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COVMUNI CATI ON SYSTEM USI NG A MODULATI ON METHOD BASED ON RESI DUE NUMBER @
SYSTEMS Fipg) gh/Rfochhe 1 nvention The resent i nvention rel atgs, 4@ SRAY! ation
met hods used 1 n communci ation s particularly, the present
invention relates to a conmuni c usi ng a nodul ati on net hod based
on residue nunber systens to therebylspmarove bandw dt h efficiency.
Background |In code-division nultiple access (CDMA) systens, multiple usage

W i the cabadMTENIGAITERN AV STR URTNErE bbbl AR =™
‘niorferences. A sORBVHUDBASTANRE R REHBER BYRTESS0: ai nea by

appl ying Mary orthogonal signaling. Generally, Mary orthogonal signaling
provi des a set of orthogonal functions to represent a set of synbols used
for transm ssion. Mary orthogonal -based systens have been proposed in the
art. For exang,yg& g S.. Pat ent Nunmber 5,103,459, issued to G| housen et al
on 7t" April H’&Iégs? Wk to Qual comm | ncor por ated, describes a system
in which a base st bile
stations by nutual fﬁ;}ég ﬁgélg‘ﬁcg %gﬁo%%atfg’ggﬁétﬂﬁl% 488& lsrg%%%{riﬁ%{sueogoal

of the orthogeysms dims pﬁxbicula‘klwtye presad img@nton riddtes toa dvenhudcaivntsygiemt o t he
base station. Recent ldél %‘%Pd fied in TMA/1S-95 Interim %tandard (July
1993) entitl e &BH %“Pat“i‘ basgdan tepidp ghm Brn%éfte}nalt? FREGEOYBRERYEd £ or
dual node w dghrRfdgRiEaehgpectrum cel lul ar systent, the TeI econmmuni cati on

I ndustry Association (TIA) "has adopted Mary ort hogonam”H ﬂ l'ing

usi ng Wal sh functions in direct sequence CDVA (DS- " mm mm’lwmr
standard. In a0 Mar ort hogonal - based system Ic WO 02[Q{4.9C2 PCT/ SGO
/0111111 data BFlf%r 3¥8 mapped into one of M (=2~) Wal sh functl ons havi ng
fixed durations. A écﬁl&sdﬂfﬁsfoﬁrmtﬁﬂﬂlc%cée@@f(l‘NMAf%lstéﬁis %@EMI&ISE%@QQH@' - based
systemare respectively illustrated in FIGS 2. At the transnitter,

i nfor mat i on bparge time canses muﬂmdq a@teeedntesﬁeragce(M\Aﬂ)s Gopsequrntiyl Mdblimis tie. The

resul ting si gna usin en_se ar ately
ot ol oosen e B itk Py S5 EmS oo SRR hehel aSFRRG,
codes to deri u@«essu}eﬁ@ecsddgf}ahﬁesﬁémeineﬂeeadessA%ﬁitﬁmaé esdubeMAIAng@sverted to
radi o frequenc gnals fox transm ssion. Mary orthogonal signaling
is typically f%’?teﬁlﬁllﬁ ohéringd by apmdving M-ensorthiagand sigspling Gessrellii Mat i on

it t b
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di fferent physymisdls psedhfer trdisenispidn.| e conmuni cati on environnment therefore
provides a nmultipath environnent for the transmtted signals. A receiver of
the base station receives multipath signals correspondi ng to transm' tted
signals fromall u Qél‘la%;ét ' he

mul ti path envi ronrreﬁﬁt a?ljgm# %a‘?ﬁ‘m 0 g@%%ﬁ{zé’?‘é@n ;Lo@@d féﬁﬁ S ané ltg’. The
mul ti pat h conpdhdiatent dlundoet 5 A03ADY, tmsdeci;tog@ﬂlhommeeu ahdm(y noqﬁdtwlmend o

consi der abl e at h ggq %s t hat _can exte ew nj craseconds.

Consequent | y, ﬁsfgﬁ?ﬁ ?@PW%@P@%H ﬁ?fé’rﬁ SWH}‘H‘%@% @Sieéfrat’é’Brrponents

of the transnmybgid cﬁwﬁé’dalé:@éau% X Biffeidn® thoBYle SRABABY ﬁ’ﬁlﬁlaﬁ? 8RBSSInA0
conponents at the receiver. A RAKE receiver is an exa a receiver

t hat expl oi tsCQdﬁSsWhJﬂ?r@aChm@llslsta}dob}mf@@lulCééhﬁ W%ﬁﬂal@em for Nyawyreaeeding om
the nultipath E has a receiver finger for each

mul ti path si gﬂg(:laq%gon%otﬁ ﬁllmeﬁ% %I ing, a received signal is

correl ated by a despreading code in each RAKE finger, which is tine aligned
with the delay conponent of a nultipath s| nal. This is done using all

possi bl e ort hogonaReedilysawesifigd ith 6 detsHmnyjargard (lic933 entitled
Vil sh- Hadamar dy oGS, Al L %raséj&%ne&%ﬁﬂbﬂlzx &%?Aa?d e dLEPHI4 ed*sr{l%b% %h%p%dsarre

despreadi ng code are conb uses a naxi um
deci si on rul espedirtn deliubr sestdndy theeT clevpmeadcation Industry Association (TIA) has
adopted M-ary orthogonal-based signaling using Walsh functions in direct sequence

CDMA (DS-CDMA) systems as a standard. In an M-ary orthogonal-based system, k&




WO (12/0(19& P~T/scol/uunl | variable with maxi rum anplitude is sel ected.
The index of the | argest despread variable denotes the transmtted synbol.
Mary sigaa) éagi19éses synbol - by-synbol spreadi ng and deSprEiﬁi‘jlingn/o@ﬁ such,
nore bits are processed for a given processing cycle than bl{ y ,E
processing of conventional nethods and this thereby inproves bandw dth
efficiency. The bandwi dth efficiency in the Mary orthogonal - based system
is also inproved by increasing the nunber®of bits per synbol. However,

i ncreasing the, nunber of bit er nbol .hcr.eases.spreadj ng. facfor and
this, unf ortuﬁaﬁ ]Itila}reél}ﬁ?%%ﬁ‘?‘? g‘?ﬁ r(Ef?éfygééh m{l?fﬁ%é{}nggéxegdi@g}ogﬁ. s or

. matched fi |1t efrfmshidtiah@d rédeiten 8f HENEATYRitho FEAE-Bascl QyStbiihé fép&iivEGe! ver

t hat woul d otherw se require an undesirabl e nunber of correlators”or

mat ched fiIteﬂ1§§tr%t%lmlﬂ%l§thanﬁ2-transrritted bi t s/ synbol needs to be limted.
For exanple, to receive a transmtted synbol having 16 bits per synbol that
is transmtted froma set of 216 (=65536) orthogonal codes, the receiver
requires 21s corr ehathentgnghitieptiefdadation Higrase fitstmodiatddaRingtWalshcei ver has

to sinultaneously acquire and track 65536 spread codes and this is not
practical forHeddmard mpduiskar) The rgpuiting signa insqrankled aping paser hiong kedrpnd

bandw dt h ef fj¢ci bz systens, .in which
data bits ar eﬂhg llr1 gérﬂ)g}r?alt‘fgl?gldﬁ ﬁ%ﬂggﬁgﬁ@% alﬂés ngarrﬂ(%?lg ﬁ%@%@%ﬂ?ﬁ%‘% doaee
However, i ncr@aBicndesttheleriveripreadafigrials Sheesresysiballs aksieen réasrad fohe number
of parallel channels and_this undesirably increases the |ikelihood of

si gnal i nt er f@fiofEeauensy (REQ sxgnple dordragsmission. undesired signals in a
nmufti-path environnent. Such signal interferences are nore severe in a
nmuf ti-user environnent. Considering the problemof conplexity of receivers
in Mary orthogonaM-bgsetiogyml sipralihgds typically uswl fepaplinking frenspisdieis fiofm bi t s
per synbol, L. L. .Yang and L. Hanzo proposed,_ an alternative nethod of

modul ating’ i it GPREE F%ﬂ‘_“BP‘PQU%‘BPt ‘pedlseSiain. dhe mubis epmeytalive RRIS) |

(" Per f or mance;ffarés \K/ﬁ'ﬁihQ‘Jﬁolﬂlé'@éﬁfmtﬂ@aﬁi%ﬁ‘eﬁﬁ?&ﬁhéﬁ?‘%sﬁéﬁ@és t%@fn‘it&%t h
channel using orthogonal sequences” by L. L. Yang an . Hanzo , European
Transact i ons sgnalotirenghclafféreniphysiodl paths. Nee mebildammenicat@gsnvirombent
02111f19(2 4 PCTLSG01/1111011 . S2S- S36 In this.alfernative nethod, any
i nf or mati on sfgf%‘hqfe Ry lcfl)eé at’?'éﬁﬁ‘ﬁ{] F?@B",nntﬁé‘h}oﬂéh%tﬁ‘?lﬁﬁ’éﬁt?f{ %ﬁ&?&% AaFeEsyeRls| y
represent ed age baseSbdtioRfrededids MASpathSigaals coﬁ‘e‘éﬁ@ndir;g tdff&ﬁnﬂtécfki??ﬁsoﬁ&h to a
set of nmoduli anal, naz, ...na"}, where rl =ren(X'm- for i =T to u,
ren~(xy) bei rjl usges. Thnsisiznels redewvediat the reasiyst fromothy muybtipash desdrodmiest 4ress t han
t he product o 1 i ...Jhe el ements of the noduli set should be

pair-w se reItfél??l\l}%eilogglg%@r%l.hpﬁ@gﬁllagec?ﬂgpogf' all noduli provides a dynamc
range and determ nes the maxi num nunber of bits possible in a synbol. The
resi dues are mapped into a_set of orthogonal sequences and are transmtted
in parallel. Operationeltipath ompepenisaet 3 Bansaided-pena aresindenendent dae toy

i ndependent ] iﬁp& = ' it ' sone
resi due di gi '(t%sb %glggragg% I sc%%yéedéﬁ\?mm?%gﬁfgﬁ fgﬁiﬁg&? %‘g{drs e‘gﬁgﬁ%ﬁ&ﬁl‘?\}? %d a
suf fici ent nudibasitpfue lesndkpendtingimuitipatieddlst @nfeaehitd of thearanemiiteitsignat i on of

t he synbol . The%e Rl\ls, péggerti es ai~e exploited further by introducing
redundant nod@PiPerEEPOHRE DY APRIAREAR RIOCETINGLOPRRNES pldhpEsreR el A &N RS- based
CDVA system [Jngedrtis BOetAeR g feclEUbl &Blbi i @nd/ or
correction propertriles ?or RNS. f\cre undan? #ggﬁﬁggﬁnﬁﬁgb@%@%ﬁ%ﬁﬁS) is
obt ai ned by appenicinggnergn fipai the mdtpatiebighals.clhe RAKBeecebetuhis 4 tectiver

non-r edundant . nodul i . .-The, redundant nodul | oyld o the condition

e o EARRE 13 i mofipai SenshporponeRl, ATRF Grecueatie bAeERY SEFROE | on
properties ofcoRifatas 8y Matdpraingkbishrdch RAKIEHRER! whith3s iR dngatwhpdul |

can detect v-as errors and can correct up to (v-u)l'2 errors. These fault
tol erant f eatthe delaycempenentpf @muliipathorignahiThes isdions ysitg all possitiohogonal

performance i s Sever limted by channel ¢ i.f {,0RS uch as.nultipath
interfer ence,cor(rllé,u zlﬁ{l) %%ggélélggrolcﬁsts LI aa&gaq%t{gg%argtc%?s. %ﬁglhnel noi se
condi tions. Rsprehdiapdhgrals dosrepnding!te thedsahtWegRsRIiRA SN £¢ borBbihb&iTarcy of
an Mary orthogonal based DS-CDVA system by increasing the nunber of bits
per symbol , tI§ECTRSHSPXMayinpuy likelihgod deeisipp sdp.y Bfithothissmethod, aglespresd
increases linearly with Mand exponentially with the nunber of bits per
synbol . Consequently, both the maximum WO 02/f1d 9&



PCT/ SG| 1/ 11f 1011 nunber of orthogonal sequences and an acceptabl e
conplexity of the receiver limt achievable bandw dth efficiency of such a
system HglaB;, (J*Jaﬁ maxi mum possi bl e data transfer rate ispglaeolbdhiied. On
t he ot her hané], t he nunber of parallel channels used and, correspondi ngly,
t he maxi num possi ble data transfer rate limts the performance of existing
mul ti-coded CDVA systens. Also, the aver age performance of existing
nmufti-coded CDVA systens is inferior to a normal Mary orthogonal based

DS- CDVA system of . e I r hi r 8.9f Usi ng
resi due numeyar}ab}?r‘g{s{gmagﬁ}t‘%ﬁ,aﬁ{]ﬁgﬁégsn%%?&gf Tﬁ??ﬁéﬁﬁﬁﬁ@%@égs‘i eér\ﬂg%]ﬁ red for
. transm ssi on ¢atbhaddhetd eedrinsmindd ymbol.) to the sumof all noduli, which

is much less. This therefore reduces the nunber of correlators or matched
filters and, hence, achieves a reduction in conputational conplexity at the

, receiver. Unlilte LSEd: NGy I O G al | el
channel s required %?&#%ﬁgﬁyggsgﬁ%ggﬁ%f%ﬂéﬁ Itsegérir[ileﬁg (‘ %ﬁg?gﬁ@?ﬁ{&%lﬁ% he
nunber of LeSir@btelsitsuﬁ‘eﬁiocbfs&&&ﬂeﬁgﬁ/aﬂg)rgcﬁestihg cpcletian btth]‘b)Ui:jit propmsing]}dff)f)l.
However, the RNS-CDMVA system prqpose Yang an z oes pot fully
expl oit the peRmaRtinal Bwth?éﬁmﬁ%@}mﬁm%g%‘?aeﬁgﬁﬁe 1‘?’¥ﬁyoftf%ogonal
nodul ation in I resLi: : S Al i " émg_pnal
spread codes ]\3vl tﬁ%%lﬁ?%dyﬂéggﬁ r?ﬂgﬁ%&%ﬁ&%éﬂgﬁgﬁﬁsogﬁg?ﬁg%read codes
cor r espondi ngiricreasing yhishmimtzar o f bitapesytibeld Howepen, adctaaking Fur nunebarof bits per
mul ticarrier nodulation systens, an entire.channel js divided. into many
nar r ow band SWMZMF@E'%}F épwlﬁﬁ ?%t%ﬁpé S’élingﬂﬁllnaﬁe& FF%ml?llyelﬁcﬁeﬁseS
paral I el . CongRquemel ¥f ciHiablsQp nichey felsSe@ifadetheteidivd. HhReSRI €ad

signal increases. This Is significant in high data rate transm ssion where
the ability tengdify eveeehicgtiat woilld atlreise atquiwanindesiablermameher pEcartaldtersd by

t he propagation char eristics . of..a wreless, co ni cat i.on. envj onment
such as inter ggvﬁgﬁ?fﬁhrﬁr&qﬁgheé\ggleof&@gsqlg%p;pggw&g&u egi){oebéb 5 edd :FP Ferent
receiving pat Bgangilél th 3&deiveriri@nEeddS§EhbBY hateh I La/bied peFRy@BBIthat id he
performance in nulticarrier nodylation systems is thus conparable to narrow
band radi o fr trquasitiod Eemmet ofide (T65 Borefiagopalrodes thecrersivcrreghiigg 2i n

sub-carriers. To.overcQ t his, an J.educe it el : .

conbi nati on oFOIﬁ?}?tPfscoe{rr?n?ﬁgl?e%r@%?'i? %@%ﬂ%%,gl?ee EQﬁ?ﬁa%&/ﬁ&?lita%e%%g@saéﬁllfen
prior art conaudirsckidIsesyehe 0ddes lafd HhER ndY piacticul firkeisting hgpiled areiedse
information synbol is WO U2/ UC>>19h2 PC C/SGUL/1111ULL 6 spread over
several sub-cai@erss, which leads to a diversity gain in a broadband fading
channel . Moreover, a spread signal can be transmtted and received using a
fast Fourier transform (FFT) device without increasing transm'tter or

recei ver conpl exi t ¥n tAs othiee handg bandwidthaffidiencyCalvBe sylstneed by npdti-eodadal | y

robust to chanpel frequency selectivity with gqod frequenc tilization

efficiency. H&XJASYSERS BHyeh %takags P‘%/q t"é‘&%‘ﬁ“@ﬁb‘l Egﬁﬁaéﬁsm@?"r@’ﬁg‘i’fl system

is reduced to i L ko | | .
ﬁ?ﬂgﬁ@%&@.%@\%\‘ﬂ?&s}%a% tﬁE ALY Hits per ﬁﬁx%oq alns% gxllcreases the

quasi -synchro e spread signa reducti on t'he sy rate

adver sel y af f aomberafiycivalkit bhamhéls and thesundesirableincofasasiibe hkalibood pfisignalt i ons
to existing multi-coded_.or, RNS based systems., a need clearly exists
for . modul at PR HERIFS AL AT CHR PP E AN BBk BN T ot i ng
RNS- based CDMR,sl §iRATntertitiBdYard MoRLebrd aMe gl uberenoirasR@gt of the
invention, there is disclosed a nethod for nodul ating a binary input signal
to forma spread signal for transm ssion, the nmethod conprising the steps
of deriving one or r.e resjdue .sets.froma 4Ly 0f DIt hded by
the binary input sidéﬁg’ﬁ?m p5?bsl?rﬁé)ff;%r§?18glgp ég{eg& %féluggﬂgdg é)%(l)lgé?rlyodrl e

residues, cor bgsapsteng dhotrar @bleditcn SHdhber d0Bitdygetisp@bal, L. Ba¥htngmel L.
non-redundant residue; converting each of the residues to hinary bits;

modul ati ng onélasro pispessdemsaltesiagiye methedof modylagng iermatiparBitsphat 3¢S f or m a
nodul at ed synhol i ; I I: e
sequence. asvod skt Sy dim BRG] B PHERm SR S AR A SRERBRATIE |
resi dues; WODNA/ a6t Rikidtipath channel using orthogonal sequences” by L. L. Yang and L.

Hanzo , European Transactions on Communications, Vol. 9, No. 6, Nov-Dec 1998,




7 and PCT/ SGO 1/00U 11 spreadi ng the nodul ated synbol for each of the

resi dues using the sel ected orthogonal code sequence to form a residue
channel fQp BaghHeef the residues for transm ssion. Generabfyischlorn
converting step can conprise the step of grouping the residue sets to form
a synbol frane. More generally, the converting step can further conprise
the step of interleaving the residues fromthe synbol frame to form an

i nterl eaved residue franme. Yet nore generally, the interleaving step can

Gapth of i ne hooregy ShEpLUMANE RIS Kl ARl BARACY | N AR

. channel . Sti | ¢anmen@ifeneddl dngmbidweudy iepgiengdat:ep can conprise the step of
setting the interleavi ntg dept h_based upon the nunber of the one or nore
residue sets. Opti @f§aiQ y?SI@#Féiﬁf’hdd e&d further conprise the step of

. conmbi ning output from e‘?’ﬁﬁgéesgg&‘mg&%%%%“t ”‘f,gzry _r.r)h,;,,'ge spread signal.

Generally, the combining s can be carried out”i arallel.
Al ternatively, the conbwhtmg; stepltap faanpl tce Aeovgr, gttementhe semaiaddrpf x

concatenating the output. Mire optionally, the nethod furiher conprise
the step of scranbVithgesPad t%ﬁr@ﬁ?ﬂldgq?gg%les @Pﬂ&‘%%&@&@f g?ﬁ’ro B scranbrrlpi ng

code. WO U2/ 11(i19(i2 s Cenerally, the nmethod can further conprise the
steps of: converting the spread signal to parallel outputs; and PCT/SGI |
/(1(1f 11 1 i nver seThasltmEnts bf tre medulisebshoulighd faér-wise a¢lh@rely ptipet Bhe o f orm

transformed out put e, Nore, General |y Lhe, COIVEIfA R0 SLSRE RN AOMRY  o© the
number of bits possible in a symbol. The residues are mapped into a set of
orthogonal sequences and are transmitted in parallel. Operations on individual
residue channels are mutually independent due to the carry-free nature of residue
arithmetic. Also, some residue digits can be discarded without affecting the result,
provided a sufficient number of residue digits are retained for the reconstruction of

the symbol. These RNS properties are exploited further by introducing redundant

moduli for the enhancement of system performance in an RNS-based CDMA system.

Inserting redundant moduli can enhance error detection and/or correction
properties for RNS. A redundant residue number system (RRNS) is obtained by
appending v-u pair-wise relatively prime moduli to the non-redundant moduli. The
redundant moduli should obey the condition {my+s,..m} > max{ m;, my, ...m,}. The
error detection and correction properties of RNS are well established. In general, v-u
redundant moduli can detect v-u errors and can correct up to (v-u)/2 errors. These
fault tolerant features are suitable for communication systems in which performance
is severely limited by channel conditions, such as multipath interference, multiple

access interference and various other channel noise conditions.

Even though it is possible to increase bandwidth efficiency of an M-ary
orthogonal based DS-CDMA system by increasing the number of bits per symbol,
the complexity required by a receiver of such a system increases linearly with M and

exponentially with the number of bits per symbol. Consequently, both the maximum



Yet nore generally, the nmethod can further conprise the step of scranbling
the spread signal using a predeterm ned scranbling code prior to the
convertingoxh®Boest i 11 nore generally, the method can furphgfscepimii se the
step of inserting a guard interval between the transformed outputs prior to
transm ssion. In accordance with another aspect of the invention, there is
di scl osed a nethod for denodul ating a sprgad signal received wthin a
comuni cation environnent, the method conprising the steps of: despreading

t he spread signal w.th one or nore code s OC] i .each of
at | east one &ggal?eﬁﬁgoﬁh%ﬁ?ﬁgﬁose%elﬁgﬁ @}%ﬁqnhagg%l{%gggé%gggl né@?g?ﬁg‘%ﬁ@ﬂ

. sequence bei ng-hasaieibah@sidw dfficiensy O subPa eysias Heicgthé paiihuipbssitdlad used
for transmtting the spread signal for each residue channel; denodul ating

despread out pdata rensfargpiensileg limited Han thetasheihaed) theyaanbes gf paebelichanmsisn an
. estimated nodul gt ed synbol .an b ent rive ol ast
| 58, SRR SR, e R PR Rl TR

si gni ficant bM : ere © "conbi ni ng
the one or nmop&fdMmBhcesdBRistihg anllti-bbdci @DHA htapie Ao, thereelagaptrfaigned i cant
bits to forma resjidue associated with each resi due channel V4' O 112/ 11(i

19(i 2 9 and PowisogmuliicedabePMib sysiemgisanisrinioya rumal M-y gREPEM%m one or
nore residue ; resi fasolell i ased
upon a plural %{9@ ;ﬂfé (r:]e)glﬂg E%%énétgg g%l?dgg aetg E%E’?E@;{oha:ﬁg?&ﬁ)é%\sét orfseM ‘Bgs%é;
channel , the plsiduahinnpeokpressitdionsthe mumbspaitdthogonad codes requiredier r esi due

sets. Generally, the despreadi ng _step cap conprise_the step of applying a
ratio static frersmigsonseaabegedycs fregsﬁfr(%é )mggﬁﬂm%a’&m%ﬁa Vigh 159Ul st cs
for each of t A8 [ Er168¢ hnd. Behcsl ep can
conprise the is]g(gse'p 0 tﬂ%rf%mgé?er?élg%otﬁy?%B%ﬁ?ﬂgggfﬁjﬂe%m?%é} gach of the one or
nore residue setievebasathction tosongsyaiodialngntphexityes thesterivest Unlékefaxistingch  of

the one or nore residues. tionally, the des di ng ste n conprise the
step of esti nﬁl“ﬂthgo‘@?%mA%{s%ﬁsmeﬁP _ ﬁh?'%ﬁgggwpg]ﬁé%ﬂ%egﬁmeach resi due
channel . Mor ey ont it tehaidshBe SRSPHRAN, Rguad! BB niABLONREISR usb® Step of the

denodul ati ng step conprises the step of formng the estimted nodul ated
synbol using irspettivpoétic noatheuef bifs reebpohd dHepeeridhe BNS-eRYLA systemt ed

channel status infaor i on oci ated wi.t.h the.each of .at ne residue
channel . GenePHIPPSF l’[ﬁ”@“ﬁg{iﬁn&%’ﬁo?ﬁ.ﬂq ﬁ%lry ?‘é’ﬁﬂﬁﬁg goﬁéﬁgﬁsqugﬁgr?urﬁor ning an
interleaved {andwidth efficiency using orthogonal modulation in which residue values are

directly mapped onto orthogonal spread codes without any modification and all the

orthogonal spread codes corresponding to a symbol are transmitted in parallel.

Furthermore, in multicarrier modulation systems, an entire channel is divided
into many narrow band sub-channels via which a spread signal is transmitted in
parallel. Consequently, duration of symbols encoded within the spread signal
increases. This is significant in high data rate transmission where the ability to
achieve higher bit rates at lower error rates is limited by the propagation
characteristics of a wireless communication environment such as inter-symbol
interference due to large delay spread of different receiving paths and fast fading
caused by vehicular movement. The performance in multicarrier modulation systems
is thus comparable to narrow band radio frequency channel due to frequency non-
selective fading in sub-carriers. To overcome this and to reduce the bit error rates, a
combination of multicarrier modulation systems and CDMA is proposed in prior art

communication systems. In such systems, the energy of each information symbol is



residue frane fromthe plurality of residues. Mre generally, the formng
step can conprise the step of deinterleaving the interl eaved residue frane
to form awgygshrlochrame, the synbol frame having one or noperfsesi g Set s
based upon the plurality of residues, each of the residue sets representing
a synbol . WO 02/1)111912 10 PC T/SQ01 /0U(111 Yet nore generally, the
deinterleaving step can further conprise g¢he step of setting an interl eaved
depth for the interl eaved residue flanme based upon the nunmber of the one or

nore residue §@éal ovePidvendhilcartifls, WELhRAdSRMn divtiteEaif @R bici@bddde step of
descranbling the spread signal using a predeterm ned scranbling code.

, General |y, th&dingicharnetaMoreavenaspicadpishaean he rgpsapiedandipatised PHRE & he

d signal r o] el o B0 EAR b QT LOLITLg: L
oo o el e M SR

. can further cenpsieds. tAesiehepmafticdere COMAIispgeniepsipittAly rob@nal caghelg a
predeterm ned scranbling code prior. to the converting step. Optionally, the
converting stBpdueasy vity ithigeod fisguaicy gElization Ic&Raioney- tfﬁé"eé’ﬁfrsg&d si gnal .

| accor dance i et ARRLIELaRBPEShRL i IONEIL A ED T el Sotlir ol 0sed

a comuni catidn system having a transm ng sec n

bi nary input &igiél whieh fiDéagicatsprasirginshonat spread sipadls iBush ratuctidhef the
comuni cati on system conpri si ?g: means fog deriving one or nore residue
sets from a phubalratg adyersply affectshandwiith gHlickBCHi nary i nput signal, each of
the residue sets having one or nore residues, corresponding to a residue
synbol, and having at | east one non-redundant residue; nmeans for converting
each of the resi dubsview ofthecabpvblimitationswo exidfimginultPedded or RNS-based

CDMA systems, a need clearly exists for a modulation method to further improve

bandwidth efficiency in existing RNS-based CDMA systems.

Summary
In accordance with one aspect of the invention, there is disclosed a method
for modulating a binary input signal to form a spread signal for transmission, the

method comprising the steps of:

deriving one or more residue sets from a plurality of bits provided by the
binary input signal, each of the residue sets having one or more residues,
corresponding to a residue symbol, and having at least one non-redundant

residue;
converting each of the residues to binary bits;

modulating one or more least significant bits of the binary bits to form a

modulated symbol for each of the residues;

selecting an orthogonal code sequence associated with remaining bits of

the binary bits for each of the residues;



PCT/SGU 1 /1111011 means for nodul ating one or nore |l east significant bits
of the binary bits to forma nodul ated synbol for each of the residues;
means forwsalhagidsng an orthogonal code sequence associ at egeddah@rpi ni ng
bits of the binary bits for each of tile residues; and neans for spreading
t he nodul ated synbol for each of the residues using the sel ected orthogonal
code sequence to forma residue channel fer each of the residues for
transm ssion. Generally, the converting nmeans can conprise neans for
groupi ng the residueaggts to forma synbol franme. More generally, the
converting means can Fr t her conprise nmeans for interleaving the residues
~fromthe synbol franme to forman interl eaved residue frame. Yet nore

generally, the interleaving nmeans can conprise neans faqr arr_ang]gqg t he

resi dues based upon &Fepdingfheaaediigediepnbplder qank of Mearsidies daingdas Wirstad ame
and the number of Bﬂﬁ%o%ﬁ‘[(%ﬂ%s %@ﬂgﬂofﬁﬁﬁhlr‘gsﬂ[ﬁ&aﬁ%% a %ogﬁlg?%f?dl{eéng' ng
S or seflt ept

nmeans can conprise ne Ing the interleaving ased upon the
nunber of the one fortransmisseai due sets. Optionally, the comrunication
system can further conprise neans for conbi ning output from each residue
channel to formthe spread signal. VI' O 02/0C 19& 12 PCT/ SEI1/00(111

Ceneral ly, the conpj.ni i f E 4 he
conmbi ning in par arﬁgﬁéﬁgpﬁgggﬁﬁggﬁg&? t ag%grgﬁgﬁﬁﬁs%gggéu@g{#qgg%}@g e
means for ser sa$ toyfocaracatoaframg t he out put. More optionally, the

communi cati on system can further conprise nmeans for scranbling the spread
signal using a predeterm ned scranbling code. Generally, the comrunication

system can further \QaREASGEly, MRASRvERhg SRP &R Firftdr EdifpiRitRadesbonal to
paral | el outputs; andg% ¥ verting SRP r $difp o
interleaving the residues from the symbol frame to form an interleaved residue

frame.
Yet more generally, the interleaving step can comprise the step of arranging
the residues based upon an interleaving depth of the interleaved residue frame and

the number of the residue channel.

Still more generally, the arranging step can comprise the step of setting the

interleaving depth based upon the number of the one or more residue sets.

Optionally, the method can further comprise the step of combining output

from each residue channel to form the spread signal.
Generally, the combining step can be carried out in parallel.

Alternatively, the combining step can comprise the step of serially

concatenating the output.

More optionally, the method can further comprise the step of scrambling the

spread signal using a predetermined scrambling code.



means for inverse Fast Fourier tranformng the parallel outputs to form
transforned outputs. Mdre generally, the converting nmeans can conprise
means forgighfki®avi ng the spread signal. Yet nore generalply,schfoort
comuni cation system can further conprise nmeans for scranbling the spread
signal using a predeterm ned scranbling code prior to the converting. Still
nore generally, the comruni cation system gan further conprise neans for
inserting a guard interval between the transfornmed outputs prior to
transm ssi on. \AY [ ' S%J‘E n accordance with a
further aspect of t@ﬁ}é%%é%%%%%@gtcgﬁdgﬁeg I %{eé%%%é%slocflbmni cation system
. having a receiving secti otonbverting énoprdadtsigngl @ papaliehouipuignal recei ved wthin
a comuni cation environnent, the comunication system conprising: nmeans for
despreadi ng the spread si‘"éj‘r‘i‘al wi th one or nore code sequences associ ated
w th each of at |east onep(gss dersnialinhsbinfe sl Mk dubafdossapence, the
code sequence being associated wth one or norée nost significant bits and
used for transmtting thensfpneddugiugmal for each resi due channel; neans for
denodul ati ng despread out put corresponding to the determ ned code sequence
to formestimat ed nodul ated synbol and subsequently derive one or nore
| east significant Rids gé&"ralﬁ@ﬁ{% Joﬁ%rﬁla'?st@fi‘%ﬁﬂ@drﬁprﬁ%@l’i@st&%f iﬁ%‘i‘l!éhﬂh?ﬂaet he
one or nore nost signifticant bits and The one or snore |least significant
bits to form spreaksigned. associ ated with each residue channel; and neans for
deriving a binary output signal fromone or nore residue synbols, each of
the one or nore residue synbols being based upon a plurality of residues
associ ated W th t hgegiotL@mbraletht afstitbdeas Hiafe comphise Bk vlep ol batablifigsi dues
corresponding to one or nore residue sets. Generally, the despreadi ng neans
can conpri se theaspseafl signabpsing spredetermined sprambling code poar wdbecefverting stdspr ead
output to obtain test statistics for each of the one or nore residues. WO
112/ (1(i19(2

' Still more generally, the method can further comprise the step of inserting a

guard interval between the transformed outputs prior to transmission.

In accordance with another aspect of the invention, there is disclosed a
method for demodulating a spread signal received within a communication

environment, the method comprising the steps of:

despreading the spread signal with one or more code sequences associated
with each of at least one residue channel to determine a code sequence, the
code sequence being associated with one or more most significant bits and

used for transmitting the spread signal for each residue channel,

demodulating despread output corresponding to the determined code
sequence to form an estimated modulated symbol and subsequently derive

one or more least significant bits for the each of at least one residue channel;

combining the one or more most significant bits and the one or more least

significant bits to form a residue associated with each residue channel,



14 PCT/sGnl nlool I Mre generally, the deriving means can conprise neans
for choosing non redundant residues for each of the one or nore residue

sets basegARgficE esponding the test statistics for each grided: Mg or nore
resi dues. $t| onal ly, the despreadi ng neans can conpri se neans for

estimating channel status information associated with each resi due channel.
More optionally, the denodul ati ng nmeans cgnh conprise neans for formng the
esti mat ed nodul at ed synbol using the despfead output of selected spread
code and esti mated cQa nel status information associated with the each of
at |east one residue®®hannel . General ly, the communi cati on system case
_further conprise neans for formng an interl eaved residue frame fromthe
plurality of residues. Mre generally, the form ng neans can conpri se_neans
for deinterleaving tA&IVIRg & pinaai@HPystEnalEomoager Mere ieidig SEPbels|cach afe,

- the symbol frare AL P OLATRL SufiiL iR BELA 838 R1A0) ot eictbyr al 1 1

of residues, each o e residue s representin t nore
general ly, the dei adsesihiedwithgheraicssst oadresidap chamel g dubbity fetdiduey an
interl eaved depth for the_interl eaved resjdue frane based upon the nunber
of the residue set 8OrespeRdiRGioqne oF MOTR EFIUASEEL i on system can furt her
conpri se neans for descranbling the spread signal using a predeterm ned
scranbling code. Cenerally, the conmunication system can further conprise:
means for converti Ggnérhidy, sl dapreadigpalep tcan panpiidecthe stap pliamlyiagd ratioND
02/0119(2 15 PCT/ S@1/ 00X .1 nmeans for Fast, Fourier .tr.anfsfor H]o? t he
paral | el out p&edc tegt ueash of s deenTrad PRt fe PRIRINEFStalisAes 1T £37! one or

comuni cat i onpgysSisiuean further conprise nmeans for descranbling the spread
signal using a predeterm ned scranbling code prior to the

More generally, the deriving step can comprise the step of choosing non-
redundant residues for each of the one or more residue sets based on corresponding

the test statistics for each of the one or more residues.

Optionally, the despreading step can comprise the step of estimating channel

status information associated with each residue channel.

More optionally, the despreading step can comprise the step of the
demodulating step comprises the step of forming the estimated modulated symbol
using the despread output of selected spread code and estimated channel status

information associated with the each of at least one residue channel.

Generally, the method can further comprise the step of forming an interleaved

residue frame from the plurality of residues.

More generally, the forming step can comprise the step of deinterleaving the
interleaved residue frame to form a symbol frame, the symbol frame having one or
more residue sets based upon the plurality of residues, each of the residue sets

repfesenting a symbol.




converting. Optionally, the converting neans can conpri se neans for
deinterleaving the spread signal. Brief Description of the Draw ngs
Preferredyeinadisgents of the invention are described hereha@)‘shg{m)(yi“th
reference to the drawings, in which: FIG 1 is a general block cfl agram of a
prior art transmtter; and FIG 2 is a general block diagramof a prior art
receiver. FIG 3 is a general block di agr ain illustrating a comrunication
system having a transmtting section and a receiving section in accordance

with a preferred e i ment of. t i nvention; . Fl 4.1S a _gen l. bl ock
diagramillustrati %é?gwﬁ%g?ne@fuyt ﬂ% cf[eplgqge%yltngis Bcg%gfrlthgﬁc%f" eec-t\hgg?p IQ?GS.

. 5(a) and 5{Db) sktihyah itbieadrtd EANMIreh®intcaRaVdil esill@af g bt @b tiefnuanbepsi due
i nterl eaves of the comrunication systemof FIG 3; FIG 6 is a general

bl ock di agr amodthepng g masetasiesetsf an nth resi due channel of the nodul ator
. of FIG 4; WO 02/0C1902 16 PCT/SA 1l | /110011 FIG 7 is a general block
diagramillustrating a part of the receiving section of FIG 3; FIG 8 is a
general bl ock di agGmoablly tisuhettiedogufuather copipras tind dlep eSdederambliagthel of the
denodul ator of FIG. 7, FIG 9 is a.general block diagramillustrating a
spread code séP&ef Fighaldimerpredetaminsdseranhivgcodenent nodul e within the
sub-denodul ator of FIG 8; FIG 10 is a general block diagramof a
correlator bank for an nt'' path of the spread code sel ection nodul e of

FIG 9; FIG 11 is Gengeilgytht nfetlmd cahdnrtheotompretthedtepoof: nodul ati ng based on

resi due nunber systens by the co ni cati,on. syst of FIG 3; FIG 12 is a

general flow chart of a n‘é‘fl}YﬁﬁmﬁgﬂyﬂEMFW@%%@Bﬁ;

' and
Fast Fourier transforming the parallel outputs to form transformed

outputs.

More generally, the method can further comprise the step of descrambling the

spread signal using a predetermined scrambling code prior to the converting step.

Optionally, the converting step can comprise the step of deinterleaving the

spread signal.

In accordance with yet another aspect of the invention, there is disclosed a
communication system having a transmitting section for modulating a binary input
signal to form a spread signal for transmission, the communication system

comprising:

means for deriving one or more residue sets from a plurality of bits
provided by the binary input signal, each of the residue sets having one or
more residues, corresponding to a residue symbol, and having at least one

non-redundant residue;

means for converting each of the residues to binary bits;



resi due nunber systens by the comrunication systemof FIG 3; FIG 13 is a
conparative graph of m ni mum spreading factor required with nunber of bits
per symbolyg gk conmuni cation systemof FIG 3 and pri orpcayshow(ﬁ,t]pns
FIG 14 is a conparative graph of conputational conplexities in

comuni cation systemof FIG 3 and prior art systens; FIG 15(a) |s a
conparative graph of performance of the nmuni cati on systemof FIG 3 for
paral |l el representation of residue channel's and a processing gain of 64 in

a Rayleigh fading c it b) is
a conparative gr aphq{il %gg?rﬁ rc')?dlr%lgar@é 3‘?%%@%@%&% cﬁ@qgnﬁsgfg[lee%né&qﬁsgé

. for serial concat efoahiaafodflateésyrabsl fe0eheh ofthd rasidiedcessi ng gain of 16*5 in
t he Rayl ei gh fadi ng channel of FIG 13a; wo (12111(il~& 17
PCTISAI11/(1(11112 | FIG 16 is a conparative graph of performance of the

. communi cation syste - WM I ods based
upon a processing ggl %ﬁlggdr%lg&é%&goﬁfﬁé@%hh?ge&qglg&c %dﬁ%’%d"@#tﬂ

bi t s/ synmbol and yetenmirohgbits ofttlel binagedits bt €ach bY thesresidugpar at i ve graph of
performance of the comrunication systemof FIG 3 with alternative

nodul ati on net hods based upon a reduced processing gain of 64 and differing
channel bits/synbol nodul i sets; FIG 18 is a general block diagram
illustrating a part of the transmtting section of FIG 3 in accordance
with an alternate enbodi ment of the invention; FIG 19 is a general block
diagramillustratin rt of .the receivi f EFIG in .
accordance with theq’é‘?aﬂ’g?‘ﬁépéea@%&&‘?% %1a@5%¥1ﬂg Ilﬁ ocgﬂlearﬁﬂg‘ﬁs@m% is a
general bl ock di aghamigttedofhboe L sahRhedb. fBéhn RiébiduRThebiRl ?d?%ﬂél%f of a
denodul ator of the alternate enbodi ment. Detailed Description

comruni cat i on systéayesiduss derltransmissiort hod and a denodul ati on rret hod based
on residue nunber system (RNS) for the conmunication system are descri bed
in accordance with preferred enbodi nents of the invention. In the

fol | ow ng, numerous details are provided for a nore thorough description.
It shall be apparent to one skilled in the art, however, that the invention
may be practiced wieneselly, Siecdonventiag means eengomprise meeamfos sToupisig|thkreside
detail s have &%tot%e%lagesg lé)ed at length so as not to obscure the

i nvention. ymoo e

More generally, the converting means can further comprise means for
interleaving the residues from the symbol frame to form an interleaved residue

frame.

Yet more generally, the interleaving means can comprise means for arranging
the residues based upon an interleaving depth of the interleaved residue frame and

the number of the residue channel.

Still more generally, the arranging means can comprise means for setting the

interleaving depth based upon the number of the one or more residue sets.

Optionally, the communication system can further comprise means for

combining output from each residue channel to form the spread signal.



The advantages of the preferred enbodi nents of the invention are manifol d.
One advantage of the preferred enbodi nents of the invention is that a

| esser Wb Rnbbes (1(i | 062 PCT/SA1 /011(1 | | 18 spreadip@chpsdo®l 1S
requi red conpared to existing residue nunber system (RNS) code-division
mul ti ple access (CDMA) systens of the sane capacity. Thus, since bits per
synbol can be increased w thout changi ng fpreadi ng factor, considerable

i nprovenent in bandwi dth efficiency can b& obtai ned. Anot her advantage of

the preferred enbodi .t nvent i ] aat t t
transm ssi on usi ng@aqﬁl{aﬁs@’et?‘E 6‘?@@1355% rﬁ%méglgnnb&gé@%ﬁ?%&%gésrvﬁ%{—rﬁfg%toq}%h‘reecti ng
. the perfor mangembiniig nswdllet.ers or receivers of the comrunication system

for the sane n nunber of bits per synmbol conpared to existing comunication
systens. A further advantage of the preferred enbodi nents of the invention

. Is that the number Qfo 3R (ARHIRE S 'nEﬁg Jaﬂ:(jo gggee@gé}fsif&gseﬂiggy”bm in an

RNS- based multi carrier system e reduc et anot advant age
of the prefercettaenbting thervugpuof t he invention is that bandw dth efficiency
is enhanced in multicarrier CDVA systens w thout increasing the nunber of
sub-carriers. Yet a further advantage of the preferred enbodi nents of the

invention is that, i g X otalal-Tek i I gcmf’p er of
parall el or serial c ar?ﬁgflggﬂgb{ehggﬁot gﬁ%ﬁg@%ﬁb%ﬂﬁﬁ er ng%ggeia?%f%er
synbol . Still serafublitpére spbad sigrglusidg 4 predgiemiined sdambligdiodent s of t he

invention is that residues are nutual ly independent due to carry-free
nature and, therefore, residue channels of the comrunication system can be

i npl emented in par @eﬁl@ﬂallggﬁgc&ﬁﬁﬁnﬁgﬂﬁf@}@% &n fuRBerioffpRise.ed enmbodi ments of
the invention is that inherent error detection and correction properties of

resi due nunbers can be enhwaeseldr éanvenimg thospreqsk ogral sy pasallad ontpatst i on
abilities of the conmuni Caaﬁd on system WO 02111C 1962 19 PCT/ SH I 1
/1111(111

means for inverse Fast Fourier transforming the parallel outputs to

form transformed outputs.

More generally, the converting means can comprise means for interleaving

the spread signal.

Yet more generally, the communication system can further comprise means
for scrambling the spread signal using a predetermined scrambling code prior to the

converting.

Still more generally, the communication system can further comprise means

for inserting a guard interval between the transformed outputs prior to transmission.



Anot her further advantage of the preferred enbodi ment of the invention is
that the nunber of orthogonal codes required for representing a set of

obj ects iWweakkagsi fication nethod can be reduced. This igchaeayama 9roup
of objects can share the sane orthogonal code by assigning distinct data
val ues for each object in the group. The reduction in the nunber of
orthogonal codes is exponentially relatedjjo the nunber of bits used for
the representati on of objects. Hence, the preferred enbodi ment of the '

i nvention i s especi %Hl? [ [ I ' smal | er
spreadi ng factor irIlﬁ : c?égﬁaﬂ%{ﬁg/ﬁtﬁ% ererg?b %@gﬁ*ggﬁ’ghfg,@?ﬁ%%ﬁﬁﬁé%gggg IS

. limted and i somsemidatibn sgnermbaiingta @oeisingt seotor! fok elemottelating weptead signal
Referring now to, FIG 3, a general , bl ock diagram of a comrunj cation system
30 in accor dafei%Et RVithip, af PRENIISHION FRHIONETNL hdhg HCRIPRAALA SYSIRAL The
. comuni cat i oncg%?ﬂgggpo conprises a transmtting section 31 and a receiving
section 32. The tranSmtting section 31 receives and processes an
information bit streamas an input signal. This input signal is then
processed for transninssnsofor despreadipgdlacispséaghragnal With onp peB@re¢qgsspqueces
transmtted to the _receivi ng secti.on 32 vi i Lon.resource 33
such as, for exarrplatg,s,oc’:fteiﬂa‘ﬁ'?lbe- ﬁé’&ﬁ@ﬁ%ﬁ% o?ﬁ%S%gggﬁgn%@. &%ge?@ﬁ)l{;eeaadﬂgi gnal is

processed by the r%é(?i&ﬁbé}%ﬁﬁ@ﬁbis&{heﬁ&Bdﬁlgjﬁlébdiﬁedh/@thidﬁéf@fIﬁb'frémﬁstbit stream
The transmtting section 31 conprises an outer_ encoder, 34, a binar

i nterl eaves 35, a Isignifigant bitsandijugedbfon trepwnittingshe prremhsignal doraseh es1d¥s, a

residue interleaves, 37 and a nodul ator 38. The information bit streamis
encoded by the out @Pa@ﬁ oder 34 and interleaved by the binary interl eaves
35 before conversion to residue values by the binary-to-RNS converter 36.

Specifically, the nunber of bits per synbol, corresponding to Mary
symbol s, is sel ect edmeaes obAcmeduleiingslespiead eupeh rarrgsnandne s ithaylsterpiines

operations known i Iﬂﬁpje ; ltégﬁhﬁzl UBReAl&td deyped
into frames and in?gé'lf]geg\%lﬁfetgn r%&e}[@?edﬁ{h}gﬂ%gr SI u\éﬂ?nt efﬁﬂeav s 37. From
t he residue interl eaeesndfe leahaighifarsbitsffor esh destdueatheaslar e provi ded to

t he nodul ator 38 for spread nodul ati ng onto the conmuni cati on resource 33

to thereby provide the spread signal.  V4'O 02/ U ~19& 20
PCT/ SG-~1/111~1~11 The s%?bé(ﬁlﬂﬁg%ﬁﬁ& bﬁﬂo%oﬁ% kisBicandsrngdd i He 39, @
resi due deinterl eaver , a residue nunmper system (RNS}-to-binary converter

41, a binary dei nt endreaeast sigidfieantl bantooforea reéeduedssociBed Wbreacheresigué on at
the receiving section 32, the spread signal is denodul ated by the

denodul ator 39 to &H#HI%: the resi due values. The residue values are then
dei nterl eaved by the residue deinterleaver 40, converted to binary data by
the RNS-tb-binary converter 41 and provided as input to the binary

dei nterleaver 42. Quepdit fromthe binary deinterleaver 42 is decoded by the
outer decoder 43 to obtain the information bit stream In the comrunication
system 30, the outer encoder 34, the binary interleaver 35, the outer
decoder 43 and the bifsahyfoddbivifs h BEMEY ovtguitighal f68I @Rl thareitssidie t he scope
of the invention as described in this specification. Henceforth, these

el enents are not elsxmbek: eashobthe. onpies merarsidyg gyyubels heiag bakdawpenad i nt o
paral |l el residue chagn S A A - 1T hit] i timze
the transmtting sé)@frlgglﬁ' ﬁ%@lg?g%:s{a:&g%dg?%ga{r%gﬁtégg}%%ﬁﬁgila?n-sgﬂit%ortant.

I n addition to sat iglmlitypfiresdizasoespending eneret @ nodre RdRlueasprsesent at i on, the
dynam c range of a residue set, which is the product of nonredundant

resi dues, should be higher than 2k, Were k is the nunber of bits per
synbol . The differ : ] : 5{1@? pt to a
m ni rum Keepi ng tﬁ?ésh%(ri&l?ﬁ iéﬁt‘%gfralse té%ﬁ%éﬂﬁﬁﬁ%%&ﬂgﬁl%gﬁ%%%gai n g}??lé)?ﬂ%ﬁl owest
possi bl e spr eatitivgedt anteach ofithe Aespsjad eatpus togetddin sestistatistigs & eactnofthe bierer when
an inverse RNS transformand error correction is subsequently perfornmed in
the recei vi ng B¥EIFBM®S2. FIG 4 shows a general block diagramillustrating
a part of the transmtting section 31 having the RNS converter 36, the
residue interleaver 37 and the nodul ator 38 for parallel nodul ation of

resi due channels by a plurality of sub-nodulators 45. A fixed set of data
synbol s, corresponding to an Mary synbol is converted to residue val ues by
an RNS transformwith respect to a fixed noduli set. Residue val ues WO
112/ 011912 PCT/SG(I1/11(1111 1 21



corresponding to an Mary synbol is terned hereinafter as a residue set.
Each residue set represents a synbol and a fixed nunber of synbols,
represent (anAMPe®r nore residue sets, are grouped toget heeris@of Mo a
synbol frane. The residue channels are independently interleaved franme-w se
such that each residue channel belonging to the sanme nodul us is not
repeated in an interl eaved synbol. After jnterleaving, the binary data of
each resi due value is nodul ated and spread by a respective sub-nodul at or
45. The out puts of ub- | al.ors 4 i 6 and
then scranbled wt Ogeeg%ﬁggaﬁ%g d%%(%tngn}egp?n{:a@ @g@é@g@%né’ﬁwﬂ?@?@ﬁam er

. 47 uses a usefedafiet fesiRlupsfou dachr MhlOsRecdeora sesidie ssisbasdd dmn@regsmdinghe
spread signal is then transmtted out via the conununication resource 33.
An exanpl e of the st ptakisties dor eael of heons aipete \wFidPSSn the residue interl eaves
. 37 is shown in FIGS. 5a and 5b, in which the interleaves depth is nine (9)
and is for five residue channels. The residue, x"",, corresponds to the
nt~' residue of theptidiallyytibdespréaiiny mednsan compiieSnedna fanatiflaticgr r esponds
to a synbol. FIG 5a shows pgsitions of .the resjdues before interleaving
and FIG 5b sHSWECLSEEISpETRaEeN pisaciaied Malheachresidue f I'eavi ng. From FI GS.
Sa and 5b, it can be seen that all col ums have uni que representations of -
residue sets. In other words, residues with respect to a nodul us are not
repeated in the saMercoptiomally,The dethedulating recena naresonepnisemenns fedoimong of RNS

representation especiall en errors occur in bursts. ener al. bl.ock

di agram of a @ﬁﬁﬁﬁﬁfﬁ&g{%}‘w@ Pbghu %&FE%FHE %H@FQS‘%&?%G%W&FM or 3
8 is shown i ngfd &atinfated hhMdIBlatRinirhftiod RsRRAQPRiR L HBRF &6kt whd hi n t he
sub- nodul at or 45. Each residue channel in the nodul ati on nmethod proposed
for the commuresidae clamnglst em 30 has spread code information and data. In
order to extxact both the spread code information and the data, a residue
channel in the comruni cation system 30 is converted by a binary converting

nodul e 55 to bi nar gefh@Blle I ot @iicitrnishSteml @h fERRBbBprike Mbds foldf t hese k
bits, i least significant bits SLSB) are considered as data and nodul at ed

by a nodul at i fgmimgcn iateslgayadiragidug e Gomtihe plukaify afresidPeK) / M quadr at ur e
anpl i tude nodul ation (MQAM, where M= 2"'. For exanple, the nodul ation
met hod is BPSK for na=l and QPSK for n7=2. V1-'O 112/ Qi 19&

PCT/ SA 11/ 1111(1 1 Mok gasedll, tledotbihginians fanwatriphee meams foudeinteriesvigd c- na
bits) for mapping into_a set of orthogonal codes based _on the_ .

Wl sh- Hadamar thetntgrieaved residuerams todomya symbeldeamey te-Rymbed frage 12WRE 888 code
modul e 57. Thg, %é%%@e%é@ﬁg% tﬁxgﬁ%lit%gf re@ﬁ’i&@s, b&cH S4fe fRfAN0Ss | S
spread with a correspondi ng spre cotde and m xed using a mxer nodule 58
f or subsequentepteasamtry sgindvol. The nodul es y, 56,57 of the sub-nodul ator 45
correspond to various stages of nodul ation and spreadi ng of residues of a
residue chamel. Mathematically, the spread signal can be expressed as

follows. Assume ~| ylymyre generall%“ﬂw ALiRtel BAih SR Mol cBmbBis S RLARIBLAMINI O
nmoduli (nal, na2, ..., na”} . Since redundant residues are iInportant only

for error conaentérieayedsdapth fordieiatenieaved sesidussiranebased upamthicdumbdr éfghe

mat hemati cal representation. However, a sinple substitution with >> (total
nunber of nodiI%Cf8f- a (total number of non-redundant moduli) in the
follow ng equations is true for a redundant case. After renoving mLSB for
MPSK/ MOAM nodul ation, the residue bits are converted to a new set of
integers (x|, x~, Optionally,thsremnaumagatinn sysigm cyn furthayoquygrisevpranes fqry |

281 E5°m < ST O S0 SN BRSS!

M=2"' . These Thiteg 0 a'se gonal codes
{AXI(t), C,;2(t),... Cux"(t)}. The total nunber of such orthogonal codes
are nearly ~ ~M, where i =1 to a and represented as follows: Cot) Cl1(t)
..... Cl ~"'1 ' ~ Geperpllythoeqmmuppatiqsystem can furthey comppise: 1 ~ (t) M CuO(t)
Qult) .. ... Qu~m - 1 = T . r e used for
spreading na LSB for tranrgtﬁflgnsssl\falD %ér;b?l%égggEl?eo%]}?aﬁ Siﬁlgglg ovaelfégqu %‘?{)n

represents the possible satd of (1) orthogonal codes corresponding to a
particul ar nodul us. The nunmber of rows - WO 02/ (1(i192 23 PCT/SEH |1
/1101111 represents the nunber of parallel residue channels required for
transm ssion of an information synbol, which is confined within the limt
of the dynam c range. This dynam c range is def ned as the pr oduct of all
non-r edundant residues. A spread signal for transm ssion can be represented
as follows: s(t) _ ~ U-r. (t} exp( j2~"~t) ... ... ... ... ...... (2} r=~ for:
O St <T, where f~is the can-ier frequency. U r (t) corresponds to the
spread out put of nodul ated data d", with sel ected orthogonal code CAL; (t)
of processing gain G for the residue channel i. The foll ow ng equation

71 N ™™ 7/ 1

T "



where T~ is the chip duration and TS (=T~*Q is the synbol duration. The

nodul ated data d*, is represented as follows: n=+oo (271(nl-1>>d", (t) _ ~
ej "f z~(Wooddet, for MPSK nodul ation w--wwww~ (4) "_ pergcoffeddift) _ ~
(A",~ +jA",s hc(t - ~aTs ), for MOAM nodul ati on ~~~~~~~~~~~~~~~~~~ (5)

where n=1,2,...M Am- and Ans are the information bearing signal anplitudes

of the quadrature carriers, and the signal.pulse 1(0 <t < TS ) u(t) =
O(otherrvise) Simlarly, the chip pulse waveformp~ (t) = 1(0 St < T~)
O(ot he~~tvi se) The spread_si gnal 1t via t ni i [ esource
33 is scattered by many oBs Cﬁg?ﬁ%@?%ﬁ?&r11;%1%%)61{(1?16#{}%9%?%%#%0312%@ﬁﬁrgmsecti on
. 32. This creates a nultitrapgfofinéheunpes. for the spread signal. Due to
interference in different paths of the spread signal each with a different
time delay, the spread signal suffers fromfrequency V1~ O (12/U1"')62

. PCT/SGE(11/(1(11111 ' i r LSS
performance is thusl\géieégh%?%%\ﬁ?y ég?gﬁé@%?lﬁnmiﬁg?ﬂ’?ﬁ?% |f-0rpath
channel has P desctamblasoihe aplead Siprd]using\ medesming sorinitdingtcbée pioietadhesi gnal
received over a nul.tipath channel r(t) can be represented as: p=-1p | r(t)

o~ rp (t) - SOREME)s(t  z-p ) + N(t) ... (6) p=0 p=0
where N(t) represents a stationary zero-nmean Gaussi an random process with
si ngl e-si ded power spectral density of No, and ap and ip are the conpl ex
val ued channel gai ©podaliy,tiee chalvergingfingeahs prat donfise neans for Beibjerleaving the
respectively. A g{gn.er all bl ock diagram of a part of the receiving section 32
havi ng t he derBdaf 8888 39, the residue deinterleaver 40 and the

RNS-t o- bi nary converter 41 is illustrated in FIG 7. In accordance with RNS
arithmetic, the residue operations belonging to different noduli are

mut ual |y i nde@Bsiefddescription ofithedrawings s, t he denodul ator 39 is split down

to a nunber of ind dent sub-de | ators. 61 wth.each dedjcated to
recei ve one resi du?%?ﬁfcpexgsgtgmeg@g HRe Bﬁle\(l)\ées’flﬁtée%ﬁ’&q"&aﬂ%r@ﬂ nel s.
Hence, the totgkranbdidahe @favikeid@heh! €l sub-denodul ators 61 is equal to
the total nunmber of residue channels. Since the nodul ator 38 divides each

resi due channel into spread code information and data, each residue channel

of the subdenodul atgrs, 61 |s a .retrieve .bo e.spr code

i nformation and thﬁga% gs.ag?nﬁéaﬁé?ogk%bqg&%’ﬁog?gﬁ(?ra %%nlggmz%big%grmdul ator 61
is showmn in FIG 8. The subdenodul ator 61 includes a spread code sel ection
and ratio statistic_neasurenent nodule 65 and a MPSK/ MQAM denodul ati on

bl ock 66. As di scuddEd? s general bloek gjagrmpe! » prieryat fegeivefue channel
corresponds to the spread code used for nodul ati on. Hence by sel ecting the
spread code, the nodule 65 retrieves (k-m nost significant bits (MSBs) of
t he resi due channelFIGMBtea gereral bhdk dogieam Hhiderbtbigna ceminunicaticn syseech fiaving
despreading the data.as shown in nodule 67. The dgta S‘qu()l s.are retrieved
by denodul at or® TEESIHHENE 8504107 AR 3 rerEIVIRg SHARIEINACCOGaRs/Wiba BiefITedni i cant
bits (LSBs) ofendhdgini&sbfe iraRbge - The resulting binary sequence from
conbi ning MSBs and LSBs are converted back to integers and is considered as
an estimated val ue of residue channel. V1-' O U2/ Y ~19(~2 ~5 PcT/ scol nu~o~

1 Modul es in the syb-denodul at 61 bhave coherent RA ingers.with an
order of di ver st ty [1ilat "oEEeE bRk Akt 1BP TR Pt ohe SSHT s gie  a
bl ock di agramggfish® spread code sel ection and ratio statistic nmeasurenent

nodul e 65. The spread code selection and ratio statistic neasurenent nodul e
65 conprises a multipath despreader 72 followed by a nmaxi mum li kel i hood

Conerentl y conb ned o 1ep s TE st s Sule LR Piale-BRG bapERRI S0 T

possi bl e ort hegidal inkflegger ofthe cohmiuitdativn k@tém bl BIG.@9r r espondi ng to the
mul ti path channel is estimted using the channel estimation block inside

despreader blocl: 71. The estimation can be done either by known data bits
(pil ot synmbols) or/mad idue I g 8 ). YAXT MUM

| keli hood dect si ot \aod g%/aeé%msﬁé’["ggtdg%ﬁ%“ éﬁ% E‘S‘%@%@%"f %gi rﬁm%s}év\/l\%

anpl i tude. Thehsmatel of the aiddaldter gIRIGMEL er corresponding to this spread code
is determ ned as discussed in the foll ow ng paragraph. FIG 10 shows a
general block diagramof a correlator bank 72 of the nultipath despreader
71. Assum ng perfect synchronization, input to each of the sub-denodul ator
61 i s descranbl ed using correspondi ng scranbling codes and then correl ated
with a set of orthogonal codes associated with a respective residue
channel . The residues obtained in an RNS-based DS- CDMA system are further
supported by a side infornmation called a ratio static test (RST) that drops
erroneous residues if transm ssion of the spread signal uses redundant
resi due channels. The RST is defined as the ratio of highest tol next

. - i




sanme residue channel and represented as follows: |Imx~ Ro,R,,...R~~ 1

................................ -maXi RQR~-I,...R~ i 1 ~~~rl where
~rrtaa:; ~woaderdh ax; ~~ represent the highest and the nextpchisgfogssorpf the
correlator outputs {Ro,Rl,.... Rtm-1~~}, where R " ~IR ;p~l and P is

t he nunber of p--1 WO 112/ 0G19(i 2 PCT/SGA01 /11111111 26 selected paths in
a nultipath environnent. The RST is basedign the assunption that the

hi ghest correlator output is significantly higher than the next highest.
Esti mat ed residue u [ LS5 hh&aiBas S350

error correctiouer \afgéiz%rr%gu efeaqg);oglér%ﬁ% n?g#%‘?w §°eéj e-?ﬁ]thgrnfhgaV|‘ﬁsgewcl)E‘g§:ﬁ1

. synbol is recdi&tBiuted wth appropriate residue chamels. The residue to
bi nary transformati on can be done either by a | ook-up table or by standard
met hods such as the Chinese remainder theoremor m xed radi x conversion.

. The binary data is ab E i 1 }ﬂ&ﬁﬂ’ i itabl e
error correction co g.’ S%eggﬁﬁgalﬁsdﬁg?gg%g\égggﬁgﬂel ng %gp%f@yﬂﬂn%gladggn be
represent ed eichlarel bfithpalembteltooof EERi7al . Al l resi due channel s
corresponding to an interl eaved synbol is spread over the sane synbol
interval for parallel representation. Hence, the total nunber of parallel,
channel s equal s theaughes géiferﬁlbﬁﬁﬁ%%érﬂ ilf3GatiR b drefBlode ABleStitAMAd! N FI G
4, a conbiner 46 suns these parallel channels betore transm ssion. Adjacent
channel i nt er fretiestel@sticaneaswicment njadule withinethe sutirdgadulatoy obFIG. 8di vi dual

resi due channels. The total nunber of orthogonal codes required for this

nmethod is equal to the sumof all moduli. Aternatively, the spreading code
corresponding to arFIGNEo ¥ £gsderal BRicK dfighsn 6PN6R SRS BhkSBF hrdh ?!ath@ffﬂé_e
synbol interval. In this case, the conbiner 46 in FIG4 is replaced with a

paral | el to sepreaf cedmsrdactipomadtenfdlGI®ere i s no adjacent channel
interference in this case because residue nunbers are represented serially.
The total nunber of orthogonal codes required for this nmethod is equal to
the largest noduli Bial Ueis d gerlehi® s Badion § nfedtiddfor mddilatng based wheddidie | n
parallel or serially, the chip rate for serial concatenation of the

spreadi ng codéumbenysienes heidie spyRBmicaHem sYskan of K3 3pet hod, where nmpa i s

t he nunber of noduli. This has a direct inplication in conputational
conplexity. On the other hand, if optinmal spreading factors are sel ected
based on the sum ofFIGodRIES a femerad @oad dhett of @ pietirefondémoddstthgbagiie@t nodul us
V1' O 112/11C 191r2 PC7 1SGD /1111(111 2''7 value for _serial representation,
then the chi p TPHEw nunbex sy§tgms by thegommunigation sustem ofFEF 135 ence is i ni mi zed
in the serial concatenation of the spreading code because there is no
paral |l el channel as the orthogonal codes, corresponding to residue val ues,
are serially concatiGal2dk a ddmmarativergraph ofingininium apteadisg éaital requivddenitit he
nunber of synbols is_.less. Sipce the synbal spreadin ration.is nearly
Sane. " bot h parriher of iR sphtk BB B PO R oL S RtE el | o
perfornmance whehetlle spreading factor is sufficiently high. For all further
conpl exity conparisons, parallel representation is used as a reference. The
nodul ati on net hod can be used for nufti-carrier CDVA systens as well. In

mufti-carrier transgssi,on, the synbol .is. spre in the, frequency domain
Bnd transmitted af a0 hou bt vERRnt o B ReRAonl b BRI BT, S Rdaed
to reduce the ®him@icsiontshsemMofFIGPRER privreidsgitemee. At the receiving

section 32, the cyclic prefix is renoved to detect the orthogonal code on

the Fourier transformof the recei v_ed data. In nufti-carrier syst ens, each
sub-carrier represdfiGs 15(ap s gednpaedtiviegiaphrrdpedormanoe ofiib tcomezunpation

e (sum of aTYSWBOUITS SOBES e BreesemptarE oo amle Pibe PRsfatie eeth ™
channel s i nto ¢fa4an aRhyi SRR chaRid a1 BRsynbe ¥nd & hRdanIker of

subearners required to represent each orthogonal code can be reduced
significantly.

FIG. 15(b) is a comparative graph of performance of the communication
system of FIG. 3 for serial concatenation of residue codes and a processing gain of

16*5 in the Rayleigh fading channel of FIG. 13a;



FIGS. 11 and 12 are two general flow charts illustrating the steps in
nodul ati ng and denodul ati ng by, respectively, the transmtting section 31
and the reeaimsig2section 32 of the communi cation system pRgfs@iniihdig; Nnow to
FIG 11, the nodul ating nethod SO starts at step 81 when a binary input
signal is received. Thereafter, at step 82, the nodul ati ng net hod 80
continues to step 82 with deriving one ori7nore residue sets froma
plurality of bits provided by the binary input signal. Each of the one or
nore residue sets having one or nore residues corresponding to a residue
synbol . Al so, each_of the one or nore residue sets has at |east one
. non-redundant r esi Hl§e.16 is fgomparaiivormeplpefpesanance pf theicommenirgidnsxbier st ep
82, convertin Iy r i [ ' .1 akes. pl ace
ot step 83, RISt AoRlh AlEnSRE oRiTRDE MR UERA ol s BRSkotHd b BEERG Do
- one or nore | agisd Raylgigh fadianthaphéiofab bitheymbslany yoi drbthes moddllsafed to form
a nodul ated synbol. Thereafter, at step 85, an orthogonal code sequence
that is associated with remaining bits of the binary bits is selected for
each of the one OrF{(‘%rﬁ i§ E?blgg%ativé 194 %ﬁ}aaﬁc@%f%)edé&n ].nﬁrqc%}/om lFte s then
spread using the orthogonal code se nee 10 Torma residue chann or the
each f)f t he 0"5‘@1?- 3I1ﬁt1ﬁalfe®1$dtideﬁ&)dfumtioh reetisods bssiedmlpoﬁ)emﬂmbe.hlpﬂongsstﬂg%agp(rj ead
signal receive rom.the transnittjng section 31 Is generally described in
t he denodul at? r&gﬁ“%"haﬂl ?Etﬁ)éY]@BOka‘ydt“H@“glseﬂﬁ chart of FIG 12.
Starting at step 91, the spread signal is received within the conmmuni cation
envi ronnent of the commui ucation system 30. Thereafter, at step 92, the
spread signal is dEKpriddsiagendnaldieckahagran elleoding 2 parenfthe taasoitiiag ed wit h
each of at least on ai.due channel. to determ ne a cogg sequence. The code
sequence t hat SEOYE PriBdcqezdanss yith 2p glfeipersmbodimgent of the 1 108i gni fi cant
bits and used for transmtting the spread signal for the each of at |east
one residue channel. Follow ng step 92, the denodul ati ng met hod 90
continues to step BE:.ilR inhaigeteralidockebagrandivttimyg a psrt déthededeatieglsdctiof or m an

estimated nody .synbol and. derive one or nore |least.significant bits
for the each %tlfﬁg‘?glnéég orc%)%e W&bﬁ%ﬁ{eﬂ?ﬁ%ﬂﬁwdﬁ)ﬁ*ﬁ%‘rﬁiﬁ WO, ot ep 94, the
one or nore nost significant bits and the one or nor a | east significant
bits are conbined to forma residue associated with the each of the at

| east one residue #@8annel. A binary output signal is then derived from one
or nore residue synbols at step 95. Each of the one or nore residue synbols
is based upon a plurality of residues associated with the at |east one

resi due channel . THES.R0US 8lkbieyalMlodkaiiagiag of & Gi-8snoedtdsor 6f AN eEidaer e

resi due sets. Table 1 bel ow shows an exanple of selecting residue nunbers
for differentcRongef agemerylatosef the\alprmpte embodinghl e assunes that the total
nunber of residue channels is five in which three noduli are non-redundant
(~nl, nt2 an c~ i3~ and the WO 02/ (1(i19(2 ?9 PCT/SE 11/1111011

remai ni ng twoDeiled Deyerdptidmad f nas) are used for error detection and
correction. Wiile selecting noduli, two lgonst ra%né;@grﬁ thg | owest S(lilm of
all possibl e nodul 4 CAFEPYREIRN AYSieh ampdupenactBed aeda depaduiion maded and
2k, wher e K | gysb6n RUHIE huRibePlylsfnPGINSMEPR coAfniiRbAWRARIH desiftied
possible is ~2,S 3,nan 5~l-man8 t}{su&s an repres?gn. Ell ato vih %Ht?s peerS synbol .
Hence i f the macrbedamsk Wittt prefeared embdiments dfdlssinyérdiond]n thadoliovdng,i set of
~?, 3, and 5) needs .be used., Bits perNbdul i Sym af .

ol | symbol NBHERISFEIAES BrATegAi) TATE (horoush figegytions &shgl be gggmrent t
28534S711S. 90630674 M3kt ha0eRETdakd FinlR0R4085 5B21dR HRARM 98591314179,
1293581091113141710. 329864711111315171911. 06687512131719202112. 0358901319212
2232513, 0997| deailsp Brgheriggances,oeelpigpown details have not been described at length so as
S153133343537 016394143444716. 069221417505153596117. 044227418636467
717318.043433%0?5)‘%6%%8%3%‘%5%%24102010110210310710920.017| 522 Table 1: An
exanple foi: noduli selection for different nunber of bits per synbol.

Tabl e 2 bel ow shows an_ exanpl e of the nodul ation nmethod. 16 bits per synbol

is selected and th&haadvarteges efdlripiciesisd embodisgntsaf theyigventinn ay mantfeld. QPSK
modul ation i ngwsd\gaﬁ&gla gg{h:%}r%}r&?&n%&ﬁ@%ﬁgrp’fﬂlggfam%liﬁ? (SR Heted as bel ow

one extra orthogon require r 0 accommpdate an all-
Zero




condition in the index. The total nunber of orthogonal codes can be reduced
further by a fine optimzation in sonme cases. For exanple, for nodulus 44,

the maxi My Reigye val ue possible is 43. The binary repregeRat/bRm for
nmodul us 44 is 101011 and the deC|naI val ue of the preanble portion is 10

for QPSK nodul ati on. Hence the ~''0 02/ U(1912 PCT/ SGU1/ QJ(111 30 total
nunber of orthogonal codes required is 1L, to represent 0 to 10), not 12
{to represent O to 11) as given in Tabl e . However, thi s hind of

(I\)/E: |hg1d E)ZIE;: (r)rgl Iﬁ%ﬁaﬁ? ﬁatg;(is?%&%{eghgg%)%‘ o ex1st1n0 resi%%e num erdslﬁzgteﬁ/a(JR"[k?S%Pr oposed

. codeDat a39100c9dd$-’k@ﬁ§a%ﬁ$ﬂ{ill 1QdQ0d +3033 0P ke E IMidd 164de00101111
+100471011111011 11+111Totgﬁ; 214N%12I%g % or t hogonal, cg%éeéggl 56 Table 2: An

exanpl e of t heitsmsaaymbelean e invsersedryisheut shangiemspsprsing faRorAoRsiderRble
) proce55| ng gal pfgﬁﬁ%%l%?nPancc)iW1§[Bre?f%c§el}cy ff)g tg{negurﬂ)er of bits per synbol.
ve

As in Table I SO assunes reSt'due channel's in which two are
redundant. The calculation is al so based on the nmoduli sets given in Table

1. For Mary orthogonal based DS- CODVA systens,  the m ninmum spreadl ng gain
is two to the povefnetherisdypripgeef the PEef?fEﬁd emhedinentiaf theipyepents teahon

systems and f 1?1% tef §a H‘Qﬁléﬁlu fﬂsﬂi’? h ib%gﬁ‘rl' F8sd zﬁﬁ 150 chf¥vED QGRBA o FEEES

required for € representation erent e m ni num processi ng
gain. This i sthogedorheanchef puaattas Dgregallvers(mfftltdmusnmmeahoucsgiﬂemsfoﬂhpomer of
two and the mi ni num nun‘ger of or ho onal codes Jequired, is derived by
aritlunetic offEHAUTNFE O RLHRRTSYM 9%&%8%“3 rex§f1H%P‘emm31°B%%‘eﬂ’S@WA syst ens,
t he m ni mum nunber of orthogonal codes required is the sinple addition of
all rnmoduli and for the nodul ati on net hod, the nunber of orthogonal code is
determi ned after eAtfndbériadgartige dfRiGKpivANH datbadiments eftbleinvestsonds ot gwed

| For Table 3, th dul. at t hod d
Rence e { ot BTG BT B RO AP COUES Pad sy FRdL FemdNs SRPary -/ 4 of
RNS- based COMASHSEBIEA systfY Ol Be¥elidded19(1 2 31 PCT/ SE(t1/001111

Yet another advantage of the preferred embodiments of the invention is that
bandwidth efficiency is enhanced in multicarrier CDMA systems without increasing

the number of sub-carriers.

Yet a further advantage of the preferred embodiments of the invention is that,
unlike multi-coded communication systems, the number of parallel or serial channels

does not change with the number of bits per symbol.

 Still a further advantage of the preferred embodiments of the invention is that
residues are mutually independent due to carry-free nature and, therefore, residue

channels of the communication system can be implemented in parallel.

One more advantage of the preferred embodiments of the invention is that
inherent error detection and correction properties of residue numbers can be

enhanced further to improve error correction abilities of the communication system.



Bits/MaryRNS based CDOVMAPro osed Met hodSynbol Em Paral | el Serial E m

/1" ~Parallel Serial 416283216*59164*5532303216*59164*5664386416*512164*571254
0GA16* 5120k sa6406416* 512164* 59512586432* 518328* 5101024644301 P328* 511
20487512832*521328*51240969012832*525328*513819211012832*530328*51416834138
25632*537648*5153276817025664*5456416*5166553621425664* 5556416* 517131072274
51264*57112816*518262144338512| 28*586128325519524288410512128* 5] 0512832*520
10485765221024128*513325632*5 Tabl e 3: Relationshi p between processing gain
and nunber of bits per, s ol r.diff ] 'R t.he
nodul i set given i ﬁ&loé%eil Xefg%er‘?gﬁqnéa%g Og § gﬂéﬁﬁg\%g %ﬁzé‘hlg{é%%ggfs@?ﬁgegg‘f“ﬁg

. required if althatieshdhiserdif githGeonabcodepregaieed fod rdpressrtingd satoficbjeetnat a on of
spread codes. In this case, the spreading factor for eacaﬁrjesi due, val ue
shoul d be hi gitéassifisatipn methad simemereedi Ty & RroausegreropRoh Rt shatTet hod,

. the maxi mum s ' (Y| ] : SERFALE G oak & el ues
from noduli. gﬁ%gﬂﬁ{%&%@%&@(gghi%ﬂgis@;ngﬂg@gtﬁgﬁﬁé vconcat enat ed, tlhe1

processi ng gaigiod The aatuctynrinothe nsmberad onthbporal tedts byexpbrersiptipadatad tof act or,
where nmoa is the nunber of nmoduli. It is obvious fromthe tahle that the
spreadi ng f actthe nenbamodbits ysadiap s serressatatiopal ms-s@‘?‘%’ ePWEWQses
exponent i al |y aigy b dspodiflly SKERAkcousH B BfupichtiddgsktEber  of
bits p,er synbe\(‘)ﬁ%l}agh%}gg%g{ram@%e, S??len ya essg(?oununber 1811‘1 ort{%,gonal
codes i s requiwiddsmalldvispregdiog favtaydm svhidbetbe dubBerCilepaitapit entte gonalgodes is
alternative t hods. Bet n parallel .and serial .concatenation of spread
codes, the p?ﬁ%@%qsﬂ@ 1@3%@ CPRIGUIN}CE{LOT, 8yS elnf'seli(?l‘e RSO S o wever , each
resi due channel has a higher spreading gain. This difference decreases when

t he nunber of synbol per bits increases. In sone cases (for exanple, when
number of bits per Refe@ing200Ge3ia. 32 geasyabbioth dingraim afla egmibnicatipnisysism 20) ,

t he processin ain of seri.all oncat enat ed. spread codes | t han
paral | el sprega(ﬁﬂ&?ﬁ%orflgf??é‘élﬂ’rﬁé?fegﬁ& eE@PgiPtﬁnI Hgﬁl}leé%vﬁﬁ I%}Stsbg‘glﬁ'a Vsis, the
Yang and Hanzq pReulisdtio’RyfBhpetohpris@rPrRamRthiR@gisedion3handRdededtingn et hod
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nore or |ess |bihg@esam.Al so, the required nunber of orthogonal codes is the
| east for the proposed nodul ati on nmet hod. Data nodul ation witlun the

sub- nodul ator 45 determ nes the reduction of processing gain fox the

proposed nodul ati on hﬁﬁé}nittﬁgsem‘ Smyhrfes QE’&%epaﬁHh@ftj@gbinraae

processing gain of the proposed nodul ation nethod is reduced by a factor of
four. These chiategleaver35spbimagitogesidest mmbsh Spsem (RASE oorpledrt 16y agesiduse

receiver. The ¢ ut at.ional savin or,an M ary orthaogaonal - CDVA
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of k bits, and v residues are..us Q re sent i
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02/11119C2 the residue interleaver 37, the frames of residue values are provided to the modulator
38 for spread modulating onto the communication resource 33 to thereby provide the

spread signal.



33 PCT/SGL11 /11111 1 conversion using RNS is m nimal when considering the
total nunber of conplex multiplication required per synbol and is well
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IM) * (2'') Table 4: Conparison of conputational conplexities in the

recei ver desi é 2o®sidve mmBersyaters ¢BAR)-toher overtmetlsy sinan| deperlsaygytand

. Hanzo nodul at | o) =100 ) anpl e,
Tabl e 5 bel owhrgd;anﬂgg‘%tgs&tc ﬁ‘geqééhngﬁ‘%@%ﬁfﬁ’ agg%g!e@é%l(?l? y sﬁﬁ)ﬂgg’t%}g?@gﬁécase
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codes 65536214 8&ienlcayer a2 sQsthngirgaitinbiibafAshivetRaver 42 is decoded by the outer
bits/Synbol NNINi|'" Parallel Chapnel s155Error con ectionNi | one residueone
r esi duechannefe4Rr Fiorpbipia hedaPrpaios PiLs ¥ or r ect edCorr el at or
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bi t nmb d hayi t A . 41 .43, 44, A7~ FEl 14 i
compar at i ve. gnapie BFLEBORA BHArS oS SR AT ret sl g
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are not elaborated upon.

The M-ary symbols are processed into parallel residue channels within the
transmitting section 31. To optimize the transmitting section 31, selection of the
residue values is important. In addition to satisfying the basic requirements of RNS
representation, the dynamic range of a residue set, which 1s the product of non-
redundant residues, should be higher than 2, where k is the number of bits per
symbol, The difference between the dynamic range and 2* should be kept to a
minimum. Keeping this difference to a minimum helps to maintain the lowest
possible spreading factor in the spread signal and reduces search time when an
inverse RNS transform and error correction is subsequently performed in the

receiving section 32.

FIG. 4 shows a general block diagram illustrating a part of the transmitting
section 31 having the RNS converter 36, the residue interleaver 37 and the modulator
38 for parallel modulation of residue channels by a plurality of sub-modulators 45. A
fixed set of data symbols, corresponding to an M-ary symbol is converted to residue

values by an RNS transform with respect to a fixed moduli set. Residue values



poi nt operations required per synbol is selected as a neasure of

conput ational conplexity. It is clearly evident that the Mary orthogonal
based DS- (Ig¥hsysshem has exponential conplexity with numbeeraicophéei: Per
synbol . The proposed nodul ati on net hod has the | east conputati onal
conplexity than all other nodul ati on net hods discussed. It is partly
because of the | esser nunber of spread codes after data nodulation. FIG 14
assumes QPSK nodul ati on for the proposed nodul ati on net hod. Any change in

this nodul ati .G it : j . r of data
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rate4. 096 McpsProcessi t hod 11286432gai nMet hod 232*516* S8* 5Synbol
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channel s5 (3 nonh-redundant, 2 for error correction)Mdul ati onQPSK + "M aiy

ort hogonal noderhbinerChulrthel scnadelked withtascRawleidgho doramaepreed sipnall ‘Bye

f adi ngSpr eadi ngShort . codeOrt hogonal Wal sh sequencecgdelong .code om
sequenceRAKE %&rﬁ %@Efé% %Vﬁ%&?ﬁc ipwd@rﬁ%%ﬁﬁwm%i% Braitfe wise
(16 sl ot/ framgyreakBsisnalRohed fhiinifhpaieid Mo esRManfagbnesosticagut er Ni | Power
controlNil Table 67 Sinulation paraneters for the proposed nodul ati on

met hod. Method 1 uses parallel transm ssion residue channels and Method 2
uses serial concategnation of.,.residue codes.. The nodul.ation nmethod assunes
Const ant  chi p rat et Blet oo e fes a8 Rnsa S i iR o et hoo
uses ort hogonglshowath BIGNYa a5t an sthadhithe Ritdldadéraiepthtie niRr(paidng férafeor 1S
the nost inportant design parameter that determ nes synbol rate, noduli

val ues and, tFéidapghanaglsnBes repidue, dap.corrgspondsipghe ar residugloftheons sambokar r i ed

WO W) 11 oot e iR RS, T8I oSS 15 St A g B FAPRET
serial represthetredidies deforsintelepding dnd BIG.ab shbive pesiprisasfdhaesidaes sfies. The

proposed nodu| atj on, net hod_can_bring down_the sgreadi ng factor to '/4
mterleaving. From FIGs. 5a and 5b, 1t can be seen that all columns have unique

representations of residue sets. In other words, residues with respect to a modulus are
not repeated in the same column. This feature enhances error correction of RNS

representation especially when errors occur in bursts.

A general block diagram of a sub-modulator 45 of an n" residue channel of
the modulator 38 is shown in FIG. 6. Information bits are spread and modulated
within the sub-modulator 45. Each residue channel in the modulation method
proposed for the communication system 30 has spread code information and data. In
order to extract both the spread code information and the data, a residue channel in
the communication system 30 is converted by a binary converting module 55 to
binary representation having, for example, & bits. Of these k bits, m least significant
bits (LSB) are considered as data and modulated by a modulating module 56 using
M-phase shift keying (MPSK)/M-quadrature amplitude modulation (MQAM), where
M = 2", For example, the modulation method is BPSK for m=1 and QPSK for m=2.



times if the data is QPSIC nodul ated. The sinul ated conmuni cati on system
uses five residue channels in which three are non-redundant. Al so,

or t hogonaly g hvesequence i s used as short code and pseudqqﬁ%QQQMMHQdes are
used as |long codes for spreading. Rayleigh chamel with slow fading is used
as a channel nodel. No other channel coding nethods are enpl oyed except RNS
codi ng of channel bits. The sinul ated comgni cati on system assunes accurate
synchroni zation and accurate estimation of" nultipath channel conditions.
Power control npth

the sinmulation ﬁe%sﬁﬁg gg{aﬁ}e@oniﬁ%%%%%? % gé%’ﬁ%glltég?%e@%%pﬁﬁ%@gg Sé%m” zes

. communi cat i onogsdonsl cddeybisbd Bt k1 Walsh-Fadsinarbtrandfoimba ylseleglad hastesithg
channel . The perfornlance is conmpared for 16 bits per synbol and a

cor r espondi ng8#HBAENE aspreaf sodgmodule 574Bhe MPSKAVQAManedulapdrymbad dorgachn f or
. data is assungg: RAL i = QNVent.| I@lﬁlﬁ VA teng. . the
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/4 of the orihgidokl5sFooamssjuegt gaismission. Ph¢ todullea55,56,5Gof ipasubinv@ilitte
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represent at i oft® 69BN I9evaEIRER FaLSs. of Bpdu oy pRd SRR et tesidpes PTAIEHAE ¢t he
m ni mum procegﬁnﬁgl_gai n can be reduced to 64 for the communication system
30. The system characteristics are plotted for single path, two paths and
three paths. The BER performance inproves as the nunber of paths increases
due to the diversi gain in the conbining. FIG 15b shows the perforniance
correspondi ng to t Mao@Gnatipl, Shrcor e oh ooy bresierd aégalégw&%@ﬁﬁ? lilum
nunber of ort Rogopal, . Lifd esidRWidifsereshonlifmelt alvRal MRIML 1., ¥l UWenand the
cor r espondi ng ’ép’regéllir ng fact q?j&ils theﬁnear Est powelr{mg’f “tho7 ‘irhenﬁdi vi dual
spreadi ng f actawinndapt resaitles aresingadant ahlyefor srrdiGeormectidny sucharsdusiadt tekiduesot al

V1-' O 02/0(i 1912 37 PCT/ /Q(10L |. nunber ..of ¢l ops per. synbpl.is 16*5,
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both cases, the perfornance is nore or | ess conparable. On the average, the
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vertormance, MR MR wafleGat mlikghe B SHarmineDIEA B ot Befriay coae
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selection in the alternative nodul ation nmethods is preceded by a decision
meki ng pr oces8reatghthen xageiling operatienypdté=F oThpsyinteemere then mgppadint i s
sufficiently RQi [ es ofy th AR L.on net hods
sur passes tha?ﬁ’l t%? D?ﬁ%%r?gﬁeldfg%éggg@bﬁﬁzg’/s’tg%a(l.t)t}'?ge cga\rir?rluuﬁ}l%ggéﬂlasglr:ﬁsystem 30
outperfornis ¢ RNS- based s#em,proposed hy,Yan n 0 in all
Che cases. ThPafeeon e s Beht F ST CTT S g (REts Rl iR
connnuni cati on system 30 in which the nodul ati on systemis inplenmented. The
performance of the conmuni cati on system 30 wth reduced—~processing gain
conpared to that with normal processing gain is[to notled. As shown, the

reduced processing gain does Kav(tafGigex -t-he pénfdinl afide of the
comuni cation system This glearly provides an Ln# cation of a high data
transfer rate using the conmmunication system 30 w thout jaffecting the

performance. In FIG 16, it|i <geerChfat..i.f tigg| pProcégping gain is
sufficiently high, the co nication system 30 W ¢ Jeduced.proggssing gain

soneti mes out perforns another communication systemw th normal processing
gain. . In order to conplete the conparison, the communidation system 30

with reduced processing gaip i or&)a(li)ed agai 12.1‘191 nf, D tilt rnative nodul ation
met hods havi ng | ower proces ing'O(g)ai 1S’ ThHé per gf-ﬁﬁ'ﬁ rgsults are given in
FIG 17. The noduli and the| nunber of bits in b6t the cdmuni cati on system
30 and ot her VI~ 0O (12/ 1161912 3s

These sets of orthogonal codes are used for spreading m LSB for
transmission. Each row in the above equation represents the possible set of

orthogonal codes corresponding to a particular modulus. The number of rows



PCT/ S&01 /11111111 communi cation systens using the alternative nodul ation
nmet hods are different, In FIG 17, the processing gain is 64 and the nunber
of bits pgio®wehge is 16 for the comunication system 30 aq,5%0fM6015 he Yang
and Hanzo prior art systens. In the nufti-coded CDVA system the nunber of
bits per synbol is kept the sanme as the communi cation system 30. FIG 17
clearly shows that the perforniance of thg corni nuni cation system30 is far
superior to the prior art systemnms. Hence, ?rom conputer simulations, it can

be concl uded t ni cat . on Sy I I t.h l.atLon
method is applrfppggseil{agﬁhégl\%gﬁre@ ra?‘F%‘r%%@%ﬁ%’gg%% P %nggg?oerrtr Sglleépf% oF Iﬁance.
. FIG 18 is a gelsahadondydsiol diisell &onfihétskithihitndlimitpdric dnatierabpdmhg tting

section 31 in accordance with an alternate enbodi nrent of .the invention. It
i s to be not edlyatiaic repge is defipeseasithe pioductpé all sonredupdentgesidues ob spisadh

. enbodi nents a I | er, the alternate

enbodi nent has%gg@ggﬁn%(ﬁﬂﬁg%hérgﬁg%%%eﬁ%fgﬁt%arsnﬂgﬁwn%dul ation. The nodul at or
| 01 has other elenents in adition to t%aé of the dulator 38. In the
al ternat e enbodi nent, re’s(f)dﬁ, Ua-r(@%?(dg ded as"bi n&ry i nput to the residue
interleaves 37 and then to t#é nodul ator 101. Each of the residues is
transmtted throug I 1 - . Qutputs fromthe
sub- nmodul ators 45 g??é?%?’ﬁ%%&%%?ﬁﬁee con%iﬁrﬁggeng  a~l d then scranbl ed by
the scranbler 47 using a scranbling code. The scranbling code is usually a
pseudo-random code that is user specific. Scranbled output fromthe
scranmbl er 47 i%;, Gopuessperds tatle spaead quiiut p{madulated datardy with s8l¢8¢d converter
102 and provided to an inverse fast Fourier transform (1FFT) nodul e 104.
Optional |y, aosthbgensl eode G i Progossinginm cdor the resibierchaend éf BhefollpwingrFT
nodul e 104 to reduce the effect of severe frequency-selective fading in the
channel . A gu&ddatiorepsesents dis ¢pseatioad by a tiner |05 between synbols to
avoid intersynbol interference.,dye to nmultipath fading. The signal thus

formed is then transm ttgpl As ﬂ,ﬁ(ayt?hs@kgp@d_/egl“t_ey;)rad-i---e ----- f-r gguency
up- conversion. WO 02/ 0619( 2506t/ S 1™/ (11 1(1£1 39 As discussed in the
preferred enbodi nent, parallel .and serial representation of residues can be

“used. In parallel répFedetitte Figp dprtipRandleE - 1Rbs MAH@bR dugligealiti ers
used for each indi %Mte&ﬂ&h%gs%}egerﬁaafyt?ﬁ@&s:t han t he sum of all nodul i
ih paralle

and all residues axe transmtte usi ng orthogonal spread code
mappi ng as di scussed earlier. In serial representation, the nunber of
sub-carriers used for individual rgmi_gues is higher than the |argest noduli
val ue. Unlike the preferpe e_r?gc:)" imentY wherg,a i are used for
all residues, each resi Ue?ﬁ)§,‘=_mg/}1$m t f¢d 'fﬁ?’o%%rhﬁﬁgKgﬁéﬁmslﬁozlct set éﬁf
sub-carriers in the alternate enbodinent. FIG 18 corresponds to parall el
transm ssion of residues. For serial tralism ssion, the conmbiner 46 is
interchanged with a parallel to serial converter (not shown). Hence, for
serial transmssion it i SSt t.o: diy,gct f S eNVEM &L .om.t
subnodul ator 45 to the |%F¥9m§{’§“fdﬁé?¥‘ er’l]gz:’qujgm(?ng egc Tatééj - car ??)er
since the scranbler 47 and the serial-to-parallel converter 102 follow the
conbi ner 46. Denoduvkeré ovles,.. Msprnead Aisgeatheinforrhadicnl tesringsigndnbodi ment
for a nulticarner (DVA s%stg&plis gi ferent frgmlthat of ,the preferred
enbodi nent. Such dear%’&ﬁ? i° eraélﬁ PHEg SFHE S E¢e %Flﬁp%}pé%sgti on 32 to be

nodi fied as shown in the¢;geneeg) bl ock diagramof FIG 19. In the receiving
section 32 of the atlt(t)ea=§ Eyewerrb’odi ment, a denodul ator 110 has different

el enents conpared to thaP(O¥eV¥i8 demodul ator 39. However, the residue

dei nt grl ﬁaver 40, the RNS-to-binary convert Q(Qilt<%ﬁe bi n?ry dgi n';rgrljeaver
42 and t he outegf.; . i e ne Si‘m teMe preferred enbodi nent.
In the alter na%llgﬁng’ggi@Frlélﬁﬁiuk?%"g%?ﬁelaﬁf@i 9@ bthieswidepwn- converted from radi o
frequency and then accurately synchroiuzed with synbol interval to provide
an out put signal. THe spraddignatl mansalittédsvia theweonuininicatior acsourg 380 saafterethe

b ovi ded o a WARENGHLR belosn o R PRty g et 14 s fapgte ol
sub-carrier siffa¢nndiieF %fsgn%d signf1aDad tofhtctRAAES B diffeRYEpIEY oflthdseqvert s
the sub-carrier signals for the sub-denodul ators 115. Optionally, a

sub-carrier deignabeachavid 2 differend timsaleiayshesprgadisigasl suffersfom freauaney 112 i f

t he spread signal has sub-carriers that are interleaved. The sub-carrier
allocation in W 02/0(19& PCT/SA 11 /1111(111 40 each of the

sub- denodul ators 115 corresponds to the sub-carrier allocation in the

sub- nmodul ators 45 of the nodul ator 10l . Residue deinterleaving and

RNS-t o- bi nary conversion is applied to the output fromthe sub-denodul ators
115. The structure of each of the sub-denodul ators 115 of the alternate
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The conmuni cation system 30 provides an alternative for high-speed data
transm ssion, such as, high speed wreless |ocal area networks (LANs).

Here, a fw&qgmppm)er of data synbol s are converted to RNSpqR®@saMALI ON
and then each residue is transmtted through parallel/serial channels after
appropri ate nodul ati on. Hence, V1-' O (12/11C 19& PCT/ SCnl /onot t 41 nore
nunber of bits is used for data nodul ati op; which can further increase the
data rate. The error correction abilities of RNS systems are exploited for

Siont 1 cant |y e CMREG MinHACeb Al Sigh BEAEARER b B BRRAAS,

significantl e conunui

~candi dat e for delaeadad XA ssgmiiey thht tbeﬂmmtl -pmhichaneblmasuh(>datesoivabdledtegmncgnd
hi gh-speed wire|l ess | ocal area networking (WAI~ systens. |n the f or egoi ng

descri ption, cEHRUYE %hsawaéwwec%vw@r amuiath pimact) siiba

. denodul ati on based on the residue nunber system (RNS) for the
conmuni cati on s&g/stem 30 are described. Although preferred enbodi nents are
described, it shall be par eni='t o one skilled in the art in view of these
preferred enbodi ment® T Raf( L BpE)s€mrandedV@hdr-or- mé@l fi cati ons cazi be
made wi t hout departing P1om t hescope and spirit of the invention. WO

02/ 0(1902 Ol ai ms: RGTLSO0) LA OIL o Lo ibudFE DO AF GG AR AoblB | o

signal to forma spread ran ssi on, sal conprising the
steps of: deriving sﬁtgee-airdeﬁrpbxeexfspwdﬂleemy@fm cui\iuaacprahurcghtettye edmplet S
provided by said binary input signal, each of said residue sets aV|ng one
or more residues, celucdsharnsl gynend imealelay 0é pS patiob=0dnd Phbvicspechvely east
one non-redundant r esi due; converting each of said residues to binary
bits; nodulating one or nore |east significant bits of said binary bits to

forma nodul ated syAReherhl®lockadifigrath of aipdrt o€ Hedu@sving edctiohidntadingalid hogonal
code sequence assocj at ed with remaining bits of said binary bits for each

of said resi dysgodglprdyy higdesidpediginderiranen 49 awd ﬂé%/%cgrtoft&lafé&@%’%‘lef $hisd
resi dues usi ”%lﬁﬁfa?edsﬁl &' 9%y Eéc]?&’%%@%th%@@aﬁﬁﬂ%ﬁ@ctge?é%hé& rgg]:%txgﬁss' due

channel for eac sal resi ues or transm ssi on
clai med i n C d&ebonkingibeliferantgacdhlicoamatdally gndspegpleont dpiins esthtthie, theep of

T ol 2 wieRKH G 18 SR PR S oF ot addpgdent sub-demodutaiors 61 S * M
each dedicated to receive one residue digit associated with each of the residue
channels. Hence, the total number of such parallel sub-demodulators 61 is equal to
the total number of residue channels. Since the modulator 38 divides each residue
channel into spread code information and data, each residue channel of the sub-
demodulators 61 is able to retrieve both the spread code information and the data. A
general block diagram of a sub-demodulator 61 is shown in FIG. 8. The sub-
demodulator 61 includes a spread code selection and ratio statistic measurement
module 65 and a MPSK/MQAM demodulation block 66. As discussed earlier, (k-m)
MSBs of the residue channel corresponds to the spread code used for modulation.
Hence by selecting the spread code, the module 65 retrieves (k-m) most significant
bits (MSBs) of the residue channel. Once a spread code is determined, it is used for
despreading the data as shown in module 67. The data symbols are retrieved by
demodulator 66 and considered as m (where m= log2M) least significant bits (LSBs)
of the residue channel. The resulting binary sequence from combining MSBs and
LSBs are converted back to integers and is considered as an estimated value of

residue channel.



conprises the step of interleaving said residues fromsaid synbol frane to
forman interl eaved residue frane. WO U2/ UGL9(i12 PCT/SC(11/U(1(111 43 4.
The net hogasglsahmed in Caim3, wherein said interleavi pgr&icapo®epri ses
the step of arranging said residues based upon an interleaving depth of
said interleaved residue firame and the nunmber of said residue channel. 5.
The nmethod as clainmed in Caim4, whereingssaid arrangi ng step conprises the
step of setting said interleaving depth based upon the nunber of said

resi due sets. 6. The nmethod as clainmed in Caim1l1, and further conprising
the step of conbining output fromeach residue channel to form said spread
. signal. 7. The netkeduks iciheisiBdeinodilbar 61 haverdobeehtR AKIRficgendwithay step is
carried out in parallel. 8 The nethod as clainmed in Caim§6, $@e ein said
conbi ni ng st eprdenuehsliversisy diat samlsyhe pipbar O RethRd 16aP ghRvs pEenerd), qqife met hod

~as clained i ndi%ﬁ'nmﬁhe ?;gfga(f M RElecF R :i@gcatriéi‘l% a’ﬁéa‘é‘ﬁ’reﬂfenﬁﬁf)é’tﬂp@j.nﬂlesai d
spread signal uSing a predeterm ned scra I ng code. 10. The nethod as

cl ai méd in C: spreadicodaneleftion dndratbostpiistis ingsurkmestepdilobs compesesiang sai d
spread signal to parallel outputs; and inverse Fast Fourier transformn

sai d parallel m@l}wﬁt ‘SESPE‘PZ“?%%%fPP%‘fﬁ WX’HH’(’BHF%%OPQ@C fonpad ﬁ%’d’ as )
claimed in C gim.; ' ' WeR¥ j ' inkd@ of
nter eaving Sar e B TR iR Bl GRS R 2 1
The net hod asresidabswefikaite réeavath sighal fomdll possitie ortbogomeal gidesy Thechsnag of

scranbl ing s a}rr&(?rffgartigg gﬁlsnla %%cliing To thd fulglga%q g}txaenrngf i3 SStimated mslllnlg e ¢ 1%911%1 prior

to said conve
estimation block inside despreader block 71. The estimation can be done either by

known data bits (pilot symbols) or/and by known residues (pilot spread codes).
Maximum likelihood decision module 73 select the spread code with maximum
amplitude. The ratio statistic parameter corresponding to this spread code is
determined as discussed in the following paragraph. FIG. 10 shows a general block
diagram of a correlator bank 72 of the multipath despreader 71. Assuming perfect
synchronization, input to each of the sub-demodulator 61 is descrambled using
corresponding scrambling codes and then correlated with a set of orthogonal codes
associated with a réspective residue channel.

The residues obtained in an RNS-based DS-CDMA system are further
supported by a side information called a ratio static test (RST) that drops erroneous
residues if transmission of the spread signal uses redundant residue channels. The
RST is defined as the ratio of highest to next highest correlator output within the

same residue channel and represented as follows:

lmax,{R,-o,R,-p---Ri[m_i-l]}

M

2maxi{RiO’Ril""Ri[£ﬂ;11}
M

where ‘max;{.} and *max;{ } represent the highest and the next Highest of the

A=

(7)

P
correlator outputs {Rio,Rii,....Rimi-im)}, where R, = Z|R,§," )l and P is the number of
p=1



13. The method as clained in Caim10, and further conprising the step of
inserting a guard interval between said transformed outputs prior to
transm ssiy@v2619¥2 O 112/ OGL9G2 PcTi scul nl ool | 45 14. A rgettR@@d i@ 1
denodul ati ng a spread signal received witlun a connnuni cation environnent,
said nethod conprising the steps of: despreading said spread signal with
one or nore code sequences associ ated witdy each of at |east one residue
channel to deternline a code sequence, sald code sequence bei ng associ ated

1 S0, o TRASOREIE| LgoN b TR L SIS AL AR

. correspondi ngtHethigliest cletotdton agplit¢osignisieantiyridghdr chdnahement hégiestirat ed
nodul at ed synbol and subsequently derive one or nore |east significant bits
for each residue channel; conbining said one or nore nost significant bits

. and sai d one or ”Dﬁﬁtéﬁr}ﬁtgﬁ}esgdﬁgidgfdeg%iﬁ rath tsftibQe fBAMAR a."r@@%sgéf»]h‘;ﬁoaa?x%%% at ed

with each residue c errving a birnary out put rom one or
nore residue symiatibs/ereacmefulsaita adreenowisericantedsaving Eaylrphlsolhei ng based
upon a plurality of resi.dues associ ated w‘g]tbeg id at |east one residue
channel , sai dreﬁ\éﬁ?’éﬁlﬁy@fa@@??ﬁﬁ&“ ‘Efr‘?hé %Zﬁ%%@}le&ﬂ_@ll@w FrépsdorresiPliue
sets. 15. The i @sheasthéd 1) ABEkID tih18bfby dand@ hRIHDAS Sl AGBPERALING Step
conprises the step of applying a ratio static test on each of said despread
out put to obt znmeindss theoren psmixsd ridix conisnsiof. witdnagy dataris agaireoutesdedues. 16.

The nethod as.clainmed in daimi15 wherein said deriving step conprises the
step of choosf‘ﬁa?eﬁ‘éﬂ?‘f??"éﬂqma Gk usiecd %tgél%fegrorg%qﬁ:%é}p Cg‘iﬁ'd one or nore
resi due sets based on corresponding said test statistics for each of said

one or nore residues. V1'O 02/11(il9C2 PCT I SGE 11 /11(1011 46
Residue numbers corresponding to a symbol can be represented either in

parallel or serial. All residue channels corresponding to an interleaved symbol is
spread over the same symbol interval for parallel representation. Hence, the total
number of parallel channels equals the number of elements in the moduli set. As
shown in FIG. 4, a combiner 46 sums these parallel channels before transmission.
Adjacent channel interference is minimal due to the orthogonality of individual
residue channels. The total number of orthogonal codes required for this method is

equal to the sum of all moduli.

Alternatively, the spreading code corresponding to an individual residue is
concatenated serially in the symbol interval. In this case, the combiner 46 in FIG.4 is
replaced with a parallel to serial conversion module. There is no adjacent channel
interference in this case because residue numbers are represented serially. The total
number of orthogonal codes required for this method is equal to the largest moduli

value.

If the spreading factor is the same whether in parallel or serially, the chip rate
for serial concatenation of the spreading code is nyoq times higher than the first
method, where npqq is the number of moduli. This has a direct implication in
computational complexity. On the other hand, if optimal spreading factors are

selected based on the sum of moduli for parallel representation and highest modulus




17. The method as clained in Caim14, wherein said despreading step _
conprises the step of estimating channel status information associated with
each resi gduaGhpepel . 18. The nethod as clainmed in Caim JP%T/S?%?/Y)&)‘IP sai d
dermodul ating step conprises the step of form ng said estimted nodul at ed
symbol using said despread output of selected spread code and estinated
channel status information associ ated w th7each resi due channel . 19. T_he
nmethod as claimed in Caim 14, and further conprising the step of formng
an i nt er| eavedvalwsforlseeial fepraseitaon, SiRincthe biip adtk Idne@fly HRSJatieeRuiBath The
met hod as claimed in Jaim19, wherein said formng step conprisSes the step
of dei nt er | eaVisECERFGIsIRnERZEG he ﬁ@éﬁlaergzatenam@qu agrmchngmgkigcmlsa;rgi Ty
sai d symbol fr . j ' ts _based.upon_sai u
o res) ducs,  cagr o bAMARaRicl EAGE ol RLGHETE RaRBRBgHES 35S RS
. method as cl aiarestriatly Chmdatenatdd. Thie iembresadgfificat %@éihﬂﬁ%@ﬁﬂﬁ&ﬁ&b‘é%p” Ses
the step of setti E%.ap ir&éerl eaved depth _foE1 said interleaved res!ldue frame
based upon t heYRBRIE? lest Sdagedhe @gﬂaﬂépr@éd@gw @Eﬁloﬁﬁeleﬁifiyﬁ@ﬁe,éz_gétfgt ?ﬁg in
Claim 14, and : i S} =) . Ln al ( _
si gnal using 5%&%@2@%%@%@1%@3&3 ;ﬁénlgal@oofé. ﬂ%‘?e%%%t% eﬁ 131% claimed in
C ai m 14, and spreatingifactanip sifficiegtly highs Feipall fafthercamypiediiy@npatisbrsppaeact]
signal to parallel %gjtpguts; dand Fast Fourier transform ng said parallel
outputs to forFETRHEPEITEG S JUesnce: wo U2/ U(19G2 PCT/ SGUL/ I 111 ULL 47 24.
The nethod -as clainmed in Caim23, and further conprising the step of _
descranbling said §[pread signal using a predetgrm ngd scrambl i ng code prior
to said converting IdeepdubdionTheshodbtdnde wed fir aultdairier CDN{ A sPdemwhaeneiln

i i : i . dei nterl eaving sai d, spread
Sﬁ'ggafonver ti Jis) m%}lt?-%ar%%r rglrlxs%negsugnr] ?hesstygﬁno?gs spreag t111 the frequer?cy domain zE)nd

transmitted after inverse Fourier transform. A cyclic prefix is added to reduce the
cffect of the multi-path interference. At the receiving section 32, the cyclic prefix is
removed to detect the orthogonal code on the Fourier transform of the received data.

In multi-carrier systems, each sub-carrier represents a chip level information.

For multi-carrier representation of RNS-based CDMA systems, each symbol
requires a minimum of £m; (sum of all moduli) sub-carriers. By splitting down the
residue channels into data and a smaller spread code index, the number of sub-

carriers required to represent each orthogonal code can be reduced significantly.

FIGs. 11 and 12 are two general flow charts illustrating the steps in
modulating and demodulating by, respectively, the transmitting section 31 and the

receiving section 32 of the communication system.

Referring now to FIG. 11, the modulating method 80 starts at step 81 when a
binary input signal is received. Thereafter, at step 82, the modulating method 80
continues to step 82 with deriving one or more residue sets from a plurality of bits
provided by the binary input signal. Each of the one or more residue sets having one
or more residues corresponding to a residue symbol. Also, each of the one or more

residue sets has at least one non-redundant residue.



V190 (12/11619112 PC 1'/SGUL/ U(Ifl 11 48 26. A conununication system havi ng
a transmtting section for nodulating a binary input signal to forma
spread si @oalybfPh2 t ransm ssion, said col munication systepreRepiim@diNg:
means for deriving one or nore residue sets froma plurality of bits

provi ded by said binary input signal, each of said residue sets having one
or nore residues, corresponding to a resiégge synbol, and having at |east
one non-redundant residue; neans for converting each of said residues to
binary bits; means for nodul ating one or nore | east significant bits of
said binary bits to forma nodul ated synbol for each of said residues;

. means for selecti n@oﬂnwhrgtdﬂspg@;abnwmg el uéiic onass moratesidugs to inagyrhitni ng

bits of said bhi.nar ach.of s si dues. .and neans far, spreadi ng
ot o modul ot ol et op €4 aReGRRG, e HRorind. RieE St hf Ol FRROR S

. ort h090 nal codge %?%%E@stts%nf&raﬂﬂ BitsloF %&Mﬁar‘}%@ Rehodihited @&ﬂ)rx‘ﬁfa Iﬁédhdated

resi dues for transm ssion. . The communi cation systemas clained in Caim

26, wherein sambebﬂ‘haleaﬁtqrgatm% ewoythdgonsl qqxéamquf:me tbataapisnga@émdﬂr esi due

ets to form a_sy.nbol 28. .The cpn nlc stem as in
Sarm 57 CuneleniR il ol M Ei pH0E R ERH 1P GRh b PHE bEMeR Sty B

interleaving sgpdel SeimdRatéd ‘tﬁﬂhs@héﬂ/??@id dsir e bAhdgoha) @'Udelséliu%ﬁ&eeﬁved
resi due fxane. WO 02/ 11619 49 PCT/ /001111 29.  The conmuni cation

system as cl aifpiseia rwctgle&hmeormfefraéh af theioge prmerd issidiergfontiantenissitfpr i ses
means for arranging said residues based upon an interleaving depth of said
interl eaved residue frame and the nunber of said residue channel. 30. The

cormmuni cati on sysiDeindinlatingithedgréad signal receifed fibartks pasaiitdingsea@aiylds means
conprises neans for setting said inter]eavi ng dept h based upon the nunber

of said resi degngallydesgabedindhedemedwlatinginagihed 4 dystsated by thedlow ehagyofi m 26,
and further cqfgr i’S'S?:anrl]g?{‘s?eJ OF, 1Rl s PN Vel WAL R R ohB Rl AR of NaNN el

to formsaid spread sig
environment of the communication system 30. Thereafter, at step 92, the spread

signal is despread with one or more code sequences associated with each of at least
one residue channel to determine a code sequence. The code sequence that is
determined is associated with one or more most significant bits and used for

transmitting the spread signal for the each of at least one residue channel.

Following step 92, the demodulating method 90 continues to step 93 in which
the despread output is demodulated to form an estimated modulated symbol and to
derive one or more least significant bits for the each of at least one residue channel.
Thereafter, at step 94, the one or more most significant bits and the one or more least
significant bits are combined to form a residue associated with the each of the at least
one residue channel. A binary output signal is then derived from one or more residue
symbols at step 95. Each of the one or more residue symbols is based upon a
plurality of residues associated with the at least one residue channel. The plurality of

residues corresponds to one or more residue sets.

Table 1 below shows an example of selecting residue numbers for different
number of bits per symbol. This table assumes that the total number of residue

channels is five in which three moduli are non-redundant {m;, m; and m3} and the



32. The comuni cation systemas clainmed in Caim31, wherein said conbining
nmeans conprises means for carrying out said conbining in parallel. 33. The
communi caginQf s @ emas clainmed in Caim31, wherein sai dp@@g@;‘,ﬂg,.ng] means
conprises neans for serially concatenating said output. 34. The

conununi cation systemas clained in Caim31, and further conprising neans
fox scranbling said spread signal using a»predeterm ned scranbling code.

35. The conununication systemas clainmed in Caim31, and further

conpri si ng: NMeafsinfr@tweIRYERINL Anf)dnadh I a?eﬂls@@%ﬁeh%?aéteétfbnpa?‘l’daclohﬁéhd?lumfes

and nmeans for inverse Fast Fourier transformng said parallel outputs to

. form transf or seldctingpody, tWOVQﬂS@a(nlszare(dl@IpwzstB(D’ﬁ/ ﬁ@dlmS&btbquml@dt%. The
conmmuni cati on_s. tem Cl ai m 35, conyerting neans
conprises meady dﬁ{%eéf’rfcga?\?nﬁ’he@n éffl?fn?&lé%?oang%g’n‘gllwre t%‘:l"ﬁ@n ‘htjr%ﬁl cation
. system as cl alpep@nwm O'ted MndRumansiflibet POSsibtORRTI $idg sTBAd i & 1%1%?&@' i ng

sai d spread signal using a predeterm ned scranbling code prior to said
converting. 39p TR prntymbshttiense sithe awnber ofibits pecsyibobisdiesn s 4.4hel

further conpri for n ard interval between said
transf or ned on? gésg%%n{s’ tac')zdlt ans&rrs1!tg§|e§ﬁ&iJ WO 112/11 (i 19&

PCTI SG 1 1/ (1 (1i 111 51 39. A conmuni cation syst em having a receiving section

f or denodul at 'Blg & FpT edu ST %%uh' ecerved W thimm=a LUlllrur|$Mbﬁgblduh _
EHYI ronnent, @ FT}ZUH cat m y?nt em \.,unprfoglgllﬁgmmz 3? adi ng
salfl sp:ead W pﬁ%’f pr ore™ ccpde sequénces "assogi a éd.‘f’j"t Aeach of
at eas one fresidue harn t geterm a—code SegHente—Sa{ 6 —€06af
sequence being dssokj Z"rp xfm h\{ e ﬁr mﬁe msif%‘?’%?u ficant on&ts and used
for transmttind sal d3sprehd|signal7for l$aild eabP8f at || east30one resi due
channel ; means feor gdeaodul &t { ng dedpr ¢ad3 ot pute.t2m3r esppndi n@st o the
determ ned 7 4 5 7 11 13 7.1293 40

8 5 | 7 8 9 11 8.1293 40

9 5 9 13 14 17 9.1293 58

10 9 11 13 14 17 10.3298 64

11 11 13 15 17 19 11.0668 75

12 13 17 19 20 21 12.0358 90

13 19 21 22 23 25 13.0997 110

14 25 26 27 29 31 14.0992 138

15 31 33 34 35 37 15.0681 170

16 39 41 43 44 47 16.0692 214

17 50 51 53 59 61 17.0442 274

18 63 64 67 71 73 18.0434 338

19 79 81 82 83 85 19.0012 410

20 101 102 | 103 107 109 20.0171 522

Table 1: An example for moduli selection for different number of bits per symbol.

Table 2 below shows an example of the modulation method. 16 bits per
symbol is selected and the selected moduli set is {39, 41, 43, 44, 47}. For QPSK
modulation in the modulation method, these moduli are readjusted as below. One
extra orthogonal code is required for all moduli to accommodate an all- zero
condition in the index. The total number of orthogonal codes can be reduced further
by a fine optimization in some cases. For example, for modulus 44, the maximum
residue value possible is 43. The binary representation for modulus 44 is 101011 and

the decimal value of the preamble portion is 10 for QPSK modulation. Hence the



spread code to forman estimated nodul ated synbol and subsequently derive
one or nore least significant bits for said each of at |east one residue
channel ; ﬁ%ﬁﬁﬁmﬂﬁ? conmbi ning said one or nore nost signifipgdRigePhdes: and
said one or nore least significant bits to forma residue associated with
each residue channel; and neans for deriving a binary output signal from
one or nore residue synbols, each of sai ne or nore residue synbols being
based upon a plurality of residues associated with said at |east one

resi due channgl . sai ural i resi r.esp b o) r nore
resi due sets. Foﬂ%_nu%gr @%?#@%Pé%tcﬁéeﬁ rs@‘gggﬁngégaé lrgrfrﬁ%gp(? {r}g]cé)a‘?‘%qgéfb wherein
. sai d despr eadigpgeseRa0® 10papgiveeh Tabde3. Hevevapphigikitgl of opdivigatidhad hat test on
each of said despread gutput, to obtain test statistics for'each of said one
or nore resi dpessible fopallmodiivalues.012 rcTi sconooo> > 52 41. The
, communi cati on systemas—tlarred—+in atm40,—yherern—-sat¢—derivingy neans
conpri ses neans flor chBSSARE VA,  edundant 1 e5ioRaed ¥EHodach of said one or
more residue setq b@&?apn C P ASPONTAGExSBloRhbEial SR T FTT CBahOr ¢ach of
said one or nore|residues.|42. The commnication systemas clained{in Caim
39, wherein said|des@%adi hg 1felds conflllsey nean%tif or esti ndtli ng ¢han~ael
st at us i nf or mat i gr—asseetated-w-th—each—restduve—~channet—43—The
comuni cati on system‘hls cl ai @4 o ai%042, wher@h sai i defdul afi ng
means conprises fEansyor TOonEieE Sal di @1 nat ed [gogul at ed Syyybol usi ng
sai d despread out{put of selected spread coddg and estinated channel |status
information assogi ateth wi t h daitheeach tillat || eastlldhe resi duddOchanmel . 44.
The conmuni cat i on—systemas—elatred+n—CO-at-m-39—and—urther—conrpri Si ng
means for formng an ZWnt er eé\()ﬁi“resi d 1frqms frgﬁrsai diplurdality|of
residues. 45. The CONMMMUSJIGAG{ AN SYSfem aﬁuﬁ{b@f@?&ﬂo@oﬁﬂ% RA4e Whefein said
form ng neans conprises ~nea~ls for|deinterleaving alc} I nterl eaved residue
frame to forma synbol frrabR, 2:9ai skaspldsthé madelatiavinethodne or nore residue
sets based upon said plurality of residues, each of said residue sets
representing a synbol. 46. The conunui ucation systemas clained in daim

45, wherein said dei r [ ns. : } : ettin
an interl eaved dep?‘ﬁﬂ%g’rﬂegﬁ/gﬂ%ﬁ?}%g%{eﬁéﬁE@é?sgg%%;rgﬁgmg%gﬂgge Jg%ﬁﬂ he )

nunber of sai diffeesitdumbsedfhits per symbol. As in Table 1, Table 3 also assumes five residue

(@]

channels in which two are redundant. The calculation is also based on the moduli sets
given in Table 1. For M-ary orthogonal based DS-CDMA systems, the minimum
spreading gain is two to the power of number of bits per symbol. For RNS-based
CDMA systems and for the modulation method, the number of orthogonal codes
required for the representation is different from the minimum processing gain. This is
because the processing gain of the spread code is a power of two and the minimum
number of orthogonal codes required is derived by arithmetic operations on moduli
values. For simple RNS-based CDMA systems, the minimum number of orthogonal
codes required is the simple addition of all moduli and for the modulation method,
the number of orthogonal code is determined after extracting the MPSK/MQAM data
from moduli as discussed previously. For Table 3, the modulation method assumes
QPSK modulation and hence the total number of orthogonal codes required is

approximately % of RNS-based CDMA systems.



V1' O 112/ (1l 1912 PCT/SGE 11/1101111 53 47. The conununi cati on system as
claimed in Caim39, and further conprising neans for descranbling said
spread S'Waf(lz/old?d(?g a pxedeterm ned scranbling code. 48. Jag/seRpusyii cation
system as aimed in Caim39, and further conprising: nmeans for converting
said spread sig>lnal to paxallel outputs; and neans for Fast Fourier
transformng said parallel outputs to forg!3 transforned outputs. 49. The
comuni cation systemas clainmed in Caim and further conprising neans
for descranbling said spread signal using a predeterm ned scranbling code
prior to said cRitentiMgry 50. Th&NScassdiIIA| on dyst em Rropask din daim
49, wherein sa$wntobnverting [nBmns| Eamikli sesSenslans Epn/MEil nPerlldayi Seriadaild
spread signall. .A . A{s. . Al. R8AU r.RA9. A . K¥S. AASL. Ahs 16 4*5
A A L Asr. A9. Ass A{ ]. A 32 30 32 16*5 9 16 4*5
, . As. AAs. AUs. A{s.d\s. Ah. As2. A{ls.3B. s|. AM4 A 5. AR*Ai S.|AASIA. Al. A AU, A|AUBESAS A A
se& Ah. AA" . A[. A{7.As .AAs90./1Asi0. A Le4As)| A 185 . A. (15 16 4*5
@ytoje [V]cd]cad ca]calsa] ca] ] cla] ce cal] caM*sa] ca] ced caj ca] ma] cq] cRa] ca] ca
] ca] ca] ca] ca]icaJgaU] calfiga] ¢alggcal cageal gQ632+4d] 18 32 8*5
Iw@ xr mhe™Y] ¢ ThCT ¢a] ¢gdacaljcafacaVv] cgy caV] cag=gaV]ica] eaV] ¢a] caV] ca] cgiscaljca]
ca] ca] cal] ca]icajgal ¢aj s@scalcajscal capgal £al §asQ X 71 32 85
W MEPH[ #fS&&E&X Yy T T 1908- T Thg0+ _Me@m 4u]z§aj gaJ cgycajcaal g ajc
aU] ca] ca] ca] Lgm’za] ch] %) thgg] CH] Cﬂibcaj Caj ey ch Cajé cajcapscajcaV
] ca] cal w0001 31%\83;"& ngg-+45_:2:3'6)6l, 0032%57 77 1; XS T o L] CEH T g*5
ca

aljcalcalcalc capalT 1 L.d]lg,d.j gaj L@‘Ld] calwaigal ¢
‘LL 4&3\\:‘_::5_5__2 Te?t 64’ @'(ﬂ;&m cNY

ajcaJca]calc
] ca] ca] ca] ca] al-pat car r] \,ggga] gaj bc:ll_lﬁﬁ
o} bal2it: ateal Kot eat catia
<K

A

b bt r;—
r—s))—g I\Jr—(-

— | D, S
Ecwumw%m
éu o b ré rr: b

SD 3]

R

P

> O O

e 8

D D

Suu

3

<

1SSty
27

C

E

(q

A

(g

A

d

] ca] ca] ca] ca] -qu
}xsnid_Z]ca]] galtaled] ca
] ca] ca] ca] ca] QM N
XNNNO xsnild a-]—c.]é-]?sa-% : ca

ca] ca] (?S]} ca] caJ ca] ¢ ‘b&,@ chba?@sa}m@thgqma?@e&ﬂe@anmﬁ number of bits per symbol ]
QcQr QUQQR Rx RSS3 T o difflogaid maduiatimHmpihod srfoethg wafidaje gjvsa)ie dpelal] ca] ca] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
VWAKZXXXDYUYYY&ZX ZZ VAV A

ca] ca] ca] ca] ca] )éa] ﬁ'ﬁ[b&% elsp shgwsd '}1\%}%}3? g@ﬁ%@?li{ﬁ?{fgflgg% ‘g“h% ‘ﬁ&‘}t ‘?I}agg} gg} gg}
caj cal **_e re¥énted ByPerAfl@R&RRation of spread codes. In this case, the spreading factor
bXbbbcecccdhngg%e{ vqgl'gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca]

ca] ca] cal] ca] cfat eaa;U]rcat]hM\]adm shejlddjedaghealvaltbainesimouh owdek veluefFdrtlygy\ gggbDhh

h 117
T o1] on] oa] 4] CHPOEER BEY O RS A PO e oy AU AR AR GebanEon: oo
qagr er r r Fsssssddtd v{udsvaort viodvli| $inserind sglesd todel ard erhuptarbraltedliea] cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalcalcalcalca]calcalcal||]| };
2K=) t % 6zuoj d_pravessiag gpiv] fenpash vywhpldavhoad m)}e,daqsttavp@r&f@ag tagjesayRefcal ca)
ca] ca] ca] ca] ca ca @l 125A@g}] g%% ca] caljca]calcajca | Pp
SYeFXbw ej z| } mof 5 ﬁ c?caU] ca] caU] ca] c”alU] ca] ca] ca] c*a] ca] caV]ca]c
aV] ca] ca] caV] ca] ca\/j ca] caV] ca] caV] caV] ca] ca] ca] caV] ca] cal] ca] ca

?
E !a\?]@():\“z;\‘]w({: aﬁ: aj ca?}: Z&g&;g&%ﬁé @@ﬁgﬁ@@éﬁgéﬁglﬁfﬁ cga ag%}qogﬂ'gg\gﬂ%g]ggnﬂ cav]cal

based DS-CDMA systems increases exponentially with the number of bits per

%

e e
<°°“ﬁ§%b°\-
DD P D P
ey = AN Q)
bbb+ PF4d

DD DD

O P

)
P g
[ M W)
=

A=

%..
=y

symbol. However, if the number of bits per symbol is less than five, then a lesser
number of orthogonal codes is required in M-ary orthogonal based DS-CDMA
systems than alternative methods. Between parallel and serial concatenation of
spread codes, the processing gain is less for parallel channels. However, each residue
channel has a higher spreading gain. This difference decreases when the number of

symbol per bits increases. In some cases (for example, when number of bits per
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proposed modulation method is significant. Table 4 below compares the

computational complexities of the receivers of the M-ary orthogonal based DS-
CDMA system, the Yang and Hanzo modulation method and the proposed
modulation method. Table 4 assumes that each symbol consists of & bits, and v
residues are used to represent each symbol in an RNS representation. The residues
are { my, mz, m;, ..., my}. For the proposed modulation method, MPSK/MQAM
modulation is used for data where M= 2", The complexity of the RNS encoder and

the RNS decoder are not considered for this analysis. However, forward and reverse
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Table 4: Comparison of computational complexities in the receiver design of an M-
ary orthogonal based DS-CDMA system, the Yang and Hanzo modulation method
and the proposed modulation method.

For example, Table 5 below compares the computational complexity for a
typical case given in Table 1. For an RNS-based CDMA system having 16 bits per
symbol, the moduli set is {39, 41, 43, 44, 47}. QPSK data modulation is used in the

transmitter,
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Table 5: Comparison of computational complexities of a typical system using
16 bits per symbol and having the moduli set {39, 41, 43, 44, 47}

FIG. 14 is a comparative graph of computational complexities for the
communication system 30 with prior art systems. The number of floating
point operations required per symbol is selected as a measure of computational
complexity. It is clearly evident that the M-ary orthogonal based DS-CDMA system
has exponential complexity with number of bits per symbol. The proposed
modulation method has the least computational complexity than all other modulation
rﬁethods discussed. It is partly because of the lesser number of spread codes after
data modulation. FIG. 14 assumes QPSK modulation for the proposed modulation
method. Any change in this modulation reflects in complexity also. The higher the
number of data bits modulated, the lesser the number of spread codes and hence the
lesser computational complexity. But the detection accuracy is affected when the
number of data bits () is more. The relation between computational complexity and

spread code is more obvious when FIG. 13 and FIG. 14 are compared.
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Channel model L path Rayleigh channel with slow fading
Spreading Short code . Orthogonal Walsh sequence
code Long code Random sequence
RAKE diversity 1-20 symbol time window
Symbol interleaving Frame wise (16 slot/frame, 18 symbols/slot)
Channel Inner RNS coding
coding Outer Nil
Power control Nil

Table 6: Simulation parameters for the proposed modulation method.
Method 1 uses parallel transmission residue channels and Method 2
uses serial concatenation of residue codes.

The modulation method assumes constant chip rate and is fixed at 4.096
Mecps. Since the modulation method uses orthogonal modulation and constant chip
rate, the spreading factor is the most important design parameter that determines
symbol rate, moduli values and, thereby, channel bit rate. The computer simulations

are carried out for different spreading factors such as 128, 64 and 32. The proposed
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is used as short code and pseudo-random codes are used as long codes for spreading.
Rayleigh channel with slow fading is used as a channel model. No other channel
coding methods are employed except RNS coding of channel bits. The simulated
communication system assumes accurate synchronization and accurate estimation of
multipath channel conditions. Power control methods are not considered. The

following section summarizes the simulation results.

FIGs. 152 and 15b compare performance of the communication system 30
with prior art systems in a Rayleigh fading channel. The performance is compared
for 16 bits per symbol and a corresponding moduli set is {39, 41, 43, 44, 47}. Here,
QPSK modulation for data is assumed. Compared with conventional RNS-based
CDMA systems, the modulation method is capable of bringing down the processing

gain by about % of the original processing gain.

In particular, FIG. 15a gives the performance characteristics for the
communication system 30 with parallel representation of residue channels. By
applying the modulation method, the minimum processing gain can be reduced to 64
for the communication system 30. The system characteristics are plotted for single
path, two paths and three paths. The BER performance improves as the number of

paths increases due to the diversity gain in the combining,

FIG. 15b shows the performance corresponding to the serial concatenation of
residue codes. The minimum number of orthogonal codes required is the highest
moduli value and the corresponding spreading factor is the nearest power of two. The

individual spreading factor for each residue value is 16 in this case and the total
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is nearly same in both cases, the performance is more or less comparable.

On the average, the performance of the communication system 30 is better
than the prior art systems. For lower Eb/No regions, multi-coded CDMA systems
gives a better performance. This is largely because of the definiteness in the spread
code selection of the proposed modulation method whereas the spread code selection
in the alternative modulation methods is preceded by a decision making process,
which may not be accurate for low Eb/No. If the Eb/No is sufficiently high, the
performances of the alternative modulation methods surpasses that of the multi-
coded CDMA systems.

The communication system 30 outperforms the RNS-based CDMA system
proposed by Yang and Hanzo in all the cases. This is likely because of the hybrid
nature of the communication system 30 in which the modulation system is

implemented.

The performance of the communication system 30 with reduced processing
gain compared to that with normal processing gain is to be noted. As shown, the
reduced processing gain does not affect the performance of the communication
system. This clearly provides an indication of a high data transfer rate using the
communication system 30 without affecting the performance. In FIG. 16, it is seen
that if the processing gain is sufficiently high, the communication system 30 with
reduced processing gain sometimes outperforms another communication system with

normal processing gain.

In order to complete the comparison, the communication system 30 with
reduced processing gain is compared against the alternative modulation methods
having lower processing gains. The performance results are given in FIG. 17. The

moduli and the number of bits in both the communication system 30 and other
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FIG. 17, the processing gain is 64 and the number of bits per symbol is 16 for the
‘communication system 30 and 9 for the Yang and Hanzo prior art systems. In the
multi-coded CDMA system, the number of bits per symbol is kept the same as the

communication system 30.

FIG. 17 clearly shows that the performance of the communication system 30
is far superior to the prior art systems. Hence, from computer simulations, it can be
concluded that the communication system 30 in which the modulation method is

applied can give better throughput with better BER performance.

FIG. 18 is a general block diagram illustrating a part of the transmitting
section 31 in accordance with an alternate embodiment of the invention. It is to be
noted that the residue interleaver 37 is the same for both embodiments and has been
described earlier. However, the alternate embodiment has a modulator 101 for
multicarrier modulation. The modulator 101 has other elements in addition to that of

the modulator 38.

In the alternate embodiment, residues are provided as binary input to the
residue interleaver 37 and then to the modulator 101. Each of the residues is
transmitted through a respective sub-modulator 45. Outputs from the sub-modulators
45 are combined by the combiner 46 and then scrambled by the scrambler 47 using a
scrambling code. The scrambling code is usually a pseudo-random code that is user
specific. Scrambled output from the scrambler 47 is converted into parallel by a
serial-to-parallel converter 102 and provided to an inverse fast Fourier transform
(IFFT) module 104, Optionally, a sub-carrier interleaver 103 can be inserted before
the IFFT module 104 to reduce the effect of severe frequency-selective fading in the
channel. A guard interval is inserted by a timer 105 between symbols to avoid inter-
symbol interference due to multipath fading. The signal thus formed is then

transmitted as a spread signal after radio frequency up-conversion.
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of residues can be used. In parallel representation of residues, the number of sub-
carriers used for each individual residue will be higher than the sum of all moduli
and all residues are transmitted in parallel using orthogonal spread code mapping as
discussed earlier. In serial representation, the number of sub-carriers used for
individual residues is higher than the largest moduli value. Unlike the preferred
embodiment where all sub-carriers are used for all residues, each residue is
transmitted through to a distinct set of sub-carriers in the alternate embodiment. FIG.
18 corresponds to parallel transmission of residues. For serial transmission, the
combiner 46 is interchanged with a parallel to serial converter (not shown). Hence,
for serial transmission it is possible to directly provide output from the sub-
modulator 45 to the IFFT module 104 after scrambling each sub-carrier since the

scrambler 47 and the serial-to-parallel converter 102 follow the combiner 46.

Demodulation of a spread signal in the alternate embodiment for a
multicarrier CDMA system is different from that of the preferred embodiment. Such
demodulation requires the receiving section 32 to be modified as shown in the
general block diagram of FIG. 19. In the receiving section 32 of the alternate
embodiment, a demodulator 110 has different elements compared to that of the
demodulator 39. However, the residue deinterleaver 40, the RNS-to-binary converter
41, the binary deinterleaver 42 and the outer decoder 43 remain the same as in the

preferred embodiment.

In the alternate embodiment, the spread signal is down-converted from radio
frequency and then accurately synchronized with symbol interval to provide an
output signal. The guard interval is removed from each symbol of the output signal
by a receiver timer 111 and the output signal is then provided to a fast Fourier
transform (FFT) module 112 to generate sub-carrier signals. Thereafter, a parallel-to-
serial converter 114 converts the sub-carrier signals for the sub-demodulators 115.
Optionally, a sub-carrier deinterleaver 113 can be inserted after the FFT module 112

if the spread signal has sub-carriers that are interleaved. The sub-carrier allocation in

10”
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The relationship between processing gain and number of bits per symbol for
different modulation methods given in Table 3 are true for RNS-based multicarrier
CDMA systems as well. Here the processing gain corresponds to the number of sub-
carriers required for transmission. For effective implementation of FFT, the number
of sub-carriers is selected as the nearest powers of two. This aspect needs to be
considered when deciding the number of moduli sets in residue number systems,

especially for serial representation.

The communication system 30 provides an alternative for high-speed data
transmission, such as, high speed wireless local area networks (LANSs). Here, a fixed
number of data symbols are converted to RNS representation and then each residue is

transmitted through parallel/serial channels after appropriate modulation. Hence,
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more number of bits is used for data modulation, which can further increase the data
rate. The error correction abilities of RNS systems are exploited for the possible error
correction. Since this increases the data rate significantly, the communication system

30 can be considered as a candidate for the next generation of mobile communication

systems and high-speed wireless local area networking (WLAN) systems.

In the foregoing description, communication system 30, a modulation method
80 and a demodulation method 90 based on the residue number system (RNS) for the
communication system 30 are described. Although preferred embodiments are
described, it shall be apparent to one skilled in the art in view of these preferred
embodiments that numerous changes and/or modifications can be made without

departing from the scope and spirit of the invention.
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Claims:

1. A method for modulating a binary input signal to form a spread signal for

transmission, said method comprising the steps of?

deriving one or more residue sets from a plurality of bits provided by said
binary input signal, each of said residue sets having one or more residues,
corresponding to a residue symbol, and having at least one non-redundant

residue;
converting each of said residues to binary bits;

modulating one or more least significant bits of said binary bits to form a

modulated symbol for each of said residues;

selecting an orthogonal code sequence associated with remaining bits of

said binary bits for each of said residues;
and
spreading said modulated symbol for each of said residues using said

selected orthogonal code sequence to form a residue channel for each of said

residues for transmission.

o

The method as claimed in Claim 1, wherein said converting step comprises

the step of grouping said residue sets to form a symbol frame,

3. The method as claimed in Claim 2, wherein said converting step further
comprises the step of interleaving said residues from said symbol frame to

form an interleaved residue frame.
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4. The method as claimed in Claim 3, wherein said interleaving step
comprises the step of arranging said residues based upon an interleaving
depth of said interleaved residue frame and the number of said residue

channel.

5. The method as claimed in Claim 4, wherein said arranging step comprises
the step of setting said interleaving depth based upon the number of said

residue sets.

6. The method as claimed in Claim 1, and further comprising the step of

combining output from each residue channel to form said spread signal.

7. The method as claimed in Claim 6, wherein said combining step is carried
out in parallel.
8. The method as claimed in Claim 6, wherein said combining step comprises

serially concatenating said output.

9. The method as claimed in Claim 6, and further comprising the step of

scrambling said spread signal using a predetermined scrambling code.

10. The method as claimed in Claim 6, and further comprising the steps oft
converting said spread signal to parallel outputs;
and
inverse Fast Fourier transforming said parallel outputs to form

transformed outputs.

11. The method as claimed in Claim 10, wherein said converting step

comprises the step of interleaving said spread signal.
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communication environment, said method comprising the steps of:

despreading said spread signal with one or more code sequences associated
with each of at least one residue channel to determine a code sequence, said
code sequence being associated with one or more most significant bits and

used for transmitting said spread signal for each residue channel;

demodulating despread output corresponding to the determined code
sequence to form an estimated modulated symbol and subsequently derive

one or more least significant bits for each residue channel;

combining said one or more most significant bits and said one or more

least significant bits to form a residue associated with each residue channel;
and

deriving a binary output signal from one or more residue symbols, each of
said one or more residue symbols being based upon a plurality of residues
associated with said at least one residue channel, said plurality of residues

corresponding to one or more residue sets.

15. The method as claimed in Claim 14, wherein said despreading step
comprises the step of applying a ratio static test on each of said despread

output to obtain test statistics for each of said one or more residues.

16. The method as claimed in Claim 15, wherein said deriving step comprises
the step of choosing non-redundant residues for each of said one or more
residue sets based on corresponding said test statistics for each of said one or

more residues.
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19. The method as claimed in Claim 14, and further comprising the step of

forming an interleaved residue frame from said plurality of residues.

20. The method as claimed in Claim 19, wherein said forming step comprises
the step of deinterleaving said interleaved residue frame to form a symbol
frame, said symbol frame having one or more residue sets based upon said

plurality of residues, each of said residue sets representing a symbol.

21. The method as claimed in Claim 20, wherein said deinterleaving step
comprises the step of setting an interleaved depth for said interleaved residue

frame based upon the number of said residue sets.

22. The method as claimed in Claim 14, and further comprising the step of

descrambling said spread signal using a predetermined scrambling code.

23. The method as claimed in Claim 14, and further comprising the steps of:
converting said spread signal to parallel outputs;
and .
Fast Fourier transforming said parallel outputs to form transformed

outputs.
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24, The method as claimed in Claim 23, and further comprising the step of

descrambling said spread signal using a predetermined scrambling code prior

to said converting step.

25. The method as claimed in Claim 24, wherein said converting step

comprises the step of deinterleaving said spread signal.
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26. A communication system having a transmitting section for modulating a

binary input signal to form a spread signal for transmission, said

communication system comprising:

means for deriving one or more residue sets from a plurality of bits
provided by said binary input signal, each of said residue sets having one or
more residues, corresponding to a residue symbol, and having at least one

non-redundant residue;

means for converting each of said residues to binary bits;

means for modulating one or more least significant bits of said binary bits

to form a modulated symbol for each of said residues;

means for selecting an orthogonal code sequence associated with

remaining bits of said binary bits for each of said residues;

and

means for spreading said modulated symbol for each of said residues
using said selected orthogonal code sequence to form a residue channel for

each of said residues for transmission.

27. The communication system as claimed in Claim 26, wherein said
converting means comprises means for grouping said residue sets to form a

symbol frame.

28. The communication system as claimed in Claim 27, wherein said
converting means further comprises means for interleaving said residues from

said symbol frame to form an interleaved residue frame.
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29, The communication system as claimed in Claim 28, wherein said
interleaving means comprises means for arranging said residues based upon
an interleaving depth of said interleaved residue frame and the number of said

residue channel.

30. The communication system as claimed in Claim 29, wherein said arranging
means comprises means for setting said interleaving depth based upon the

number of said residue sets.

31. The communication system as claimed in Claim 26, and further comprising
means for combining output from each residue channel to form said spread

signal.

32. The communication system as claimed in Claim 31, wherein said
combining means comprises means for carrying out said combining in

parallel.

33. The communication system as claimed in Claim 31, wherein said

combining means comprises means for serially concatenating said output.

34. The communication system as claimed in Claim 31, and further comprising
means for scrambling said spread signal using a predetermined scrambling

code.

35. The communication system as claimed in Claim 31, and further
comprising:
means for converting said spread signal to parallel outputs;
and
means for inverse Fast Fourier transforming said parallel outputs to

form transformed outputs.
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38. The communication system as claimed in Claim 35, and further comprising
means for inserting a guard interval between said transformed outputs prior to

transmission.
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and

means for deriving a binary output signal from one or more residue
symbols, each of said one or more residue symbols being based upon a
plurality of residues associated with said at least one residue channel, said

plurality of residues corresponding to one or more residue sets.

40. The communication system as claimed in Claim 39, wherein said
despreading means comprises means for applying a ratio static test on each of
said despread output to obtain test statistics for each of said one or more

residues.
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means for forming an interleaved residue frame from said plurality of

residues.

45. The communication system as claimed in Claim 44, wherein said forming
means comprises means for deinterleaving said interleaved residue frame to
form a symbol frame, said symbol frame having one or more residue sets
based upon said plurality of residues, each of said residue sets representing a

symbol.

46. The communication system as claimed in Claim 45, wherein said
deinterleaving means further comprises means for setting an interleaved
depth for said interleaved residue frame based upon the number of said

residue sets.
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47. The communication system as claimed in Claim 39, and further comprising

means for descrambling said spread signal using a predetermined scrambling

code.
48. The communication system as claimed in Claim 39, and further
comprising:
means for converting said spread signal to parallel outputs;
and
means for Fast Fourier transforming said parallel outputs to form
transformed outputs.
49, The communication system as claimed in Claim 48, and further comprising

means for descrambling said spread signal using a predetermined scrambling

code prior to said converting.

50. The communication system as claimed in Claim 49, wherein said

converting means comprises means for deinterleaving said spread signal.



