10  gains are measured at a FER level of 0.01. As expected, there is no significant

gain for 1/4 QPSK.

Line Label in Fig. 2 Significance
10 Y QPSK Chase
11 ¥4 QPSK IR
12 %2 QPSK IR
13 Y2 QPSK Chase
14 % QPSK IR
15 % QPSK Chase
16 %2 16QAM IR
17 Y2 16QAM Chase
18 % 16QAM IR
19 % 16QAM Chase

15 Table 2

Table 3 provides a c_omparison between the first embodiment of the present
invention and the different prior art implementations described above. The

comparison is in terms of operation complexity and FER performance. It is seen



winvention and the different prior art inplenentations described above. The
conparison is in terns of operation conplexity and FER performance. It is
seen 17 JUL 2006 13 that the first enbodi ment can provide the best FER
performance. Meanwhile, the operation of the first enbodi ment {3 J8i @84fb6er
than that of the three prior art inplenentations. 5

Feat ur esMot or ol aEri cssonSi enensFi rst enbodi mnen Qperati onVery

Conpl exSi npl eConpl exSi npl est Conpl exi t y1FERNo si gni fi cant No
significantl. 7dB better2. 86dB better Perfornmancegai n overgai n overthan
Chaset han Chase ChaseChase Table 3 W now turn to a second enbodi nent,
which is a variation of the first 10 enbodi ment. The maxi num nunber of
transm ssi t e y 3
types of i ane T dnbadinieth <6l i8yide snEBESCRER NSO LR

Ver si on3. fhélepemmdldfltbefrsirmmem|st§iafp$ercthanlmatdﬂthethre&hmbrrmnt. The
hardware units shown in Fig. 1 are the sane in the first and second
enbodlnent§“PE%"QWF'%E%ratlon of the second enbodinent is as follows: As in
the first enbodinment, version 1 is initially transmtted fromthe
redundancy version store 5tothe rate matching unit 7. The result is
transm b6ted to the 20 transm ssion unit 9 which produces a first

transm ssiar

Features Motorola Ericsson Siemens First embodimen
Operation Very Complex | Simple Complex Simplest
Complexity
FER No significant | No significant | 1.7dB better | 2.86dB better
Performance | gain over gain over than Chase than Chase
Chase Chase
Table 3

We now turn to a second embodiment, which is a variation of the first

10 embodiment. The maximum number of tréns'mission attempts is limited to 3.
Consequently, there are only 3 types of different IR redundancy versions:
Version 1, Version 2 and Version3. Other conditions are same as those of the
first embodiment. The hardware units shown in Fig. 1 are the same in the first
and second embodiments.

15
The operation of the second embodiment is as follows:

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

In the case that the receiver is performing Chase combining, if no
acknowledgement (NACK) is received after the initial transmission, then the first
version is sent again to the rate matching unit 7, and the result is retransmitted



~In the case that the receiver is perform ng Chase conbining, if no

acknow edgenent (NACK) is received after the initial transm ssion, then the
first version is sent again to the rate matching unit 7, and the result is
retransmtted 17 JUL 2096 14 as a second transm ssion by the trgﬂst mpn
unit 9. If NACK is received again, then the first version is sént 3@ nto
the rate matching unit 7, and the result is retransmtted as a third
transm ssion by the transm ssion unit 9. % By contrast, considering the
case that IR in the receiver is desired, then follow ng the first NACK,
version 2 is transmtted to the rate matching unit 7, to produce a second
transm ssion by the transm ssion unit 9. Follow ng a further NACK, version
3 is transm as acdecond fransearissiomby e transimissiort enip® ol INACHK is received again,

transm ssi on r Lssion uni.t.9,. 10 In 1.5 ca si,mul ati gns show
that 0.8 dB g‘%%fthgﬁjﬁ#c%?%%ﬂsaﬁ%&ﬁﬁ?'%o theigte H}attaﬁf‘%i'”i‘s‘?'@&ggﬁ?éﬁsﬁg'ﬁ t he
second enbodieteimisniited as acthitd transhasdibn Bl the FBASMESYn uklpwever, this
variation still outperforns Chase conbining with the gain of 2dB. Note

that this conparison is done between the second 15 enmbodi ment and Chase
ST oS oA TR EUAURS e ladd QBT kR ecBhe RS U B
of transm ssfollowiry therfirst NACK, vehstoy2iis trassaitietBo thbragoatching DRR7etb Wi t h
gl R T T NCIEE E T
oo o oA et S kandi 1, Sig il S e s 1 2
transmission by the transmission unit 9.
10
In this case, simulations show that 0.8 dB performance degradation at a FER of
0.01 is observed for the second embodiment compared with the first
embodiment. However, this variation still outperforms Chase combining with the
gain of 2dB. Note that this comparison is done between the second
15 embodiment and Chase combining with a maximum number of transmission
attempts of 4. If the second embodiment is compared with Chase combining
with a maximum number of transmission attempts of 3, the gain is 2.7dB.
Moreover, compared with the method of Siemens with a maximum number of
transmission attempts of 3, the second embodiment has a gain of 1.2 dB.
20
We now turn to a third embodiment of the invention. Again, the structure of the
transmitter is as shown in Fig. 1, but in this case an encoder 1 is used having a
coding rate of 1/5. Therefore, the output of Turbo encoder can be described as
(S, P4, P2, P3, Pg), where P3 and P, are the two further parity bit streams.
25  Suppose that the required coding rates for the transmissions are 1/4, 1/2 and
1/3. Based on our invention, five IR redundancy versions can be constructed as
follows:



~codi.ng rate of 1/5. Therefore, the output of Turbo encoder can be descri bed
as (S, P1, P2, P3, P4), where P3 and P4 are the two further parity bit
streans. 25 Suppose that the required coding rates for the transm ssions
are 1/4, 1/2 and 1/3. Based on our invention, five IR redungiarygy 2806r si ons
can be constructed as follows: 17 JUL 1006 15 Version 1, (S, P1, P2, P3,
P4). Upon receiving this version, the rayg matching wunit 7 is arranged to
transmt all the systematic bits, and to puncture the parity bits P1, P2 ,
P3 , and P4 to get the desired coding rate for transm ssion; Version 2,
(P1, P2, P3, P4, S). For this version, the rate matching unit 7 wll 5
arrange that al|l the parity bits P, will be transmtted and parity bits P2
, P3 ., P4 andVeriorys{@nat iFe. BetResUppnireerivipgibiswession othgaate matehirg r ed
coding rate fQpibf; I SSHQR; PR.. P , ERL this
version, the rgb g?@{% iﬁnﬁgbgﬁﬁan}fﬁf\;\f +Iffﬁegsryrsgé;régtx$ﬁg?, ag-‘dl tgt%@%lgﬁit%/ bits P2
wi || be transnpatityditsridy, Far,iRy, dnd B4 i get the deired caxihg fate fordtaarsatissiobj ts S
will be punctured.to_.g e _desired_coding rate  for transm ssion; .
Versi on o (baVersion a7y PaoBy. Pas. Fot Q15 aisiash the Fate rBatenmar o nigiln ¢ 7
wll armange t ' ' ' ok ERl rity
bits P o pa, CBo8 that gy it BS WP DB tansithd 303 Bl PP, P2t 1 e
desired codi ngPrand the Bystematicaitn® il be;punctureddo get theRdiesied deidingPPate P3) .

For this versicf;.m,t the.rate matching unit 7 will arrange that all the
parity bits P4 %3N0 Pnsni t t ed and parity bits P, , P2 P3 and the

syst emat is?o?. t Yersivh '3, (bF UPGISIRY. For 4 vérforf4mé tatd rradhitg Jrild Bwill Or
arrange that all the parity bits P, will be transmitted and parity bits P , P ,
10 P4 and the systematic bits S will be punctured to get the desired coding rate
for transmission;
o Version 4, (P3, P4, S, P4, P2). For this version, the rate matching unit 7 will
arrange that all the parity bits P3 will be transmitted and parity bits P4, P,
P, and the systematic bits S will be punctured to get the desired coding rate
15 - for transmission:
e Version 5, (P4, S, P4, P2, P3). For this version, the rate matching unit 7 will
arrange that all the parity bits P4 will be transmitted and parity bits P4 , P2,
Ps and the systematic bits S will be punctured to get the desired coding rate
for transmission.

20
The operation of the third embodiment is as follows.
Initially, the version 1 is sent to the rate matching unit 7, and the result sent to -
the transmission unit 9 to generate a first transmission.

25

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

30 transmission attempts is reached.



+ 20 The operation of the third enbodinment is as follows. Initially, the
version 1 is sent to the rate matching unit 7, and the result sent to the
transm ssion unit 9 to generate a first transm ssion. 25 In &rp g6t he
receiver is desired to perform Chase conbining, if no acknow edgenent
(NACK) is received after the first transm ssion, version 1 wll be sent
repeatedly to the rate matching unit 7 togﬁenerate further identical
transm ssions by the transm ssion unit 9 til the maxi mum nunber of 30
transm ssion attenpts is reached. 17 JUL 2006 16 In the case that the
receiver is desired to performIR if no acknow edgenent (NACK) is
received after the first transm ssion, the redundancy version store 5 wll
send version 2 to the rate matching unit 7, which converts it to the

desired 5 ¢ nds it . to e tr ns' ion ni 0 erate
a second traﬁ'%tlrt?'leqiﬂ %rjfﬁaéhﬁlrgg V9r ls\p&sgpgﬁoqu %ﬁ%kﬂ?&\é%dé%gﬁ ird
transm ssi ON(NACK]) & @Rtefvedsaftes el fifst ﬂbﬂdﬂﬁ&léﬂﬂ&hé@dﬂ@ﬁdéﬁ@ﬁ@ﬁ%l&ﬁls@@re snd
version 5 is used to produce the fifth transm ssjon.

retransni ssi Wilksend V%rﬁssan %mwtmeraamw&hmwnge?nowh@hqug@ ltst@|tié%siegwgd anmong
the five 3’6f8¢&1§§ rhfd éﬁbesér?&seutmh é}ﬁ]rﬁlgs{orq Jrﬁtéto B@Qé(ra\’éa's%fcbﬂas of the

transmtter 1 are poss e SCO the 1 nvention as

will be cl eatrahmn&ssdﬂ I$|adlalrlqavlaslon1$|slrtwsedatoamrpkiecettertmttdohrmé?msarmnbe
pl aced at the output of dj rect

e e the rate
Mt chi g unt vewiomhis Gees B arotien e it iimgstuiesion! Bne Vemien s deetife
encoder. To pRifica'the A tidHshiiddion IARHErSSiraRsmidaforisl fidhy5 R Webhosen

by sending further selections among the five versions to the rate matching unit
10 6.

Many variations of the transmitter of Fig. 1 are possible within the scope of the

invention as will be clear to a skilled reader.

15 For example, the store 5 can be placed at the output of the encoder 1, with a
direct path to the rate matching unit 7. The store 5 then would only store the
output of the encoder. To generate the initial transmission, the store 5 could
send this data to the rate matching unit 7, which sends its output to the
transmission unit 9. In response to a retransmission request the store 5 could

20 send its stored data to the permutation unit 3, which would forward the result to
the rate matching unit. Note that this variation of the system in Fig. 1 reduces

the memory requirement of the transmitter.

In another functionally equivalent variation, the order of the redundancy

25 versions store 5 and the rate matching unit 7 can be reversed, so that the
redundancy version store 5 stores multiple version of the encoded signal which
have all been converted by the rate matching unit 5 to have the coding rate

suitable for transmission.




send.this data to the rate matching unit 7, which sends its output to the
transm ssion unit 9. In response to a retransm ssion request the store 5
could 20 send its stored data to the pernutation unit 3, which \W%E 6
forward the result to the rate matching unit. Note that this vari (ZW of
the systemin Fig. 1 reduces the nmenory requirenent of the transmtter. In
anot her functionally equivalent variatio 7the order of the redundancy 25
versions store 5 and the rate matching unlt 7 can be reversed, so that the
redundancy version store 5 stores nultiple version of the encoded signal

whi ch have all been converted by the rate matching unit 5 to have the
coding rate _suitable for transmssion. 17 JUL 7006 17 Turning to Fig. 3, a
recei ver acco¥diingta big: Beairaceiven ascardingHewhe inentiea s shown feri rgaaiving r om

h f | .re N unit
(eg. radio Panairdhne bansiniehSr 1650 i POHeSH oy sids e T agfOn AN ool
recei ved fro#t t(dag tadio secegtion wfit iFthe dighal _|Bhlmnsrrgﬂt|@d by eadip).i ?n un![t 31t I EI
5 d t t.chi it 33, whi it to a format. suitable
o 5 L ut oA raiiAl aPeaibed e i transroer REFEn o e mﬁjramtm@sum% bisssed
to a storg §sseTﬂéSa rdt@‘?ﬁat@Hinb'ﬁuﬁS@'ﬁﬁ%h%oh@ ﬁéit %9 a'fBrrh 5€s age

ed el ow),

are transm t y the transmtter of escrl hey
are accunul atlEUO dncod@r 3%t dhe OBmut'uﬁél'\e)mtpunammnghmi'sM)isep&'seidstotar stosavi t t ed

ia a bit segaration 10 rmutati to the decoder in the
tace of the Poanls ot TOHRR SEhaB et e sBrs MeSERde Are ansatad « <

33, 35, 37 chbythetransitiuridiiFy. th@ssesueeinell belkivy, e aietdbcufilaR¥anphe, the
units 35 and 37 can_be reversed, so that the pernutation unit 37 only has

to 15 oper at 80FM38. bhe KUEpULSH the slore 3@ is tignamittechwagsbitrsepaiaianuni t
functiongy  (permutation unit) 37 to the decoder 39.

As in the case of the transmitter, various modifications to the order of the units
33, 35, 37 can be made within the scope of the invention. For example, the
units 35 and 37 can be reversed, so that the permutation unit 37 only has to

15  operate once on a given received signal. The permutation unit functions
differently according to which version of the signal it is operating one. For
example, in the case described above in which one of the versions of the signal
transmitted by the transmitter is derived without a permutation carried out by the
permutation unit 3, the permutation unit 37 preferably makes no madification to

20 that version of the signal. More generally, the permutation unit 37 is preferably
arranged simply to reverse the permutation carried out by the permutation unit 3
on the corresponding version of the message.

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




wdiff.erently according to which version of the signal it is operating one.
For exanple, in the case described above in which one of the versions of
the signal transmtted by the transmtter is derived without a pernutation
carried out by the permutation unit 3, the pernutation unit 37 TpilsBlabi y
makes no nodification to 20 that version of the signal. Mre generally, the
permutation unit 37 is preferably arranged sinply to reverse the
pernmutation carried out by the pernutatioﬂaunit 3 on the correspondi ng
versi on of the nessage. The decoder 39 attenpts to use the signals it
receives to reconstruct the 25 nessage sent by the transmtter. The decoder
39 al so generates ACK/NACK signals for return to the transmtter according
to the definition of the HARQ schene enpl oyed. These cause further signals

to be transmj;e the transmtter relating to the sane nessage. The
decoder 39 e f@g'gﬁrymwve“i'%' PPesnyfesceibed aoovsiin selation ip spedifie si gnal s

previ ously stephilsstimentd)@ns irfiehitidR i t ' age.
17 JUL 1005 18 Al tlhoS he invlent“i?,g?lfm@%m‘sdﬁg%%gﬁaa@ﬁvéﬁtgﬁg ion

Bt
to specific POSBbIE Wégmsthetﬂwpﬁmfém inyentien.rfoer éxampledFunthefmaores thepect , and

many vari gnt ; i 4000 h - f the inventjon., For exanple,
Furtherrm?e, %tnﬁ%@)n%ﬂﬁ)%xf@ng% é%gpe%bggchrsﬁﬁ@e;}SHveunﬁn etl‘r@“lsemﬂy"rlp)riiftlles",
the "units" physicatly beparby,but bl gxaraplerraag be imbldriénted B HWERY niGdules

i npl enented as_software rmdgl es. running on any nunber of processors.
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19 dains lafth thod of transmtting a nessage conprising: (i) receiving a
sel ection ransm ssion format froma predetermned 5 plurality of
transm ssion formats associated with a correspondi ng codi ng rate, whereby

a sel ected for | 5, 0bt aj | L@ t he nessage first
version of ncgﬁém%a?§°ﬁ§§ﬁ§@"f§f‘é%’ifﬁ%@@%‘?ﬂﬁpﬁ'i{?@ (ii1) permuting said
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P(ra; ng ft[];a. corr gas(mplgldnmltingdlom thexmessage adirskvarsioapfasicrged data hayng a
nsmtting, in the selected format, a first signal generated fromth
convert ed vfg'ﬁbﬁﬂﬂg(%l?vi n response to a retransm ssi o% request, if thee

sel ected format (iiﬁ geffuting said first version to obtain a plurality of further versions of
10 said data also having the first coding rate, said plurality of further versions
comprising systematic bits and parity bits;
(iv) converting one of said plurality of further versions to a second coding
rate wherein during the conversion, the systematic bits are punctured, the
second coding rate being the corresponding coding rate of the selected format,

15 and transmitting, in the selected format, a first signal generated from the

converted version,;
(v) in response to a retransmission request, if the selected format is one

of a predetermined subset of the formats, retransmitting, in the selected format,

the first transmitted signal; and
20 (vi) in response to a retransmission request, if the selected format is not

one of a predetermined subset of the formats, transmitting, in the selected
format, a further signal generated from another of said plurality of further

versions and having said second coding rate.

25 2. A method according to claim 1 in which said plurality of further versions
are stored at the first coding rate and one of the stored versions is converted to

the second coding rate upon receipt of each retransmission request.

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

30 comprising:




~of a predeterm ned subset of the formats, retransmtting, in the selected
format, the first transmtted signal; and 20 (vi) in response to a
retransm ssion request, if the selected format is not one of g jyL 2006
predeterm ned subset of the formats, transmitting, in the selecte fnorrrat
a further signal generated from another20f said plurality of further ’
versions and having said second coding rate. 25 2. A nmethod according to
claim1l in which said plurality of further versions are stored at the

first coding ratg rA8shottcregfistehs seleetion of eneicdasplusalioofenedetermined he
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are punctured;
(iv) a rate matching unit for converting data at the first coding rate to the
corresponding coding rate of the selected format; and
(v) a signal transmission unit for receiving the output of the rate matching
15 unit and transmitting a corresponding signal, in the selected format; and
the transmitter being arranged to transmit a first signal, in the selected
format, derived from one of said versions, and, in response to a retransmission
request, if the selected format is one of a predetermined subset of formats, to
retransmit the first signal, in the selected format, and, in response to a
20 retransmission request, if the selected format is not one of a predetermined
subset of formats, to transmit a further signal, in the selected format, generated

from another of said plurality of further versions.

4, A transmitter according to claim 3 comprising a buffer for storing said
25  plurality of further versions at the first coding rate and for transmitting a selected

one of said plurality of further versions to the rate matching unit upon receipt of

a retransmission request.

5. A communication system including at least one transmitter according to
30 claim 3, and at least one receiver adapted to receive signals from the

transmitter and reconstruct messages from them.



»(v) -a signal transm ssion unit for receiving the output of the rate
matching 1s unit and transmtting a corresponding signal, in the selected
format; and the transmitter being arranged to transmt a first gignal, in
the selected format, derived fromone of said versions, and, iabhﬂgﬂwﬁse
to a retransmssion request, if the selected format is one of a
predeterm ned subset of formats, to retransmt the first signal, in the
sel ected format, and, in response to a 20 retransn ssion request’ if the
selected format is not one of a predeterm ned subset of fornats: to

transmt a further signal, in the selected format, generated, f
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the first c ofr transmtting a selected one of said

plurality olecéhet fudieg:sions to the rate matching unit upon receipt of a
retransm ssi on request.
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signal s, the enzcatediesnatching Wil fog converting $igaASHAPARe accor di ng

to claim3, the receiver i e NGy der for decoding signals

havi ng a f|$%‘i°n_90‘%ﬂ@'§)g Faj?ébrﬁié ﬁ%@;ﬁgi"”ge’?teeg%ﬁgn unit for receigvi ng signal s
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received signals fromthe second coding rate to the first coding rate; and

a per muiat i tortherdecotier; permuting the converted signals and passing them
wherein the permutation unit is operative to permute successive received

signals representative of a single message in differing ways.

7. A method of reconstructing a message from encoded signals, the
15 encoded signals being transmitted by a transmitter according to claim 3, using a
receiver according to claim 6 the method including the steps of:
receiving multiple encoded signals, the multiple encoded signals being
derived from the message and having a second coding rate;
converting the received signals from the second coding rate to the first
20 coding rate; and
permuting one or more of the converted signals; and passing the
converted signals, including the permuted signals, to the decoder.

8. A method according to claim 1, wherein the first version comprises

25 systematic bits and parity bits and is arranged such that during conversion of
one of said plurality of further versions to a second coding rate in (iv), the parity
bits of the first version are punctured and the systematic bits of the first version

are not punctured.

30 9. A method according to claim 1, wherein each of said plurality of further

versions comprises systematic bits, first parity bits and second parity bits.



#10 to the decoder; wherein the pernutation unit is operative to pernute
successive received signals representative of a single nmessage in
differing ways. 7. A nethod of reconstructing a message from epgode
signals, the 15 encoded signals being transmtted by a transnii?éﬂL?WB
according to claim3, using a receiver2according to claim6 the method
including the steps of: receiving multiple encoded signals, the multiple
encoded signals being derived fromthe nessage and having a second codi ng
rate; converting the received signals fromthe second coding rate to the

first 20 coding rate; and pernuting one or nore of th t | ;
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dur i ng convigrf),ahe Fystematiobitsand tip firshpatity kifs dremunsturedrasiddhe segsoadsecond
coding rate in i)[v), t he parit@/ bits of the first version are punctured
and t he Ssyspaiitaoits ape N6t BENGIHEEG i st version are not punctured. 30 9. A

nmet hod according to claim1, wherein each of said plurality of further
versions conprises systematic bits, first parity bits and second parit
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punct ur ed. t hod according to claim9, wherein at | '
pl uralitg ofirst parity bits are not punctured. cast one of said

12. A transmitter according to claim 3, wherein the first version comprises
systematic bits and parity bits and is arranged such that, during conversion of
one of said plurality of further versions to a second coding rate in a rate

15 matching unit, the parity bits of the first version are punctured and the
systematic bits of the first version are not punctured.

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

20 Dbits.

14. A transmitter according to claim 13, wherein at least one of said plurality
of further versions is arranged such that, during conversion to a second coding
rate in a rate matching unit, the systematic bits and the first parity bits are

25 punctured and the second parity bits are not punctured.

15. A transmitter according to claim 13, wherein at least one of said plurality
of further versions is arranged such that, during conversion to a second coding
rate in a rate matching unit , the systematic bits and the second parity bits are

30 punctured and the first parity bits are not punctured.



»further version(s) is arranged such that during conversion to a second
coding rate in (iv), the systematic bits and the second parit% bjts are
punctured and the io first parity bits are not punctured. 12. A JUL 2006
transmtter according to claim3, wherein the first version conprises
systematic bits and parity bits and is ap2anged such that, during
conversion of one of said plurality of further versions to a second coding
rate in a rate 15 matching unit, the parity bits of the first version are
punct ured ar@. Ahpethddsdczording toictssmof int\WRichithé br ¢ath rdnsAlitted Signakinct ur ed.
13. Atransmitter according to claim3, wherein each of said plurality of
further ver §PBEISEd gysiematicsand pamtyikitspi ts, first parity bits and second
parity 20 bits. 14. Atransmitter according to claim13, wherein at |east
one of said plurality of further versions is arranged such that, during
conversion t13. a #etcamsinitted ancordirg © ¢laina6raatangedttotrangmitsystembatic andt enat i c
bits and the fjrst papity bits.are, 25 cfured and the second parity bits
are not ﬁun??ﬂ*’yet?ﬁs 'ﬁgﬁeﬁp@ghmﬁg@ﬁ@@ﬁ%i ng to claim13, wherein at
| east one of said plurality of further versions is arranged such that,
during conversion to a second coding rate in a rate matching unit , the
systematic bits and the second parity bits are 30 punctured and the first
parity bits are not punctured. 17 JUL 1006 22a 16. A nethod according to
claim1 in which the or each transmitted signal conprises systematic and
parity bits. 17. Atransmtter according to claim®6 arranged to transmt
systematic and s parity bits in the or each signal transmtted.



