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RETRANSM SSI ON | N A COMMUNI CATI ON SYSTEM PROVI DI NG H- ARQ FI ELD OF THE

| NVENTI ONwOhe/opr7esent i nvention relates to wirel ess conmumCTaBoams243 such as
provi ded by systens as specified in 3GPP (Third Generation Partnership
Project) Wdeband Code Division Miltiple Access (WCDVA) release 5, High
Speed DowMEIHRDPASReAPPARESEYS ([MBDEMENTBHG RESBAHASMpLSVYOYedNbR ot her ki nds
of wreless co t the present
invention rel ates %o retranéﬁ%$t$¥%?§#%¥§b€?é%$%§%Q&é%nnunlcatlon system a
portion of a signal when the portion is received wwth an error; the
invention is of use in applications in which both forward error correction
and autDERPiQF FEt ANWRYHDS| on request are i mpl ement ed. BACKGROUND OF THE

| NVENTI ON To provide for higher data throughput in wireless communication
syst ens, adapfm@epnaﬂematinmeHMﬂoncdéh@t@sh@@ﬁ@irélﬁﬁﬁ)C@mmum$@@ti©nmhich
both the dul ation IeX|t and h dj ng are varied
in response td® %ﬂ%ﬁb ng é%a e%%n le% ngs%ﬁEBQ%%Ehﬁg%% ion systens
such as @aﬁéfm$lmmpP@ﬂenérgglpﬁmfwgé@tghws@ebmndo@mdenmlvpapawt access),

t he number_ o nelizatl des, (and unber h an
al so be @%&?%%f?ﬁg?%§%%ni@8$%£9cﬂ%%%?%% %ha%h%? %% |tP%%%flﬁ%3§+§%|%n
conpl exiAycans (etopmge| B@di@gsar&scﬂm@gﬂdecﬂ)abﬁdobherakﬁmisr@bl dly changi ng
channel condjtions, whereas.,the nunber ofdﬁhannels ar e, var ied_,on the basis

of a | onfefS1eFn GUBFUGES = ahd depEntr iy on’ Row SREChCAMT ALY & T8°be

transm tpesdseMar yhign ool 2él abes cwpfexralysmfaﬂsngavya ng wheehewder of
bits that are ., comuni cated per ¥ éf iven dulatlon conp| exi t
provi desCHESR1eRt LR sPEFFERI BnPoFtS s¢ WreRe a%ﬂegyﬁ%%lp Eéﬂnto

convey a;bitesti84, wibe QﬁeéfﬂérFh@héuﬂﬁ€énﬂionlls of use in

applications in which both forward error correction and

automatic retransmission request are implemented.

BACKGROUND OF THE INVENTION

To provide for higher data throughput in wireless
communication systems, adaptive modulation and coding schemes
(MCSs) are used in which both the modulation complexity and
(channel) coding complexity are varied in response to
changing channel conditions. In some communication systems
such as systems implementing HSDPA (high speed downlink
packet access), the number of channelization codes (and so
the number of channels) can also be varied in response to
changing channel conditions. Modulation complexity and
channel coding are changed based on rather rapidly changing
channel conditions, whereas the number of channels are varied
on the basis of a longer-term average, and depending on how
much data is to be transmitted. Varying modulation
complexity means varying the number of bits that are
communicated per symbol (a given modulation complexity
provides a set or constellation of symbols, with each symbol

used to convey a bit string, the greater the number of
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WO 03/ 019794 PCT/1B02/03243 synbols in the constellation, the Ionger the
bit string conveyed by each synbol). Varying the coding conplexity neans,
for exanpwe,030#7y4 ng t he anount of redundancy included i ®CiraBee3ds3error
correcting the data to be transmtted. Varying the nunber of
channel i zation codes neans changing the nunber of channels nultipl exed

t oget hersymgbaise igt Hhe cernatreelaiagiuriing tergenl the faiinh et s ¥edmi n

ort tho'ltac!mge:’}%H }(t}ﬂ}eleeaé esyr%g@er qfa%[gleg& | Soyatd empldies tipdul ati on

conpl exity nunber” of channel i’zat1 on codes can be adaptively
opti i zeedroy, |frt arENRES s WY 179 ddpe RNt iy dRred tugkgided

Provi si anal . ARpLI £aL 100, Ses) Al NI OU A0 G Bod 11 £therdiines 26, 2001

Because the Conditions of a Wrele ~communi cation channel tend to change
mr)]r e o:‘ tenyainy ndre msubst anf | chdyne hiagat hen cerdet iRRNDf CRATEIRE viked
channel , rrors.in co [ ' | kel res obl em
of hi gher?‘ur@??%rc_)fr acg}aasm?m%%%h&%%%%e?d plg(%iesé%% E{%y&- %Ia(g]gﬁo?oégaﬁars%

W r el ess(@mrmeitiaathan sibtemsnimie remplenentkoadowrl otieer opithbe ngehani sns.

One copi ng .nechani sm_for non-real tine i - I i epeat
(ret ranﬁ%&?%n&r@?ﬁ@?ITA@V%%?%tbl ﬁ@%g@g@&#&g g&“e@%%}\gle s%/n olo i's
de% er m ngse trourtisee ﬁiﬂ @hwelimume@wde@ cayshemnmcapomaelyal |y requests
retransm ssjon o e s ol. The praoblem address b { hv i on

H gher - oPRfet™ %‘%I JLa‘P]? O%P{%tb%?%x‘?? i %lgov(%i Yher ot e%gg’coér/r%@lﬁcg%iﬁ?f)&g%%%r y
syst ens)u | ocl peer ibadnal eagshecat 1 yn keemhal asunbQAM ¢ fuial; a7 8ir &1bel i t ude
nodul at i on) sglstems J(Csuch as M and 6

e.qg. 16- 4- , M t d
ot her hi'gHe? - or defo onp?%?(?’tl‘f’pes?h%o%% REPET p?g%%lsr%ie‘%\?r:lﬁm?ﬁegan
synbol . démisniahel 8at chanasy eapdi todehangal abenosysheandi myokvi ng nor e

than two synbol s (including any N-QAM t f h 2 h
t he synb%qlb%t??@?l%%%%a‘ﬁh?‘il? T']é‘%y‘é‘?%g#\b%)f%l <(Pajlént ﬂeﬁé]é#é, {fg %]P%%g%% b%)at)i ?lt ty

ggﬁhaﬁl ;@fﬁ&f@riﬂ\ﬁ tbnmGRNehHdent haé wosyMhokeWas reseadé@desthehet han the
problem of higher error rates (both bit error rates and
symbol error rates), wireless communication systems have
implemented various coping mechanisms. One coping mechanism
for non-real time data is so-called automatic repeat
(retransmission) request (ARQ) protocol, whereby, if a
received symbol is determined to have an error, the receiving

system automatically requests retransmission of the symbol.

The problem addressed by the invention

Higher-order modulation complexities (higher-order
compared to binary systems) include what are generally known
as N-QAM (quadrature amplitude modulation) systems (such as
e.g. 16-QAM and 64-QAM). N-QAM systems (and other higher-
order complexities) convey multiple bits per transmitted
symbol. It is inherent in any amplitude modulation system
involving more than two symbols (including any N-QAM system
for N greater than 2) that the symbol error probabilities are
not all the same, i.e. the probability that a receiver will
conclude that a symbol was received other than the actually

transmitted symbol is different for different symbols. (See
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transmtted synbol is different for different synbols. (See -2 WO 03/019794
PCT/ 1 B02/ 03243 e.g. Introduction to Conmunication Systens, Third Edition,
by FerreWw0@3/08t7peni er, Addi son Wesl ey Publishing Co., 1990T/1B&xst430n 9.5.)
Dependi ng on how bits are assigned to the nodulation synbols of a coding
schenme, the bit error probabilities may vary too, i.e, the probability of

a receiSet- cONETQRIRE 9hakC LANHHRL GRERPN e FhERT a TP EQH HMi t9%d

(i.e. the.bid) eir o RLENADI IAdyi M e IBEP) Y sRendli el ensog han the
probability of a receiver concludin that a 0 was received when a 1 was

transni tgeehidord sk arRRenH AN OB |bEfonh st | a7 LI a? afie provi ded as
Flg. 1, % e £l d@atd o gid et dne ProRosedk fOF-bi-gh speed

downl i nk" packet access (HSDPA), it can be seen that the first two bits are
t he sampriavaleacitiofs mate Yoy wyebol s i nthaypedbalpel fanrofuadrants; in the
first q#%d ﬁ?‘(‘?m firstiot ' f.or.gachysygbol are 00.
Onthe 0O eérlqﬂéa]% oq{l% a ?tr%%ige? O%Jrﬁ%%a%gr)%%iédt%e |l ast two bits are

al ways Itranewiietadr fere symibollsit wiiter theybalat bi0p forthezérabrnast
synbol s.. Conseguent.|y el i I 1 for an
ner modis SYhaaT S L v TRk o e Brey Tran el A et

synbol diethg nd stakeredaived cdrerera sy mpod . tfdmesmeiored. a bit having. a

value of 1 being incorrectly detected as having a value of 0 occurs with a
di fferent fretpenoystdare a i ttliavéygoal vadnet Ol 1deiong dheggrawct |y det ect ed

oo v g A ALY, Blpd, TSt Pl crio ol [hesctety s
in Fig grogpseasefvrtibgbidseed ndel guloupaclosatst at¢aesag (ASHBAU) atton
syibol | A0 LAt enln Lhe LR LLGULEER o DL AEE Brpbesdecpne o
const el l&id ofowl agymapp1deibi dny nolf cattedf byr t headivsnat & pnihashe first
guadrant, for example, the first two bits for each symbol are
00. On the other hand, in all of the four quadrants, the
last two bits are always 11 in the corner symbols, while they
are 00 in the innermost symbols. Consequently, a corner
symbol being incorrectly mistaken for an innermost symbol
occurs with a different frequency than an innermost symbol
being mistaken for a corner symbol. Therefore, a bit having a
value of 1 being incorrectly detected as having a value of 0
occurs with a different frequency than a bit having a value 0
being incorrectly detected as having a value of 1. Thus, the
bit error probabilities for this constellation are different

for 0’'s and 1’s.

The notations i;, iz, qi, g2 in Fig. 1 represent the bits
in the group constituting a modulation symbol; the bits are
in the order i:;gii.gz:. A bar under or beside one of the
notations (either i;, i,, gi, or gz) indicates where in the
constellation diagram the bit indicated by the notation has
the value "1" (i.e. the bar indicates all or part of the set
of constellation points from which the modulation symbol is
chosen if a particular bit is 1) . For instance, if the bit

g:=1, then the symbol must be chosen from the set of points
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the value "1" (i.e. the bar indicates all or part of the set of
constellation points fromwhich the nodul ati on synbol is chosen if a
parti cul awolB®m1497%4 1) . For instance, if the bit qgl=1, themcrhBoxosedsol mnust
be chosen fromthe set of points -3 WO 03/019794 PCT/1B02/ 03243 indicated
by the bar beside ql in Fig. 1, and if ql=0, then the synbol nust be
chosen fimshaaeed dnplidrerkar yoattdefa: gai ftig- A r adi% fecsirfer thes a

limted aél}mﬁ: a [t i S i repat anplitudes
(of the t(s%ér}e sé%%%h%%e%}?oﬁg%ﬁd%g% (iys h%m%gz%fnéél\fdﬁfl\]ﬂ nodul ati on,
a radi o paigdiver will respond differently to the different synbols on
account of their different anplitudes. For instance, the highest anplitude
symbol s mi ght? seadirateecdiover does verl inbt ehadyniiel ¢ cernger Egiifo%et hose

synbol s. the. tg% C S LE sysbol s m ght
be srralrﬁloghjt%glnor?h sn%g%?@%u%\?if%%%ﬁ%n%%ﬁdﬁgg gglr?r%o s mght be
i nt er pr etiagh byr aphrasse) v evhich hiavderd al g efloe appde t LdeN-QAMthedulation,

A D- conver si

Nn. Clippi i e i.cul y. ok | in a

Fading Chat® TR Ther it o R RBELL Ry PO M BOBLELBRLE. 11 0 e
(becausesyafbaiig torpadrowonss ¥ ucheie dnfeefenenam)yliouddd. dBFeonpared to an
unfaded , signal. I.n order. to provjde both { gh _dat I
downl i nik) it & F ’sotq?eelkrua%l?‘?ﬁ y?ml?jolrtﬁ%i)ﬁ?’rﬁlf&% %%%%%sée%%‘gﬁ‘%%g %’/\ﬁ%t i's
termed HARQ(d0r drybrhak athonmddcei vepeal ipequiesss) sypibot ®col @n behenpl oyed
(at least for data transm ssion). | A dat a_packet that, has been
det er mi rifd %% l'b%mi?'n Rerree e e?rp%ﬂ]s%‘?’l_&t%??p](%lé et?}‘é‘%?%gﬁiq}:é&%e Bcts an
error i nrdiEl epactket , chaseth I besexquphei oac sonmel #oeln ofhssaptenpalst y
check). The retransmtted ket is combined with, the original.,packet
prior tdmfgl}?’%\é?‘%l Je‘?‘?%?p’&%trgcg Yoh f%%%}ve’ae%%%%l%? natﬁ%r%s@?‘pjf&;ﬁ%al
recei verin pFHOratme- eeeestdon. Clipping and zeroing are particularly

noticeable in a fading channel, where the amplitude of the

signal might vary from +10 dB (because of multipath

constructive interference) to -40 dB compared to an unfaded

signal.

In order to provide both a high data rate (in the
downlink) and also reliability, for HSDPA it is proposed that
what is termed H-ARQ (for hybrid automatic repeat requests)
protocols be employed (at least for data transmission). 1In
H-ARQ, a data packet that has been determined to be in error
is retransmitted (when the receiver detects an error in the
packet, based for example on some form of simple parity
check). The retransmitted packet is combined with the
original packet prior to forward error correction (FEC)
decoding (in the user terminal receiver, prior to decoding
the convolutional or Turbo code), thereby increasing the

reliability of the (downlink) transmission.

In a system using either ordinary automatic repeat
request (ARQ) or H-ARQ, if the symbols constituting the
higher-order modulation system are generated identically in

the retransmission and the original transmission, the bit
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t he convol utional or Turbo code), thereby increasing the reliability of
the (downlink) transm ssion. In a systemusing either ordinary automatic
repeat rwouwamt97dARQ or H ARQ if the synmbols constituti RgTiRE2/03243
hi gher-order nodul ati on system are generated identically in the
retransm ssion and the original transm ssion, the bit -4 W) 03/019794
PCT/ | BOZO324Prehaivl Prispapt i thes s aH i dhsti S st St @ dehtical to
the bit gfd afi Probabi I tdiessd ¢ hes o gl o 1nsdn SstQfsmi Jdteopr obabi ity
of an error recurring is therefore the sane wWth each retransm ssion, all
ot her t ihRyowehatly e sefreaseT e QHEBHDr 1 | FRETGLERF r'et FHior art
sol uti ons: Jeveral FEARQ LN s EVELRoe T RNApoSediig HEDRAO =d mprove
the likelihood that in case of an error in a packet, a retransm ssion of
t he packétemithe Rreey oFifstecocqieremdst straightforward is Chase
conbi ni ng, where the sane data packet is retransmtted a nunber of tines,
and prior to decoding, the repeated transm ssions of the coded packet are
combi nedPrips omet feehibiong There are different ways of Chase comnbining
packets, according to the prior art; for exanple, the packets m ght be
?:onb: n)edAon Lg@vézyaiﬂ)qk—zkmettecmiqm havghtede pombosed Om HIePAdofd bit
evel . not her ARQ t nique is the so-called incremental _redundanc
(1Rt ecHRTUEs t?lﬁe@gr]ﬁ%f{]%%&ga?%a?ol%eca??a% Mt TS encd %gkﬁu‘%h, fgr
ltﬂstanc&%l 1getf1far|r_§ﬁﬁb§@ﬂ%_ 1 &f thdepddkst Wwihhsie ssioor-Hney. t vithdinssout of
e encoded four its_are transmtted per uncoded data bit.(i.e. a bit not
coded foFtEEGRtENIRFRE 1RV %‘P‘@}ﬁ%ﬁlﬂ?%’ Scfed- s 2395 F%‘%acode. | f
deened t@beet N S ¥ rahdei k@ Pagkdbet Sof reine@asnndesribnttov th the
remai ni ng two, encoded bits transmtte er eaﬁh uncoded_bit; the receiver

ed
then corfRFRA1ING hetlf | FFRGR TSN THRSELEHNT E r AhshiS sTRTEd At ket oS t he

combined in some fashion. (There are different ways of Chase

combining packets, according to the prior art; for example,
the packets might be combined on the symbol level, or they
might be combined on the soft bit level.)

Another H-ARQ technique is the so-called incremental
redundancy (IR) technique, in which the data to be
transmitted is encoded with, for instance, a % FEC code. 1In
the first transmission, only two bits out of the encoded four
bits are transmitted per uncoded data bit (i.e. a bit not
coded for FEC), and the received signal is decoded as a % FEC
code. If deemed to be in error, the data packet is
retransmitted, but with the remaining two encoded bits
transmitted per each uncoded bit; the receiver then combines
the original and the second transmission, and decodes the
received data as a % FEC code. Since the transmitted encoded
bits are different in the different transmissions, the symbol
constellationg are also different. Hence, in the IR type H-
ARQ, the bit error probabilities are different in the
retransmissions. IR is believed to minimize the differences
in the bit error probabilities. Thus, IR provides that, on
average, the bit error probabilities are the same,

considering both the original transmission and the
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received data as a 1/ FEC code. Since the transmtted encoded bits are
different in the different transm ssions, the synbol constellations are

al so di f fwpenw197pence, in the IRtype H ARQ the bit errecTpBaskil ities
are different in the retransmssions. IRis believed to mnimze the
differences in the bit error probabilities. Thus, IR provides that, on
aver age ratearsini sgisy, pr-cbabiian itde i 191 YamEoPaRyhist et mFDot h t he

or i gi nal 4 ARSI 1 AR Bt -thdM LY DT 94 R RO2,03243

retransmssion, 1.e. v&nen the bit error probabilities are calcul ated

t aki ng bogtratmmicrdigimalnta @mtAwsion and retransmi ssion into account.
There are serious drawbacks in IR conpared to Chase conbining. IR requires
subst anti al | yThesre ansorgr Qi cbrapdackire in K1 et &rha¥e encoded
bits th : st 4 16Sel Mer 2165, 1 ) par to only
two wi tﬁgo“@g{sler%gb nbl?{n ie"ﬁegqfdllrkl?é%%s% r eqﬂ/uﬁaelsls% n%gr%mééor}r{r%lll}?c g?%(ﬁé?

decoder mgimce ssirtde [tRe trhenkkn oof seridodad dedotddnals WSk drlestqied. via a
convol utjional coder.with a9 t ng%gr 0 QP{\% What is
needed %" ra}l‘:(’jh\/\(?ayr cgélr#gnél Iﬂr%%ef@%g%gl?@{ efrI?’osé? e ef?’ g?&s%zlt}grr%rrp oyi ng

hi gher - atltbese moshbbatimn. wilh dlsaaretuisresra cwrrectérpl aericed tPRE ARQ or

H ARQ w t hout the increase o] exj of IR Q) OF
| NVENTI %(Ii%rr’dﬁfgrﬁ’e, ‘”{a’@l g]%%’sregéjtlei#l%%%t%%nﬁpf%g?(%%da%ara us and
cor r espopdiang et hodedmroespondl ngpder avigpeaty regestr Tatea) wne@l ess
comuni cati on systemin which packets are conmunicated according to a
nodul at i oFaft® o ni;o@%heme, each packet enconpassing a string of bits,

wi th one or r acket rovided in a fr . i e i

Ut ansn s on Mt Tooireisd P iiaoe TRl £0THe' R e L k8

accumnul atdingsydeernra kg ko ndpeh toiweyedien hddubexion with forward
error correction and either ARQ or H-ARQ, without the

increased complexity of IR combining.

DISCLOSURE OF INVENTION

Accordingly, the present invention provides an apparatus
and corresponding method for responding to a repeat request
in a wireless communication system in which packets are
communicated according to a modulation and coding scheme,
each packet encompassing a string of bits, with one or more
packets provided in a frame communicated during a
transmission time interval, the method including the steps
of: accumulating the packets to be conveyed in the next
transmisseion time interval; ordering the bits encompassed by
the accumulated packets in a first order so as to provide a
first string of bits; providing according to a modulation
gscheme and a coding scheme the bits so ordered to a process
for generating a transmission signal, the modulation scheme
providing a constellation indicating a mapping for different
groups of a predetermined number of bits to different
symbols; transmitting the transmission signal in a next

transmission time interval; if a repeat request is received,
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transm ssion tine interval; ordering the bits enconpassed by the

accunul ated packets in a first order so as to provide a first string of

bits; prowpdBno7according to a nodul ati on schene and a cedirngozsksme t he

bits so ordered to a process for generating a transm ssion signal, the

modul ation scheme providing a constellation indicating a r[egfpi ng for
Gt it

di ff er erthergroodesioly &hs duidtseRAREIPARAE OISR ACTEHF Hbol s:

transm ttjng TSR R ANA 3 A e e hdd r§51:00 Wit dug erval ;
if a relolg{a?’1 rst'eetc}g)éd{ s r%c%eﬁed,_ -6%/@03/019794, bET 0505243 t hen
or der i ngsttepe dii s corichimsa s sl nich & e R Bk addt QFackErdne i3 Zecond or der

and 1 epealing, (NG JiR! g BEENING ML NS SteRsPran ddgeaacaidling to
a nodul at1ton~scheme and a coding schene the bits so ordered to a process
for gener athangpmigstiransigslon Wigrein whaths meernhordiond® der, the

synbol s const.ituting .the . [ r i ffieLentd dretdlamn the
origi nalsytnﬁjéjr‘?‘ssn‘icsoﬁsg:n.tq%nl@aqd;{!u% r@éh%sagejgﬁ?gf% %r?éngvgentc?on, tehe sec%nd

or deri ngtefn tihe diid orizyisuch ttetsndwssisynbol s in the nodul ation
constellation are conposed differently than in the original transm ssion.

In a still funthkerflasgient adfpddie of mientimrentien sedundcesdrdi ng of the
bits is provided b rearr.angi ng.the f.irst der | ystr ferring a
predeterc% I}%rﬂ%rt}b? atbﬁssglo% 1Lfﬁcghft—Tll'rlas tsk?érl o(?l%ijfﬁé @gé the end of the
first stiiddigfidi teondtorl Exainp egrd hsomposkd adi Diecout by behas QANtad t he
predeterm ned nunber of, bits could be two..1ln .anoth i t her aspect
of the ?%ﬂa}r}o?ratrf%ms%%%%‘ orderd rFSt Jbﬂt%%r%l??]g ?%%?%v('!}%e%ﬁ%y

i nvert i nohwse gt edeiergg aett nbwdderiof dhethashits t s i preacded gooup of bits

that constitutes a synbol, In yet another _still further aspect of the
i nventi ol?f?alfj’??él%’rri%i%éef %W%ﬁw‘#i%“fjorpi It(féae%sée?fjerbg of interleaving and
the secaosebgdrdhanims oludither bt spitss pppvildeds issingsarthd fef eéntts to

the end of the first string of bits. For example, the
modulation could be 16 QAM and the predetermined number of
bits could be two. In another still further aspect of the
invention, the second ordering of the bits is provided by
inverting some predetermined number of the last bits in each
group of bits that constitutes a symbol. In yet another
still further aspect of the invention, the original
transmigssion includes a step of interleaving and the second
ordering of the bits is provided using a different
interleaving than in the original transmission. In yet even
another still further aspect of the invention, the original
transmission includes a step of interleaving and the second
ordering of the bits is provided using a different data

gscrambling than in the original transmission.

In another further aspect of the invention, the second
ordering of the bits is such that the bits to be
retransmitted are mapped to symbols in such a manner that the

decoded bit exrror rate is made smaller.

In yet another further aspect of the invention, in the

original transmission, some bits are coded for forward error
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interleaving than in the original transmssion. In yet even another still
further aspect of the invention, the original transm ssion includes a step
of i nterlwewdngrand the second ordering of the bits is proTilH&dh3as ng a
different data scranbling than in the original transm ssion. In another
further aspect of the invention, the second ordering of the bits és such

t hat thélcbﬂt%c‘%@rbeamﬂe?@%s?ﬁ%t%‘ﬂtar%n‘ilra%%db%‘bss ot sEPh EUEWREY manner

t hat thf‘ef Rﬁf Qe -Diti &K T QFe rrﬁéﬁpéé FRAR-SNBAE B6n V6l s anothgraf urt her
aspect o e Invention, in the original transm ssion, sonme bits are coded
for forvearbirg dehat 7i o/ BACTsa PEY | Hoo/ 937232 B JERPRHNANASEdne are
not, and. 4 J? c?rﬁggl?fja’éijénfgyﬁﬂ@élgs EhEONnEORLECHI 08 @RiERPPEd tO

modul ati on synbol s Using a meEppl ng that i's not necessarily the same as the
mappi ng pns@ﬁlerablymlpyt@md@m@@dbm}syn@@dsllﬂh@%né%’é@@ﬁ%‘ﬂ%ﬁ,s{%r chhes
preferab di pg ny 2RsSHL $54 08, gf Be-rsgEONd

orderi ngé% &%I%%%a’? Eg %?o%/}i’l%gﬂdgiéél h%;hgr %’?erent %y ol n%rppl ng,

conpar ecb;tmbd;hems]gmbng rmplppémgedus’ed thetﬁ:émbmngamingrlaﬁ@@] s8j BhAS for

ei ther the, uncoded b| t d r 0f,.-C ection. In
still yet*t %%Jerﬁggnojf% %{%ef faé%e%%gﬂgg Elflg P{rl\g%%f@?g%ﬁ%néfhgﬁ%rl gi nal
transm sisiof, codedi fsraferwadéderfor torwacdienror correction and all bits
are mapped to nodul ation synbols using a first synbol mapping, and in the
retransni ssi omn atildbfyéhechensanoehendédriberfaspactd efrohe correction,

and the second ordering of the.bits,_i I OV] f synbol
mappi ng, “CBTPET Y t Dt ﬂ%es?/ﬁ%%fna%nibf;gﬁgm%égggh #ﬁeggiﬁlgglgiﬁél géggﬁsm ssi on.
An advanfca,gef@j‘:wahe presentoirngenionnand &hatbits previndesefoveral |) bit
error pro lities co rable to has rovided with IR ARQ, t with

| ess con‘B‘P‘g’f( ylong SERHBA 'eTHE %N&%pang’ ah chY

retransm1881on, all of the bltS are coded for forward error
correction, and the second ordering of the bits is provided
using a different symbol mapping, compared to the symbol

mapping used in the original transmission.

An advantage of the present invention is that it
provides (overall) bit error probabilities comparable to

those provided with IR H-ARQ, but with less complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the invention will become apparent from a consideration of
the subsequent detailed description presented in connection

with accompanying drawings, in which:
Fig. 1 is a graph of a signal constellation for 16 QAM;
Figs. 2A and 2B are high-level block diagrams of a

typical digital modulator system for a WCDMA radio base

station;

Fig. 3 is an illustration of an original transmission
time interval (TTI) and retransmitted TTIs according to the

invention; and



The above and ot her objects, features and advantages of the invention wl|
becone apparent from a consideration of the subsequent detailed

descri ptiwp opioesent ed in connection w th acconpanyi ng dr 6rnBe/03p4s whi ch:
Fig. 1 is a graph of a signal constellation for 16 QAM Figs. 2A and 2B
are high-level block diagrans of a typical digital nodulator systemfor a
WCDMA radi o Béise St o LETGaTs (6 BP TGRS ot TS PR Tl O
transm ssi o, &thnE@Bﬁrfek &Elgbna@ﬁ retr ansebthed-Efliesacearding to the
invention; and -8 WO 03/019794 CT/1B02/ 03243 Fi g. 4is a flowhart

i | lustratingraleeshodmagvdrdiagnt 6YEREM-nvention for responding to a repeat
request in a wreless communication system BEST MODE FOR CARRYlI NG QUT THE

| NVENTI G T136rk e Hh it [donho Bevslasg i bed in an application to a
W deban conmmruni cati on system

)

i mpl enenti ng brid automati epeat, request A ' i, gh-
downl i nk packet® a“&‘é%%l?fﬂéﬁ% A %%tggﬁ?r%%égﬁq’%é@&%%?%%
Par t ner shiypi dd¥® atddNGDMA s Bhreaeel 5ip HSDRACedd  GICRNA) be under st ood,
however, that the jnvention is t limte ini(%s lication to the
par ti cul TEHHL S US et HeTR 1B ISP the Tt vaelﬁcg%%;lﬁ'hree?en%%nti onis
:)R'éeggegﬁ]%ﬁée% O{Hm);c nﬂﬂj[my h%@kﬁ%@é@d wﬁ?tﬁﬁq@%méﬁ| enent ihng

ype of autopmtic repeat regques rot oc so that
the invERIN i SHoFet reddi 1y %CFP%SET?W are c%??tb% rs(oklljr% o

packet - basok daf ayEmupe taions systers) , butsnould i sendersododise in
voi ce conmuni cati on systens (using packets) where_ the, occasiopal |atency

i nher enth®We e ARPRontifmi TATFRN OBy 5t eAPF SLHREEDE abf et CRFRPTTAYEHIW t o
Fig. 2A @ P tpoR DbuBafli @bh@dxt used here to describe the

invention. The invention is intended to be of use in any
wireless communication system implementing one or another
type of automatic repeat request (ARQ) protocol, so that the
invention is more readily of use in data communications (via
packet-based data communication systems), but would also be
of use in voice communication systems (using packets) where
the occasional latency inherent in an ARQ communication

system is acceptable.

Referring now to Fig. 2A, a portion of a digital
modulator system of the type for which the present invention
could be used is shown as including several modules; in
particular, what is shown are the modules of a downlink
transmitter in the case of HSDPA. A tail bit concatenator
module concatenates the bits to be transmitted (the transport
block) with other bits used in the encoding process, the
other bits being called tail bits. Next, a turbo encoder
encodes m input bits into n encoded bits, the ratio of m to n
depending on the coding rate used by the turbo encoder (so
that e.g. for an encoding rate of %, each input bit is

encoded into 2 output bits).

Next, a rate matching block matches the number of bits

to be transmitted to the physical channel capacity, by either
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nodul at or system of the type for which the present invention could be used
is shown as including several nodules; in particular, what is shown are

t he nodulwe oef1E9downl ink transmitter in the case of HSDPAT/IBOX @243 bi t
concat enat or nodul e concatenates the bits to be transmtted (the transport
bl ock) with other bits used in the encodi ng process, the other bits being

cal | ed paictHinigg Rexe, of thehsrsndsdeitendddés rﬁ%lﬁﬁﬁtat&rtgs S H

encoded  pif $.¢ If'ﬁa‘h%t 'th%f) @It QperRBRENGRE,Ohithe tePdiHg driridésed by the
turbo encoder . for"an encoding rate of % each input bit is

encoded biifitso 2F@m p@tst@n@) NERCSEn thate vieatcel g 11000 RitEhdS %N & nunber

of bits EPQHM:SI hapnsl it th -9

WO 03/ 0?&%4%?:?%0%%?%? %pltl?ﬁlc uri ng];Oq?ocnkg of thset%zg%dled/dwblh%is@(i . :r

el i mdngtllhsg rsdree meft chtilng rbé@mkdé;merbustlsr)plofr dams@mawg(wlwtmq@&% t he

encode it For : t 0 hit nt TTI,
t§ a&ﬁ&ﬂl@l% o K gjonm sts o\fﬂ\%ﬂc}gtz R R

but t he “€hco e transp |"oc |ts ‘The rate matching
bl ock t larhesi iping, dltérearedEC(dede tnmlmiqntesk)lOdk)lﬂOTtﬁJt%:%@forQﬂﬁﬁdﬂtt@ a

predet erm ned . rul e. on the t port bl ock
consi st§ 6 BIATS hlr}gnéjlroa ‘%chf’%g? ﬁ‘ggr C?trh: according to
a predeiresdstracthingdde.rul¥ext, an interleaving bI ock shuffles the bits in a
predeterm ned manner. Finally, a QPSK/ M QAM bl ock (i.e. a block perform ng

qualt ernary phase shirf tikeytlegwamg kdldas rtififEleg ﬂ%@rkyitﬁjath & ure
:(rjrgp![ |t \ljg%e%ﬂl]%{ﬁlr%% élw?‘?iﬁgﬁiegg‘l ngqu?%'ielr?@ WD%M%EV{ ﬁﬁg B;Fgr oup E)efer bi ?gd g%dan
bl 6ok f‘?mu"sdé%q%%rﬂ?ﬁt‘“@ 'mmmy o oauLaLi o SLanel const Llalian and
so the QMR YHppi ﬁ@p ]Toastautlﬁlepmaétgq%a tllg cor?gfexatgf%;flgl o%/\fee?]’?/e?,nd
t he |nVQﬁ§SKﬂbr M-QAM is used being determined by an adaptive
modulation and coding scheme module) takes a group of bits
and maps them into a modulation signal constellation.
Typically a QPSK/M-QAM block is used for the mapping into a
modulation signal constellation and so the output of mapping
module is typically a complex signal; however, the invention
could also be applicable to a multilevel real-valued
modulation, such as M-PAM (M-ary pulse amplitude modulation,
with M>2) in place of the Q-QAM modulation, in which case the
last block would be a QPSK/M-PAM module and so sometimes
provide a real output. (Of course the invention is also
applicable to arrangements in which MCS is not used. In such
arrangements, the QPSK/M-QAM module or the QPSK/M~-PAM module
would be purely an M-QAM module or an M-PAM module. The
invention could also be used with a pure QPSK modulation, but
would offer no advantage unless the QPSK modulation were non-
symmetric, i.e. unless the pairs of bits were mapped to the
modulation symbols so that for example bit pairs in which the
second bit is a zero are on the average closer to the origin
than bit pairs in which the second bit is a one.) As
indicated in Fig. 2A, the particular modulation and coding

scheme used is specified by an adaptive modulation and coding
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could also be applicable to a nultilevel real-valued nodulation, such as
M PAM (M ary pul se anplitude nodul ation, wth M2) in place of the Q QAM
nmodul at i oNp 03199 ch case the [ast block would be a QPSKPWIRBM/34uUl e and
so sonetimes provide a real output. (Oc course the invention is aI SO
applicable to arrangenents in which IS not used. _ ] n such_. arrangenents,

t he QPSKahasM HBHif)e rodhe WOPSKY MW%W&@ FAPI BB PEPRI5Y anfr Qam
modul e gfu[ 2, X '&P&!\ﬁé@%ﬂ@ tﬁ@%oddwaeﬁdx@mwlwyam@ hequsgdighth a pure

QPSK no but would fer no advantage_unl ess the QPSK modul ation
wer e nonnam%ﬂmtﬁfh% qulélamres@a@w P ¥ of b F3EGRr 2° nped T Y he

modul at i Al s; 5o ek § orpexanphige Dhtopadd Sihdi Wbt €A 1herigecpnd bit
is a zer are on the average closer to the origin than bit _pairs in which

t he secorsl getfdmned ofey Jeasgh sediehted dedfrytedmhymbcphr¢rtal ar

nmodul ati gn dul ati

ond coci A VBT oRH: 6588 Rl o fos 3855 é‘?ﬁ%ﬁ%""@@d@fg%%ﬁmmﬁ. oh
control scdsrtterc@noﬂmhmgﬂjsédl?@y}lk h@sscpaam)*be@n‘@b@@rahhdofh aodufEerent used by
e moduatd ol (th%gzgd%ﬁ“@ﬂ 88458961leﬁagag@é&daesbébﬁ?QPSK/M

QAM bl oc & procéss Tndicated in Fig. I's perfornmed
for eachm@dcmImdmde:ﬂjim@t@alt@hyst@acﬂe@iafcarctﬂa@neﬁ @IBPD@—D ghe for the

(single) dedicate cont rol CEED 0 with all of
the di f fRrent=® a%gaEp]%an 159 Tt t1§ ﬁff%réﬁocessgﬁé ?lr)lg}t'%g%ed as bei ng
used in ¢Hovhel ngc@ia&@lmmimaibdelﬁmdiﬂn@ matmﬂ)cbiﬁ Theboprodesg, ofioFi g. 2A

is sllghtl different for th control. chann I | encodi ng
i nst ead ’fﬁ‘ JP%%%W NGRS SPat e et %%I%%ngf%%% t %e{grlg{DeRl?g constant, and

no AMC. TH@&%ﬁﬁﬁéﬁ ndocenBtedl chbanad! issinhdticaat@dinnFEgg. 2RA. The

process in Fi describ next s_t he sane or t he gan | channel
and t he %?%egﬁ J- R%]?e?g?ﬁﬁrh%ﬁfit%e?f?b 1§Bt The*0ut puf: {é’#gnal of the

control channel and the data channels.

Referring now to Fig. 2B, the output signal of the
modulation mapper intended for a given DPDCH or for the DPCCH
(the output assumed here to be a complex signal, represented
by an in-phase or I component and a quadrature phase or Q
component) is multiplied by a channelization code indicated
as Cen,1, Cecn,2s wr Conn (usually a Walsh code) to provide
orthogonalization with respect to the other channels. (The
system may transmit information on one or more channels.)
Next, the channels are summed and multiplied with a complex-
valued scrambling code Cgcrambie. 7The I and Q components of the
signal are then pulse-shaped in pulse-shaping filters p(t)
and modulated by a complex RF carrier. (At some point in the
overall process, the signal is also digital-to-analog
converted, typically after the pulse-shaping filter and prior

to modulation by the RF carrier.)

In the context of HSDPA, a TTI is a packet. (A TTI is a
yet to be prescribed number of slots, probably somewhere
between 1 and 15.) 1In case of an error detected via a CRC
check, what is retransmitted is an entire TTI. Thus, if a

mobile detects an error in a packet (TTI), it sends a repeat
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nodul ati on mapper intended for a given DPDCH or for the DPCCH (the out put
assuned here to be a conplex signal, represented by an in-phase or |
conmponentweand/o@7guadr at ure phase or Q conponent) is multi PICIraB02003243
channel i zati on code indicated as Cch,1, Cch, 2, ., Cch,N (usually a Wl sh
code) to provide orthogonalization mnth respect to the other channel s.

(The sy=t@Eirdtay Jtd%t’h"s YingfehereR3Oreton(BRE ora®driele nadmel 2§ Next, the
channel s gy GEakg FUnERd @ﬁelfelta&tﬂeﬁlgmt%a@;&@ﬁptﬁr val ued scrambl i ng code
Cscranbl e e | and Q conponents of the signal are then pul se-shaped in
pul se- shapi ng f||ters p(t) and nodul ated by a conplex RF carrier. (At sone

poi nt i nAtlhfrsgvgﬂa%leﬂgéﬁgess the signal is also digital-to- anal og
converted;typrca ter the pul se-shaping filter and prior

rmdulatlon by the rier In t ont ext of I i acket .
(ATTI is a cfot‘%ﬁ%%% e%cj#lﬁ%%l \‘E%%% " e J‘gt%ﬁgpro %f lJéorrév\],fﬁtleegt)e

bet ween det@rghdbi 3s1dn caslee oéytau;bl%rm tdleetaemeuilataom @E&tehb&tk:,om\hat is
retransmtted is an_entire TTI us, if a gle detects.an error.in a
packet (4%)25519&Hds° abt%p%iétm%_ W%%/%l‘gv tl SERHT | BOF 5504372 etftiest
Igentl ]t:yug@ éﬂ%ﬂ@&iﬁrﬁgﬁﬁiﬁt%ssm tT%ﬁte%b@ﬁebt;hem geskendswapetient i 1
identified packet . irst e iment According to a first, enbodi ment
of the |W’%rﬁ?®?ﬂn$%rdﬁtar%ﬂ5ﬁ%‘?ﬁ§s bn®- tHe %?n?ﬂﬂ?gg?"ﬁ ?ﬂ%rnlﬁ%ltﬁla%

const el | &t oMo ArRa @S shgneddt endi tesdpp08s) HSthg Jaldlé_t:eds;ent nmappi ng than
in the original, transm ssion, preferabl suc t he

conbi nedP¥WaL 5 FHat 3T ¢ S‘ébS’F‘i"”P%ha]a%%r%‘a%nB%%"f‘ both %Eefe%?ilfgif]ﬂ% T mappi ng

and the §eFpERiMNES . 15NRa Bt sREIDE, . probabilities are substantially
identical, or at least their difference is nade snmaller. Providing for an

advant ageous p¥eL8gen8f F60Mdh NedvRhtagebhior aPELRGLI bEt Eesbeasd bisiachi eved
in several different
error probabilities can be achieved in several different

ways. One way, for 16-QAM, is to invert the two last bits in
each four-bit string corresponding to a different modulation
symbol. A second way, illustrated in Fig. 3, is to offset by
two bits the input bit stream to the N-QAM modulator. A
third way is to employ a different interleaving in the
retransmission. A fourth way is to employ different data
scrambling in the retransmission. Each of these

implementations of the first embodiment are described below.

Implementation of first embodiment based on offsetting the
input to the modulator in the retransmission

In Fig. 3, a data offset of two bits is used for
succesgsive retransmissions. More specifically, two bits from
the beginning of an HSDPA transmission time interval (TTI) (a
TTI being the time between consecutive deliveries of data
between the medium access control (MAC) layer and the L1
transport layer) are transferred to the last two positions
every other retransmission (Ire-rx) - (It is assumed for
purposes of this disclosure that during a TTI, a number of
bits corresponding to an integral number of modulation

symbols is conveyed. If the number of information bits does
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ways. One way, for 16-QAM is to invert the two last bits in each four-bit
string corresponding to a different nodulation symbol. A second way,
illustratwoomnidpy. 3, is to offset by two bits the i npurChiiBozd3e4am t o
the N-QAM nodul ator. A third way is to enploy a different interleaving in

the retransmssion. A fourth way is to enploy different data, scranmblin
in the mettr serressicnd tRadk dntesesd TuWhsEmsHt A%HS R r?éf“ﬁcrsls% °

enbodi met-ar ¢ ideserided helw el enpaldaon iof dHd sturgsdodisent based

on offsetting the 1input to the nodulator in the retransmission In Fig. 3,
a data ofefrsmdesy) tivd dximasfion dsidd figr 1Tsuddwssidy duds i ST Mor e

spect 1 Galdat: der i b foamed heaheahnniing of (ARuidSORY wyans ssi on time
i nterval 'It) (a being the time between consecutive deliveries of
data betwadrirtlive afedi-Um fvess tdentawigiAC)TTTayel @At dthel 4.1Ehe Fafspor t
layer) are dLan: fe“ée%%ﬁcﬁ? ().Ilé}:e.ra!rﬁ%%i 0T I%n YA DI 1 and
retransm-ssion re-Tx t 1s assuned for purposes of this disclosure

t hat dumi nign &HETILast rowtbarosoift idsidtis ac driregporadirapael w@ed MEgr2d ifunber of

V0 031 OFSRIE HERF! B35 049 DRt S0 Lot e e o a1 Bonter e
modul at ifan-ssy rival yos iduirones bit s aren igisertest] TTHor23 rist aredesansmithechunber
o (SR A R ISR 3, B D st e e
ori gi nalretiardni(sdicrts i 6id heesgomse ao faorsdhies exbntequstmsm ssion) is
o ML ST S Bl PRSI Mot e e
first two QosiHd asiginsgl BT a1l eied-FtiaRnitsadt rant mitdresrenn.the first
serl oSS 1 Gestat G LT Ui TE Aot SO 1 B Bl Ul Hr T " whenever
I re-TX mbakdure, the two-bit blocks are mapped to more and less

reliable bits in the constellation every other retransmission

time. This process randomizes the symbol error probability

(SEP) for the first retransmission. Since having the same

SEP in the retransmission is the worst that can be done,

randomizing the SEP improves the likelihood of success of the

retransmission. Equalizing the SEP (so as to be the same for

all symbols) would be better still, and in fact the best that

could be done. Equalizing the SEP is partially achieved in a

direct way in the above-mentioned paper by Panasonic, as well

as some of the above-described embodiments of the invention.

An indirect way is to repeat some kind of randomizing so many

times (retransmissions) that the SEP is completely randomized

(so that the SEP is the same for each symbol).

It should be emphasized that simply moving the last two
bits back and forth, or simply continuing to shift the packet
by two bits for each retransmission, would not continue to
randomize the SEP; instead, the error probability would be
deterministic. 1In the invention, the shifting (bit moving)
can be done either before or after interleaving. If the bit

shifting is done before interleaving, then we keep shifting
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= 0, the original TTI 21 is retransmtted, and whenever Ire-TX nod 2 = 1,
the altered TTI 22 is retransmtted. Wth this procedure, the two-bit
bl ocks arwOmappodsto nore and less reliable bits in the ®cmgBed3ati on
every other retransmssion tine. This process random zes the synbol error

probability (SEP) for the first retransm ssion. Since having t sane SEP
in the réte &g £ v PAHE VRISt Shathatan- ke %ﬁle%mﬁ?%ﬂ}? he SEP

| mprovesythe dddieldioadual slirespeOfcdieses el rapstmsshon siEalaging the
SEP (so as to be the sane for all synbols) would be better still, and in
fact theldestafiteat irdonleaselnfonehamywg iAhE il e Lt peh i :@FYy achi eved

ina direct . i -rent4.onagd. r spdi S as
some of T'{Vﬁoe ba%eé%e%gﬁcggﬁy%rggpiingnts gﬁ??fhse@?/%gen. |%%&®r}6\(% ?%%éiaj;ect way
s to I epent rml ﬂsglg,nd:hﬁr;lérﬁg Sndorng iy b wahy randenite dthanshi$si ons) that
e IS comletelyv r ; SEP: i e sane for each
synbol) x5 rasrhoTJ %se]bé/en’e?rép}hasé:%%%?a%% ?répkf%/h%qoﬁbﬁﬁhéeﬁi ast two bits back
and f or tal texnsti gy costifuimy tle shiits Heaplackettheyori@imeis for each

retransn ssi.on, wayld _not _contjn f ! ; R4 ea he
error pr%%%lbﬂcmy ul't %bgleggt &F 1 tr@ﬁqh%@%%rﬁéﬁ%ﬁﬁfofﬁ'hedﬂshhéi fting
(bit nmoviag)lt cah tiee done shifleinpefeferortiadtenténteaybayingth|¢ache bit
shifting i.s done before interleavin t

hen i 4 13.
03/ 0197 GH PRI RS2/ P2 S THE Y By Y W oR Jté‘?%ﬁ%éps% iy T
i R_t]f:r! eaé/tf.f@rg\ll ldadre tdlid fecentt aritat hiss santbarzeot WeaSERPs &é¢hideedi t
shifting is one after interleaving,..then an sinply. jft_the | ast
two bitsohak H%l?%??%‘?‘tjr?nt%ga‘bl?? ShiFYLi R Cl)(gl %%{éng?t“élr%%]{ln?erl eavi ng,
then shidifrardyc 2intdtleantgi ze éheldyedt inreachnsubssgoantei t her
repeating the shifting or, alternativel t he 2.bit3nback to the

; shiftin
ori gi nal tr#IP$ ORI T1 HotPYTef dt%n?znf%ﬁ’ﬂr&?%?gnﬁgﬁfﬁpﬁﬁlg?% ect. The
result ofcdhesbit shifting before the interleaving with each
It should also be pointed out that moving one bit also

works, but moving two bits is preferable because, at least
for a corner point in the constellation, moving two bits
reduces the probability to 25% that the two bits with the '1!
value will still occupy a corner position in the
constellation. Consider a corner point in the original
transmigsion, i.e. a point of the form bbll. If we shift by
1, the new bit group will be xbbl, and so the probability
that the point is still a corner point is 50% (since b is 0
and 1 with equal probability). On the other hand, if we move
by two, the new bit group will be 1lyy, and so there is only
a 25% probability that the two bits with the "1" value will
be in a corner point. Thus, moving two bits is preferable,
but moving one bit does improve the likelihood of success of
a retransmission. For 16 QAM, moving three points is also an
option, but is expected to produce the same gains as moving
one point. (For 16 QAM, moving four points is the same as
not moving any points if the moving is done after the
interleaving.) What is preferable is believed to depend on

the number of modulation, i.e. the number of bits per symbol.
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subsequent retransm ssion being for a further shifted bit streamleads to
aresult that is simlar to what is achieved by an inplenentation of the
first enbwoiosemroé n which a different interleaving is enmpCogBer/i3p3each
subsequent transmi ssion in response to an automatic retransn ssion
request. It should also be pointed out that noving one bit also works, but

novi ng tEBDi tEPT S4rdbr aBticheangrEEs st e tPe¥ ofYEPRbr nkY Hdint in the
const el ] e UYL e SEduioes ke DObaRLLL LY #0250 £ Bk the T

bits wt 1" value w still occupy a corner position in the

const el @tdtomoGotsiaidrera monbrrs pof feits woldratpmarield addni ssion, i.e.
a poi nt 31?? Bl pe I 08 SILEL BY sdecddie HEW bide 95Q4R; Y61 bn be

xbbl , anc psﬁo t rﬁeé:Hpgrnoltt;I%e)lbiji}fteltlyl t hat tclile po? ntc%s still a corner poi nl:tl is 50%
(since bis 0 and 1 with equal probability). On the other hand, if we nove
by two, Trirel emanisittiogy oup Mixdt lsebpthiyendndasedt Rer énversilg the2bsst

pr obabi | twy hia atheeaako dyintteolwiitth tiee retrangaligsiail | be in a corner
point. Thus, noving two bits is preferable, but noving one bit does

i nprove the |ikellidhomrroid singeerentat or epf aflsei S5F9h. emmepdige™®M novi ng
three paints. .| i !lqulé ' Xpegt 0; produce, tihe. sane gains
as novi ﬁig}pe (Sﬁ%&pggl’%oc. EI]:olrQrp&l%P%A rm%/?%g ?‘gﬁrﬁ%%% n%lg Is the sane as not
nmovi ng amoymi avrss i ftutiengroy i medubatdbre sytleel t helenes erd eawdwiy. fhathat is

b lerat % Y SUps LSRRI 0, e Dusber, Bl il Shisiealce e,
QAM  whiitie eneatkes dolgtsl pericynbolntj twisl el tleeedetbabsmbyshont hr ee
5115 vould, be. osk Lol Ve UL ADat VLG el unter scolnfl 5 voul o
r et r ansnd:&sd 081 1 ad 1h eendedh onT0f thé r sécetbedj neftebasied epmbolvetding t he
| ast twgﬁgﬂéé%égtfgg?lgﬁgﬁgitéQa%Qeré9££3g§gé Séggor to packet

combining and decoding. In some prior art, notably a paper

entitled Enhanced HARQ Method with Signal Constellation

Rearrangement (author or authors unknown, but employees of

Panasonic) published between February 27 and March 2, 2001,

the bits to be transmitted are unchanged but the bit-to-

symbol mapping is changed between the original transmission

and the retransmission; in the present invention according to

this implementation, on the other hand, the bits to be

transmitted are changed but the bit-to-symbol mapping remains

the same between the original transmission and the

retransmission.

Implementation of first embodiment based on using different
interleaving in the retransmission

In a third implementation of the first embodiment, a
different interleaving is employed in the retransmission. In
a mobile radio channel errors tend to occur in bursts,
typically because of fast fading. On the other hand,
convolutional codes and Turbo codes operate best if errors
are occasional. For this reason, interleaving is applied in

a retransmission (in case of an error) in a way that changes
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In the second inplenentation of the first enbodi ment, the base station
inverts the last two bits in each 4-bit group constituting a nodul ation
synbol . HEp®e/0199group that in the original transm ssionPaagBexisk4dand so
was mapped to the corner constellation point, will in the retransm ssion
becone xx00 and be mapped into the innernost point of the constellation
di agr amthen qufley efeitha bidit gomarad dsoltho-oniqr ddt g e bits are

re-inverted Driar 4,0 packals cif Ui ing Ak decedi ng.tid Sy prd or art,
notably a paper entitled Enhanced HARQ Method with Signal Constellation
Rear r angerrarged aadioriorthattrssl wiknows - R~ EHRDOYRAESIRF 1Panasoni c)

publ i sh éﬁ%é’éﬁe[})fw Ual Yallodiith Mar£h e 200hnet Nesiids 4 dbsst of
transmt are nclhanged ut the blt-tp- synbol mflpﬁl ng i s changed between
the ori gimairs r ansmssivnll aetuheon adareit o 9h the Preelravefention

according.to i.s. i npl i Qn, | whﬂf% j

transm t etd Saerciedgcrﬁcaén'gec]1F %&%’eq@ﬁ}?ﬁé g&rﬁ%{ﬁnaappl g élg@na%]%&ét ﬁaeﬁfame
bet ween dhecat igimalvdr arisilsisi se@mhtheand ete Aappeasiton.be npl enent at i on
of first_ enbodi nent_based on using. di . lnte i i

retransm cscsaiSo:'horl‘”aﬁL a9 f\tﬁ}% ern%eflivnee%t a‘%%r%ﬁé%w]t%% |é$scféa%n%g%lfrpe£nlt% a

di f f er enfoday erdrearhary bes vyl ayedittenpe rtetcansmitssilon. etrors, nobi | e

di . ! t i cal f
{adi ng. G CHICH TR and, S SSOvbl Ut T bri hghse 2R AY e e e are.

best if £fd BScaBighOccasdtonalrsttpr this reason, interleaving is applied in
a retransmssion (in case of an error) in a way that changes -15 WO
03/ 019794 PCT#dBA2 324 rddre msdelatofon heiids] enpey edilb ¢heoorder in

changed TEGIATT HE ToRdrier 7 o QE T LY | a0 b T &0 BB Ted. prior to
decodi ngnapgdidde Tharmebreausesappbptng @fdifferent interleaving in
the retransmission with respect to the first transmission,
the whole symbol sequence will be different in the
retransmission. In general, this will cause the bits to have
different error probabilities in the retransmission than in
the first transmission, which as explained earlier, will tend

to equalize the bit error probabilities.

The interleaving for the retransmission might even be
optimized, such that bits that are expected to have a higher
bit error probability in the first transmission, are made to
have a smaller bit error probability in the retransmission by
shifting them to positions of bits that are expected to have

a higher bit error probability, and vice versa.

In some implementations, if more than one retransmission
is needed, each subsequent retransmission uses a new

interleaving scheme.

Implementation of first embodiment based on using different
data scrambling in the retransmission

In a fourth implementation of the first embodiment, a
different data scrambling is used in the retransmission. The

term scrambling is used here to mean any predetermined
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errors, errors will occur on adjacent bits of the interleaved bit
sequence. However, with de-interleaving, the errors are spread out over
the bit swouwencwand so appear to be occasional to the recEnBex(3243

convol utional codes and Turbo codes can then be used to attenpt to correct
the errors, and the likelihood of success will be higher because the
errors ateevekienophl thaobiburatyesrér hhgherssr BeRtABRUFERRERIELET,
Ihterleayﬁgg MLi-glse béﬁﬂ§d§évggﬁé8h§nbt5é Brergrayped. i ngtbg an _
bit-to-sy of mappl ng. Therefore, by applying a different _interleaving in
the retrahsairssion apthdr Bepeexamplehbef prsempt afBaflsByoRUltiRdYHAE! e
synbol s eng i e di Lf ef;e L : t 1.ssion. In general, this
will caugggtﬁggby%gh?g ﬁgvé 9§i?Fg%gﬁ%H§%§%f %?gggﬁﬁﬁfties in the
retransmission than in the first transm ssion, which as expl ained earlier,

will tend s%BoﬁQ“éhbéﬁi%@ﬁtbit error probabilities. The interleaving for
t he retransmssronmght—even be optimzed, such that bits that are

expected to have a hi ghe it.error. probabilj in,the first. transm ssion,
are made to haveRg §%EFEE}EBEFOBrP6r9bgobgbiF%%yb?ﬁ"?ﬁésyggpénsnission by
shi fti ngmhpgMhEOnRESHEEANGoAE Bitsrihay abeaeppectddreokhavwe aa Bicgher bit
error probability, and vice versa,_ In Eone inplenentatiogg, if nore than
one ret r 8RSAFEEFoNhT €hnBEA¥deEaER2EUBSEYEERt or BLVERs AV ESPSNPALES a new

i nterl eayhRyi sshaEBrekAPheNBAbAEONtBE Ft/sbtepbedibeat bhasedhangusi ng
different data scranbling in the retransmssion In a fo rtg i npl enent ati on
of the fPiLgR-enBBERNBNPAPRING] PLBiBAECHaE S sOANBIFRY F8t6s&8%in t he
retransn;gshQig hheg . termscranbling is used here to nean any predeterm ned
-16 WD 03/019794 PCT/1B02/03243 alteration of the bit values in the base
%tahion transghi;tebyr, themabbar ahionibei Bger aYaased FEn -heodEdr, eaativer .

uch an

typically the decoding is performed in a manner commonly
known as soft decoding, where the probabilities of the bit
values are input to the FEC decoder, rather than the bit

values themselves.

Taking this into account, in a second embodiment of the
invention, the encoded bits are mapped to symbols in such a
manner that the decoded bit error rate is minimized (given
that the input to the decoder is a combination of the
original transmission and the retransmission). For 16-QAM,
minimizing the decoded bit error rate can be achieved by
swapping the innermost and outermost points in all quadrants.
For example, if Fig. 1 represents the original bit-to-symbol
mapping (so that bit group xx11 is mapped to a corner point),
then in the retransmission the bit combination xx00 would be

mapped to a corner point.

Further embodiments

Usually, a different symbol mapping is performed when
the bits to be transmitted are left uncoded (not forward
error corrected) compared to when the bits to be transmitted

are FEC-encoded; Gray encoding 1s typically used for symbol
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alteration could for exanple be acconplished by multiplying the bit val ues
by a PN (pseudonoi se) sequence. A second enbodi nent In the constellation of
Fig. 1, tweobioto7po-synbol nappi ng has been done accor di n@CraBe/(e4sscedur e
known as Gray encoding, which provides that between a given synbol point
and its nearest neighbors, the fewest possible bits change sign. Such a
nmappi ng MAOR AT & Rmnepdedrhdrs r bt € § ofor Untlotidehdf tare I-%‘Q\Tev%ﬁ?(,: in HSDPA

the bi tSerﬁ{&ié'H)V\!aylssd:nEé:EﬁE@Q}j%m@@ité ypheathy dheogesodhadsbine portor med

in a manner conmonly known as soft decoding, where the probabilities of
the bit anaings arel inphird oG rtecoderhe ritfRrtioian het®®t  val ues
themsel ves; ;Tak 31 d 0 G ACGH i 4 £ S CEaRL: CRBRE &f e 1hor

i nventi ooﬁl,sl%lhe e%oatd{egﬁjbéléﬁs are mappeld to syﬁ%o s in sucﬁérn&enner t hat
t he decouted-dsittiaey raprd regree | arevmdtm s (Yivdpits heededelonpiervard he

decoder j| o ' j t (e 1 SS

ot ransio ot A glte el & M AR S PR e can be
achi evedndppirsynagipng ¢ heoti nmerews4rbid The ezarostapotine snappihd @eedr ant s.
For exanple, if_ Fig..1l represen he_.ori gdi ifrto-s o] ping (so

t hat bi {g)ogr“})al?p 5i (’iluslar‘r%p%rédse ¥%§%f%g?%%r%%%\?§,gl§%éngﬁ Jf e%g

r et r ansniestsia0tenidhes i, condsto@td oowrdeciDgvonf delbe bitappes poowidedner point.

Furt her enbodi nents_ Usual | a different synbol pping is r fornmed when
the bits*H 3D t‘%ai%‘?ﬁ?%eog%rp%ofer??p%{é%'deé{aor?%%]fg?ot??ma@ae Sé‘gw?rfeﬁ(j)(?fcorrect ed)
conpar edndgpwerudd® 1 tishd cohipyitanstidiedi saten FEC>eneddedr Gray encodi ng
is typical 0 19794 PCT/1B02/ 03243 m};@ ng for

uncoded melf%i?ljcfiglg%)(r)‘?lsﬁ? é)l]?h%?? c\é‘?\o%e%{){)mf: TURED et O SoRbt Tk ,r|130ne

bits are FEC&S?%SQE%L?Qg gﬁ%@hf&égt, in the original transmission, no
bits are coded for forward error correction and all bits are
mapped to modulation symbols using a first symbol mapping,
preferably Gray encoding, and in the retransmission, all of
the bits are coded for forward error correction, and the
second ordering of the bits is provided using a different
symbol mapping, compared to the symbol mapping used in the
original transmission. For example, in a system employing
variable MCS, for a particular modulation at least one of the
coding schemes is uncoded, and at least one coding scheme
employs FEC. In the original transmission, all of the bits
are uncoded and a first bit-to-symbol mapping (preferably
Gray encoding) is used in providing modulation by the bits,
and in a retransmission in case of a negative
acknowledgement, all of the bits are FEC encoded and a second
bit-to-symbol mapping is used in providing modulation by the
bits. The second bit-to-symbol mapping could be any mapping,
as long as it differs from the uncoded mapping. What is
preferable as the mapping for the coded bits is believed to

depend on the mapping used for the uncoded bits.
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are not. In a third enbodi nrent of the invention, in the original

transm ssion, sone bits are coded for forward error correction and sone
are not, wod3ngdbits coded for forward error correcti onrParaBoappsd to
nodul ati on synbols using a mapping that is not necessarily the sane as the
mappi ng used to map to nodul ation synbols the uncoded bits, and in the

r et r ansfilssilonent sue dipperalety ng of the bits is provided using a

di fferent synbol mapping, conpared to the synbol mapping used in the
original tramsig.ssians & ofl@idhert theliamcodedstrps of 4 heetiiead coded for

forward error_correction.,In a fourth enbodinent, .in the ori.ginal

transm SSGFIRY ttﬁttshearjemﬁ%%dsq ©F &%%?O&IEJFT}%F%O&} rection %e?%“leasﬁ bits
are mapped te raiil atdemmeyinda Sonisd e e fin sthisyihed cleippiawge  preferably
Gray encoding,, and in the retransm ssion, all of thedbits qirle coded for

f or war d VB IGHTRE IGO0 tH aé%%cgﬁoa‘b]r%ré?rh% TIHe BT1S"Ss provi ded
usi ng a il et SOHRSpIBDNN SO ek tioi the Bt odneegpimgraised in
the original transnission. For exanple, in a s s({lem enpl oying variable
MCS, foParksafrs iR G I &t | DrfmR FIHEn t%‘? Wel"%odi ng schenes is
uncoded, apdatad £aAst: ghe codihgascheme enploys FEC. In the original
transm ssion, all of the bits are uncoded and a first bit-to-synbol

mappi ng (preferably Gay encoding) is used in providing nodul ation by the

bits, andid Srrehsanspbssion in case of a negative acknow edgenent, all
of the bits are FEC encoded and a second bit-to-synbol mapping is used in

provi ding modyl at | an, by tigse bl d Soq Theapeg0ndibite 18 syphola meppi ng coul d
be any mappi ng; ~as cfong as’ i |?(?ers rom the uncoded mappi ng. Wat is
pr ef er aerasydtentmappragodiby 1hkusodedi v tef | shdedpriecatoon debelte on t he
mappi ng used f t he. uncode its..- 3/ 43 _ The
| nventi ot :'C%cff'e?o];efgf i gk}eétp |esg%£$l %%%%%]?hd%g ?ﬁﬁg@%@?ﬁ@%@lﬁ% od

and alternative arrangements may be devised by those skilled

in the art without departing from the scope of the present
invention, and the appended claims are intended to cover such

modifications and arrangements.
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according to the invention for responding to a repeat request 1in a

W rel ess communi cati on systemin which packets are conmuni cated accordi ng
to a nodwwetmBom7and codi ng schenme, each packet enconpassiPag/IB0213e43ng of
bits, with one or nore packets provided in a frane comuni cated during a
transm ssion tine interval. Scope of the Invention It is to be understood
that theyaboves dﬁ§g£mg@dlsarrangenents are only illustrative of the
application o principles of the present invention. Numerous

nodi fications and alternative arrangenents nay be devised by those skilled
in the ajt withottogdepart +88pbhaihgheosgopepehct hegpeesenh ai wyvesléess, and
t he appended clains are intended to cover_ such glflcatlons and
arrangen@@m@UHlQQtV@ﬂO%Y@E@WQHnP@#%PEOQ?@@?E% aVﬁaF°W@“EF§?H%@ is: 1. A

met hod fQé Eﬂ%dtggatﬂoéui§9§§ﬁ £8QUESHihy acMbrel esschcgapratcation
systemin ackets are comuni cated according to a nodul ation and
codi ng s@h@@@pa@athgp@cﬁbrln@n@ﬁnﬁa§§vn@lﬁhs@ﬁﬁnaromoﬁﬁtEaC&FFﬁ one or nore
packet s pP{DﬁwQSd hny af%ﬁg%%mq%géé&ddgy&hggaatkaﬁaﬁmsg%ﬁntamae

i nterval fiod d conprising the steps of: a) accunul ating the packets
to be conwegedaln the mekhodt eameAi 8shgnthenetEREePFal : b) ordering the
bits enconpassed by the accunul ated packets in a flrst order so as to
provi de a)firstcemmiaging bhespackepeobpdbagcasrerafingnt bha ABAEI ati on

schene a@%aﬁs&?@%?@n ?EQ%”?nEQ%v?its so ordered to a process for generating
a transniSsion Sig he nodul'ati on schene providing a constellation

'Ud'cat'gﬁf?egg gk?ﬂﬂbBPSdbg§Sr8HEo QHBédOE%athBrgééhﬁﬁﬂbEQQ EHHESEsOf

bits to transntttin e transm ssion signal in a
next transal §skeh brderi abeamat prov1de a first string of bits;

c) providing according to a modulation scheme and a coding
scheme the bits so ordered to a process for generating a
transmission signal, the modulation scheme providing a
constellation indicating a mapping for different groups of a

predetermined number of bits to different symbols;

d) transmitting the transmission signal in a next

transmission time interval;

e) if a repeat request is received, then ordering the bits
encompassed by the accumulated packets in a second order and

repeating the method beginning with step c¢);

wherein in the second order, the symbols constituting
the modulation are generated differently than in the original

transmission.

2. A method ag in claim 1, wherein the second ordering of the
bits is such that the symbols in the modulation constellation

are composed differently than in the original transmission.

3. A method as in claim 2, wherein the second ordering of the
bits is provided by rearranging the first ordering by

transferring a predetermined number of bits of the first
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e) if a repeat request is received, then ordering the bits enconpassed by
t he accunul ated packets in a second order and repeating the nethod

begi nni ngwaioBh1wbep c); wherein in the second order, the P¢FIBI203243
constituting the nodulation are generated differently than in the original
transm ssion. 2. A nethod as in claim1l, wherein the sEcond ordering of the

bits is stehd ek hite $mifdis 9 Ofe thsddiastostednst 8F1 8EF8n  are conposed
differently than in the original transmssion. 3. A nethod as in claim2,
wherein the second ordering of the bits.is %%PVigﬁg bX rearrgggé&g t he
first or#lerihgahod thsieridid 8 preeternithéd "RGHDEF 18T BPt $°0R he first
-20 WO 0349 19{94 R BR3P 43 misedyt i9F) 1afe Diites the .t he end of the first
string of bits. 4. A nethod as in claim3, wherein the nodulation is 16 QAM

and the predeterm ned nunber of bits is two. 5. A nethod as in claim 2,
wher ei n the gegonb@rderimngiofin he Widieiirs thicoviedeadbyriaventi 6 shee
predet erm ned nunber of the last bits in eac %roup of bihg that

const i t UbEES alsypRTides] By fetHed 1Y iSPM8 &4RCS T ekReRE n AR oddl 5Pfon i s

16 QAM  and: the: pradel sour AeA N WDes: 1of s dondtWeutés A Bokbed.as in
claim2, wherein the original transm ssion includes a step of interleaving
and the second ordering of the bits is provided using a different

i nterl eayi ngathamdd ddein Wigdinal, thansiis N nBulAtiebhed as pamcl ai m 2,
wherein the original transm ssion includes a St%P of interleaving and the
second oPB@r iy wredefeerpined ek i el AF &WFi-fferent data scranbling
than in the original transmssion. 9. A nethod as in claim1, wherein the
second ordering of the bits is such.that, the bits t e.retransm.tted are

mapped (8- SYFBreod PRk GlaHh s WIRHE thd Mo OFdd Pt LEPPGPLPALE™ s

made smakh@iudes a step of interleaving and the second ordering of the
bits is provided using a different interleaving than in the

original transmission.

8. A method ag in claim 2, wherein the original transmission
includes a step of interleaving and the second ordering of the
bits is provided using a different data scrambling than in the

original transmission.

9. A method as in claim 1, wherein the second ordering of the
bits ig such that the bits to be retransmitted are mapped to
symbols in such a manner that the decoded bit error rate is

made smaller.

10. A method as in claim 1, wherein, in the original
transmigsion, some bits are coded for forward error correction
and some are not, and the bits coded for forward error
correction are mapped to modulation symbols using a mapping
that is not necessarily the same as the mapping used to map to
modulation symbols the uncoded bits, and in the
retransmission, the second ordering of the bits is provided
using a different symbol mapping, compared to the symbol

mapping used in the original transmission, for either the
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10. A method as in claim1, wherein, in the original transm ssion, sone
bits are coded for forward error correction and sone are not, and the bits
coded forwDaswea7gd error correction are nmapped to nodul at iPCA/IB§M3R43s usi ng
a mapping that is not necessarily the sane as the mapping used to nap to
modul ation synbols the uncoded bits, and in the retransm ssion, the second
or deri ngueEodeRd bits 9B Fhovrded CARShG A dFFETEh ETSATHh SOTREREIAY,
conpared to the synbol rmapping used in the original transm ssion, for
either the -21 WO 03/019794 PCT/1B02/ 03243 , uncoded bits or the hits coded
for forwhtd ebrBethedragtinclay 10 eIt Rd ensél”g% T§PRAEr &PA t he

synmbol - mappbAgd fi9l £ UNEstesk, Rid S i S antdeditinigd ay encoding. 12. A
method as 1n claim1l, wherein, in the original transm ssion, no bits are
coded for forward error correction and all bits are mapped to nodul ati on

synbol s ysingpandihsd asyIModldBRPI NGvhewilin N itrhe HeelgraRgmadsi on, al | of
the bits are coded for forward error correction, and the second  ordering
of the BFeBSTESPIENI dedl RstHPES T iRT s@ﬁmﬁrdﬁﬁﬁﬁ%g,corcr&ﬁﬁ&f’&d to the

symbol  napgi 991 useds i drd hﬁ‘aﬁéé&iE@'mo&dﬁlﬁ@&%&@rﬂqol@-usﬁﬁ@fahcfng_@% in claim
12, wherein the synmbol mapping for the uncoded bits of the origina
transm s&VOROL sNaPRiide PR s Ay deerRpiiiREion. 3Ad ffpdihst dtFopre

respondi pgsLg AofePSRlafE eSSy | Fofredt 184 £S5 L UARINLRANDOR EXES® bE whi ch
packets are comuni cated according to a nodul ati on _and codi ng schene, each

packet ehbenpatsi hg previded wiingta difierate AR 9RREs  provided in
a frame j d.gur i t S SEO i 1d 8I4dl51 the appar at us
conprisi%gggg?éﬁggﬁst?%rég@%unu a néfthe packets to éﬁ'é%nveyed in the
next trahsehswisaionpe interval; b) neans for ordering the bits enconpassed
by the

13. A method as in claim 12, wherein the symbol mapping for
the uncoded bits of the original transmission is provided

using Gray encoding.

14. An apparatus for responding to a repeat request in a
wireless communication system in which packets are
communicated according to a modulation and coding scheme, each
packet encompassing a string of bits, with one or more packets
provided in a frame communicated during a transmission time

interval, the apparatus comprising:

a) means for accumulating the packets to be conveyed in the

next transmission time interval;

b) means for ordering the bits encompassed by the
accumulated packets in a first order so as to provide a first

string of bits;

c) means for providing according to a modulation scheme and
a coding scheme the bits so ordered to a process for
generating a transmission signal, the modulation scheme
providing a constellation indicating a mapping for different
groups of a predetermined number of bits to different
symbols;
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accunul ated packets in a first order so as to provide a first string of
bits; c) nmeans for providing according to a nodul ati on schene and a coding
schene t wOoWBWN780 ordered to a process for generating aPCTAREM324 ON
signal, the nodul ation schene providing a constellation indicating a

mappi ng for d|fferent roups of a predeterm ned nunber, of bits to
di fferentd) symsene foxm L\?@W@l@m %T/‘H%W@?f&?fh)sm o next

transm t tdRg dR@ AN IESi G Sh@nal in a next transmission tine interval;
e) neans for providing that if a repeat request is received, the bits

enconpassgd byndohe FesUPHALRE RAKRLS 8 & x@pé@tedféqh@tsel@nd order;
wherein in the second order, the synbols constltutlr@gi t he nDduIatlon are

gener at ed feff@dentting tHd iR R Bied PRCk&T s FFE at us

as in cl yiieldg Whereidedhe seed ordering of the bits is such that the
symbols in the nodulation constellation are conposed differently than in

the original #AanSW S Phe ey PRRANAL UH ATy Sl AldBrksh i Misrgy n the
second ordering of the bits is provided by rearrangi ng the first "ordering

by trandgter masylatpced et maney afath ekl idfensints vofthage i ridie sipdicg@adf bits
to the end Qf tihefjy st string of bits. 17. An apparatus as in claim 16,
wher ei n the nD&UIatlon is 16 QAM and the predeterm ned nunber of bits is
two.18. An apparatus as in claim 15, wherein the second ordering of the

bits is prsovi ded Byah-BYEE! hBY i SORR PRMEdS! %Héf@ﬂnn%@eéemnd%@éﬁ%{g bi t s
in each group of bits that constitutes a synbol . An apparatus as in

claln118CﬁhﬁéﬁeﬁﬁtﬁhésnﬁﬁGbthéﬁ EBe18ymiophg ahe ?h@ T@@%%@%#@ﬁned number of
bits is Mhstellation are composed differently than in the original

transmission.

16. An apparatus as in claim 15, wherein the second ordering
of the bits is provided by rearranging the first ordering by
transferring a predetermined number of bits of the first

string of bits to the end of the first string of bits.

17. An apparatus as in claim 16, wherein the modulation is
16 QAM and the predetermined number of bits is two.1l8. An
apparatus as in claim 15, wherein the second ordering of the
bits is provided by inverting some predetermined number of

the last bits in each group of bits that constitutes a

symbol.

19. An apparatus as in claim 18, wherein the modulation is 16

QAM and the predetermined number of bits is two.

20. An apparatus as in claim 15, wherein the original
transmission includes a step of interleaving and the second
ordering of the bits is provided using a different

interleaving than in the original transmission.

21. An apparatus as in claim 15, wherein the original

transmission includes a step of interleaving and the second
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20. An apparatus as in claim15, wherein the original transm ssion
includes a step of interleaving and the second ordering of the bits is
provi ded weimngiteaodi fferent interleaving than in the ori gPealiBev&asmMm ssi on.
21. An apparatus as in claim15, wherein the original transm ssion
includes a step of .interleaving and the second 23 WO 03/019794

PCT/ | BO2PB324319 0P Hef NRgP b?sth% Qﬁ?%%@%grH%ﬁRQNﬁjQkﬁﬁﬁfQQtdﬁﬁFérent dat a

scranbl i ggrbhBnihy Eﬁgnoihgtﬁélofiﬁﬁﬁﬁﬂfﬁﬂéﬂbmiﬁﬁlo&n apparatus as in claim
14, wherein the second ordering the bits is such that the bits to be

retransnltted are mapped to synbols in such a manner that the decoded bit

error rape iﬁn”&ﬁ%a@ﬁ’@hi;eés 23. c A raPPaY aiiisretis ivheC |sidontd oreletieign the
second orderin the bits is provided using a dlfferent %¥nbol mappi ng
for unc@éeahﬁlPétﬁohﬁa?%aht%h%%et%ﬁwﬁﬁﬂs 3? FYL Ut §5For  whi ch

FEC encoglhﬁgeaster Q¥hEEls 24. sAh aPRAMRIIS Bt rtH?é AFBRBA Mier eirfrciche
synbol for uncoded bits is provided using Gay encoding. 25. An

apparatu§ag§ LA ©pdenfr1aldPBErein, in the original transmssion, some bits
are coded for forward error correction and sone are not, and the bits

coded for forward error correction are mapped to nDduIatlon zyanls usi ng
a mappi ng3-t hAR PBRPABRLHBCRSsHR| FiAiThel bat e ithd M pisianiuSederd ™ Fap to

nodul ati g %M@bghﬁsthg HP6008da bid Sng aNdid frd et rBEIRNS Ma59i0W; ke second

ordering of the bits is provided using a different synbol mappin

conpar edUp6°PRE B FBoFOMRABHT NEC USERY ?W‘l?q’ﬂe TR}V 9%R 9 §3§1t§n%of'-”or

ei t her tQﬁchngg@egnng§n§rlg -Di-ig-goded for forward error correction.
26. An apparatus as in claim25, wherein the synbol mapping for uncoded

bits is provided using Gray encoding. 27. An apparatus as in claiml,

wher EItn o4l the gppgiAghs LEansNEBSiRMm3 nqﬂrtgﬁélrartql@cgm;d‘lomafp@w@rd error
correcti on
for uncoded bits is provided using Gray encoding.

25. An apparatus as in claim 1, wherein, in the original
transmission, some bits are coded for forward error correction
and some are not, and the bits coded for forward error
correction are mapped to modulation symbols using a mapping
that is not necessarily the same as the mapping used to map to
modulation symbols the uncoded bits, and in the
retransmission, the second ordering of the bits is provided
uging a different symbol mapping, compared to the symbol
mapping used in the original transmission, for either the

uncoded bits or the bits coded for forward error correction.

26. An apparatus ag in claim 25, wherein the symbol mapping

for uncoded bits is provided using Gray encoding.

27. An apparatus as in claim 1, wherein, in the original
transmission, no bits are coded for forward error correction
and all bits are mapped to modulation symbols using a first
symbol mapping, and in the retransmission, all of the bits are
coded for forward error correction, and the second ordering of

the bits is provided using a different symbol mapping,
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and all bits are mapped to nodul ati on synbols using a first synbol

mappi ng, and in the retransm ssion, all of the bits are coded for forward
error corwewsiom94 and the second ordering of the bits isPpraBixBa43usi ng a
di fferent synbol mapping, -24 WO 03/019794 PCT/1B02/ 03243 conpared to the

synbol mapping used in the original, 6 transm ssion. 28. An apparatus as in
cl ai m 27 CORR_EBFNtPhENS yABBPO HEPPPIHRI f 37 e U dBd- B! of the ori gi nal
transm ssi-@RshS<BhBML ded using G ay encoding. -25

28. An apparatus asg in claim 27, wherein the symbol mapping

for the uncoded bitg of the original transmission is provided

using Gray encoding.
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