[0001] METHOD FOR ADAPTI VE QUADRATUREAMPLI TUDE

MODULATI ON SI GNAL CONSTELLATI ON REMAPPI NG FOR
WO2DARMGIKET RETRANSM SSI ONS [ 0002] FI ELD OF | NMENMUSION7/006397

[ 0003] The present invention is related to digital

data nodul ation in wreless conmunication systens.

More particularly, the present invention is related to

a method for adaptive quadrature anplitude nodul ation

(QAM signal constellation remapping during data

packet retransm ssions. [0004] BACKGROUND [ 0005] In

digital data transm ssion, IS common practice to

transmt an acknow ed rrent A&f} Si froma
[0003b; ver METHOPHOR AR RE A} TUDE

receptio N@DW?H@%%ERHAL CONSTERRARION: REMAPPING
recei ve an ACKoFOReBATVeBARKIER FIEKRONEGHRPAONNS
(NACK) si gnal during a defined tinme period, the data

0?@ et will be retran%rmtqy@FiﬁgﬁﬁTMransmttl ng a
ta

packet provides an opportunity to inprove the
(08081 ci endl)hwfpremtrmveath lgsraiﬁtddytmsimgalsdgtmmmﬂatmn in

Wﬂje eesrssd atﬁ)ﬁa%%hfs?e?el\g@[ a?m{%ﬁ?érl §1j1e|s8{/1te invention is

ransm equency 't o
re‘lamdue rmyxethodetbs adgptive @uathtaauthphtmtwmmulation (QAM) signal
e%rI? s(;n' tted on addl ff§€ dkenna to éas(ih' eve
g IHF?FQF’QPW Ui errd rency of hgara %acket
retransm ssions may al so be inproved by signaling
i.fferent versions of [ 0007] Signal
[nggf)‘[)l ng diversity is a pﬁ%ﬁﬁg%owlam gue to inprove
[Oi08] ef fi chemgytad)ﬁiadatmﬂﬁksibn,r ittis anvam@sptsice To transmit an
chi pi.ng dipversity,.the sa bit, .4
 Jihvap e e TR RRe HORT BrAStEiver gt e iten oy indicate
s&dﬁléﬁ’lﬂhfééepﬁgh bf4 data p\&mh t.t TFey ﬁfﬁﬁsﬂnﬂftéﬂ&bés&dﬁ rgdeé¥e an ACK or
t han the qu ratuepas t. ke n use
recpives AR AFRAIIeqgETRA (VA %@M@E}P‘g‘%‘? Bm&negmd the
A4t SACKREMEYe HtafiRimigfeder nodul ation, the reliability

of those bits are not equal
[0006] Retransmitting a data packet provides an opportunity to improve

the efficiency of the retransmission by using signaling diversity. For example, a
data packet may be retransmitted on a different frequency to achieve frequency
diversity or a data packet may be retransmitted on a different antenna to achieve
spatial diversity. The efficiency of data packet retransmissions may also be
improved by signaling different versions of redundancy bits.

[0007] Signal mapping diversity is a promising technique to improve the
efficiency of data packet retransmissions. To achieve signal mapping diversity,
the same bit sequence is mapped onto different signal points in a signal
constellation when the modulation is higher than the quadrature phase shift
keying (QPSK) in use. It is well known in the art that when modulating bits to
symbols of higher order modulation, the reliability of those bits are not equal.
The reliability of those bits depends on the location and/or the value of bits.
[0008] One scheme of 16 QAM and 64 QAM constellation remapping,

proposed for 3GPP, aims to average the bias of bit reliability during data packet
-1-



The reliability of those bits depends on the | ocation

and/ or the value of bits. [0008] One schene of 16 QAM
w@rw7880QAM constel | ati on remappi ng, proposed POT/USIBPRY06397

aims to average the bias of bit reliability during

dat a packetretransmi ssion. In addition, a prior art

proposal for 16 QAVhas been adapted to hi gh speed

downl i nk packet access (HSDPA) standards. This

remappi ng technique is referred to as bit-w se

re&%rqa ﬁ;& 59 gd&ﬁ?& rgae ré&fsﬁé)eCWas%een adapted to

hfrght sPESE doMTBRIN HEcReY E@éé%‘s‘ ESDPW) Wiaidardy/ SUBlls remapping
npl oys. weak channe) ., codi ng because_weak channel

teebarqvge isapteateditapghitovide reweerng Pistisedemprpingiy ¢ifective
whEAREEy Rbm! SHPRAB Yo {Fanddd Q@@ﬂngAnHB%{rels clﬁﬁi’iﬁ“i'sé)f'emappmg

SI gnal remapping ainmse t o nmaxi m ze the m ni mum
$ @gogy her apxstemeemPYSt WAk ctleeeeb cegipgdapcause weak

HH—H:I&'I moﬁlﬂ§tcﬁﬁm3ﬁig%n§odeTQhﬁe Ghid! ffu®R in a_small number of
effectivelymnim zes raw synbol error rate. This

redawgeperngitsechni que is referred to as synbol -wi se

ppi ng 0 e Jre
BT oraT e ey Jr R (BBl (el e H08finfro the
mapipnwec rembamed) repedd sHuckdear] Octlstmice PtCBEDar across multiple

PR, HEPSRES, WOROR A g A ) R e i

remngppingatechsiguer isbieferrdd o efsosyanbal-wise nmm:tmﬁhgm $ymbol-wise

iR beBhodBeY fhfen Attie UGk nll Sl Because

theesmpmra;)ﬂrsacdmranenincoﬂudtsbrete,mrt has been shown t hat

t h f t
B8} o BRI SPE P B A tARrioes b (€ advantage
off mm@m@lﬁcm ped [@riakelhes bishef at WVﬁgﬁm W€ Separable.
a net an a

channel c ore, ar. )
T et BTV BT LR RIRG SAECEIAGP 1) SO eRARROR O Ibeling
bﬁ@@m ROQAM dipfiall @ehdl tvdilﬁés;ﬂﬁe &tﬁﬁm:dtynﬁ'fsfy&ﬁfmﬂf@e rxl'emappl.ng is
or.e |n sche Sl N a Sin e e ni gue
ASERE FSrthert o DR Pedithrionms Tht sy bik Yige B BPP E G he Pacforms

b&lﬂm\(the system uses strong channel coding and a symbol-wise remapping

o

scheme performs best when the system uses weak channel coding. Therefore, a
method and apparatus for adaptive signal remapping according to channel coding
is desired to improve overall performance compared to remapping schemes using

a single technique and to reduce the complexity of a receiver.

[0011] SUMMARY

[0012] The present invention is related to a simplified symbol-wise QAM
signal constellation remapping scheme for data packet retransmissions to
improve performance at a high coding rate. The simpliﬁed symbol-wise QAM
signal constellation remapping scheme takes advantage of the separate I and Q
labeling bits in a QAM signal to reduce the complexity of a receiving node. The

present invention is also related to a method for adaptive switching between bit-

2.



[0012] The present invention is related to a
sinplified synbol -wi se QAM si gnal constell ation
wo ewwapmiomy schenme for data packet retransm ssiBCBEUS07/006397

i mprove performance at a high coding rate. The

simplified synbol -wi se QAM signal constellation

remappi ng schene takes advantage of the separate | and
Qlabeling bits in a QAMsignal to reduce the

conpl exity of a receiving node. The present invention

.Is al so eI ated to nmet hod for adaptj.ve,sw tchi .
wigRARk P%W%e&aﬁ*i??lé‘%?ﬁdﬁn%ﬁpgaﬂ%%ﬁﬁ&d%??&? f gninel Sodingate
to aaﬁep@ bﬁﬂnﬂ&ﬁ@eﬁfoﬂﬂaa&l@e acria he rasge ofgizate] codiaghabase

opti mum performance across the range of channel coding
rates. [00 13] BRI EF DESCRI PTION OF THE DRAWNG(S)

[od3914] Anor e gigEF DESORGATEIN O mmmbnmm@(smt i on

be had fromthe foll owi ng descriptionp of
(OQH o r o rapssiR:ANAsk udgTS ERIBYE Ghthe ShVeBtRTPeY kR had from the
foﬁb‘%vﬂg%s V\ﬁggn bfla 9%%9%%&&&& (iCeRBp Wkﬂ&ple and to

drawm ngs rein: [00 15%}9 gure 1lis an exenp
be bII@@RStQPé@P 8%@0%10%"?1@]1 & 2ECOMRANYERE | ﬁwﬂ%st ‘@h?rem
[0 ﬂi‘gf | gur g8 1@§%@g%§&%§&kwwmwemé§ Bbin@finication
16] Figure 2 is an exenplary synbol -w se
sy@ensc@ﬁménnﬁéwéppp@mm thegoreagm iy ephion;
¢&gymodul ?‘5 PR dn é}?&%{)ﬁ% Q&iﬁﬁol Wé@é@m;ﬁfht% i'éiﬁappmg for
an

systemo ure gure 3 is af

16dalt amd 6 a@ﬂaﬁengw lgbglﬁ&bl*@m émpafqdow the system of
Flg&{qie’ process for data packet retransm ssions

ed by the systemof Figure 1. [0018] DETAILED
[O(DEBCRI PTmeteFS iselorRERERRED flAvEEE) sigypl constellation

rotfop i Blasef BRI AL AGR, Kok dbrblo systom of
Figuid 1e station, fixed or nobile subscriber unit,

pager, or any other type of device capable of

operating in a wireless environment. Wen referred to
[00E8le DETAILEDRESGRIRTION OR TR PRRFERRERD EMBEDIMENTS

a Nod ite contro

obBHle, ty Bier b R ale e BRI Bl iy P il udes but s
not Mivhited b Atuser equipment, mobile station, fixed or moblle subscriber unit,

pager, or any other type of device capable of operating in a wireless environment.
When referred to hereafter, a base station includes but is not limited to a Node-B,
site controller, access point or any other type of interfacing device in a wireless
environment.

[0020] Figure 1 is an exemplary block diagram of a wireless communication
system 100 configured in accordance with the present invention. The system
includes a transmitting node 102 and a receiving node 142 configured for digital
data modulation. The transmitting node 102 and the receiving node 142
communicate via a wireless communications link.

[0021] As shown in Figure 1, the transmitting node 102 includes a
processor 104, a data modulator 106, a transmitter, 108, a receiver 110, a

transmission number counter 112, a constellation table for bit-wise constellation
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[0020] Figure lis an exenplary bl ockdi agram of a

W rel ess communi cati on system 100 configured in
waewonedmmce with the present invention. The sSyBCEIS2007/006397

includes a transmtting node 102 and a receiving node

142 configured for digital data nodul ation. The

transmtting node 102 and the receiving node 142

communi cate via a wirel ess conmuni cations |[ink. [0021]

As shown in Figure 1, the transmtting node 102

ncl udes roce 104, .a data rmdul ator 106, a
r?r?%?%lﬁigt*%‘p %eslgaﬁl%‘b takle for ymbg] l-Wise eqnséeliafion remapping

1n&rmwnteawﬁms bhd arfesdast gbbati on table for bit-w se
tel I onrenapplﬁ? 114, a constellation table for
03\% e proresam Y4 wreonguped teyimplmentcs plyngllite of QAM

sigh8l caﬂiEieHBuBﬁ GRAppin te&]ﬁﬁ&@&s Tha ® fﬁ’éfe?'?&{ eﬁﬂfbd’iﬁent the
configured, to inplenmen ural it QAM si gna
PEASRER0E| 404t irgplemandp ﬁglnlé{)q%mabgly -Wise QAM signal ednstellation

éﬂ?%ﬁh@‘%@hem@l@r QLOCHRRRE retPAnd AR That @aﬁésrgﬁw}a%ltﬁge of the
synbol

W se M si gnal constellation remapping s
sqrsrableland G i RAM sigmalhat t akes advant age

(00823} he sepy éﬂaembdﬁﬁ%lq @%%ﬁﬁgm o rﬂag?%éc‘dsg AL fincommg

[ 0023] . The data nodul at or 6 1sco
encoded ik senihfrom pg envedee 420 iintoseme pbmtmnaal Cemvbdmstenatmn

The BrédabSorOftft ﬁ%ﬂhgﬁ%(ﬁto%géc% QAa! %lleatthle consiiel%lgtlon used

processor 104 is c gured to Sel &ct an F'ore
bxtwta@oéulemzamﬁa ﬁ['h%taj;amomﬂetaralt% lsmahﬁgtred td@fvert each

eJé&ﬁeg | t tweO:{)ncJJ? !lZQ’O £19'd f I % FRL onveﬁ%ﬁ]ﬁ signal

enco ed e enco
C@@t&i}aﬁmgsetlgctledé)ydlhgrmbcesemlMI ation sel ected by the

essor cordi,n o the codi rat e, of
[Ogggfncom%&géd?gqu@ %m rattegoéI Tt RLLTYGE JI%& l?lg stream, the
prooedsiogdpé ds tonﬁ@hedtto lselemle‘laetwmmngsiﬂg amtsﬁéllazidnafable for bit-
Wi.Se con on r an
wieBnibal s, g Patil IE ] e GBI dple o vrboLovise
congtedlpiongreifppihf 116e If thb dadingt e thé erdoRGAFHIOstRéAm from

R R A0 A L AISE Lo prcecor 14

sedadte thes cotstellatiohn th)l@ttb@ Byﬁbbl-ﬁﬂeoéon%%ﬁb&hoﬂ/\béﬁappmg 116. If

const el | rena
thé coding raq: ?’ he mcdpngm gbl% stream from the encoder 120 fails to exceed

the predetermined threshold, then the processor 104 selects the constellation

table for bit-wise constellation remapping 114.

[0025] The constellation table for bit-wise constellation remapping 114 and
the constellation table for symbol-wise constellation remapping 116 consists of a
set of constellations corresponding to different modulation types (e.g. 16QAM and
64QAM).

[0026] The processor 104 is configured to select a signal constellation to be
used by the data modulator 106 according to a current transmission number.
The signal constellation is uniquely defined by a mapping rule. The processor
104 may select a different constellation table 114, 116 for each transmission

identifier number.



the coding rate of the incomng bit streamfromthe
encoder 120 fails to exceed the predeterm ned
wao booegbokd, then the processor 104 sel ects thePCT/US2007/006397
constellation table for bit-w se constellation
remappi ng 114. [0025] The constellation table for
bit-wi se constellation remappi ng 114 and the
constellation table for synbol-w se constellation
remappi ng 116 consi sts of a set of constellations
espondi ng todi fferent nodul ation types (e.g. 16QAM
[oéﬁfgf 64%« he ?Y?G‘EH}JttPﬁelQﬁ bt eanfigured sto; Ypeanviery @pddtrapsmit a

maBhES QAVSERABS] TI8) Shé dbdcer! PP 84 rQééiéiggi xgcgieamz. The

modul at or 106 according to a current transm )
regeiyee L 10 heondigymed tataesivel dnadkaewiledgementd WCHignaldr a non-

18R (AT g ks Pl SUEF 149 atr cnc

different con | ation ta each
trapgmissiousi ofAnj 46K indicatesuthzdr tHe @edgivifigenodearist® stevessfully

' ' ept r ' ed . .
AR R AR AL AR by iion
ofitheld atal packpi és remmireddrecafe the receivingmaedk 142 didagitsacassfully

A . ( ACK) signal or a nonacknow edgenent
e gggﬁgﬁggféh1the recei ving node 142 after each

[002&hs i ssPlonreckive®CKLO ndithatteanshiitirighaode a®2visnepniipieed to
S lyv. recei.ved the data packet
repite SHPAORRICHK MahBRe RS e THEaB G0, 14 < dro Breforred
erhbedidedrd, (lechetedsor 104)is cadigired tis indthectithe dava Aghdudgkdr 106
142 did _no cessfully recei the trapsm ssion. ..
tor 5l SaliledhES B3 the b tHY il QAR 3R odging to a
nevelycsriédtgdroetstetiationei The ArddsdéK164 g abofifiaa fdljllﬁlstruct the
receLyin de 142. |, referred epbodi nent,. the .
trigaiten L0830 Seirttsmil e Bete Botket bhan theripesien 110 fails to
re?ﬁga !a&tNCKk@@lM a_tlthrﬁil gippﬁéﬂé@&eﬂ;d_ 'nbt Hb‘én'ﬁ)ﬂ\%lme} Bl%iréﬁfi&gﬁé the data
into signal s accordin o} new y sel ecte
sty BPP AEPEHTSORHE B BELST gongmd it Gt Hesdiba doga modulator
10619 Fegdp theehdoded Bitst ko RGNV aboMiing (3 Hakly selected

cket ,when the receiyer 110 fails to receive an
coORBRUTRHION 280 HRPtEIGH DedrarTmitar T fogebemsanit the data packet

whémBE1 ddebRer 11O ARbRres a NACK signal after transmitting the data
packet.

[0029] The transmission number counter 112 is configured to receive an
ACK/NACK signal detected by the receiver 110. In a preferred embodiment, the
transmission number counter 112 is incremented by one for each received NACK
signal and the transmission number counter 112 is set to one for each ACK signal
received. The output of the transmission number counter indicates the number
of transmissions for a current data packet. For example, a one indicates a new
transmission for a data packet and a two indicates the first retransmission of a
data packet. The processor 104 may be configured to use the output of the
transmission number counter 112 to determine the signal constellation used by
the data modulator 106.



packet. The processor 104 is further configured to
instruct the data nodul ator 106 to remap the encoded
wheag/10980 QAM synbol s according to a new y seP@€nUs0NT/006397
configuration and to instruct the transmtter 108 to
retransmt the data packet when the receiver 110
receives a NACK signal after transmtting the data
packet. [0029] The transm ssion nunmber counter 112 is
configured to receive an ACK/ NACKSi gnal detected by
receiyuer ,110. In_a preferred_enbodi nent, the
G030 e i s lmedufich e omegten %P%ﬁéﬁ@eaowomappmg
riilef u sFonboCPané (N §i @it bf Aediviell Ceridod B BiteS MR subscript m
nunber counter 112 is set to one for eachACKsi gnal
repreesnie an mifadasamagketdransmissiam shcordiog tntheeemmon mapping
unt t
A SR A8 R PR VRS o SRR Hiociecith a bit
sempwnkeansm ssion for a data packet and. a two

O 7 ot el Aoty THRrgpsele 10 SARE' €1 BAM g nisher

s1gf]1al h&lﬂtbﬂﬁﬁml&%hﬁlfpmb ﬂlheC%)Mﬁt ﬁbdﬁlja%Of Q.Odﬁifjl@(lf Q}lﬁﬁorts other
t he onst atio use Yy a noaul at or
Yeis o grlaGan Seh 25 asedraes PRYE PRIk BATINGIARED use

[(maeqammn ABpRIiAGrdtse éﬁﬂm%l@]’ub@llb g&pévmeélmiosa each
recetveg encoded bits e subscr|p resents
P%IH it HOUREEY pataced e@rveﬁ%m‘%lé ﬁehuera&edaﬂapw { b& data modulator

100 mRPs RAP HibGefibfce [1G:iRA3C MntR0h NHoih) vﬁtﬁ'zﬁﬂ%'-y coordinate of

constellatio S gquel y associ_ated w

Udijabetain) 00BAS TR e, smbe ARl EQ)QO'&IUép%ﬂQ & Igbeled bits
%N# Tgﬂgl f

b%%ﬁ gﬁ%g %ﬂ%a 29 ?réé{da u ?t or f% gﬁﬁé uI||d %g?l d bl &f further

wesedof nodul ati on such as quadrature phase shlft

[ gﬁb&g ( q:)ﬁcﬁbref{elorgg%h gn% %v ! 5o n(%f%nte kqblg}l anrél {au o} are

cons at'ion éac
mapped rtatwd xwiobirdiaatsst ,u,,s(ezqummct &, (il zqt&@%twéﬂbdudﬁi@an mth data

lator 106.map bit sequence_ {iiqii 292}
p%eﬁ rApsmAssion. yge%gmemaﬁq@%?d@ (iea',nd1 @ED) between

th'mﬁsﬁghf BiMprSRbdiRedniat i €d t 0 both | and Q | abel ed
bits

D(’l’z © ’1‘2)= Z'#m (ia) =t Gy )l Equation (1)

m=1
[0034] A minimum CSED across all possible bit sequences {iiiz} and {i'1i's} is
represented as D, ({«,}) and determined by the mapping rule {x,}. A CSED
value represents the distance between two distinet QAM symbols. If the CSED
between two distinct QAM symbols is large, then it is easier to separate the
symbols. Since the minimum CSED is the dominant factor in determining the
raw bit err rate (BER), maximizing the minimum CSED minimizes raw BER.

[0035] In a preferred embodiment, to minimize pair-wise error probability,
the mapping rule { 2, } is designed so the minimum CSED is maximized. The

mapping rule { 4, } that maximizes the minimum CSED is referred to as optimum

mapping. The optimum mapping may be found through an exhaustive computer
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because the conponents are separated even though only

| labeled bits are further discussed. [0033] In a
wee@iaesed enbodi ment, two distinct bit-pairs BCT/psaed7/006397

{i"ii"2} are mapped to two x-coordinates n{ , 2) and

mr(i n ) respectively during an nth data packet

retransm ssion. A conbi ned squared Euclidean di stance

(CSED) between the distinct bit-pairs is defined as:

Equation (1) [0034] A WiniWUWlCSED across all possible

sesirh 60 iehpte vt e ‘FEn e g el eiving

nodepdZsent s the di stance betmeen tmo di stinct QAM

I b d N |
(ORI o goStill betorsng docigier 1. Hoe JSHEHE PAES oyt drides o

pro(’jibm 14he aﬂeﬂdﬂﬂl&@%ﬁ&ﬂbﬁnéﬂﬂﬁj artrmmﬁaclm alf@ceiver 150, a
etermni ng t

raw bit err maxi m zi n
desadgr dgdh Q:SEB‘tﬁﬁﬁPﬂ? seRapRpaaRIe f‘%g’}%"‘?%r%“ﬁ?%‘?‘é%éd and 2
cox%malﬂlm Bémabpﬁlgmdmm&%yaﬁddl ~Wik8 @ebppingd1sMabi i ty,
mapp, rule desi,gned so .t he m nj mum_ CSED
[oqag] maxi nfil‘lze erowﬁ%or%rlﬁge meév'{lmﬂodﬁrl&? lﬁﬁ%i%ﬁ’%é te Frreive
corBrll sign#) iGRfFhdtforl ﬁsﬁrﬂh%@e&eleelaﬁso) prmwehﬁ%pﬁgﬁm infdi€nation
opti mum mappi ng may be found throuamﬁan exhaustive

maé’dﬁﬁmd@ras@émmr%mda Podylataet brre AB/osyhe bramsaHgsion number of

thd f&@%tédtﬁ%aeﬁgﬁriﬁgm&@ibﬂ epigd yfaégssrwqgﬂézonﬁ@ﬁ%éko select
til referrlng 0 Flgure 1, the rece|V|§% node

a srgml geestelatien tre qonstellatipmysmanning t %il%rﬁﬁ?@scordmg
to thd Ecﬁﬁ?g‘g{ﬁeﬁ thd $odBalibs ?&%&F e anti?Sh th% 198R 9 fsickPRumBer of the

conste on renmappi ng for bit-w se remapping
recpbvpd datd rackehizeabmissionm Fhaweleited sigapl eonspallation matches the

sigAT B stM1S60h B.lt He 28rsnli 9‘?1?) dhodBgoRr ocessor 144 in
no n

e recel ving 42 1s configured to receive
[0058ht r ol The rn;bcesnbn Adhtis furtheowonfigurescta gegesy gocomphgliation

reﬁgﬁgi&% 1Of2 lblﬂ Qfs%rﬂéﬁ#agﬁﬁh%ﬁgcl LA§ la‘é@ﬁs@lﬁ%h'}gnf g%ng table

lon type, and e transm ssi on nunb
fort mbde\msee@nm;ang aléﬁetlu bolils rémappmg fﬁbéeqol%eb’iﬁ; l and Q
labe? IBc'itsC ogxfel Qn&epentd%ngl %%pped to a signal constellation. This

independent remapping reduces the complexity of the data demodulation

implemented at the receiving node 142.

[0039] The demodulator/combiner 146 is configured to convert a received
data packet transmission into a coded bit sequence using the selected signal
constellation as reference. The demodulator/combiner 146 is configured to
combine a current received transmission with all previous transmissions to
account for data packet retransmissions.

[0040] In a preferred embodiment of data demodulation, the
demodulator/combiner 146 is configured to calculate the Euclidian distance
between a received signal and each possible signal point of a constellation.
Because the I and Q labeled bits are independently mapped, the I and Q labeled
bits may be separately demodulated. In M-Order QAM (M-QAM), demodulating

I labeled bits requires calculating the square root of M Euclidean distances and

.-



a signal constellation fromthe constellation
remappi ng tables 154, 156 according to the coding

WO 200¢/1090me nodul ati on type, and/or the transni BEI/US2007/006397
nunber of the received data packet transm ssion. The
sel ected signal constellation matches the signa
constellation used at the transmtting node 102.
[ 0038] The processor 144 is further configured to
access a constellation remapping table for bit-w se
remappi ng 154 and a constellation remapping table for

s;udiu&dttmg & labziarl phiby alBerequirdsoeicrlatepting sanpresoot of M
Eungg%ipe 1Stanc%9. ﬁolw%ggi' eﬂ" f"a!nﬁ @f fa éi‘é’& ﬁﬁ%gpen é%t separated,

0 a signal constellation. s in
denmmmﬂﬁmg the dncm.ing1 blts owgilems tM Eﬂclid@nddtSéances Therefore,

dulatlon I i wi e .
I S e LR 0Ly n
deﬁﬁﬁﬁga%pmatehetmnﬁndgm@dpadﬂet transnissionlinto a

e i . Seqgue .

[O@gﬂst el | Eﬂﬁe ¢ e*’se ’é’h S(ﬂo ecg% &8 gosted bit sequence from

thé%ﬁﬁﬂ@fmfrl'cgﬂft&ﬂeﬂ D4@.0 ITﬂnlertharﬂodlﬂatai‘rﬂE)Z tsc:m'nfgdlred to use the

coged OBih SRR, o phronsb ik, PRGOS OHES T Aty o evelie

reR1888h 612 h SIETROR NThef CHEt detderiixiksl @hietler AlACK signal or a
denodul at or/ conbi ner 146 j s conflﬁ; gg§ galculat

NAGK pigep| in BaAnspiltes omp the rans g th¢ grsmifing node

uﬁﬁch possi bl e signal point of a constellation. Because

and_Q abel ed bits ar pendent |
0P Q dHerest Bianexemplae %V@Qaaﬁaflé? W%&Wl&e@%@ﬂ‘ﬁg table
209 coRENhE M<iibn useTod U6 T A MDmbdhRRRINEZDAdrida section used
requires cal cul ating the square root %NEuclldean

fog 64t QAME sroshlfden 30% o (HiggTe Y |ombe pRe s the mgrping ylfs oy the I
1aBéiV<\eg\ljiéi’;%E '1?:&)1&&1%&(5&1 %PZS}FSQ% 260 NfEghirdeBn Hookass the same

| ed bits are not
maemprlm appliesie tha &b}ﬁbﬁ&ddqlf% Bothi %3& Eagﬁm section

édﬁ Jﬁ‘ee@l QANE nEd a1 Btios SAR{ AL 2%’9&1&%&1@1’3 tSndtéliftidns with
abel ed bits reduces the conplexity in data

catbrrousteliation carrespandiogdp @ negtigulag tragsmissiom [Inffigure 2, each
ro%fsoaggcfnsl?r‘l?at'uﬁl 508 th HEQ G b e REPbM &irds toQFLchitAT transmission,

sequence
the second row corresponding to a second transmission, and so forth.

[0043] For each modulation type, 16 QAM or 64 QAM, the mapping rules
for each different packet transmission number is listed vertically. In 16 QAM
modulation, every four incoming encoded bits are mapped to one signal point. A
signal point consists of two I labeled bits and two Q labeled bits. The two I
labeled bits determine the x-coordination of the mapped point and the two Q
labeled bits determine the y-coordination of the mapped point. Therefore, 16
QAM modulation has four possible x-coordinates 210, 212, 214, 216 for mapping
a signal point.

[0044] For example, if the value of the two labeled I bits is "11", then the x-
coordinate of the mapped signal point is 210 for a first transmission. Ifthis data

' packet needs to be retransmitted, the x-coordinate of the mapped signal point is
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t he denodul at or/ conbi ner 146. The denodul ator 152 is
configured to use the coded bit sequence to
w0 ewonedosuct information bits and perform a cyRCT/US2007/006397
redundancy check (CRC). The CRC determn nes whet her an
ACK signal or a NACK signal is transmtted fromthe
transmtter 148 to the transmtting node 102. [0042]
Figure 2 is an exenplary synbol -w se constell ation
remappi ng table 200 which contains a section used for
16 QAM nodul ati on 202 and a section used_ for igﬁy
21bfenaecond Sransopssionc 16 forpythindfrans Iﬁassmﬁmﬁ@ a fourth
tfgﬁgnﬁgﬁbﬂ | abel ed bits inplenented by system 100 of
ure 1. However., the sanme mapping_ al so applies tothe

loéﬁgbel ed 15 64 QAM medidatign Oaverydeicktiipaomeng epaodegbbits are
mapfed lﬂ@ oﬁé %%%@t)& A8 difE f&%st% LRk frlgbgl&i Bits and

constellati ons wth each” const e ation correspon

threge  lokeladditsarThe threed lalieled bitndetegmine the reamrdnmmls of the
mlﬁﬁpt&fi‘ ?oﬁ:ld Ad e ﬂﬂ%etc@ %}ﬂélécf iutfs t&Phine YAGNE dﬁ{g%tfl% of the

transm ssi on, e secon I‘OW corre p
mapped paihti (Ehrsefore) GhQAM dnatnlation has [emhlla}oss‘rﬁﬂe sobrdinates

ARDRI |
24 A0 2p i A 22, 380, Y, Dt RMord 8 TR D, 1 ©°
00161 ed vd&far exanhple, if thdﬁal@awthnjhhrae labeledehgits/isf'dlt", then the
X‘RQ&%!‘%% o%&%%ﬁﬁ%}aﬁéé S BFPR?R R§ ?ZP;% %idrs nglsglx%g&?ltm If this
dadal mee ahebds ¢0 b‘éhetltamsmmﬂedb thed-dobtdindtd ef thenmatpiped signal

-0 hat LQ he na
b3y 220 05} b Yaia WiRRRRESS. 5L Ry £B8ird {FmpiRiston, 226 for a
fonnﬂpeln‘apsxhiﬂsioﬂhézef forea THtH AVvhnedidsidr,oanlag2fofor a sixth
trggssi.bl.e x-coordi nates 210, 212, 214, 216 for mapping

g ?nboint. [ 0044] For -exanple, if the value of
[ooke] t wo |Bdibed cbmb'b.i'@s tite ndibimubd @SEDevaaﬁe@ loflithatsmplified

of t.he, naI nt. is 210 for. a first
bR D BAN 1 R el on i artiing shgWhkin Figure 2 and a
s1h1:1ﬂé a@pémﬁwﬁbtramsmwcﬁeﬂ@t THY extpaBt @A n $6:8ASLS raw bit

0|nt for second.transm ssion, 216 for a_.third

erpE s Gt ca6h roFanpmision G PERITPA ASFATdENE P the minimum
CSED value.

Table 1.
Number of |Simple Repetitive] Simplified Symbol-wise Expected
retransmissions| Retransmission | QAM Signal Constellation Gain (dB)
Remapping Scheme
1st 4 4 0
2nd 8 32 _ 6
3rd 12 56 6.7
4th 16 112 8.4
5th 20 156 8.9
6th 24 208 9.4
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[0045] In 64 QAM nodul ati on, every eight incom ng

encoded bits are mapped to one signal point. A signal
we@eintiowansi sts of three | | abeled bits and t hP@BUS2007/006397

Q abeled bits. The three | |abeled bits determ ne the

x-coordi nati on of the mapped point and the three Q

| abel ed bits determ ne the y-coordination of the

mapped poi nt. Therefore, 64 QAM nodul ati on has ei ght

possi bl e x- coordinates 220, 222 224, 226, 228, 230,

234 for p a sign ol nt For
O 22! SR RE AP o PAY pchetormance of
uncdded’ syétéh&@ dr]tKysXemfﬁ avith raahigloéodlhg rﬁb@péﬂ ®ngrast, a bit-wise
oint is, 6220 ] a rst transm SS
reSRRIE ThERe FEpher LS BT ahs o e SR 1R Sage rate.
A Bibevis@paadpping/is lachidved b&&hﬁﬁ@lffgﬂﬂaea)rdemﬁHjblt sequence and/or
t sni ssion, 232 for at (iI: ?’a'istsm ssl on, 226 for a
oY eLeSflue phroms 95 aflgf the WREHPER N, and
[00212)2 for @apiex2hs ta&ﬁ@ﬁ&ﬂnﬁlz‘el 6Na HiboALd raﬁblpplﬂg empa'rhs same
t he m nj num, CSED va %(} {) n‘ﬁjtl ed rrbol h
mmmm%%xeséehgt Abg F‘ri’bﬁ ﬁaIFﬁlﬁﬁF’é’n’t e
rerhapPhetrill BRI SIBRS tthé T ‘éﬁQ BHERABTLSE e léﬁzflﬁﬂﬁle foh 6. second

expected galn in terns of raw bit_er
trampensTion el FHES thedias R Iaheledbtia o F*rﬁ?le%bbﬁf W&g £o3 a third
traflsthiBdioh CBER ty@therad@hlsSioh, TO4ABbnd\afidl UhRH biYs $Pe inversed. A

rema(gpl ngrtschema optim zes { he per f grmance of unc

fifdyane rixthiragamissiongsichc shtytheber Rylapgleg bifsas to e Lot by

on AR R%he 186ty tWb, Y8 shENRRR}, B dSHIBE HRvéRbd PR SscohB@nd third
performance o systerrs with a | ow coding rate.

bitAbi t - wi se remappi ng i s achieved by changi ng the order
of a bit sequence and/or gjR®p the inverse val ue of
sonme ot aII ()f thp hITQ in bit sequence rrmam
Tabl e [ SGion ey Hi t - wi .
The saie _nmapping ¥ ul e aopl | es t o bot h ¥¥aand Q abelled
bits. After a firadt transm ssi on, theirgmapping ryle
cyclic]shifts theggl or Q| abel ed bitsifio the |eft] by
one fof a second 4ransm ssign and cycliLc_shifts the |
or Qaheled hits to the left] by two fhfziy third

5 —_
Iy i iy
6 PR aran
il i
{0050] A bit-wise remapping scheme performs better than symbol-wise

remapping when a coding rate is low. Whereas, a symbol-wise remapping
scheme performs better when a coding rate is high. Wireless communication
systems widely employ adaptive coding schemes where a coding rate is adapted
according to factors such as channel conditions. Therefore, to achieve optimum
performance across various coding rates, it is desirable to switch constellation
remapping schemes according to a coding rate in real time.

[0051] Figure 3 is a flow diagram of an adaptive QAM signal constellation
remapping process 300 implemented by the system 100 of Figure 1. The

-10-



transm ssion. In a fourth transm ssion, the second and
third bits are inversed. Afifth and sixth
w0 e@ngebogsi on cyclic shifts the | or Q| abel edP®i/US208%006397
to the left by one and to the left by two,
respectively, and al so inverses the second and third
bit. Table 2. [0050] A bit-w se remappi ng schene
perfornms better than synbol -w se renmappi ng when a
coding rate is |l ow. Wereas, a synbol-w se remappi ng
schene perforns better when a coding rate is hig
reppaepingpreesan Mi0cistimmempntesay hpﬁeglye tmpﬁ@yttamppdw 402 and

r&Qﬂhﬁ%n§HQQQQS where a coding rate is adapted
according to factors such as channel conditions.

[00881 ef or eln step 808 theguoyamitehanpelcpdinginfumationss received. Ina
tr\éﬁgfn%{??égﬁgﬂg 905 alt,lfescmlrfenf zﬂﬁ?él (Bl Srridlibh bs recelved via

conste tion renapplng SC enes acco ng to a cod I Ng
explicit istgnadiig. t i Avechdr@d linfeingatien $1grsalala° tramsthidtadafrom the

coqtréwerafj%o{? %%Tﬁ@g@gs?pgb%ponst el I ation remappi ng

enen y the system 100 of Figure 1. .
[UDIﬁéi emappimg rpq:emcmgsnd}immzs thepluerarttoodtivy sigitdl infremation is

1%1'5'3&%%038 QQ‘e gd &r%. %tlQSI% aCKI ?gnp 1 Qi%g\g} l}jéfudeg %Qgégulal coding

feccurtan nne or mat
mfmatmxi a tnedaldtiamtypet amdlg treochenikSidn numebeariof aem'rent received

tr%ggﬂﬂgmﬁo% trgif S t | orbe ecoﬁgglbeg svel £ ﬁ%xg lnl_l utl?telgn and

si'gnal1ng. "A"Chann ron sig ransm
cddingnig hﬁplmlhtorﬂnlelcentrbl &ghal tﬁﬁepa«zonﬁ'sbmgﬁﬁnls ded6d3], channel

cqdipd hGFRiabonda I5efatian tos, i 4 BraneORm PR minra bt g purrent
re%emmlﬂgﬁmanm&in isal’mgtl g@flrl@airil?tﬁsﬂsordﬂdl n%b Ie‘Pf gr mation, a
oS e | B0 Pl Bracb8RE 100128 aBiSled tniftther a ghannel

califig derd RRAYS a preddtspiiinalitirathold. b p@@ﬁlrf@} éxﬁbodmllent the
ontro na

applied t.o cont.r ol nal . Aft '
PR ERrE e 144 AefetBlings whchhor s g tars ] 00 2 iays ShPBg channel
cddiBg or edkahbhaBSIBdHS aépdimbg bn @he doditlf retd uécOS) Mturrent

détraaggc %si on is sent to the processor 144.
[0055] In step 306, the processor 104, 144 selects a remapping table for the
current data packet. Each data packet may be transmitted multiple times and
each transmission uses the same remapping table. However, each transmission
may require a different constellation.

[0056] If the coding rate of the current data packet is higher than a
predetermined threshold, the processor 104, 144 selects a symbol-wise remapping
table and applies symbol-wise signal constellation remapping for data packet
retransmissions. When the system 100 is uncoded or employs weak channel
coding, a symbol-wise constellation remapping technique is preferred.

[0057] If the coding rate of the current data packet is lower than a
predetermined threshold. The processor 104, 144 selects a bit-wise remapping

table and applies bit-wise signal constellation remapping for data packet
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[0054] In step 304, the processor 104, 144 determ nes
whet her a channel coding rate satisfies a

w@e@daowim ned threshold. In a preferred enbodP@ENS2007/006397
t he processor 104, 144 determ nes whether the system
100 enpl oys strong channel codi ng or weak channel
codi ng depending on the coding rate used by the
current data packet. [0055] In step 306, the processor
104, 144 selects a remapping table for the current
dat a packet. Each data packet may be transmtted
retrahsmpssions. Whenbe sysbemt109emmploys $rongehannebcadipg a bit-wise

cobBBBLAS A o BIR e er 2 o

[omﬁﬁjr ng r &b enaftdrhative emé»ndmda@tatlpepwéetergnme@ﬁereSMéﬁnay be

deggﬁé%q etnetrhrgc %d ! y\ﬁéog 4 g e}?PH &JL% W&%%g@% igg p Iafel éxample, the
prs&éfbﬂbam&:ﬁmmsl;mldl mayﬂ:&t&tlbatween R&hamd By wihen ajtiurpo code is

ooBEE, 4 S AR T T LSRR k"8 e

cofiPslatidhl e o usedmppi ng technr que |s preferred [ 0057]

[f the c n of the cu acket
[09238n a p ’éd"@%é%‘ﬁ# 3&’8 Wﬂ?eég?froi(ﬁff esepercgc?élss g‘étrmﬂéf i \ﬁjleaed
coﬁ@tleﬂ‘éti‘érnaréﬁnhpmr@etaﬁﬂﬂﬁtb Phen@ppHbd ds a'mteﬂppie(b accordlng to the
constel | ati

bi t-w se si
mgglRbop v Pa AL e SPBAL dah ket F07 BERMPLOS 1680 podulation
is $ke@BY theanRedntCddtathckat, Rhen Whe € 60QAM eédtﬁin ﬂihthe remapping

remappi ng .t f 005
o R e Pt i phR B g e e gt curront
da{tﬁé,abﬁefkeﬂﬁﬁ%gﬁo;pﬁ sﬁéﬁl@@ﬁﬁﬁethhmdugmef 108 tattrchrbyessor 104.
system Xa
I R Gher BmAROdR 148« thicrRBElRtisms oL GHARY dpkh packet is

e gpgﬁédqn%%Qoﬁ%l@gé,Meshol d may be | ower and set
between 1/2 and 2/

106055 | ntep S38cthamecseet L0botAtsicets A gatiubpsicliation is
se?@c‘f: d q{bc&lf %etosﬁlree ¢t athneRERhehhalbed rbff B RAat t dd¥aCpacket

I's determ ned according to the
trmemrisemmn Inyabe tyanymittiogrnade: 10k tthepzaremissign number of the

&Ph&ea bgcﬂe@ AN Rl Ald @termined by the transmission number

counter 112 and signaled to the processor 104. The transmission number counter
112 is configured to count the number of received ACK/NACK signals at the

transmitting node 102. In the receiving node 142, the transmission number of

=1

the current data packet transmission is embedded in the control signal.

[0061] The system 100 in accordance with the present invention
implements a remapping scheme that adapts to a channel coding rate to achieve
optimum performance. The system 100 implements a bit-wise remapping
technique when strong channel coding is used and a symbol-wise remapping
technique when weak channel coding is used. A wireless channel condition
determines whether a strong channel coding or a weak channel coding is used. A
weak channel coding is preferred in good channel conditions to increase data

throughput. A strong channel coding is preferred in poor channel conditions
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is used by the current data packet, then the 16 QAM
section of the remapping table is applied. In the
W@ e@ngekost i ng node 102, the nodul ation type of P€TBS2007/006397
current data packet transmi ssion is signaled fromthe
controller 118 tothe processor 104. In the receiving
node 142, the nodul ation type of the current data
packet is enbedded in the control signal. [0060] In
step 310, the processor 104, 144 selects a signa
constellation is selected_according to the . .
wherensiFpRg jesrom cosesting abHibycis regniretht epsure reliable wireless
codfFagohen: In the transmtting node 102, the
transm ssion nunber of the current data packet
[0062hsni s Fheeyisterdd08satsrepradgtermined shapnelrodingnangdreshold
to%}%‘xﬁﬁi‘ne%ﬁex@% ngl.lélqgﬁ'l: agarﬁﬂatl E@%lﬂ%l | gg g(géns?aelje%!igla;q;@\%h strong or

transn ssi on nu r counter Igured to count
reldtivelymivak. db & podenred eaBiodMAOKE, §h_g mie@etatmilmsl channel coding
r tl:([) %ﬂ%ghtoid i d@\?eq'?hi;igg' cgﬁrdwé té %C?ia c%ﬁﬂ%egydr?e ugcﬂf“ by the
AF ansm o1 on “hunber of the rren ata pac
systensi®0ssi on i s enbedded in the control signal. [0061]
syst 100.1in I dan i e e .
OPREL Y ot Herar il B¢ PEAEES Mokt iR borperated igto an
ingegiageh efrcaiid (I}) smtenfiguradhineaecioptit romprésihgraramekitude of
enents a bit-w se renmappi ng

h%he ﬁ¥sten1%90 i It

FERRPEIERFERPERT Ry channel coding is used and a

[09g4pol - W Athswstapipe fghtnesshmnd) elemdreis ofdhle mleasmieinvention are
coding.i used. A,w rel,ess channe]. ndition ,.

areripiin B Sienss hieafRRn IR TAR R Gy Miptiops, gagh feature

orcHlaiiglt caadbé @sed aladwithowe dke obhamfdatassel myd ielements of the

refecrred i.n good channel conditions t.g increas at

PR R et RS i YRR SRR S Py R RO EE features

am lentdiR Bl RE thé prélicht ansdiRmne Bid sighedd 6F flewIchaetsi pigvided in
ability is required to ensure reliable wirel ess

thegrresenicarpaten mabe sppiementod in mopmpuder program, software, or

fiRh RGeSt efHM0Y ehddaedd GAdhNebrhphReriden@sbRl dtdrage medium for
det ermi ne when the current channel coding_is

exeSHEPROT ABIMSTAL PYERIOFe SPRBHEPTON & RICSRISPE! JFxpEmles ¢hpogputer-
rddlagb&S Jtspagﬁexlgediﬁ@ Inclbd€a PERTISHIS HERREHy CROMEL raf@bmithceess
0]

rate thres d is determ ned according to a channel )
megitigRAMe asergishpry gache memory, semiconductor memory devices,

magnetic media such as internal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile
disks (DVDs).

[0065] Suitable processors include, by way of example, a general purpose

processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

[0066] A processor in association with software may be used to implement

a radio frequency transceiver for use in a wireless transmit receive unit (WTRU),
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system 100. [0063] The features of the present

i nvention may be incorporated into an integrated
wa@eocaod4(1 C) or configured in a circuit conprPGI/I§R07/006397

mul ti tude of interconnecting conponents. [0064]

Al t hough the features and el enents of the present

invention are described in the preferred enbodi nents

in particular conbinations, each feature or el enent

can be used al one wi thout the other features and

el ements of the preferred enbodi nents or in various
useoepiipetens (B telmdinalybasostationheadip agtwedscapttoller (RNC), or

el nts of th [ [ : f
anf SR Lot ltchoqr it SPRR AP RE' (ha M SofRilatg Pl hidltules
imipherh emtesdt iedh ardvearecagpd/oe softwape, aauchsa & waneerapa video camera

firmmare.tangi bly enbodied,in a_c -r bl e
mad i nde HSRRRPD . SRECBRARy 2a Iuasos USPRE. 6f speaker, o
micpoplivhe! s0telavisior ¢eanceivEkaarhasisofreeohgadset,r @ dksthloard, a

st or medi.uns_ i.ncl ude a read ry. (.
BIReRIRRS siueble . By Se R ol el A L FARD Kol Ahiqula crystal
di_§;ﬂHj} CIQ(DF)U ﬁiéyéa}‘dlﬁﬂﬁ_ k[ ¥n dﬁgﬂrﬁeﬂghﬂéglﬁ]ﬂl e _iﬂgll(diﬁﬂd (QLEIDhissiay unit,
.nt ernal , I Sks .ana renovanl e di s
2 diRAL R PP oA HiRon R 1080 ERB Rlageroduleran tpgrmet
br%‘jvﬁ%’@ glna}'t‘i' dyowirlesy Qééhlatag'bﬁ ngi',\ﬁdiﬁ: «W@Nf )-mbiﬂ)@ﬁﬂ
ui tabl e processors inc ,.by way of exanple, a
[00&Her al pur pose processgﬁ%‘—l%%?égﬁal ‘pur pose
[OPESCESIOA, ?%gmp) £ a&%tpﬂiﬁélsly{iéﬂﬁ?@ﬁ_ig data shcliet Mdtrangniksions in
processor P),. a plurality of mcrqprogessors, .one . .
a Wirelss CORMTERBIALIoBSYSiam ihclyding FePIReRuthR metHed comprising

ref&bihg £ cidhi ehhfhel RAMLH0L BiireAt H8ta pAflet iteaddbidsion.
ggecn‘lclntegrated OrCUIIS(Angx% Field | . ..

[0669gr arfriiftee niothed /ofr embodiments | ByrtheR cempEigjng dpbprmining

whotBer Qf cHaHriRY 84 8E 1Hté ¢4 higHdrEhat aNg¥edet@nsingl @hannel coding
machi ne. [ 0066] Aprocessor in association with

thzegholhr e may be used toinpl ement a radio frequency

[0bT@NSCY Ye U§nétﬁf>d URCin Bng offthe! &aBodib@eN1L2 ey omprising
uni't (WRU), user equipnent (UE), term nal, base

selgetimgarsignakijonstellaionifordnirrardwatipriayed ¢ whathesshe channel

coﬁg{(}%g ’ris h}g}f‘er%% R rBfetdpRthdd tHhRBhHMACT I ON Wi th

[0071] 4. A method as in any of the embodiments 1-3 further comprising

selecting a section of a selected constellation remapping table according to a
modulation type of the current data packet transmission.

[0072] 5. A method as in any of the embodiments 1-4 further comprising
selecting a signal constellation according to an identification number of the
current data packet transmission.

[0073] 6. A method as in any of embodiments 1-5 wherein the signal
constellation is selected from a bit-wise constellation remapping table when the
channel coding rate is lower than the predetermined channel coding threshold

thereby indicating a strong channel coding.
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i mpl emented in hardware and/ or software, such as a
canera, a video canera nodule, a videophone, a

WG pwakerophone, a vibration device, a speaker, BCT/US2007/006397
m crophone, a television transceiver, a hands free
headset, a keyboard, a Bluetooth(r) nodule, a
frequency nodul ated (FM radio unit, a liquid crystal
di splay (LCD) display unit, an organic hght-emtting
di ode (OLED) display unit, a digital mnusic player, a

g a player, a video ganme _player npdul e, an |nternet
[oﬁ‘ﬁ iNS er’: ﬁl‘wmt hedhgs iR P@Ibéégnméi@zﬁ wheeaindandRdabeiediits are
indepéth @ently Pppda B di SBRLS cdf208Btidn iABENOY R constellatmn

adapt.i velg remappi ng data packet retransmssions in
refpaRRipg $2blrmuni cati on system incl uding a recei ver,

[Ob|7§] mﬂ@‘m &ede $HsNeh TBHL oY | HbHifdnt e M.-7 CW&%‘P%%G e signal

cod I{]ﬂ% current data packet transm ssi on
copstet lqmsrﬁ?ép%w mqusmbpl-mwmm@ppmmpbleswh n the channel

coqg;?hggerpirg e et ermne éécl&g nne FI!]]J.&%F b}g%ﬁ(’]ﬂ?te 2%%(1‘!?]:?%%{}6 fhereby

mﬂl‘;ﬂtmﬁwaksphawnahwdmgt he enbodi ments 1-2 further
(0B96P! | 3 "6hSfleBhdd BOuPasl BPELEMIRLEL 128 WAL LAMT L & 1aboled

nodul at1 on annel n
bits ginerindependemnslyp nmm:tedr WI a Gﬂigmﬂr wtsméldhtnﬁxﬁ) )7 ]i]he4sﬁnbol—w1se

coﬁ@{ﬁﬁ%&sréxﬂ%}?ﬂﬂg%af he enbodi ments 1-3 further

conprising s ng a section of a selected
" [088¥Wkt el 1t i on Theneqephod) at dbleznlastioreit @Wﬂmran the symbol-wise

t of ,the current dat
re Bt (BB Wit 19 Enicthells ARRHRA R by vine QAM signal
coprtrdbitivan remapirfgisthene danfdats ipagksek@rhhHgiRicigtliedt takes

R b BrRE Rt A Pafden i offbsipan ™

[0688hod His in arheméﬂmaman ﬁﬁpbﬁeﬁbEdmﬁkﬁ{tS uma\bnewm‘aa@&mbol-
constellation.is sel cted k#lom a. bit-

WS NS Rr PR FCR IR ;ﬂé’ FRIEPS P8 DFTERFIRARSS ﬂsmpdﬁ%mbew or
sysbdras indth adggh cbdimgtiage.pr edet er m ned channel codi ng

esha
[OBpg] .Jl2d The method as in any of embodiments 1-11 wherein a bit-wise
remapping scheme optimizes the performance of systems with a low coding rate.

[0080] 13. The method as in embodiments 12 wherein a bit-wise

remapping is achieved by changing the order of a bit sequence and/or using the
inverse value of at least one bit in a bit sequence.
[0081] 14. The method as in any of embodiments 1-13 wherein a bit-wise
remapping scheme performs better than a symbol-wise remapping scheme when
a coding rate is low.
[0082] 15. The method as in any of embodiments 1-14 wherein the signal
constellation for data modulation is adaptively selected in real time according to
a coding rate to achieve optimum performance across various coding rates.
[0083] 16. The method as in any of embodiments 1-15 wherein the data
modulation uses a 16 quadrature amplitude modulation (QAM) constellation
mapping.
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t hereby indicating a strong channel coding.[0074] 7.
The nethod as in enbodinents 6 wherein | and Q | abel ed
whpadog/1eg0¢1 | ndependent|y mapped to a signal PCT/US2007/006397
constellation in the bit-w se constellation remappi ng
table. [0075] 8. A nethod as in any of enbodi nments 1-7
wherein the signal constellation is selected froma
synbol -wi se renmappi ng table when the channel coding
rate i s higher than the predeterm ned channel coding

threshold thereby indicating a weak channel coding.
[008dY76] B1. The The methekas in anyeiemhaodimentehtld wherein the data

m%ﬁiaeﬁtﬂl llS Q 6q l;ﬂ??} %ﬁr@ lﬂ:ruﬁe'xﬁ SW%BHEéénamon

to a S|gna conste L1 on t he synbol -w se
meppsis! | at i on renapplng table [0077] 10. The net hod

n eppodi ej n; - \0d e{rpp| .
BBE] o P cca T Pasthed Sl Ay Bk ol A e T e the
tr@akinsitimmhodoizsd elitdessoiransmipieiceiye salie ﬁW TRIY).dat a

tran Ssi gps .t hat take adya o .
[Og)gg’t\r ab § e%g‘eiiecf Bt &Y ¢ ‘Eﬁbf’gl gna i 1%0‘8‘7"@79111 the
trixixsmﬁthagmbdmﬂ;abasmstammnof errbodi ments 1-10 wherein a

GHETROLYRS | RURLA) ESRRl B R ecneme

folr @At padlet rébennRiibsidn a6 a wiralegs Gémﬁﬁhﬁdairi&m Eﬁstﬂaml]hclumng a

wh bi t h timnm th . .
RSl bt 5 AR e AR % 20 tpiaine o
mbhppind euleihiddtiast the aﬂhﬁﬂuﬁf e@ﬁbﬂxﬂed/\ﬁgiaeiea Butlideatd 83tance

i S achi eved chan the it
(‘g@’gﬁ% - era ] "l’,&ﬂﬂﬁd Brq h‘é‘gd‘%/ﬁP {)‘iﬁ*@é%’mb"ls are
ddl n a b|t sequence [0081] 14. The nethod as in

nmbodi -13 wherein.a b|t W Se remappin
l(@éﬁb %%r for asReabodimpnt 2Qfurthersomy -%ﬁ'gegmappmg

I qsﬁ@a& B Bo %h@oﬁ-'ca&dﬁﬁét% oSal @gﬁal[ 882t 11dfion Tieeordmg to the

nmet hod as in any of enbodi nents 1-14 wherein the
m@ﬁ’@ﬁﬁ rule.
[0089] 22. The method as in any of embodiments 20-21 further

comprising mapping Q labeled bits to the y-coordinate of a signal constellation

according to the mapping rule.
[0090] 23. The method as in any of embodiments 20-22 wherein the
symbol-wise remapping scheme reduces the complexity of data demodulation at a

receiving node in a wireless communication system.

[0091] 24. The method as in any of embodiments 20-23 wherein the
mapping rule is applied at the transmitting node.

[0092] 25. The method as in any of embodiments 20-24 wherein the
mapping rule is applied at the receiving node.

[0093] 26. The method as in any of embodiments 20-25 wherein the
mapping rule is identical for both I and Q labeled bits.

[0094] 217. The method as in any of embodiments 20-26 wherein the

mapping rule is different for both I and Q labeled bits.

-16-



constellation for data nodul ation is adaptively

selected in real time according to a coding rate to
W@ehray®4opt i mum per f or mance across vari ous CORECTIGS2007/006397

rates. [0083] 16. The nethod as in any of enbodinents

1- 15 wherein the data nodul ati on uses a 16 quadrature

anpl i tude nodul ation (QAM constell ation

mappi ng. [ 0084] 17. The nmethod as in any of enbodi nents

1-16 wherein the data nodul ati on uses a 64 quadrature

anpl i tude nodul ation (QAM constellation mappi ng. .
[009R]85] 283. Th&heenktwdass im amyyofoémbadisegnts réjﬂsﬁ-vnl?erem the

o fRE R 1EaBPER et ol RB R s Y8 e ot nod as

[0096]lany 28t enb@iienmptisndl ad 8n \emyr eff embhdinientss2A-28 iwigerein the

ooy AT s B A i o

mimfakeh GSEDansn ssion in a wreless comuni cation

temj ncl udi a fpransm.ttin ode and r hVi .
oo 00 ot 1O PO S 4D 01 & AR REL S AP RGP diein the
tr%mhittﬁ@txzdcdstgsm' gir@wﬁ eeafmittdecduanait. Eucl i dean

| st ance et ween any two guadr af ur e tude .
091 i on (e BFHEE 25 3t DR psaa 2 VhGisin the
traBéadirdsndde REDBsoBAtioR0 further conprisingmapping |

| abel ed bits to the x-coordinate of a signa
constellation according to the mapping rule. [0089]

22. The nmethod as in any of enbodi nents 20-21 further
conprising mapping Q labeled bits to the y-coordinate
of a signal constellation according to the mapping
rule. [0090] 23. The nethod as in any of enbodi ments
20- 22 wherein the synbol -w se remappi ng schene reduces
the conplexity of data denodul ation at a receiving
node in a wireless comunication system
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[0091] 24. The method as in any of enbodi nents 20-23
wherein the mapping rule is applied at the

w0 e@ngebgost i ng node. [0092] 25. The nethod as i PCHE2001/006397
enbodi ments 20-24 wherein the mapping rule is applied
at the receiving node. [0093] 26. The nethod as in any
of enbodi nents 20-25 wherein the mapping rule is
identical for both I and Q | abeled bits. [0094] 27.
The nethod as in any of enbodi nents 20-26 wherein the
mapping rule is different ciqmveeth | and Q | abel ed
bits.[0095] 28. The nethod as in any of enbodi nents

Iy clpieediis t he mapping rule is different for both |

and {J abetefv bl & ckgﬂgﬁﬂuctgﬁon Iﬁ&eﬂ?ﬁﬁﬁgh%% al tQaﬁgMJt(B{ng node

enbodi nents 20-28 wherein e n ni mum CSS
apfbp Epriviag nofese mathpé foradeppivehiseledting 4 argnnhmxmtzlégtmn for

dédaemaalﬂa%ﬂ MdTae@Ea tio%%@he%gstem e HEEhbaG, n'a;gh
nmbodi nent s - erein the transmtting no 'S
a vvl rel e§90¢1mmcﬂma;tteqha@n§h p@dmgocﬁa']me@ion ofie current data

&E&D RnikSioany of enbodi ments 20-30 wherein the
trangﬁﬁt??ngonode is a base station. CLAIMS What is

cl ai med |®tellmnlngaWhﬁtl'@lresSChamm¢ll niodéng omte)istkigher than a
nl a receiving node, a
pﬁgtgéfﬁ Ed%h aptlvdlg'é/éﬁ%i ec '

or a hg a signal constellation
f or dat a selattingt rosigand cdamﬂatmm for data meodnyiatiem based on

Wfé%eﬁﬁg ﬂaﬁﬁg?crod%ﬂ%?atg 18%‘%' V'rqz%gnt %:?g'ggt%tte%alﬂef 1chreshold

ng 1 niornma cury ent
transn1SS|on determ ni ng whet her a channel codlng

b Gsnol i sthof Bt fln L Ruthel OSRpRERE Tle e Rapetion of a
sedected nodsﬂeﬁahon nasaqrbmg tablet ieording tohamiedulatidhngpe of the

cdrBit cia%:a a%lj]ge{ tztarr]l%?mgsqgnpr edeterm ned threshol d.

3. The method of claim 1 further comprising selecting a signal
constellation according to a transmission number of the current data packet

transmission.

4, The method of claim 1 wherein the signal constellation is selected
from a bit-wise constellation remapping table when the channel coding rate is
lower than the predetermined channel coding threshold thereby indicating a

strong channel coding.

5. The method of claim 1 wherein the signal constellation is selected
from a symbol-wise remapping table when the channel coding rate is higher than
the predetermined channel coding threshold thereby indicating a weak channel

coding.
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2. The method of claim1 further conprising selecting

a section of a selected constellation renmapping table
wa@ewmonaiomg to a nodul ation type of the currentPdEUS2007/006397

packet transm ssion. 3. The method of claim1 further

conprising selecting a signal constellation according

to a transm ssion nunber of the current data packet

transm ssion. 4. The nmethod of claim1 wherein the

signal constellation is selected froma bit- vvi se -

congt el | t

FatE s ThudHeftRAnBE ik § jofedtifinG s ABREIcERLAGS 2 10
quhlirssire chplitede hyoduldtiont(QAGM hcetstelbatiarh mamlllng‘,o d i n g.

5. The method of claim1 wherein the signal

constellation is selected froma synbol -w se remappi ng

t ablre whhethetlohbinhelaimodi whemin the drtghmodulwtion hees a 64

N EREE T e e

claim1l vvherel n the data nodul ati on uses a 16

quadratu anpli t.ude. modul ati on co IeII on .

mapf ng. &‘; oﬁ'é% ﬁl?dnbfw%eﬁ?lr‘ﬁ t%lg\%ﬁ'\%?sé?ﬂ ? oi5 a wireless
tramiitAteave uaeS(WTRANguadr at ure anpl i tude nodul ati on

(QAM constellation mapping. 8. The nethod of claim1

wherein the transmtting node is a wrel ess

tragsni t MhecRieitod!bf tlaiMTRWherBin The tridioitial wddei i3 4 base

wherein the transnitting node is a base station. 10.
stationr Wi r el ess communi cati on systemincluding a

transmtting node and a receiving node, a nethod for

reduci ng_the conplexity of data dennd tion at the.

r ecdiOvi ndn gowigelsse ﬁomﬁé‘%ﬁ%?@hﬁsﬁ%‘i“éﬁa’r’?’é“ a transmitting node

andRQeivths 808 &TPRBLIH ¢ RedRihSthd@nRplRaitlydF data demodulation
retransm ssion, the nmethod conprj si r;% deternj nlng a

atrtiyeptessiving aode sthamthe sYider Fplemants cospn ehiwisg emapping

scheme for data packet retransmission, the method comprising:

determining a mapping rule such that the minimum combined squared
Euclidean distance (CSED) between any two quadrature amplitude modulation
(QAM ) symbols are maximized; and

mapping I labeled bits to the x-coordinate of a signal constellation and
mapping Q labeled bits to the y-coordinate of a signal constellation according to

the mapping rule.

11. The method of claim 10 wherein the mapping rule is applied at the

transmitting node.

12. The method of claim 10 wherein the mapping rule is applied at the

receiving node.

18. The method according to claim 10 wherein the mapping rule is
identical for both I and @ labeled bits.
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Eucl i dean di stance (CSED) between any two quadrature

anpl i tude nodul ation (QAM ) synbols are nmaxi m zed; and
worappiteny41 | abel ed bits to the x-coordi nate of PEI/EEIINAD06397

constellati on and mapping Q | abeled bits to the

y-coordi nate of a signal constellation according to

the mapping rule. 11. The nethod of claim 10 wherein

the mapping rule is applied at the transmtting node.

12. The nmethod of claim 10 wherein the mapping rule is

appl 1£d afhé BEethBa 4 tbitinB A laihs - 10T WheFBLNEAL mapping rule is

accordi ngbto claim10 wherein the mapping rule is
diffezant fox/botlh L ame Q labelad bilsi abel ed bits. 14. The met hod

according to claim 10 wherein the mapping rule is

different for both I and Q labeled bits. 15. The

met hb% acEoe giethod acedrding tooclaive A6 whetedn the minimageBSED is

dbiRrehed BY RRleoile MrRobionfle TRELIGLEE diThigimum CSED.
10 wherein the transmtting node is a wreless
t it/ ' ' e { l.al m.
o ol ERREIEod O e T syht S B Aok Wictos
transmit/receive unit (WTRU).

17. The method of claim 8 wherein the trénsmitting node is a base

station.
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