- METHOD AND APPARATUS | MPLEMENTI NG RETRANSM SSI ON | N_ A CO_VIVUNI CATI D Y STmM -
PROVI DI NG H ARQ FI ELD OF THE | NVENTI ON The present inventi on rgl ates to
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particularly, the resent invention relates to retransmtting via a _
wirel ess comuni CQ‘SW%%'F%WaS}S%’FEMoﬁR@VIﬁlgﬂgHaAR%e_n the portion is
received with an error; the invention is of use in applications in which
both forward error correction and automatic retransm ssion request are
i mpl ement'zRi BACKCRERDIGF THE | NVENTI ON To provide for higher data
throughput in wreless conmmunication systgerrg, adapt :jvle tm_)gﬁl ggl olne)e(lin?y and
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condi ti o?l‘éc.’hI*'T‘fs%E%V%Wcaw*@ﬁmgygseﬁpecsﬁﬁbdainsygp@;m(mﬁmldelnpnt |t _ngn
DPA (hi ' o . S e.n er af .channelizati
-cHgdes Egﬁﬁwﬁ%dgﬁfé&% P%hgﬁtﬁ %cg?flcg%dgﬁggébgo &r Ped FtFesponse to
changi ndTehaipkd Rereissi OREDMAbdueheasa Sonpligki Fﬁeaﬂg p;;@zhﬂﬂﬁ%{/\hpg?gggggt ﬁre e
anged Aasgd ofy r [ changi ng. .channe ondi t.i ons,
ﬁnrrbgr of chann[e}?ésﬁﬁa}?g‘ v%@'?e%ig%nggh%r g%iiggogyaoFgF@e;k}PélsrTPéver age, and
dependi il oml ¢resy conmin ted i oss t SySeehs ansMbktegarVaeyil Ag 1§0dghat i on

conpl exi DEANS; ihg the nunber of pbits that are  conmunicated per
sy%ol (]%Iy%l vensln%%r%{% (?%nr%o%?%xg? yFebF3UFP U tangeViar acyigEdRESt | on of

- synbol s,canntiniszii ey nbpttensedob ot LonVey a Bignsirihgn the goeaten the
nunber q{s

'QECeived with an error; the invention is 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) goding complexity are varied in response to
changing cﬁannel conditions. 1In some communication systems
such as systems implementing HSDPA (high speed downlink
packet accesgs), the number of channelization codes (and so
the number of channels) can also be varied in response to
éhanging channel conditions. Modulation complexity and
channel coding are changed based on rather rapidly changing
channel conditions, whereas the number of channelsqafe varied
on the basis of a longer-term average, and depending on how
much data is to be transmitted. Varying modulation
compiexity 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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synbol s in the constellation, the longer the bit string conveyed BnyBdWﬂﬁ
synbol ). Varying the coding conplexity neans, for exanple, varying the
amount of redundancy included in forward error correcting the data to be
transmtted. Varying the nunber of channelization codes neans changing the
nunber of channels multipl exed together by use of a code tree (ensuring

t hat al lsyolisrrelixn rt&r@m@@t@pg@@%nevgﬁem@bhgeghehe annels is
vari ed). _ The \rpfgf;;j ati o conpl exjty and  the nunber of annel ation codes

can be &FAPEIX %%‘Hb‘f’%)r i néRavtRIasheheading m&i@m@y

comon| yreausnsd £di %xa?ﬁ@lfé,SI@ iAgPLhE AL hBnEehira k- NUIRE Qh 48 filed
June 26,. 2001. Because the con tl;?%ns of a wrel esse com"nflrﬁ?}ga |on ceﬁiannel

tend to'th st eejblf‘?%rp%ﬁe%*%g shesdahei &bl et hanansvd teeddi ti ons of a

har d- w ned~+ahaprale mBREOF Sof NCICARNHUD re_likely. To address
t he probl em of hi gher error rates b%%ﬁ{%B?' g%rﬁggop%a&s ang 9@%90%1 Srror

rates), WSS k%tm‘ehtlsly%$m bagethenpbgmesked v ar icoide aapidg
nechani 0. rea ata i s sq-called
(s f YUY FEChA S & ferﬂgf k&fgsp \Xﬂi’%léao)}:helf a

aut omati c repeat retransm ssi on) regquest ofOIFR
recei ved@heolof] sheatree ;s el var hadk. aﬁfhermbduﬂ.561belceioﬁipil@}c13:¥ystaﬁia

aut onat i s .sSion the s The pr.obl em addressed
by the |t(r}11\§ent i on a%%%er- S ROt At T e%oﬁﬁ’f‘eggt F‘Q@PC:HV r - or der

conpar e®ptd nizest ﬁ@yﬁm@nm@dmd@h&ﬁ&tlﬂr eogéﬂaﬁﬁl_:ﬂ YCléﬂﬁWih Swed\M
(quadra io such as M and

64- QAM) wﬁ-eQ?ﬁ%%S)}s o%ar?%a]a% ?#g‘% ia rHBF'bﬁ‘énﬁPe{ |°t1| (9 &ddesy

mul ti pl Subiet 26per2alansrBddtke syldotonditc isnknBer gntyiRiary anmplitude

nmodul at i gon ste . invglvin rmre than two synbol s (including any N-QAM
system % g‘ C&éﬁf“ﬁqlt'?%‘? tHe HNapae @@F@rogﬁ@ﬁamdlﬂpe?are not

al | the mmamtmln}he;rmmhﬂm |dc'§rk’di1f‘ﬁ§n§ HECEI HEEGML e aCRRGIHALS that a
synbol B3 r%F%EY%%H%JE¥0§JEghtJ¥%Eﬁgégji!kely To address 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-OAM (quadrature amplitude modulation) systems (such as
€.g. 16-0AM and 64-0QAM). N-QAM systems (and other,higher~‘
order complexities) convey multiple bits per transmitted
symbol. It is inherent in any amplitude modulation system
involﬁing more than two symbols (including any N-QAM system
for N greater than 2) that the symbol error probabilities are
not all the same,ri.e- the probability that a receiver will
conciude that a symbol was received other than the actually

transmitted symbol is different for different symbols. (See
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transnitted symbol is different for different synbols- (See -2 13 BEEEBAEO
" e.g. Introduction to Communication Systens, Third Edition, by Ferrel G
Strem er, Addi son Wesley Publishing Co., 1990, section 9.5.) Depending on
how bits are assigned to the nodulation synbols of a coding schene, the
bit error probabilities my vary too, i.e. the probability of a receiver

concl uding, t S cei en_a.0 S .,transmtted _(i.e. the bit

error pro ()'%a'bir}?]ltfil?/D o#ﬂaoégﬁ%)acﬁlﬂg@% Céagﬁ’?\é?%ﬁf:elf‘ﬁanﬁﬁ’égpﬁéb‘éb?ﬁt}§?Y0f a

recei veFegumd! Wi g reaviar a Zdieson aoed Ved whieDi shingesot [ ansppited. For

i nst ance, th ol_ consi.ell atian diagram provided as Fig. 1, show n
g théjtnl ?n%%:/[}ir) r SIS Jﬁ}%poc}%gkbo“l’ o}f’gtfﬁ gﬂrgp%%ﬁl%ﬁﬂl Fﬂkgﬁ‘écket accegs

t he consteé{
( HSDPA) moidnl atdorbesyeteild it o heodingtsémomd) t shareit her-gape for each of

the four_ s %_‘%%Is i.,n any of the four quadrants; in the first quadrant, for
exanpl e PX A S5y @ ot Qe ht sy mboke dpEcbapilékyt A€ Bt her hand, in

all of thediewr qguatimanting thee |last daw hiésSiveg dh¥ays 4lwhR the corner
synbol s, while thag(_are 0Q in the innernost synbols. Consequently, a

cor ner tw&l.tﬁéi oot IAE (BISERk g elrbhhitvinEprvat zgyabolhayoccur s
with a diel CRFFR T GIRAL Y HN - MUBNNPEFTSE $VPO0L;vDE! BB abAkEN for 2

corner synbol. Therefore, a bit having a value o eing 1 ncorrectly
det ect e RaW §sa spgaiyest viemce uk svaw t iransiniteednt frequency than a
bit having a_value O being incorrectly detected as having a value of 1.
Thus, the bifPTerMGT3IBhabint ithesehrol hensonblatiani dhagramdi f f er ent

for O spatdstich aleip! | Aityiihg Idhe Hond2ei [Fl Gr duleBLESGN Lhe bits
group constituting a nodul ation synbol; " the bits arée "1h the order
i 1gli 2gPTroRoped fsgehigh mesiaf downbink headlotat aonssgelHEBPA) 1, it2, ql, or
92) I ndicyl e WRLE dHht e first two bits are the same for each of
the four symbols in any of the four guadrants; in the 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 innerﬁbst 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 freguency than a bit having a wvalue 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 i1, iz, g1, gz in Fig. 1 represent the bits
in the group constituting a modulation symbol; the bits are
in the order i;g;i,gz. A bar under or beside one of the
notations (either i, i;, g3, or ¢) 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 syﬁbol is
chosen if a particular bit is 1). For instance, if the bit
g1=1, then the symbol must be chosen from the set of points

-3~




constellation diagramthe bit indicated Ey t he no}atiggtgﬁfatfgﬁﬁg%:a§gxgmﬁ
' indicates all or part of the set of co
g:bﬁierghb?Le nodul ati on synbol is chosen if a particular bit Iﬁ 1). thg
instance, if the bit ql=1, then the synbol nug; belchOﬁgni;rgr1t etﬁgn
! - - - _ - a 1
oints -3 indicated by the bar beside g-, in Fig en
(n Sy"b"“‘dm‘:e‘“eb?“ﬁﬁ?”bﬁ“me"sﬁ%e”fm#ﬁ”ﬁ%a%dﬁfécfaﬁf Siror thfave
s.,.alimted nam c range

&???gygﬁ?ﬁg ﬂL BUEhf ?h€h§§ﬁ@» gicgh tdre plage)emenit £hy i seeest i s Eﬂe case
in N-QANMmhﬁm&atlon a radio receiver will respond differently to ? e
different symbols on account of their different anplitudes. For instance,

(he i ghest kaduge-eusbobs FO'R SULLP Afegfeceier, 5P ot (he

nbol s.
ool 1§ uOLYTRIoH G gnbobe hawel Hof felmnts beramidinl  (santi 200 level,

et p b ecei ver .as having a zero
2Dl 1 tude et e A D Bombe B BHOSER BB S5<ara SFord MG GMe Thtiadan ) y

e €f | f €3 m ght
not i cealst éfa}‘#% ]f%(%ﬁh‘gexihmnhbl ¥ m@egdhdhcoﬁgﬁm&g?fi\?g)ltrﬁé;r flejfﬂence UL
HarY o ) 5‘?‘%&’3 ogfny{a 12 ﬁ 15EGEPTEo apIiitasiasot h Bothi gh data
dB conpared to an unfaded Signraf 0 osed t hat
rate (i ANSHangowihakd)igndsal 8mpl§:tuaél lsyﬁ%olfsohl'éﬁ'@:’%dttﬁ} atd 9—P

protocol s be

brid automatic repeat reque
t
2ﬂglo;2d Eat Ieaggggéhaaigg?rEﬁgﬁ%gﬁFoﬁ}lpﬁnEhﬂ&ﬂ%@yﬂbqhaa.mnnkﬂkathat

has bee® manﬂﬂjhendusertmér@%a11g5$eghgggghbge%ﬁgggﬁp t he E? elYﬁLle
t, based for
S R R R A

packet pright te fiortwarghalddIbE of I 86EL PR gg)hav1ng a zero amplitude
in the a/D- conversion. 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). In
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 @rror 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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.decoding (in the user terminal receiver, prior to decoding the ? F%B 2006
convol utional or Turbo code), thereby increasing the reliability o
(downlink) transmission. In a systemusing either ordinary automatic repeat
request (ARQ or HARQ if the synbols constituting the higher-order

nodul ati on system are generated identically in the retransm ssion and the

ori gi nal erranspirsbabnlithesbiiin thel 3ERB M6 BIHD R q'tgaégg y c?aile%;nd n the
ret ransr’q:flgl Bgtaéglj denti % k) ﬁ the bit error probabilities int

original transri S5 oh. PXTREH b6 Aty e arigined rtéttﬁﬁﬂ‘rwﬂgsllcm therefore
t he sameThai phobablilllieyr afisEnS 8i@br #dcRthiel tlrg }_{}x ne. as
when t he L0 rst _occurred. Prior _art sol utlons ever %Réa"echnl ques

have beefl pro%%gédrfzﬁr?igﬁﬁﬁ\sﬁéonv npldvetiesr (thideidshded ichathd matesesof an
error i nwhepacket errarr i tanshcegh9agof the packet will be error-free. The
nost straightforward is Chase conbining, where the sane data packet is
retransmtted a nunber of tinmes, and prior to decoding, the repeated
transm sBrons aftt beigededspacket are conbined in sonme fashion. (There are-
di fferent ways of Chase conbi ni ng packets according to the prior art; for
exanpl e, the S t onbi ne he synbol |evel, or they mght
be conbi ned oSn t % %o 'P}x%? t?é‘l\}% Pexn W&r ﬁ-eﬂRQrPQE’IquGél iBSDPRe to

so-cal | euﬂpmveneh@allkekﬂhoddntya(:l RBh taebnbguan kR W Gh tah?) g.@c%a% to be
transm t in tance a_ % FEC code. In he

transmi séslejéd)enééa %‘%P%&o% ?E 5{3"? B‘F‘C ﬁE E’ﬁgédE’& EFTOr-Bmes .ar é‘hﬁrmh tted
per unccﬁifem:c@ln’af@rwatd &5 ehbbé 86kbiaeded %ﬁérEE@}le 3t g checel ved

si gnal |§ odlesd as 2 FEC code. |f deened be in error, fhe data
- packet ransn‘??’f%%gmbﬁ?e i # hpHBere R ﬁiﬁ@sbm@nénmd@at bict s

decodlng, the repeated transmissions of the coded packet are

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
wmight 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 Y% FEC code. In
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 Y% FEC
code. If deemed to be in error, the data packet is
retransmitted, but with the remaining two encoded bits
transmitted per each uneoded 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
constellations are also different. Hence, in the IR type H-
ARQ, the bit error probabilities are different in the
retransmissions. IR is believed to winimize 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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' d per each uncoded bit; the receiver then conbines tHe3dri®imad
;Lgnfﬂgtggcogd transm ssion, and decodes the received data as a X/, FEC
code. Since the transmitted encoded bits are different in the different ]
transm ssions, the synbol constellations are also different. Hence, in the
IR type H ARQ the bit error probabilities are different in the o
retransmasransnis®ios, bel kevefleho tHBYZ &40 %Eé@éﬁfff?%eé na]%ge [
error pro biiiti s, JJhus, 1R provides that, on aver age, e bit error |
pr obabi | |$lfce]§ ared  hekdngePotho fded erigg nsdt fFuamesors i oml atd ansni ssi on an
the -5 IBetEth@R06si6hr aAEAI 88LBhntl.- € When the bit error probabilities
are calculated taking both the original transm ssion and retransm ssion
i nto account . THdWESE €2 0& €s8 LK bAYS AHLFPREKS 1l fﬁ&%ﬂ)aaéee 1;28 ‘%haﬁsﬁe Si nce
combining. IR requires substantially nore nenory (twce as™ Lk
the nu NtodetR bFequiKas ﬁubﬁtb@tgtadrlﬁ%mqre td?nggfegmﬁzeuﬁigu;

i th | Rumespar y. | C | ni.ng. .
\rlrmor e corrt_rrl)l i cat ea%FéE% %pggﬁgéws%gcgg\%?ta%d] %,1 tsné:q%ft a{m}% fsti’er sﬁt‘?ﬁ%d_edhas
a f codet® (ihe regeivexohwofaurowakhcdder coiiparads wneader 4wt e)i@and then

; ) - ; te for
as a 3/ erpde. Mt needgd a ;Lo mnimze the bit error rate
syst emsterrpI oyci ng hrilig f-of e?iéﬁ%dﬁ\f%{lﬂﬁﬁswat s AP Lligatsd #iG ecti on

and ei t IH9CRY ors ARkt ERUt thhedaoar eas&d reeMiedddad s IR £ Qi ng.
DI SCLOSURE OF JsNVENTL %ﬁf& £ di ngl éb t he gr sent invention provides an
apparat us  and cort esponat NG Rt hodOfSF Fé&PoRdihgncedes épdw) maglest  in
a W rel éderc@Emmmilkatodn. systemin which packets are conmmuni cat ed

according to a nodulation and coding scheme, each packet enconpassing a
string of bi Rhatwiith mneded I®r® way to minimize the bit error rate

for systems employing higher-order modulation with forward
error correction and either ARQ oxr 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
trénsmission time interval, the method including the steps
of: accumulating the packets to be conveyed in the next
transmission time interval; ordering the bits encompassed by
the accumulated packets in a first order 80 as to provide a
first string of bitg; providing according to a modﬁiétion_
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; transmitting the transmission signal in a next

transmission time interval; if a repeat request is received,
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.packets provided in a frame communi cated during a ‘transm ssi org §i FER 2006
interval, the method including the steps of: accunulating the packets to
be conveyed in the next transmssion tine interval; ordering the bits
enconpassed by the accumul ated packets in a first order so as to provide a
first string of bits; providing according to a nodul ation schene and a

codi ng soi@imodderiid stise BiEer e6-bRpasBEQCESSthh oL g8NER atL gP%c{(egﬁ
transm ssion signal, the nodul ati on schene rovi di ng a constefrrati
i ndi cat ity % FREPDPFHRY drpd eFepeat §raupbe ohethpdebeyénniingdwhahbeheof

bits tC)éﬂéﬁ(ﬁfﬂﬁrqéaﬁ¢§&8écééf@ tEing &quiéggggiggéon signal in a next

transmission tinme interval; if a repeat request is receivedi <671 3 FEB
2006 t h&iPBrferiTheitche-te toiencemposdededytohe provaubafesd pankehsingn a

econd ek td e begi pning with th step of providing
chordig%qﬁﬁia ngﬁﬁﬁg?f%ﬂﬁgéﬁb§g§%ﬁ%g% %%d?ﬁ% %888%@ ?ﬁgeEFtEB§o ordered to
a proce§§ﬂ¢%ﬁlﬁﬁqﬂnaﬁiﬁgFngttbmsm¢dalmniehg@ﬁé;gmhefatadl?igbgr?gggpdfly
order, t ayeTel £t {he nodul ation are generated differéen

t han int?ﬁglgﬁlglﬁifgﬁﬁ H%%yséfébﬁm}%sﬁp?urther aspect of the invention,

t he second [ h i i uch.that the s ols in the

nmodul ati on cgﬁggiﬁﬁg?ﬁ%ﬁéé%gg%%%ﬁgée %i%?@?%ﬁ%??!tﬁgglﬁﬁcPH@ ori gi nal

transni syidsrinon of sthid Ibfus thersaspechaof thdesyhpyest ianthbhe second
rearranging the first ordering by

i its i vided b ' :
Cr ansf e Lot st PO A e (FSBro8ods A RESFersivethrngiaf hits 1o
the endcgfigimalf itrstnsstirdaniorof hinh Sa £011 EXEWPLBex! B8pefRAYEatjan coul d be

16 QAM and t he predeterm ned nunper of Dbits could be two. In another stil
fUrEﬁérﬁéﬁﬁﬁzléé’:§h§ §9ﬁﬂﬁﬂi?#ggﬁﬁ%3§%%oﬁ@ed?ﬂﬁﬁlhg Bfovhdediby is

provi dedrelayrrangdeid ithge SONEs I @ER €111 NS @ﬁg@gfegfiﬁgealast bits in each
predetermined number of bits of the first string of bits to
the end of the first string of bits. For example, the
modulation could be 16 0AM and the predetermined number of
bits could be two. In another still further aspect of the
invention, the second ordering of the bits is proﬁided by
iﬁverting 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
transmission includes a step of interleaving and the second
ordering of the bits is provided using a different
interleaving than in the original transmission. TIn 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

scrambling 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 error 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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group of bits that constitutes a synbol. In yet another still §d& FR&r 2006
aspect of the invention, the original transm ssion includes a step of
i nterleaving and the second ordering of the bits is provided using a
different interleaving than in the original transm ssion. In yet even
another still further aspect of the invention, the original transm ssion

i ncl udescarseepioh antiesbeaviane ard ! kedaqand,: 1ot A5yl Pérf[?c‘?f%&é is

provi dedegsing a different data scranbling than in the origina

transm sston. TROAKGERER REFt MEPPeshd@ wsidulwt iaw esyriloml s t heisecand
deri i bhés h it t ltted are ed
orderi ngnappihg bhhs is HLe nbl&@%siallﬁlg}ectgh% %etb?llﬁc_{ 4 E}?é‘frg%%;&}%g n%ﬁ%g‘app

to synbotI:s I n such a _manner that the error
smal | er. ¢ "Rt C@nBPABL - dPEheymedectthsf uwodaw dntion{wliiichhes ori gi nal

transni gsi@fersblp Byt 8rake«s06ed ar f rd.error -7 13 FEB, 2Q06
correction and s:g?rre gr ern‘(iz)fte,e and tr1 e 'bi‘Eltql'rsa,vg%ldet grretf]ﬁl\l/%rpjassje‘??mthe
correct iFFCHL FEPPEANGoOROElEabIiG® SynipoisrisEd s ngreppd fFéhahei s not

necessarg dhe S [ d_.t p to .nodul atiopn synbols the
uncoded bm‘ (whi Gh 12" %FEE{ g?%% ?}gb;/'E fﬁ’"g)ﬁg&}%%n%ﬁﬁﬁ?‘# %‘Heghe

r et r ansiRBkg bl t Weangwismdoor déping idherha tei tddcidd @itEedorSiRg a

di fferent;+syabel i ared _to the synbol nmapping used in the
ori gi nal ltr,ansm&s%ingﬁip \E%Fw%% her “Phe SOF¢EFEdBits or the bits coded for

forward errorygo, [ ILn still yet even. another further aspect of the
i nvention, in Ighéeﬁgﬂgfﬁgl e?”reg‘n s egn,%ur’r'&hﬁ]% &spestcfedhg or forward

error covrentinaninathebbriganalmeppednties iRgduhay it 5 YARO! Sodisyng a
first syfgplfmﬂggé and in_the .retr%gzm ssion, all of the bits are coded
for forward errofr - cortett FORTCGhACPh 8 g fdrd Patde gy TsoRed tots is |

provi dednodisiaigien défhiecest usyngoh m’&@@hn@yrr%f[pﬂ{a%itr% R he§ y:fﬁ)(:*.l.].'J.e
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.

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 DRAWTINGS

The above and other cobjects, 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 coanstellation for 16 QawMm;

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 ipterval (TTI) and retransmitted TTIs according to the
invention; and




i in the original transmssion. An advantage of the pPHeBarid 2006
rﬁegh??oﬂsfg that it p?ovi des (overall) bit error probabilities conparable
to those provided with IR HARQ but with Iess conplexity. BRIEF
-DESCRI PTI ON OF THE DRAW NGS The above and other objects, features and
advantages of the invention will becone apparent froma consideration of
the subsequengigetai fgd, d%i%&bﬁékgnlﬂi§§%@a%d in connc;]a?dS &lng o
acconpanyi ng draw ngs, Fig f
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a typical wdi@intals mail a9l Sy éé)ém- WCDMA radi o base station hg
Is an illustration of an origina ransm ssion tine interval (TTI) an
retransmtted TTls according to the invention; and -8 13 FEB 2006 Fig. 4
is a flOREHMPPE FPR (IARAY iNggOwr ek hotesrmer di ng t o the invention for
responding to a repeat request in a wreless corrrrunl cation system, BEST

MODE FOR CARRYHAG G:BnTHEn | WY/ENTAGH Eaedlea\é%%'ean ‘IM k [ied in
an appllc% deband Code Division Miltiple Acc
conmuni cat |Jo(%9§ yﬁp?éﬁéﬁ%?ﬂg“ﬁ%ﬁﬂpéleaﬁﬁéﬁﬁﬁl dWC@F%At r equest (H ARQ

Kk in 3GPP (Third
Gener at gmﬁﬁe?b&@f““ﬁﬂ‘ Q**%?%Ee?%‘ e g arcotd BReBFReOh “Rsi be

under st oot Ho } hwithheighvenepdndpynisnkl packet krcets appl i cation

c vention, .The
f(rjlvtegte i gﬁlsfrg@n,?;%%g%@%éé&ugsgﬂ %glz‘ﬁl tr(lﬁggga v&\neflg 3‘2‘%080 SPEESPIR syst em

i npl eneMiWFOne WPMhorateaseyhe BBDEAL onﬁtl shoepdaber aguesistoA80)
_pFOtOCNth%héfﬁutﬁ$@ the invention is not limited in its application

to the particular context 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) protocel, 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 Cransmitted (the transport
block) with other bits used in the encoding process, the
othexr bits being called tail bits. Next, a turbo encoder
encodes m input bits into n encoded bits, the ratio of m to o
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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invention is nore readily of use in data comunications (via packety bgggd
data communi cation systems), but would also be of use in voice

comuni cation systems (using packets) where the occasional |atency

i nherent in an ARQ communication systemis acceptable. Referring nom/Lo h
Fig. 2A, a portion of a digital nodulator systemof the type for which the

pr esent puUNCEntiiog som&lﬁfbthﬁﬁﬁhdéaéHKBWtés(in&'UQ}QﬂﬁﬁS¥§%ﬁsngﬁgU|%fn o

articu is.shown are the nodul es of a do
Ease ofLEéDﬁ%BUQQ?QFIQBFF)CGHbQHQﬁﬂQﬁngrﬁRWWE kbheatenthesenhedbidt s to be

transnibied. (thert faRspAcE , @@esé/wﬁﬁh@um%?!gﬁt f's'fggb['uﬁ E% gﬁﬁggé?g

t bits beln call ed tai
2%28322 ﬁ# BHE g?sePﬁPéeﬁ-é%@&ﬁﬁ?%ﬁtQﬂOQRmﬁwgwlstefoﬁ1noon bdependi ng on

the codfhg rate ®seenbygt be oy %é’p%ﬁl 5% for an _encoding
rate of %? each i nput bit is  encoded (# 13% % bﬁ?s? RBRETULSRAL e

mat chi n§°BF oRkEfraREREFIERE ﬁ@n@e@ﬁﬁﬂaﬁqzmlneﬁlmuleansmf;teﬂ tBet he

[ 006_puncturing sane, of the
nooded prta (e BRE| PheoRld Cxaienort I dh TR LS Pt OF 35 apbeidi ng

fit 1000
bfe ¥%t?H@a§ﬁb®§9dblbcksad@a‘ﬂauﬂebm&s seppegengheb we can
gf?zylﬂéﬁeéetggkln he encoded transport bl ock consists of 1004 bits.

The rat'e mat chi ng %F & then si mply dlscards (i.e. punctures) four bits

d, the encoded
according t t rul e, ot her han

transport b?%%ﬁpcoﬂglg% $g§§%nﬁip ock qéikﬁﬁmHQ%lhbtﬁl6€kag?dikfour
bits adededehgrmined lpaadeirer mFlieﬂllfll# e a NPEK/MpAMtsT bERVINg:bI 9

Finally, a QP K/N1QAM bl ock
(e PE i Eobliflo BUEEEERTY, PrRR STUAY REAR DT

alternatively, M ary quadrature amplitude modulation, whether
QPSK or 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 constellétion 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 OPSK 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

-10-




alternatively, Mary quadrature anplitude nodul ati on, whet her PR BEB 2006
M QAM is used being determ ned by an adaptive nodul ation and codi ng schene
nodul e) takes a group of bits and naps theminto a nodul ati on si gnal
constellation. Typically a QPSK/ M QAM bl ock is used for the mapping into a
nmodul at i oré@si gnal constellation and so the output of mapping nodule is
t ypi cal | pChegendreicssi grialck ) h(wb&\t&{ ,cdite-d 1y el d
appl i cabl.e, ?3% %ngul tilev rheal |.ued, nodul at i %hc{g@ﬂhg %?% %lﬁl?ary

dE S aty WA M 1GTH lfﬁ%éoloftlmem@@mn@dul ation, in

pul se arrpl [

whi ch cameppl&e (Itzh&t olceale i Ghdysh e QRSK 5@%{5 i mes
provi denéAF! put O‘ coursé’j{%%he i nver?fvlL on 1s also app% % %@%
arrange Eht Big ngPlusedha pmgges am@r@rmdutm Fhe. 2a

QPSK/ M QAM psadtﬁberr@a Ehﬁ QR I‘Ao%\éﬂfé&“&d V&Eﬁ }%f wrely an M QAM modul e
or an M PAM no uI invention could a e QPSK

modul at i GH"BE QFH?OFF“@( fisg z‘fd%ﬁan&%g?@]m’il eﬁiltdm:@%y@:dw]atl on were
non- symuehtirel bh@nnté'l' el RAJ A W LT MBOPSG L G BE e

nmodul atian synbols so that for exarrple It pairs 1n
is a zer92hPeChBRNPRESavéradd ool Gder tie tgir@cmrssgm"s iddbicdidd pad Nsedmy Whi ch

el oePagel in! prévebtnl Mcal ICBIRH 'l idie J HPSaRA! LB

nodul ati on and codin hene used 1S speC| pti Feenodul at i on
and codi A§oce8s18fFERI2008 whgﬁag(mm)illﬁMenﬂMﬁcﬁxh waentégls-4ne encodi ng

used b Lb dul ati ed b the rmdul ation
mppery(%ﬁﬁnﬁ%yu g?ﬁgﬁggngpggl%qbé?‘ng WS A 3(?@ Wbk apdiageV Briaock in

the Fig.Y¥2he. mérh@hpngcssscendtbeatmdia isFicgns2And S aQﬁIer; ik f or each

so-cal | ed_ph da a nnel, (DPDCH)_ and for the (single)
dedi cat %h%ﬁgg‘?g‘%r ngo)é? ? chanh ?Dﬁédli)n%&@&ﬁdatlé’ﬂ Kiigh 1 She he

di f f er erlerod@sa thamnegl s2Bi r(dEsger.EAd hb&tpr aceshd Sdurdigat 64,.as bei ng

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 Ceh,1, Cen,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 chamnels.)
Next, the channels are summed and multiplied with a complex-
valued scrambling code Cscramble- The I and Q components df 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 wmodulation by the RF carrier.)

'In the context of HSDPA, a TTT is a packet-' (A TTI is a
yet to be prescribed number of slots, probably somewhere
between 1 and 15.) In 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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used in providing data intended for the ith DPDCH The proces@gopggigmBZA
is slightly different for the control channel: convol utional encoding '
i nstead of Turbo coding, no rate matching since the rate is constant, and
no AMC. Therefore, no control channel is indicated in Fig. 2A. The

process in Fig. 2B (described next) is the sane for the control channel

and the;é@ﬁas@hamaehaif%ag; 'i:itlagp@l%WeE:O D@D%_)l 2Bmd hﬁlﬁ%&@ ghgpal of the

modul ati on mapper intended for a give or the DPCCH (the output
assumedrfepBieothe gnEdwpl ddestdhdied pasteent™) by an in- phase or
conponent and a quadrature phase or Q conponent) is multiplied by a
channel i zati on code indicated as Cch,1, Cch,2, ..., CCh,N (usually a Wl sh
code) t _pisgrdembadiNGHénal i zati on with respect to the other channels.
(The systemmay transmt information on one or nore channels.) Next, the
channel s ar eAsoord@dngndonul ffiipkice émbiddinferco gt e Vahwesk 56h anbbi-ng code

Cscranble, The L and Q conponents of, th signal are then pul se-shaped'in
puIse-sﬁ%ﬁfﬁﬁSTFF?éPg'pigf S OﬁﬁHtht lﬂPégiﬂﬁﬁﬁ%mp?@S%%&}?%+9n(At sone’
poi nt iaréhassodaedl topbaeestrinhe Hidnd 4 Bl Bordigid@dbplQy ¥8hR%in

converted, t Eically after the pulse-shaping filter and prior. to
modul at ¥B% 8% ghEaRFtEaPEMdESiony pRefegridy it smpe wayTihat Enpacket .

(A TTl tBe ¥8hbifehedptasesiched trwmar, of fﬂfﬁﬁhaﬁgfégéﬂdvéfﬁﬁ&gﬁrﬁget _
CK, at |I'S

between 1 and 15.) In case of an error detected via a CRC che
r et r ansA¥igénal smaprdpg padrthe neyewrning , fdbt Ikitet®ees an error in a

packet §FIblpiitrsends @ %%%%n%efaﬂﬂyéged}ggtﬁgﬂo%fe&H?féa?l{f?g%Hyi ng

the packet (TTI), and the base then e entire identi packet
(TTI). Aiffesenembdai mede smaller.

Providing for an advantageous average of combined bit
error probabilities can be achieved in several different
ways. One way, for 16-0AM, is to invert the two last bits in
each four-bit string corresponding to a different wmodulation
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 N
input to the modulator in the retransmission

In Fig. 3, a data offset of two bits is used for
successive 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 wmedium 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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.According to a first embodiment of the invention, for a retrans@ FEROFI0G
the synbols in the nodul ation constellation are assigned to bit strings
using a different mapping than in the original transmission, preferably in
such a way that in the conbined data estimates (i.e. in an average over
both the original mapping and the remapping), the bit error probabilities

are subsiante@tdespsiantisaln Kt Least i | rence i.s e smal | er.
Provi di ng for _an a%vant ageollijs avéééf'rage p?m%%%b?ﬁe‘gb%{l?agé??oFy%lggggbi lities
can be T - G5h Fev etatedi¢d er cFer imysancre féytheonubbe@AVE is to
invert tfedomed)astnfitgad fon G3chs four;hit i ng.corresponding. to a
different modul ation synbol . A secg%dlj\?\bfﬁ%f‘l gnggwgdB?ﬁsFWBgtS,gei s to

- of f set BYSTUEDiFA tHe @AHpuEo biraket Fleant obal heulb@AMofoBtikat ar. A third

way iS tpR:le QY & di ff er i | eavi ng._ i e,.retransm,ssion. A fourth
way is to gfr%?lloy di %grenjg}mdgai ;Eﬁéscc?l%n%}llq%%n?%?t%% ?‘gf‘Fﬁﬁsﬁ?sEpﬁn?aﬁﬁch of
these afplfererths ool reterdnssiseitoli enthawe deshrbbed helhowng

| npl emery &ty fy fd ' based.on offsetting the _input totﬁe
modul at gi aiidn%ée) lrareétt{ ?n“écr?nrﬂsocg%%ﬁf]}hs Fig. 55 H%?EaB?WgEFeéf TTho2Bi i8 is
used forshostrouddi wde etasinsiwe Hons . ofbrige Spethinhsal T¥r LMWeeli ts £ram the

begi nni ng HSDPA .t.r ansm ssion ti interval (TTl) (a TTI being the
time bet vvexglt ?gvr?s (I:%Eﬁtvleondgd iVeTi oallnﬁb%‘f%d bt wéénieheeheanamibkedss

cont r ol cVABe |fayest ardtddiesrhilssid@nspoEind aver,), 26t dhdpshigired to the
last twg. ItiqQns . every, other retransmssion (lre_"c). (It is assuned for

pur poses of thi's drsei-osurt TFRROMR i 1y & 99¥ies afinbeguestspies

corr espargicay ttoaamniH=Siginlonuietcof cipgul aft pn eyabeLs s conveayed. |f
‘the nunber of ,informatian bits does -12 -13 FEBPQO‘E)G not co?rreé g]\ég ?o an
i ntegral nUn&® &rﬁ%ﬁiﬂ%ﬁ% Lymdlsetransmitted, and whenever Ire.x

mod 2 = 1, the altered TTI 22 is retransmitted. With this
procedure, 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 vetransmission 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. Egqualizing 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 iast two
bits back and forth, or simply continuing to shift the packet
by two bits for each retransmission, would not continue té
randomize the SEP; instead, the error probability would be
deterministic. In the invention, the shifting (bit moving)
can be dene either before or after interleaving. If the bit

shifting is done before interleaving, then we keep shifting
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dummy bits are inserted. For instance, if the nunber of (encoddd} FEB 2008
information bits is 17, then 3 dunmy bits nust be inserted for 16-QAMto
make the total nunmber of bits a nultiple of 4.) Thus, the original TTI 21
(which is the sane as for the second retransm ssion) is shown with bits
n-i and nin the last two positions; a first retransmtted TTI 22 is
shown withie tH&d dgt o dibd Bt obns hesor thhbakbhETH nervad 40 dgi 1l it two
POSi ti ORS¢ derlny a%narégtq{ed TT1 .22 is retransmtted on the Tirst ]
retransissi on USTHY GFES BeRdCRhint thfeSERet r dfs hesitins shif tdaspoise t o
a seri eslonfe mdguastinterldLpbad, tERE8MESEAR SfinpiRAEHIGY el Hl)se Whenever
Ire-Tx nod %}Z.t: % Cb‘hhe 0 i%nal TT1 .21 is r.etrar]sm_ttedﬁ anél whenever

|, ,-Tx TW0d2%E PATh&Hl tieved TTITH2the Pétr shdfitined iswddnet kifser

pr oceduriatetleaimd)i teiliocksi £¢ engeppes {91700 A0t :LeSs d §iilall e bits in

t he const%l | atign every other retransmssion tine. I's procéss random zes
t he syntGI-TERFB S B5bi ther (sumat brgt hhef shdftisr ansni ssion. Si nce:
havi ng theesar® ivolR- | sHie 1,84 " n SSi | h st that. can be done,
randoni zi ng the SEPYi npr olve_s ﬁeﬂlq'?kell?%ggdbéf}{sgg\é\gils? 5’9:313%333

r et r ansFPS4it3RR vildl petnyicld smy (utdser ordmedohiez sageef ectal | Thgnbol s)

woul d bechettesrStind b1 | st..that  could.be dqne. Equali zing
the SEP is partially gcqil“ejsvﬂefdﬂf'%%\ 1B%ﬁr’e%t hv}/‘ealylflﬁetrﬁfgaé'ﬂ@@e-w&rgﬁlt i paper
by PanaS¥ksequgstwaldt raqswigeiai héinabbue- deferi-hesd emMigdicaenis of the

I nventi n+i.ndi 1.S;,t QL epeat sone_kind of random zing so man
times (rgg'ér r gﬁs%ie%gscr)g% atmﬁrgefé@hte%@?ijss cOMBEERE O &’H@Gmlfe&cr’@%‘@%at %/he

SEP i s bifeasaimrilemegdett isymhoi )the t £ 5hetl dubedemphasizegmiihat si npl y

novi ng | t I-ts back and forth, .or sinply continuing to shift the
packet nggffa \%% 5i Vtigltfe%rleeaévc]rpq et AL DninnBarl AEbsesHeEntue to

randoni teankeiSEREn st eashpdriie el Qin PE@BaRALEEY reRWagichE s<d@ler m nistic.
In the g__gé_gggiton, the shifting (bit noving) can be done either before or
after intérlféeaving. if the bit

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
transmission, 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 i1lyy, 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
& retransmission. For 16 QAM, moving three points is also an
option, but is expected to produce the same gains as mbving
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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shifting is done before interleaving, then we keep shifting -134the i 1250ty
two positions, so that the interleaving will be different and thus
random ze the SEP. If the bit shifting is done after interleaving, then we
can sinply shift the last two bits back and forth. If the bit shifting is
done after interleaving, then shifting by 2 wll random ze the first

r et r ansnild®ison foai tddeQAMepadtidly dheodd f&ipg:or era&%ggt i \{El y shifting
the 2 bi &3%1*1%‘%%& Q3l he origi na‘il position wl|l n%t yi any utther

random zi hg ef f&ct b dovd st et B woshd floe ngodef of Bethévint Bukeavi ng
wi t h eackhasubsegmentotirly ansiissd 5F e [ her ifted bit

stream | gﬁg_smt"% a result that is sin %E?O‘L%%? %gé%cﬁfgigd‘—mby an

i mpl ementation OF thét ithg %h@ﬁ ¢h sweedsa ofli 4 f eeepbnini 82k 6avi ng

i s enployed in each subsequent transmi ssion in response to an autonatic

r et r ansnilgpilenentagiest orl risheubgrahsp, ] i d out that. noving_one bit
al so  wottks, blitks 8BVEAgH bliSihS tRLeLEr §gg281§g%5?eﬁglpga e {8fta
corner point in the constellation, noving two Bi'£81°Feduces the probability

to 25%that the the Betend thdikGehbar ¥ il still occupy a corner
he constellati orgﬁ Cons ¢ elr&{aq%fo\r%r%lee? of it ‘T’rﬁ’?‘ﬁéﬂ%ﬁl?gi nal

position_in

t r ansni sg%lgn%’aig?e?tathPntlnB’Prttﬁe ther rhasti |twd foes shi fdadly 4dpit he new bit
group W firohp sbhktiandise Lh i1jt that the point is still a
corner poing.is SQ(V;_L(si ?icg b iﬁlgagqgg:ﬁgdl %oqe‘quzf?erﬁ%bébiﬂ!?‘?%.tl@tt he
other hahQ, *Pf REigdvel byanmmisshiemewmsdidxOr oy Wd lydhe hdhed o)

there isthal ¥orRe25¥%QLPRaAPLLLLY that the . bits with the ™1" value wl|
be in a corner point. Th%g?b%%%{lngo \I/\lltg'bi"“?]éL i S Thridieretiiransmwiasimvi ng one

‘bi't doesPPRPRBVEXOAeandkbbi mepgedf intecess Afnddid Py, or 16

QAM  NOVEEGe ¢ B Ln ILs_al so _an, option, but is expected to produce the
same gains as R%%?ﬁgﬁ &fag%am. Pnhe eceiver, after the symbol-to-

bit detection, the bits are re-inverted prior 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 emplbyees 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 bresent invention according to
this implementation, on the other hand, the bits to be
Eransmitted are changed but the bit-to-symbol mapping remains

the same between the original transmission and the
retransmission.

%mplementgtiog of first embodiment based on using different
interleaving in the retransmission

in a third implementation of the first embodiﬁéﬁt, a
different interleaving is employed in the retransmission. 1In
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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' ' ' ' tnd AR 7808/
nt. (For 16 M novi ng four pornts 1s the_sane as noty
gg?nﬁglif tge nnvinSAis done after the interleaving.) Wiat is preferable

[ [ [ t he nunber of bits
is believed to depend on the number of nodulation, i.e. _
LZr gynbol. -14 12 FEB 2606 Thus, for 64 QAM which encodes 6 bits per out
synbol, it is believed that noving three bits would be nost effective, bu

t hat novihg erder ﬂﬁnbhesbmtsbbbmp&ﬁédiﬁﬁEﬁhéﬂdgdgfnin!Eggo¥fg§$é?in t he

[ [ f g snmission. |Inplenmentation of fT1
erbodi ot *LeLEd L (0, FrAh! AE Fa3pr s biasior dvh wsbolisn the

ret r ansn¢lzanaed | backeisethadriaphiorrnt aticon LI the. fid sl eobodi nent, the

. ) : . ! ituting a
.ipaverts the last two bits in each 4 bIF gro constitu
%3& ZE ?at‘o‘?ﬁfbé ol DT HRRcES ‘geﬁPgaﬁ‘gt‘hatIf ithet ihaoriad medudeans hsss oo HAs

i » nEppeds twill heceaineh eeRSelA;Q) RY Nt W Ll in the
Pélrgﬂg€$02??? become xx00 and be nappgq into th |nneﬁﬁ%sﬁnﬁﬁﬁ %%t he
const el Irpz’ijt f o HiHfram FAVEKHBTy eWdtieAe -antten lidaw isyy b dlhd caritidts detect i on,

t he m1nspréad€bﬁmw@¢é§dtﬁéiQ{ttgegggégg o %U%hgin anddggagghngi Lglsone
prior art, notably a paper entitl nhanceq ﬁE&WEFﬁ g 1
Const el I35 ORERrr angaserece dvelor convelutidenainknoys Ll BEOYEes o

i1 hagk he bits to be
P [ 4 epr.u /.and March 2,.200;, t
t?gﬁzﬁygftﬁﬂﬁﬁéIanchgﬁg%%eﬁﬁ?gtﬁé gﬁﬁ?ﬁgp SO TRgipithy ierxarEhgendet ween

the ori ditfall ikadidinadioh sundeshewi L hashiseon becBude ﬂq{ee%eﬂtof'béwent i on
accordi@}éﬁbcéggfbﬂggnqgﬁpgﬁggg on the other hand, the bits to be
'd ‘bu e bt t

(rans tieq are chiiges Bt TRELFC o oynbol, rapping remins the sars
of irst enbadimint hascion JE?%% ﬁg??greﬁP erheavisay vid ¥ misee
r et r ans@esdidsiyr how the bits are grouped in the bit-to-symbol
mapping. Therefore, by applying a different 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 Cransmission, 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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Inathird inplementation of the first enbodiment, a differeny 3 Fpp 2008
interleaving is enployed in the retransm ssion. In a nobile radi o channel
errors tend to occur in bursts, typically because of fast fading. On the
ot her hand, convolutional codes and Turbo codes operate best if errors
are occasional. For this reason, interleaving is applied in a
retransnmasse@atlion ease S i t hat .changes, -15 FEB 2005 the
order of %he bits conpar ed_]:jtgiort 1(:%{15{e1q{)(%8delrrh ?EnH?%beasoeri%'? rﬁta}&it?ﬁﬁré?ﬁ'% Foh (in
whi ch ant8fr 8l t6&akioad Peinise nevharsad ircHdngdil baskeivet he sweeixver, i.e
de-inter hea¥vkBg ;s | 4 i to.,decoding., Jf t chanpe] causes a
burst of errq?gPﬁeF?%?gl \?\#ﬁ I%(ré’écag[E rleor%adea 1At lltﬁ'l?%gg?yt‘ﬁ TR eRved
bit sequEhBePifoWedees Wit ln Bl i (peenidemndingg) thenasiess are spread out
over the bit sequence and so appear to be occasional to the receiver;
convol utional codes and Turbo codes can then be used to attenpt to correct
t he errofisSegrad embddimenithood of success will be higher because the
errors are occasional, not bursty. For higher-order nodul ati on,

i nterleaving @kl thal sensteanden oW ha i tys | d
bi t-to-synbol ngggwgésTher ef 3r e, by aggl yli'ngrﬂj\ae gf%-g%gnétﬁ?%%rl eaving in
the ret r 3A8R{BE FTr 80psc facendiad itsta mramsdws: dmowt s viicde

mbol gedgagW whi j k i3t 2 'OQ: 1 engral, this
synbol sef g\ Whibe ﬁ'rfofv%d%@ thiat I?fetmfe%trf @%ﬁ;‘bx?%tl 1 c?flh%?cHent

wi Il cause.the bits to have different error pro

ret r ansnfR9j Bhet AEATERT PRdghibose t tlves fevsistn posts idhl aso | ctiavesk ear | i er

wll tendigho equahi 2embkbBe iRt w859 o) iLities. The interl eaving for

the retransm_ssion m gﬁt JE‘)g)\J/‘e'r%}t be lg{ﬁﬁ%rr% tz%% bslﬁccﬁﬂﬁoa]f HYS Mt are
_expect ed B 6CR&FeLACHigher bit error probability in the first transm ssion,

are made to have a smaller bit error probability in the retransm ssion by
However, in HSDPA the bits are always FEC-encoded, and

typically the decoding is performed in a manner commonly
known ds 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 retransmis&sion). For 16-QAM,
minimizing the decoded bit error rate can be achieved by
swapping the innermost and outermost points in all gquadrants.
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 cohbination 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
erroxr corrected) compared to when the bits to be transmitted

are FEC-encoded; Gray encoding is typically used for symbol
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shifting themto positions of bits that are expected to have fa,ﬁagﬁiéﬁagr?ﬂﬁ
error probability, and vice versa. In sone inplenmentations, if nor é han
one retransm ssion is needed, each subsequent rrtr)e'él_rans;n Ezggg gﬁeasi g

: . . en
[ | eaving scheme. Inplenmentation of first enbodi _ _
:jmfe;rgnt gata scranbling in the retransmssion In a fourth inplenentation

o e o oo koo (e Jaka TR0 Lo S0 BICL® i e
LSS The, term scra ing.is use _ _
136 Al teracrardbi 't RRNEIE NgR Lo e i RiGdmrdednsmii sane Libe

al t er at i @¥e beding remeasediica Fﬁ@oﬁ&ﬂe@&eio‘ﬁgrtg}%sﬁ%ea&icﬁé} :{xg}\}i:l%l could for
, | i shed.by mul tiplying : :
(pacudorty S EECtERREM A4 GEonBoBRL S Ae R 1Ecdvel ds £k arepfoF 9. 1,
Lhe bi {-comsyohiin aBAPSOGehasebaBR, dang O récgc%ﬁﬁ‘qjgﬁc?%gg“ azd it s
' whi ch, provi des _ J ) ,
o2 ot ng%(?]%’fé?"hx‘ag’fle%§t mapBsibte hotdsileldage sysilgls Skl@i’tg arappi ng

near est nei d?l ! . ; A th bits
ni ni ni zmpﬂm@lﬂh@%rigé gﬁgent@'g%?gg?ﬁ%gte ggghtg'%gﬁmﬁ%e :/tg’repé'g‘%]EﬁH#SF@ q%ﬁ‘i
?r;ﬁnglr : FEC;FGOH%%#%:‘L@W syueoddi hpe wheodekh®ipnbahid it ag,0f the bit

i 491 dhe d rather .than the bit values
;/ﬁlelrjrgZI \?jée:,:.Ij Takiln%%%?'s %%gglg‘go%%??rilﬁgaogeg bafso disrartowidade

i nti F ch@ eHdderaent tsymbel napppiing0 epibaked BoSYe & ner that
he. : ' is.mnmzed iven that the input to the
decoder Ty Trind el M | S b Pt R8ipse Swramd ik the
r:'fr ans M$SI9ss) bifsy 6-1e bi s néodeingotheodaaeded Hit Il Jiatg, can be
achi eved by . _ . o

In a fourth embodiment, 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 barticular modulation at least one of the
coding schemes is uncoded, and at least one coding scheme
employs FEC. 1In the original transmission, all of the bits
are uncoded and a first bit-to-gymbol mapping (prefefably
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-sywbol 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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swappi ng the innernost and outernost points in all quadrants. R X0y e,
if Fig. 1 represents the original bit-to-symbol mapping (so that bit group
nil is mapped to a corner point), then in the retransm ssion the bit
conbi nati on xxOO woul d be napped to a corner point. Further enbodi nents
Usual ly, a different synbol mapping is performed when the bits to be
transm t ired anechefibruaeedsd jGrot forward error corrected) conpared to
when the bits to bé transm’tted are FEC- encoded; Gray encoding is
typically usegd; %or 48 rrbol f.or uncoded bits (i.e. for bits that
are not FEC en oded)XL @or%f) isAtdngt &t é?fcoﬁé@?—ﬁmisorre bits
are not.ataordinhgr doenhedulfmaht@bnt hfe;rl Re@Iing td Ne rrd 4l nal

transm s§ho% W%rggeblts are coded for forward error cor' ct| on and: some

are not t8 ECHBYPAEALEOPWEY STl Ay vduiqle adirets earmpped to

nodul at | cpmsynbohsedsabgordifBPRbNE hal1la% kel NEE Y, sane as the
mappi ng éuggﬁi to nodul ati on s¥nbol éa tlhe uncog-'g%ﬁblis% sSé}be%“ael n the

retransni Ssi o%acggge?:aﬁamé’?ﬁéﬁpﬂgaoﬁ FRagfs Hig mr ovitdednaisimguare

di ff er enpasyabsl preppasd. i60AParEfe! Boliend p| ng used in the
original_transm ssion, for either tehe0 unélo%gg%bl ts or q%‘e bits coded for

forward ef78PmteFient FéMe LRAt&r¥alrth enbodiment, in the original
transm ssion, no bits are coded for forward error correction and all bits

are nmapped to dul ation symbols using a first symbol napping, preferably
G ay enc&%@ﬁﬁﬁcﬂ@ﬂﬁéﬁﬂansm ssion, all of the bits are coded for
forward error correction, and the second ordering of the bits is provided
using a diffeklents lsynbelund@;osﬁgodcaﬁaar edet apbhe -sEhali yImppi ng used in

_the ori gl ion, . Fot a in a systemenploying variable
- MCS, for a pﬁ%l%ﬂ?gﬂ 3 BTy | }1 ?ggﬁﬁéf’eoﬁg G%Et P ldeditigrs sifertds i s
uncoded,privtipléesasf ohe ppdéagt SCheBRtion, Numerous modifications

and alternative arrangements may be devised by those skilled

in the art without departing from the scope of the preseht

invention, and the appended claims are intended to cover such
modifications and arrangements.
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enpl oys FEC. In the original transmssion, all of the bits are ugcpggdympd
a first bit-to-synmbol mapping (preferably Gay encoding) is uséd in: -
provi di ng nmodul ation by the bits, and in a retransm ssion in case of a
negative acknow edgenent, all of the bits are FEC encoded and a second
bit-to-synbol mapping is used in providing nodulation by the bits. The
second Ri.t -t or synpol ppi ng could be any mapping, as long as it differs
fron1th§h%ﬁ%dﬁ%d3 ﬁ%gﬁg£5Vhat is preferable as the nmapping for the coded
bits is believed to depend on the mapping used for the encoded bits. 13
FEB 200§.Th%&uﬁgqﬂt'qg GEneraII%,Fig- 4 is a flowhart indicating steps of
a method "~ accdrdt %ét Pt hESPRVBAEPENtPOR repsafdinayuesta itepeati redlgarest i n
a W r el esswroonnat Gad | OPRssyst e WA WhI phcRatkel s AT Cconuni cat ed
accordin to(ginndulation and codi ng s%hgqe, e%b cgggkepigﬂg%ﬁpassing a
string S PITERith diedriabien phdkepdipgoschens,n emdr greckeammuni cat ed
during @ndo@nsBiasd oD ¢ FEnd NLEr¥aL t | nvention It is to be
under st ood that_the above-dé%cribeq Séfgggge%éﬁtg%éﬁgﬁﬁﬂ%?%kQQ%trative of
t he appHTHHIGH of* thef *3re neppresicatefiedpréngnty itmeeinies i IMIMERRUS
modi fi catrdnsraiand i teiddd V. beogevised by those skilled
FoRbIReagTEhE SPtere

in the art wi thout departing resent invention, and

the a ded i i Nty over, such nodifi.cations and
arranggﬁgntsf%%%ggﬁfgﬁgﬁgﬁaggq?%?ﬁgFgAgﬁePﬁoﬁoFXFyF@%ﬂﬁh&ﬁﬁgn@ﬁ@a r epeat

r equest HHRIERSSdss & impnintnecasl on system i n whi ch packets are
comuni cated according to a nodul ati on and codi ng schene, each packet

enconpa$¥i ng Fdamringg tfe thitss ewcompassed bpr ehpaskeusulRRd $RlKdL A
frame cqmmanigGated igd, ng, 2 dLans rE':ESw'rfﬁet élrrgirst 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

bredetermined number of bits to different symbols;

d) transmitting the transmission signal in a next

transmission time interval;

e) if a repgat 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 as in claim 1, wherein the second ordefiﬁg 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 firgst ordering by

transferring a predetermined number of bits of the first
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.interval, the nethod conprising the steps of: a) accunul ating the} BaEkBt 2008
to be conveyed in the next transmssion tinme interval; b) ordering the
bits enconpassed by the accunul ated packets in a first order so as to
provide a first string of bits; c¢) providing according to a nodul ati on
schenme and a coding schene the bits so ordered to a process for generating
a transilssionsignal cd dmed dd ehsSeens RQU) g & constel | ati on

i ndicating a mapping for different groups of a  predetermned nunber of
bits to different synbols; d) transmtting the transm ssion signal in a
next trAansm & i i I = )l a t. is . r i , then
ordering the biJgﬂx%ﬁgﬁﬁﬁgggéﬁﬁLf'thékégéﬁ%u at35£%§%§§fglﬁﬁ g%gg%gﬁd or der
and rep¥yl ithy Hedatesinsshimmibey wift Ppistepisc)twanherein in the second
order, the synbols constituting the nodul ation are generated differently
than in the original transmssion. 2. A nethod as in claim1, -wherein the
second otdert MG e i tod disn Qucwherstin Wdies yaevoins] iordehd nap ad] afheon
const el ligd : -dj . I h iN.the .original tra 1. SSi on.
5" metped a8 EatafaleR 3 bt Sbnk 8 ddb e R B ™ B £
provi dedlast dddrs dagicsgh lgercupr sif dridey ithgth\cortstansfresr angyambpiledet er ni ned
nunber of bits of the first -20 1 3 FEB 2006 string of bits to the end of
the first string of bits. 4. A nmethod as in claim3, wherein the nodul ation
is 16 Q&AM dhdrathedsaddieciiaiad Snumberedh littes nicglutlwtich i st et as i n
claim 2, j rderi . g its is provided by
invertiﬁgﬂggﬁgi re e;%%ﬁ?ﬁ%ﬁpﬁﬁﬁ%éﬁggﬁfph%% Hﬁ%&mﬁ?ts in each group of bits
that constitutes a synbol. 6. A nethod as in claimb5, wherein the

modul ati-pn i  HIMas in claim 2, 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.

8. A method as 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 is such that the bits to be retrangmitted 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
_transmissidn, 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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and the predeternined nunber of bits is two. 7. A nethod as in dI1&ifb® 2005
wherein the original transm ssion includes a step of interleaving and the °
second ordering of the bits is provided using a different interleaving
than in the original transmssion. 8 A nethod as in claim2, wherein the
original transm ssion includes a step of interleaving and the second

orderi ngusfodd billid o schy BA e aldd O ddFpiLNtedalA SSFANBL{Ng than in
the original transmssion. 9. A nethod as in claim1l, wherein the second

ordering of the bits is such that the bits to be retransmtted are mapped
to syntdls imnsutiod amnercldiat the wesaded vid SFH951 MRbSHI e
smalIer.unjc%de%s thod as in clajm1l, wherein, in_the origi n}gﬁ3 g f@ﬁ
transni ssion, Hi'lts B FH99 fSFrRarene?dErg - correction and sone
are not, and the bits coded for forward error correction are napped to
nodul at i sy,mhol ing a ppi n that is not necessarily the sane as the
mappi ng l%g'ed 5“‘9&315’%15&Sgr?ﬁhg?a]ff%gbsmﬂ%l%elmr@wwmm@l and in the

r et r anstirssisorisdifeg,S @ROnsh 1 dard ebAfq the- BidSed Sy RELYvd A€ .

di fferent cfy ol .rra£pi ng, conpared to_the synbol nap%lyéﬁ]g %%%lﬁgégr:ﬂfrﬂe

ori gi nal®¥ fr‘ﬁngbs’%:l RS FPRRGGh &rC tppdulat iy Frmtxos weiteded Hitst or t he
bits codgthdaar nf=@isaid QDN HPHLGE : t hog; in clhaim 10
wherein the symnmbo naggpi ng for uncod%%éltﬂlssﬁsé%r oVl dgédf uéi?erlgbjt;trséyafe
encodi ngj:.O&P?. ERTrEORO@TsSs 95FQy Slantectim.eiand itthd heearid)i adering of
transm s$e0mhi R0 ik L5-RfiQLP I8 o1, for rQr .correction and all bits
are mapped to nodul tz‘?t%:i on synbol srfgﬁsai régiéﬁllderlg{ sggnﬁé)ﬁolmw%g, and in the
ret r ansfiEERGRd 419 the rshyetsilt snemmeng oved] fior Hier warihatadr correction,
and t he +segend dering of the bits is provided using a different synbol

mappi ng,
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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conpared to the synbol mapping used in the original transm 55%@“5-%:%@-2%5
method as in claim12, wherein the synbol nmapping for the uncoded bits of
the original transmi ssion is provided using Gay encoding. 14. An
apparatus for responding to a repeat request in a wreless conmuni cation
systemin _which packets are comunicated according to a nodul ati on and
codi ng scfiene, Meaph fpacketnemdonpagsiche &rShki%=qfDid; M b Qne Qr, nore

packets proMidedskn,a.ftrame communi cated during a transm ssion t1ne
interval, the appg%g ué@%nﬁ#?ﬁ@g’a) means for accunul ating the packets

to be conygyedyks he _next transm ssion _tinme interval; b) neans for
ordering tﬁe bi t%n%nggﬁp ]s:(sjgadﬂﬁ}g% atadfuRukrsPeatpaekmesti isa first order

so as to $reviveda thesbitstehogmphsbelShbyC)lhAEAR RaREoViLd] accor di ng
to a rmdu(gﬁép@dSflqegeaggg{lgaﬂgagipng sche?re theab?%ﬁsm&%g‘egr%d?r g%%ttg gre
a

process for generatin §sion signal, the nodul ati on schene
providing a c lation_jndicating a mapping for different groups of a
pr edet er ni ned%ﬁéré‘%lr“o%%fﬁﬁ FoCOnfferent. shabsyebola2ceBsEEBuRAAG d)

means forthe amsiildthontheet §aRsPh 8k 08+ B 'y ext ansm,ssion tine
interval ;. e) means. for pr ovi%i ng t hat ?%ﬁggir?g%%% ?%%ﬁe%{l %ée PELELPEd, the
bits encorrpassedg%JyOQhe accunul ated packets are ordered in a second order;
wherein in the second order, the synbols constituting the nodulation are
gener at ed (i f fer ent IF% than in the_original transm ssion. 15. An apparatus
as in clam lf,n S th @S ddosd adiddrdi ngherein the second ordering

of the bits is such that the symbols in the wmodulation

constellation are composed differently than in the original
Cransmission.

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. BAn apparatus as in claim 16, wherein the modulation is
16 OAM and the predetermined number of bits is two.18. &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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of the bits is such that the synbols in the nodulation constel ljagimg a0es
conposed differently than in the original transm ssion. 16. An apparatus
~as in claim15, wherein the second ordering of the bits is provided by
rearranging the first ordering by transferring a predeterm ned nunber 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 nodulation is 16 QAM and the
pr edet er mi ned urrt)errq(;?fe bits is two 18, An apparatus_as in claim 15,
wherein the QEQSHH"'% EHRgPBES thik Previded sugimgy pdd4E fRranty rEa ng some

pr edet er ni ne@gorambEingfthahhen! @8 JdHigSnhD ©@3GHMEEOUe,Of bits that
constitutes a- synbol. 19. An apparatus as in claim 18, wherein the

nodul ation is 16 QAM and t he predeterm ned nunber of bits is two. 20. An
appar at us as2Pn chriappE&atubez®iim tdlelor g ndleretinatisensiond dnddnides a

step of integlgeaping; { egand r | f the bits,is.provided using
a different Bitfn?%% Ir!g%\%ings 'Egﬁgl?] I'n tﬁggog%?% %ter an ﬁ%ésfrfl&ﬁ?dﬂ?e An

appar at us as"PRPed dignspsbolEeiei sudthe wanggmnadhatt thasiecssiednbinodmdes a
step of interheaviHandReisecond -23 1 3 FEB 2006 ordering of the bits
Is provided using a different data scranmbling than in the original

transm ssion. 22. An apparatus as in claim 14, wherein the second ordering

of the bits 23.sumh dgraicathe &t tQabf 1€ naRTETht el AR onARRRESk 1
synbol s in sych nBner, t hat t he. decoded bji. error rate is pade smaller.
23. An appar'g’t%uis:ﬁ%s i cTaPi 1 ,eWﬁggnat LeXeBhaSHIRRY MREPIRF fMe bits
i s provided Y¥scnged Wit evenared niolthenppilngl epping castetl foct Bieonfar ed to
the symbol ngRRLAGrHS e dcAlingi 1S Jfyigufji ch FEC encoding is provided.

24. An apparatus as in claim 23, vherein the symbol mapping
for uncoded bits is provided using Gray encoding.

25. An apparatus as in claim 14, 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 gymbols 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 .

uncoded bits or the bits coded for forward error correction.

26. An apparatus as in claim 25, wherein the symbol mapping
for uncoded bits is provided using Gray encoding.

27. An apparatus as in claim 14, 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 ig provided using a different symbol mapping, - -.
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.24. An apparatus as in claim 23, wherein the synbol mapping forﬁpgcppgqmﬁa
bits-is provided using Gay encoding. 25. An apparatus as in claim 14
wherein, in the original transm ssion, sone bits are coded for forward
error correction and sone are not, and the bits coded for forward error
correction are mapped to nodul ati on synbols using a mapping that is not
necessar idojpareds dve the tHyebaappiapgivse Gk T8p ti on synbols the
uncoded E&E%B"ag%ihg t he retrans%?gsﬁﬁn, t he sg%%ngggggégﬁng of the bits
is provide using a‘different synbol nmapping, conpared to the synbol
mappi ng used in the original transm ssion, for either the., wuncoded bits
or the bixgs cqaded %%%agormard.errir_correction..26. An apparatus as in
clain125& wher ei nTERESYTEE MBpbilAd™ Rdr wheseén bhessymbplomagpingsi ng

G ay encdgimghe2incAdedppatat 4§ 85el Brghahm 1 :8L0onl Bthe origina
transnis§j9g po._bits are coded for for%hrglegfgﬁgg%g%gg i O ?Eﬁﬁlﬁgg bits
are mapped t0 rnodul SPFEAL8Inbol s using a first symbol mapping, and in.the
retransm ssion, all of the bits are coded for forward error correction,
and the second ordering of the bits is provided using a different synbol
mappi ng; -24 13 FEB 2006 conpared to the synbol mapping used in the
original transm ssion. 28. An apparatus as in claim 27, wherein the synbol
mappi ng for the uncoded bits of the original transm ssion is provided

usi ng Gray encodi ng. '
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