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and a Hybrid Automatic Repeat Request Scheme Field of the | JerdN 82-3 The
present invention relates to a conmuni cati on system which operates a
hybrid automatic repeat request (HARQ schene. The invention further
relates to the methods of signal transm ssion and reception perforned by
the comunication system and to transgitters and receivers within the
system 10 Background of the invention Many conmuni cation systenms can be
generally described as including a first wunit (transmtter) whichis to
send a nmessage to a second unit (a receiver). Frequently, the transmtter
I ncl udes an encqder fgr
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for reconstructing t he rressageRf @!rﬂ_@uégmemel?ecently tur bo codes have
becone wi dely used in such conituni catron systens. Fig. 4 shows
schematically the structure of an encoder 20 used to 20 produce a turbo

code signal.wt B0 rate (i.e. the ratio of the nunber of bits of
the nmessag ncoder to the nunber of bits output as the

signal )5 offhé/pleséntimvcrition reRites fo 4 kenmgmidatior?éystemrwhich dpefatesfa Fig. 4 as
a bit stream, Each input bit is oul_&&ut as corresponding "systematic bit"
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"syst emat i cotmmuniCation gysterny anhd ¢o transmhitters and recelvers within the system.

10 Background of the invention

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

15 generate a signal which is actually transmitted, and the receiver includes a
correspo_nding 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 the 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 fnput bit is output as corresponding "systematic bit" S. The input
~ bit stream is also transmitted to a first convolutional encoder 23. The input bit
25 steamis also transmitted to an interleaver 21, and from there to a second
convolutional encoder 25. For each "systematic bit" S output by the encoder,
the first convolutional encoder 23 generates a corresponding first parity bit P4,
and the second convolutional encoder 25 generates a corresponding second
parity bit Pa.
. 30



the first convol uti onal 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 2 There are various ways to nodify the encoder

20 of Fig. 4 to get a coding rate of % One is provide an extra

i nterl eaver receiving the output of interleaver 21, and an extra

convol utional encoder receiving the output 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 nmethod is to generate ''/< Turbo codes
from1l/5 Turbo codes by rate natching (bits puncturing). Note in this
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forward error correction (FEC) orithm Such comruni cation systems
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than t he encoder coding rate, the rate nmatching .is performed by

"punct ur i nd'urbe ﬁ@d%‘hbﬁd%tﬂ raatching (bits @unsturing).Notgiin dhiscase)twa n t he case
that the s te,
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or nore of codesbits are repeated). The output of the rate dematching unit
is then transmtted by a physical signal transm ssion unit (such as a
radio transm ssion unit in the case that the

10. The receiver reconstructs the message from this message using a decoder

O

which operates, in a well known fashion, using a forward error correction (FEC)
algorithm.

Such communication systems frequently have to operate at muitiple 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 if). 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 (such as a radio transmission unit in the case that the
communication is by radio) to the receiver as a signal (e.g. data packet).

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,



communi cation is by radio) to the receiver as a signal (e.g. data packet).
25 For many commruni cation systens, in the case that the receiver is unable
to reconstruct the nessage fromthe signal it receives (due to noise) the
receiver 1is able to cause the transmitter to transmt a further signa
(al so derived fromthe nessage) to the receiver. For exanple, in the case
that a certain nmessage not 30 correctly geconstructed, the receiver may
send a NACK signal to the transmtter, 3 which responds by transmtting
the further signal. As discussed below, the further signal may be
identical to the further signal, or may be different. In some systens,
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fail ed glecoding attenpts (i.e. received signals which the decoder failed
to decode) for future joint decoding. HAR(%.i s an inplicit link adaptation
t echni que. Ta&eetihe demanedposthewidebasdrand highideta:rate multimedia Chase
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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 fafls on the
first attempt. In this case, there are several different transmission versions of
the coded packet.

25 Ingeneral, 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.



20 wherein instead of sending sinple repeats of the entire coded packet,
additional redundant information is increnentally 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 (greatger than or equal to 16) conpared
wi t h Chase conbining. Meanwhile, IR is nmuch nore conplex in terns of
menory, processing, and signalling requirenents. 4 Mtorola has proposed a
HARQ schene based on bl ock interleaving and bit priority mappi ng (BW)
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(SMP). This nmethod provides 0.9 dB gai n gver Chase conbining for 16 QAM

wi t h codi ngegundangy versionsgante gengratad, Thedrange esfas rate (ER) t he
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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 0.01in

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

In general terms the present invention proposes a HARQ system which uses IR
for at least one transmission format. The multiple IR signhals are derived from a



conbi ning. The nmethod fromEricsson is sinple but there is no significant
gain 20 over Chase conbining. The nethod from Si enens can provi de sone
gain over Chase conbining but it is also conplex. Summary of the invention
25 The present invention ains to provide new and useful nethods and systens
for data communication. In general terns the present invention proposes a
HARQ system which uses IR for at |east gone transm ssion format. The
multiple IR signals are derived froma 5 single encoded signal (i.e. the
out put of an encoder) by pernmuting and rate converting that encoded signal
I n respective ways. As denonstrated bel ow by sinulation, the present
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first expregnvefing that Qﬁmsigﬁmqﬁ}égﬁédﬁvgw.s a nethod of transmtting

a nessage conprising: 10 (1) génerating fromthe nessage a-first version of
encoded data having a first coding rate; (ii) pernuting said first version

codi ng-r at s SEARNsERRIHAOI By afBLAD, fip nBReh AEvBsR AucRR ABRHPr ) icc.
and 15 st r giEforivianes than tHesknew Bsdhnitfusdy ddseribed alfolBewhileiter t ed ver sion;
and (iv) in response tQ a retransm ssion request, transmtting a further

si gnal ~ geriBplemantatiomissiIMer of said versions and having said second
coding rate. The various versions nmay be stored (in a buffer unit called
here a redundancy 20 version store) at the first coding rate and one of the
st or ed ver sSpexificallycimve first estpression, the present invention proposes a method of

transmitting a message comprising:
10 (i) generating from the message a first version of encoded data having a
first coding rate; |
(i) permuting said first version to obtain at least one further version of
said data also having the first coding rate;
(ii) converting one of said versions to a second coding rate, and
15 transmitting a first signal generated from the converted version; and
(iv) in response to a retransmission request, transmitting a further signal
generated from another of said versions and having said second coding rate.

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

It is particularly envisaged that the invention will be useful when the second
coding rate is higher than the first coding rate (so that the rate matching

25 includes puncturing). If the encoding is turbo encoding, then the encoded data
includes systematic bits and parity bits. In this case the first transmitted signal
preferably includes the systematic bits but punctures the parity bits.

Generally, the transmitter will be able to operate in any of plural transmission
30 formats, each associated with corresponding coding rates (which need not all



to the second coding rate upon receipt of a retransm ssion request. It is
particularly envisaged that the invention will be useful when the second
coding rate is higher than the first coding rate (so that the rate matching
25 includes puncturing). If the encoding is turbo encoding, then the
encoded data includes systematic bits and parity bits. In this case the
first transmtted signal preferably ingludes the systematic bits but
punctures the parity bits. GCenerally, the transmtter will be able to
operate in any of plural transm ssion 30 formats, each associated with
correspondi ng coding rates (which need not all 6 be different from each

Note that  Pe diiershf b B0, TR Sk Trehsfiofiahs Fie e sflestedfong ™ =
transm ssi gfthebformpafat s. For exanple, the extra conplexity required to

performthe permutation may not be sufficiently advantageous for certain
formats. Thus, for sonme formats, step (iv) may be replaced by a step of
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retransm ssi on request. n second .eXpressi on, e present Invention
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conprising (i encgder for receiving .a nessage,a using the nessage to
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one furthe?omtg'i%ﬁbé??@;%ydﬁé;ﬁb ode %té?%‘?lgg@ﬁ?\%sﬁgmﬁﬁéﬁﬂﬁfsgt codi ng rate;
(iii) a ratransmitbed signahintresponsectotberetrgnamissiontreghiestii rst coding rate to

a second coding rate; (iv) a signal transm ssion unit for receiving the
output of the rate matching'unit and transmtting a correspondi ng signal

at theqgecong se8hlexpression, the present invention provides a transmitter for use in a
communication system, the transmitter comprising:
(i) an encoder for receiving a message and using the message to
generate a first version of encoded data having a first coding rate;
(i) a permutation unit for permuting said first version to obtain at least
15 one further version of said encoded data also having the first coding rate;
(iii) a rate matching unit for converting data at the first coding rate to a
second coding rate;
(iv) a signal transmission unit for receiving the output of the rate
' matching unit and transmitting a corresponding signal at the second coding
20 rate; and |
the transmitter being arranged to transmit a first signal at the second
coding rate derived from one of said versions, and, in response to a
retransmission request, to transmit a further signal at the second coding rate
geherated from another of said versions.
25
A further expression of the invention is a communication system including at
least one transmitter as described above, and at least one receiver adapted to
receive sighals from the transmitter and reconstruct messages from them.



20 rate; and the transmtter being arranged to transmt a first signal at
the second coding rate derived fromone of said versions, and, in response
- to a retransm ssion request, to transmt a further signal at the second
coding rate generated from another of said versions. 25 A further
expression of the invention is a comunication system. ncluding at |east
one transmtter as described above, andyat |east one receiver adapted to
receive signals fromthe transmtter and reconstruct nessages fromthem 7
O her i ndependent aspects of the invention are: the receiver itself; the
met hod perfornmed by the receiver; and the overall conmunication nethod

per f or med ne such _trapsmitter a at |l.eas suc cei ver.
5 Brief degﬁwdmemﬁer@ ﬁépre?*@efté%e BRnEpREr e dherivei st the fethd

i nvention ﬁﬁ&‘fl"b e p@r\ﬁn ﬁﬂ&m

reference Pﬁ%ﬁ?g‘ ér}bﬂ?ég?ef,n ﬁ1rﬁi:{r(1)lc ?1&'&/3 % gexeral
constructi a’nleast ane such transmittesrandhati leastronensioah neeaiverof the invention;

Fig. 2 shows the results of a sinulation conmparing known Chase conbi ni ng
and transm ssion by the enbodinment of Fig. | in the presence of additive

white 1§ Ggﬁéﬁaégbrgbﬁ%ftﬁéﬁgu%sshom the structure of a receiver which is
an enbodi rent of The T1nventron; and 20 Fig. 4 shows the structure of a
known turbo encoder. Detailed description of the enbodi ments Three
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example only with reference to the following figures, in which:

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 fo 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)



'25 but all have the general structure illustrated in Fig. 1. A nmessage to
be transmtted 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 transmtted fromthe 30
encoder | to a bit separation unit 3 (here referred to as a pernutation
unit 3) 8 which pernmutes the encoded siggnal in nmultiple ways to generate
respective nmultiple versions of the encoded signal. The nultiple versions
of the encoded signal are stored in the redundancy versions store 5. Wen
it is desired to transmt a nessage, a selected one of the versions in.the
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i gnal 't r angmen ot ine Areoded sighelio ulaRle opding A1 The STARANAA L  ne
embodi Ment hatchfRAMMIET iStrinsmfedds’d physicdl sigialtrahsMissich aFit 9)(ed. radio
generating signals for Chase conbining in the receiver as inthe prior
art, this deanspisgipnanitdtthesignalis tnbe traasmitted byradiole of the multiple

versions in the redundancy versions store 5 is always selected for 20
transm ssion to the rate matching unit. Note that there various

al t er naoi velypdvteceiving bi ABK! (notkhwletienvatity; a furthehsslected chesefithiee
achi eved. For exanple, the _
versions is transmitted from the redundancy versions store 5 to the rate
matching unit 7, which converts the selected version of the encoded signél toa
suitable ¢oding rate. The output of the rate matching unit 7 is again tfansmitted
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 prior art, this can be obtained by ensuring that a single one of the
‘ multiple versions in the redundancy versions store 5 is always selected for
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 Dby this system. These are QPSK with coding rate of 1/4, QPSK with coding rate



pernutation unit 3 can be bypassed, 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 enbodinments in detail. As the first enbodi nent of the

i nvention, consider a wi deband code division nultiple access (WCDVR)
comuni cati on systemusing Turbo codes with coding rate of 1/3. Five

nodul ati on and codi ng schenes (MCS) aregsupported 30 by this system These
are QPSK with coding rate of 1/4, QPSK with coding rate 9 of 1/2, QPSK
with coding rate of 3/4, 16QAMw th coding rate of 1/2 and 16QAMw th
coding rate of 3/4. Rate matching . (punctu(ng or repetition) is enployed
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the parity ghnbfir€the\bafitytitsitb Yt e d88lrecPEstiRg I Ly bits P, and the
systerraticp?)‘its S vSTAPI tge pun?téﬁred or repeated by the rate matching unit
5 to get the desired coding rate. Version 4. (S, P2, Pj). The difference
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t hen bagpuneduriddhcywersiens:at e matching unit 5

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

16. e Version 3, (P2, S, P4). In this version, all the parity bits P2 will be transmitted
and parity bits P1 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, Pz, Py). 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.



"with different puncturing patterns. We prefer that the enbodi nent should
use IR for high coding rate and high order nodulation only. Specifically,

| R according to the invention will preferably 25 be enployed for QPSK with
coding rate of 3/4, 16QAMw th coding rate of 1/2 and 16QAM wi th codi ng
rate of 3/4.. For QPSK with coding rate of 1/4 and QPSK with coding rate of
112, Chase conbining wll be used, as iqgthe prior art. 10 Initially, the
first version (S, Pl, P2) of the encoded signal is transmtted to the rate
matching unit 7. The result is transmtted by the transm ssion unit 9 as a
first transmssion to the receiver. 5 Considering first the case that Chase
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retransmtted as a second transm ssion by the transm ssion unit 9. This

second t r afiEstiteansarissieniteithe fecgivero the first one. This schene is continued
10 until the maxi mum nunber of transm ssion attenpts is reached. By
contrast, considering the case that IR in the receiver is desired, then

fol | owi 8y tCGunsitierifig first thecacase that Chase cofribiring is désiretbindhemecdiveyifuni t 7,

t d dt i Ssi.on by t transm ssion unjit 9. Follow ng a

{urther . 15 BokoRWIeAgEgtesh (ACK) iS Eopaved nay Beovaiuer ARSTGhe fsfs i ssi on.

Fol | owi g qrdridhiiésion, thefrthe Yifst YeRlfort is Sert2RAir & B 1afeiaitdritg UAKT Bn
urther Ifa erated by

transmi ssi on. retransm ssi ons, ny, can be gen gurt her
sel ect i ons the sesuliis retranemittedias a sesondhtransmissibn by thectransiisdimnanit/@r si on

t 5. 2Q.The schepe thus. has.the. fol | owi ttributes: Lt is. t
ol ement - TS Segerl tamesiol e ideniicabia B R ¢1e. Tikiacliome i RIS of *t ne
encodeqobi tyntiPthd MaxPRIMHUMB& bf riinsmission attempts is reached.

By contrast, consideririg- 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:
¢ ltis easy to implement. Actually, only one extra operation is needed:
reordering of the encoded bits by the permutation unit 3.
e 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



A single transmtter can support both IR and Chase conbining. 25 W wil|
now present a sinmulation of the effects of the first enbodi nent. The

simul ation conditions are shown in Table 1. Since nulticode applications
are the nost common applications for high data rate WCDVA, we only present
the results for 5 code cases. Note that for/loc is defined as the carrier
to noise ratio of the transm ssion chaqgel. 30 11 Paraneter Val ue
Carrier Frequency 2GHz Chip Rate 3.84M Propagati on Conditions AWGN HSDPA
Frame Length 2nms lor/loc Variable Spreading Factor 16 Mdul ati ons QPSK
(1/4, 112, 314) 16QAM (1/2, 3/4) Channel Coding Turbo Code (PCCC), 1/3
Max no. of Iterations for the Turbo 6 Cyder 1 Metric for Turbo Coder 1
Max-|1 og MAP |nput to Turbo Decoder Soft Turbo Interl eaver Random HARQ
Proposed IR Schenme Max no. of Transm ssion Attenpts 4 Table |

Parameter - | Value
Carrier Frequency 2GHz
Chip Rate 3.84M
Propaéation Conditions AWGN

‘| HSDPA Frame Length 2ms
lor/loc . Variable
Spreading Factor ' 16

Modulations QPSK (1/4, 172, 3/4)

16QAM (1/2, 3/4)

Channel Coding Turbo Code (PCCC), 1/3

Max no. of lterations for the Turbo | 6

Codert

Metric for Turbo Coder 1 Max-log MAP

Input to Turbo Decoder , | Soft

Tur_bo Interleaver Random

HARQ ' Proposed IR Scheme

Max no. of Transmission Attempts | 4

Table 1



12 Figure 2 illustrates the Frame Error Ratio (FER) performance of the
proposed IR schene in an additive white Gaussi an noi se (AWGN) channel
after four transm ssions. The FER performance of Chase conbining is also
presented as 5 a reference. The neaning of each of the lines of Fig. 2 is
given in table 2. For 3/416QAM the proposed IR schene outperforns Chase
conbining wwth a margin of 2.86dB. For4,l/216QAM the gain of the proposed
| R scheme over Chase 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 nmeasured at a FER | evel of 0.01. As
expected, there is no significant gain for 1/4 QPSK. Line Label in Fig. 2
Significance 10 1 4 QPSK Chase 11 % QPSKIR 12 '4QPSKIR 13 '/ QPSK Chase

L 3 B g Frr i (R pork G e pro Lo
first enbodRrsehemefintamcadditvewhite iGaussiaromoise (AVWGEN)Ichamnel aftepfourr art
'CganFgﬁ ,n: 3 ttr!gﬁlgrsrﬁ%%% L‘Iﬁ%%ﬁﬁ%%qr%gﬁge gg ﬁnaarslesc%%t;iginb sa srongregént% B! _I on
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 % QPSK Chase
1T % QPSK IR

12 % QPSK IR

13 % QPSK Chase
14 % QPSK IR

15 % QPSK Chase
16 % 16QAM IR

17 % 16QAM Chase
18 | % 16QAM IR

19 % 16QAM Chase

15 Table 2

Table 3 provides a comparison 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



13 that the first enbodi nent can provide the best FER performance.
Meanwhi |l e, the operation of the first enbodinent is sinpler than that of
the three prior art inplenentations. 5 Features Mdtorola Ericsson Sienens
First enbodinen QOperation Very Conplex Sinple Conplex Sinplest Conplexity
FER No significant No significant 1.7dB better 2.86dB better Performance
gain over gain over than Chase than Chafe Chase Chase Table 3 W now turn
to a second enbodi ment, which is a variation of the first 10 enbodi nent.
The maxi mum nunber of transmission attenpts is limted to 3. Consequently,
there are only 3 types of different | R redundancy versions: Version 1,

Version 2 ' I k4.0 first
erbod ment M it @thod bl LRI Rt FER PoRbmhelias Moatile, <4
ari d secontheohaation of the fifst Ehbodirment is eimpler them thet onthecthirsslprigmnarti s as
follows: As in the first enbodinment, version 1 is initially transmtted
fromthe rBBRIRMERNEStioNSer si on store 5 to the rate matching unit 7. The
result is transmtted to the 20 transmi ssion unit 9 which produces a first
transmission. In the case that the receiver is perform ng Chase conbining,
i f no #Hscknow edgenent. (NACK) is received after the initial transm ssion,

t hen the ﬁ " - — t he
e T Eohtume o s ENiotorola - ['Ericsson > | Slemens | Firet 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 transmission attempts is limited to 3.
Consequently, there are only 3 types of diﬁereht IR redundancy versions:
Version 1, Version 2 and Version3. Other conditions are same as those of the i

*first embodiment. The hardware units shown in Fig. 1 are the same in the first

arid 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 © 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



14 as a second transm ssion by the transmssion unit 9. If NACK is
received again, then the first version is sent again to the rate matching
unit 7, and the result is retransmtted as a third transm ssion by the
transm ssion unit 9. 5 By contrast, considering the case that IR in the
receiver is desired, then followng the first NACK, version 2 is
transmtted to the rate matching unit 74 to produce a second transm ssion
by the transm ssion unit 9. Following a further NACK, version 3 is _
transmtted to the rate matching unit 5 to produce a third transm ssion by
the transmssion unit 9. 10 In this case, sinulations show that 0.8 dB

performance degradation at .a FER of 0.0Q1.is observ qr the second
Brbodi mont 58 @ REA0 TANSARESIGN by, the transisioR LA S. IVAGKS reckST88AD,  on
still outp : T A hRinaf w id hi s
conpar i sonﬂ?é'srpglhgf\rze et \A}ggﬁgtgﬁgt é@g‘ggﬁ%l’%ﬁb@fsﬁgtu%a asgr%gﬁi}:)llstni ng
wi t h a naxretransmitted asd thindtransngission bydhedransmission unit.t he second

enbodi nent is conpared with Chase conbining wth a maxi num nunber of
transm ssion attenpts of 3,"the gain is 2.7dB. Mreover, conpared with the

met hod gf Py stidonsiieiiny ithe ehse RNRA thé Fedewaris desirad, themt s of 3, the
second enbodi nent has a gain of 1.2 dB. 20 W now turn to a third
enbodi ment fejlowing the]ﬁ@hl\&s}K. » Vejaion 2 istteansmitied to theorate matchipgvpitit.fer is as

shown in Fi ' | ' oL i i ng
rate of 1/ g%dll#grg%?déﬁh f’ﬁﬁ%@?’ﬁﬁ%W%ﬁ'@%‘@b}ﬁg?&@y‘@? rritﬁ%'g as
(S, P1, P2NATK, wersiond i teartiitted tfherate hiatching unit's teepradace taythirdt
streans. 25. Suppose that the required coding rates for the transm ssions
are 1/4, 1kangRussian by the Yapsmissian unik@ention, five IR redundancy versions
can beygonstructed as _

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, Py), where P3 and P4 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:



follows: 15 Version 1, (S, Pi, P2, P3, P4). Upon receiving this version,
the rate matching unit 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, (Pl, P2, P3, P4, S). For this
version, the rate matching unit 7 will 5 arrange that all the parity. bits
P, will be transmtted and parity bits §£ , P3, P4 and the systematic bits

S will be punctured to get the desired coding rate for transm ssion;
Version 3, (P2, P3, P4, S Pl). For this version, the rate matching unit 7
Wil | arrangethat all the parity bits P2 will be transmtted and parity

bits P1 , 4 tic bits AN u ured,to get
Che desi 1 ed CURFIRD Toia P Be 2 ok AIRLH] Grroiving. s prsion, 8 Petg fhitenig, °°Fy)
For this versigy lé Qﬁah?é&tdfﬁéﬁé}hﬂgllltﬁé% ystemdtic bi! éﬁﬂﬂl@ théﬁjréiiﬂe the
parity bits P3 w | ransmtted and parity bits P, and the

systematic bi P%ﬂtﬁhltﬂﬂh Be , PanendRtorget e dedicedieeding datedfor trlgnsaissionts f or

transm ssi on \er sj,o R. hIS ersio e rate
i chi g ut 1 Voran By Pacloe Pensl Trtheesibn, T rale reefing LAz il
transm st ed aggafge tiat allithe pantyFats P«Pﬁ|ll8t§k§1trhh§n&té‘iiéﬁﬂipaﬁtylblﬁsﬂ°z?, Pl be
punctured to he desired coding rate for transm ssion

operation of ghend the aystematic bits:S will be puactussdto getithe slesired tcndmgerase on 1
S asent L0, orkBhgghi 19 U Ty and the result sent fo the
e Version 3, (P2, P3, P4, S, Py). For this version, the rate matching unit 7 will
arrange that all the parity bits P> will be transmitted and parity bits P4, P3,
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 , P2,
P, and the systematic bits S will be punctured to get the desired coding rate
15 for transmission; | |
o Version 5, (P4, S, P4, P, Pa). For this version, the rate matching unit 7 will
arrange that all the parity bits P4 will be transmitted and parity bits P¢ , P2,
P 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.



In the case the receiver is desired to perform Chase conmbining, if no
acknow edgenent (NACK) is received after the first transm ssion, version 1
will be sent repeatedly to the rate nmatching unit 7 to generate furt
transm ssions by the transm ssion unit 9 until the maxi nmum
nunber of 30 transm ssion attenpts is reached. 16 1In the case that t
receiver is desired to performIR, if nggacknow edgenent (NACK) is

i denti cal

recei ved after the first transni ssion,

send version 2 to the rate matching unit 7, which converts it to the

desired 5 coding rate and sends it to the transm ssion unit 9 to generate

a. second

her

he

t he redundancy version store 5 wll

transm ssion. Simlarly, version 3 is used to produce the third

transmssion; version 4 is used to produce the fourth transmnission;

version 5 'Iﬁth@éé%é that ﬂ’f@t@é@ﬁlér'?démféd‘totﬁé}ftﬁ'ﬁ‘i R i abkiidvidetigement
retransm ssions, if any, can be chosen sendi ng further selections anong
u

the five véNACHKIds !’QﬁQN'ﬁ;i aﬁ@rethed'tr%tﬁra@mmslpn the re

w1 e of duffSeB Serio e o e riadiaid it . WRRErSorfer o B UBRE

pl aced gt tobdugrb!&bnd%ehb@thOQMEranémﬁsidrhumtQdo genbraie@iasdoonghe rat

mat chi ng unit

The store then woul d only store the output of the

and

NeRRCY ¥arsion slaee Bf t he

as

e

encoder . TdTansmussior. Sirailarky, version 3is ysed &0 Broducedhe thirdtrgnsmissien;send t hi s

data to the rghg 4’78%?8 e, ngHJcJth W't

B ed to
transni ssi on unit sponse O afre ransn1s§ I ONn re uest ore 5

ROfssidm ahdEtsioh fs

could 20 .produce ihns'fﬂ’tmmnsaba Fartheeretransmiisgions) mamy, can behchlsenoul d

f orwar d th

th t t chi uni t at th| varlatlon of
he " ayst embypercina hifther felectons amiapahg e yersiee I e Tate, aReing Lt or 1 n

anot heygf ungcti onal | y equivalent variation, the order of the redundanc

15

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

For exémple, the store § 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 e_nco_der. To generate the initial transmission, the store 5 could

send this data to the rate matching unit 7, which sends its output to the

20

25

transmission unit 9. In response to a retransmission request the store 5 could
send its stored data to the permutation unit 3, which would forward the result to
the rate matching unit. Note that this variation of the system in Fig. 1 reduces
the mémory requirement of the transmitter.

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

y



25 versions store 5 and the rate matching unit 7 can be reversed, so that
the redundancy version store 5 stores nmultiple version of the encoded
signal which have all been converted by the rate matching unit 5 to have
the coding rate suitable for transmssion. 17 Turning to Fig. 3, a

recei ver according to the invention is shown for receiving signals from
the transmtter of Fig. 1. It includes gyphysical signal reception unit 31
(e.g. radio reception unit if the signal is transmtted by radio). A signal
received fromthe transmtter of Fig. | by the signal reception unit 31 is
5 passed to a rate matching unit 33, which converts it to a format suitable

f d Th f th hi 33 d
to a store fuBnoRATS. Hinreteid eterdigiaie PusnfEr s Batn Bt testlvibd bage”
are trans msﬁﬁgﬁ‘eﬂs frdvn fH%ﬂtréﬁs?ﬁﬁtEI' bt PQ f ithhdudés é@rﬁxﬁi@épélgﬁéﬂebébﬁkm unit hey

are accunulated in the store 35. The out put of e store 35 is transmtted
via a bit s¥bte-gtradio receptien unttafttherslgnalts)trmsmlﬁedrwradm)der 39. As in the

33, 35, 57 A RFBLMcEhBa oS KanSRitler 36 By e bPRESSpudh DERAE. C e

units 3% anshsdédtem rate MEHing dnit 33, Wiidh éclimleiilermw@fommtlsultéblé'tfopa| y has
to 15 oper ate once on a qgiven recejved si gna per nmut ati on unit

functions WreadeeadarB9ac Wtﬁg Pf)thﬁtf?tﬁl"\?&mn% H"5133t'ﬁ@a§$%59 ajsfores
oD ver o0 oS B e IATROR o A0 IR G oalipEt oialog e ©f
W t hout a rbjthetteansmtteaof Figd1 Qas degcribied belewmihey ia0@ auaumu&ted irethe
Phesi gnai S 5. %é%tppio*’{n%@?m?a{‘sgt{%ﬁﬁﬁ?ﬁ%% isapRiatlanibl ) ar ranged
tSII']rerpLgr‘]tl’OgSp@éghﬁ%ﬂéQ?S ?%%g@%@g@gﬂ out by the pernutation unit 3 on
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 medification 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 décoder 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. '



"The decoder 39 attenpts to use the signals it receives to reconstruct the
25 message sent by the transmitter. 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 transmtted by the
transmtter relating to the sane nessage. The decoder 39 enpl oys newy
arrived signals in conbination with theqgignals previously stored in the
store 35 30 to attenpt to reconstruct the nmessage. ---------- --- 18

Al t hough the invention has been descri bed above in relation to specific
enbodi nents, the inventionis not limted in this respect, and many
variants are possible within the scope of the invention. For exanple,
Furthernore, the 5 enbodi ments are descri bed above using the term"units",

the "uni tséﬁlg@ﬁgﬁ%e%ed%gﬂia@dééh dEuaibal Bbolbtin té) ﬁm&geb@cm@y be

)
i npl enent e of tware nodul es  running on any nunber of processors.
Ref er ences embodiments|the inventioa s netliroedincthiswespgot, anddnany varanis are

et o 1 v PRSI It Scbne, fhthe FivERBR, KaTiStRrRe) ARk then
Redundascy:embédinttints afd deddribed-abiové usiid theltermPahits\théamieM nidyhth be

France, Nov. 2001 [2] Rate Matching for 1ncrenental ﬁedundancy I'n HSDPA:
Eri csson, Frhysically geparatesrhut ferexemplemayibe inplenentad asrsaftwareipodulesol.

sap oo RARg ALRAY hORREP Rt MEceRHars. K U7"2001 20 (4] | mpl ementation of
| R by neans of Rate Matching: Sienens, R1-01-1028,
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'3GPP TSG RANI Ad Hoc on HSDPA, Franc, Nov. 2001. 19 ~IlIlI111]
Frrrrrrrer™rrrrrril S cains 1. A nethod of transmtting a nessage
conprising: (i) generating fromthe nessage a first version of encoded data
having a 5 first coding rate; (ii) permuting said first version to obtain

at | east one further version of said data also hamwg
rate; (iii) converting one of said versigpns to a second codi ng ra
transmtting a first signal generated fromthe conver

(iv) in response to a retransni ssion request, transmt ﬁm’tﬁﬂ |gnal

generated from anot her of said versions and having said secbnd"co ng rate.
2. A nethog,,according to claim1l in which said versions are stored at the
first codi g‘ég-ﬂ}ie and one of the stored versions is converted to the second
15 coding rate upon receipt of each retransm ssion request. 3. A nethod
according to claiml or claim2 in which the second coding rate is higher
than the filkst d’ome\ﬂzpdafteansmlamgeamge@pmpnsmg;des systematic bits and

but 30 punet ur 40 OBReralng g B e B6a e R ey of ket B8 hERRG € o i

2 or clsgi mfﬁstvdajdﬁ-l’g tdie] udes a prelimnary step of receiving a selection of
a transmssion format from a predeterm ned plurality of transm ssion

formats associ aK@&WM‘%W@ﬁ@@N@T&'@ tosollgin aldenst eng fustiven versignaf ssi ons.
being in t%édsgé C%%?h%?hg%ef%t d%dmﬁtg?éi according to claim4 in which, in

the case t
(iii) converting one of said versions to a second coding rate, and

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

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

3. A method according to claim 1 or claim 2 in which the second coding rate
is higher than the first coding rate, the encoded data includes systematic bits
“and parity bits, and the first transmitted signal includes the systematic bits but
20 punctures the parity bits. '

4. A method according to claim 1, claim 2 or claim 3 which includes a

preliminary step of receiving a selection of a transmission format from a

predetermined plurality of transmission formats associated with corresponding
25 coding rates, said transmissions being in the selected format.

5. A method according to claim 4 in which, in the case that the selected
format is one of a predetermined subset of the formats, step (iv) is replaced by
a step of retransmitting the first transmitted signal in response to the

30 retransmission request.



format is one of a predeterm ned subset of the formats, step (iv) is

repl aced by a step of retransmtting the first transmtted signal in
response to the 30 retransm ssion request. 20 I 1TLILLEL ifilll oiji I1il
I1* CS 6. Atransmtter for use in a comrunication system the transmtter

conprising: (i) an encoder for receiving a nessage and using the nessage to
5 generate a first version of encoded dgga having a fi rEMCodiﬁ rate:;

i)
a permutation unit for pernuting said first version to Hﬂﬂl{ mwunlone
%

further version of said encoded data al so having the fi
(iii) arate matching unit for converting data at the first coding rate to
a second coding rate; 10 (iv) a signal transm ssion unit for receiving the
output of the rate matching unit and transmtting a correspondi ng signal

at the secend codiragsmititl for @tbintdeorhhriuticetiohasyshsth Mbeardrngiter to transmit
a first signal at the second coding rate derived fromone of said

ver si ons, &Mprising:esponse to a 15 retransnission request, to transnit a

Larirer s 9L, 3 ARt SA A istendERRRTLE HRORRBSRIRY o 121
st ori ngssaigéneyates first veiisiorhef éndotledadada hgvingtefigt doding rateansmitting a

sel ected one of said 20 versigns to the rate matching un'bt ,upop recei pt of
a retransni ssi ofily@geEutation unitfoppermuting said fisst versjon &o ebtainatleast c| ai m 7

in which t ' : ' | : ' ' rate, the
encoded da[}g\ ef@ﬁtﬁ%ﬁgél%iﬂyr{; esrfé{?lb§(:b§?(?E%S%E'?mnyqﬁleﬁiﬁt%grw Ldg&f I rst
transm tted sigrii) airatd mddching anit yort corvertingodata at 2be firstl cadinglrate tood t he
parity bits. . :
second coding rate;
10 (iv) a signal transmission unit for receiving the output of the rate
matching unit and transmitting a corresponding signal at the second coding
rate; and
the transmitter being arranged to transmit a first signal at the second
coding rate derived from one of said versions, and, in response fo a
16 retransmission request, to transmit a further signal at the second coding rate

generated from another of said versions.

7. A transmitter according to claim 6 comprising a buffer for storing said
versions at the first coding rate and for transmitting a selected one of said
20 versions to the rate matching unit upon receipt of a retransmission request.

8.  Atransmitter according to claim 6 or claim 7 in which the second coding

rate is higher than the first coding rate, the encoded data includes systematic

bits and parity bits, and the first transmitted éignal includes the systematic bits
25 and a subset of the parity bits.

9. A transmitter according to claim 6, claim 7 or claim 8 including means to

register a selection of one of aplurality of predetermined transmission formats,

each associated with a corresponding second coding rate, the rate matching
30 unit being operative to convert said versions to the second coding rate of the



'9. Atransnitter accordi ng to claim6, claim7 or claim8 including neans
to register a selection of one of a plurality of predeterm ned

transm ssion formats each associated with a correspondi ng second codi ng
rate, them unit being operative to convert said versions
to the seco?ﬂ’mw the 1111 I treererrr _--0*11121111211211111 21
S sel ected ’” ll #@0 ansm ssi ongynit being operative to transmt

t he signal at fhet seco ding rate of the selected format. 10. A

transmtter according to claim9 which is arranged, upon receiving a 5
selection of a format which is one of a predet erm ned subset of the
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accordi ng taﬁthé‘@écéﬁd ébcﬁhg'i'at@ 6théQeIe%t'éH frmagast one receiver adapted to

receive signals from he transmtter and reconstruct nmessages from
them 12. A receiver for reconstructing a nessage from encoded signals, the
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rate; I aefediiditsfE fondat Whichf i8 onefEpiedeteririted Salfdatd tise foraiats, ftoom t he
second codln rate to the first coding rate; and_ a pernutation uni't for

pernuting tE aa@meth@@estﬁmugoam\aag.er@tmmlssm fepuesbcoder; 20
wherein the pernutation unit is operative to pernute successive recei ved
signals representative of a single nessage in differing ways. 13. A nethod
of reconstrift i N commsicatiorusystemancladingedt leaktpnedrarsmitter according to

any of claims 6 to 10, and at least one receiver adapted to receive signals from

10  the transmitter and reconstruct messages from them.

12.  Areceiver for reconstructing a message from encoded signals, the
receiver including:
a decoder for decoding signals having a first coding rate;
15 a signal reception unit for receiving signals at a second coding rate;
a rate dematching unit for converting the received signals from the
second coding rate to the first coding rate; and
a permutation unit for permuting the converted signals and passing them
. to the decoder;
20 *  wherein the permutation unit is operative to permute successive received
signals representative of a single message in differing ways.

13. A method of reconstructing a message using a decoder adapted to
decode signals having a first coding rate, the method including the steps of:
25 receiving multiple encoded signals, the multiple encoded signals being
derived from the message and having a second coding rate;
converting the received signals from the second coding rate to the first
coding rate; and
permuting one or more of the converted signals; and



decode signals having a first coding rate, the nethod including the steps
of. 25 receiving nultiple encoded signals, the nultiple encoded signals

bei ng derived fromthe nessage and having a secone i rate; converting
the received signals fromthe second coding rate to; first i rate;
and pernuting one or nore of the converted signals; /mm '“m”[m 1T
22 MI1LITLTTLITTTT passing the converted sbgnals, i nc L %"Wed

_ o

signals, to the decoder

passing the converted signals, including the permuted signals, to the
decoder.



