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Abstract-This pager proposes 2 novel sclreme whish dondiey
capeoiy i MOCDMA systems without ang sondin bandwidh
snd with weghigidle cost In porformmenes. Specifiedlyy (D
camnplex spreading codes moy wsed instind of sunventions) rest
wslue sprosding sodes, snd {3) we geoups of withopenal
complex apreading vodes sre wsed simaltuneously, whore
piniren cross-corridntion eXists botwon WMe WD proups.
Shmulations porformed pvsr Ravieigh Sudiug chasinels using
these novel codes demonstrate thet the proposed schame
exabies gains BN nvowam of MOODMS ospacity with
aeglinible performanse logses, :

Suiti-onreler code Stviton wonitiple socesy (MOTTRESAY 13}
hag smerged 2% 3 powsrfid alturmative 1 conventionsl dires
gequernce CDMA (DS-CIMA) [} In MOCOMA, sach geer’s
data bRt i aamitited shrnBancously over N navewbend
subcasrioes, with each subwsgvier encoded with 3 «f v 47
{seleted from a ¢ mined spreading codel Multiple usors
are assigned orthogapel. of pesudeorthogonst codes o
Enarvantes thelr separaiabiity &t the recefver . I hag boen shawn
that MEUSCINMA anhievey sgnificant parformsace  benefits
over DE-CINA beoause i eaplolty frequency divensity Instesd
of the ususl path dvereily, soabling 8 beiter combining of
ronsived signalenexgy. {13

Yo MOUDMA, ghen ¥ ouriery, ¥ orthogonsd users can b
suppodied viz Hsdamsnd-Walsls sodes. I o thaw & srees s
to b supported, psewde-orthogensd sodes wmust b orplayed
during systers Jesign. When doing this, (1) the perfuersnce of
systany Is notedly degraded even when less than ¥ users e
prasent; dnd (2 boosuse of cvosswcorvelatinn betwesn pssude-
srthogotal codes, when the sumber of s exeseds N ihs
totel meittaasy Interference fo very high, causing  dramstic
degradation in prrformanes.

B one cactier work {3HSY we ovemsme the Hisaitations s MG
CEMA by introdusing Tamrior Busrfromety (C1) codess Here,
e asmal +7 0r I spreading codes s roplaced by complex
spreading codes: Specifically, wsar &7 5 code coreesponds o i
Tnearly increasing vhase affie fo® 2% | IR
the time domede, Uils tranumitted sigasd {prior iy phese coding

o reduse PAPRY cormsspomdy to 8 casrder detwmcRromety

5 N . 8 .
putem, Lo, 2 pedodic mainebs (e Nest ol Sy 8% »:ii}— j

with stdelobe sotivily cvonrring st indebyaen tmes. Ry casfud
selection of &, fo crosie ssch neer™s spreading code, we
demnonsirated that, given N cariers, DFMOCDNMA supports &
arthegonal users, sad, if capasity & to be increased Ruther, an
additions) K posudo-orthngonal wsers van be added, While our
seamwreh demorsiried  fhat CEMOCDMA (1) offexs
arthogonal performance  below N usess and {3 saslly
eutperforing MOODMA for more then N sy, performsnce

SHIY degrades severely as the vusber of ners neceases bayond

R4

fn this work, we Iiveshueg an MODEMA spstern employing
gprsading windes vorrenponding 1o two gronps of orthoponal
caveker Interforesty (CU) coonplex sprending codes. These
pades we capefully sofected o pnsure - mbninium  Sross
zareiction botwess the two groups. When the number ofusens
v the systeny is less than ¥, one orthogenal grouy of spreading
codes i weed. W the pumbey of Riers o the svsiom sxeeads
¥, the sceond orthogonal grony of spreading ‘eades 8
intenducad, Perfirmansy of e gysiop degrasos neglgibly
TV £ 3N psers, indicating that these twa apts of anthogonal
codew ¥ priticabarky well sudted for aae b high capaoity MO
LCONA,

Section 1 belefly seviows CIMOCODMA snd iniroduces e
nuvel sprending codes used b Gids work. Seotion M preceats
system mndelng snd shendation results over Bayleigh fading
channels; and an-snalysis and conclusion fellow,

I NOVEL SPREADING CODES POR CYMO-DDMA
b CIMMGCOMA, wer &7 s tanemitied digeal sorvesponds i
that of taditions! MOUDRMA with 2 novel spreadding wodé.
Spenificaliy
2 iy = baoe Fig (N} {1}
whers b g {1 +3) sofirgto gaer & s bit o {0 refrs e nser &'
spreading oode, and glf) & 2 rectengoler palse ofheighe & S

e bt duration, How, i CIMGODRMA, 85 In waditional MG
CIRAA, the spreading code sarvesponds o
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whet &7 w?w snsure orthoponsllly between subenrden. In
MOCDMA, 8P story, whosss I OUMOCDMA,
B i@, | That is, tn MOCDMA, fhe spreading code can be
trealed as 3 sognence made up of +F or ~F applied o ok
assrier, whersas in CEMOCIIMA, the gpreading code spphied
W e N cudless oorvesponds 0 G phese
offssts {0 @™ eIy

The envelope of de CFMOCIMS sody {8} o 0w tme

disnatn, soreesponds to

3

Figure 1 shows e savelope of wser &7 cods v 3 CUMG
CDEA systoam with Mweld camiers: The snvalope of the code

hx3

83 3 peviodic with peded Is -iw dornonsizaios ong

msiiobe pov period wilh & peak af tme M%ﬁﬁgm 2
2

duration of _;:i?’ andibe A sidulobes parpexdod sael have

Surstinn s K
NyE

A oavefil selestion of § for waer ¥ s oods o) and &8
user £ vode o {F) leads to orthogenality 0 time tetwesn
saers” codiw. Specifically, for a given 8, and 8, the voduy’
Sorvelation corvesponds i

it
. t . ;
R ) z:\f@m e o
. sedhomy oy )
B {7}m e o B4 % Sl LAY 53]
a7 siog : 287
8, ~8,
whyme ¥ m;mém-—.-&u—
There  exists X wpally  wpeced zewos @t

rwﬁé‘;,km Eohea M~k These AV sovon indicste tha @

CIMCUTMA. svstom o i Hesousty
arthogenal wserd by selsoting

By %ﬁi&. ks D ¥~ )

suppars N

With sl ¥ evthogemal users on the systany, Hus teda) transmitied
sigoal consideriag 33 peer is
N =1 Xt
says 3 es@he B b gin
Swfd A=
SR A%
= g £ X s 27,0 £ ARIAS ¢ 1€ 5 1800
E-2:313 ey

{73

2
whare 8 = “g;*k.ka Bl ~ 1,

Now, if we tooducs 3 fxed phase offuet 1o ol wserd’ phases;
Sa, veplace. @by 8+ 48 for all & values, slf wsers rewain
orthogonal, That is, the oross corrslation between the spranding
oades remetng e, a8 dn evident from (8% wihere ¢ dopends
ouhy an the differsnce B¢ ~Fps B v 8618, ¢ &8

Haney, there sxist & orthogonal sproading eodes for sny
R "

soleation of afe [A2n]. These mos o0 g/, o000y
swhore 8, »a:":;-‘-‘f»nas,i 7SI IV G sourse; hebween e
erthegonsl st of N ooodes (tunstrected with  &8=8) and
suother orthogonal set of ¥ codes (nonstructad with 48 =383}
there existy 3 pon-dere cross sovvelation.

We now determnine the tw sats of & orthogunal codsg with a
ol cross<corpsiation dbween e saes. Lt Bya{ &3 eefer
so the ooons corerlation batwesn the ™ wher in sethogonal sods
sroup | (comstructed with A8=0) and e & nser v
arthogensl code gronp 2 {eonstruntud with Ads A8} Adso, It

Bl g

{{
(Re (s knt3t (8

Bre = b0s e e

FEL £
rEpresent e fou mean SGRace srosy sorvelution thay exnists
Detwesn voens in group §and group 2. We acek to find the two
sot of codes (Lo, the AR') that minkeize B, . Now, ¥ &
easily shovwn st

N

R
Ripfiky s b ' cool 108, ~ (8, + 88N
; Faf & 3
Rk 3w 2
.. T P S "
TEF ‘f{’:’}, cosd R{WN Fir e &8 R {#}

iz slecopny o show thet
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That 35, the t@wi crosswcormelation tatwen e &Y wser o
orthepnnal groug 2 and all weers i gronp s Hentical 1o the
srosscorrelstion betwesn the &% ey In srfhcgons) groug 2
and all wsers o podupe 1. Using equation (1), we can sowlts
equation {318

&miwz (Ry 4 (4,00 52 a1y

e

and, ustag equation {8), s bacomes

L
P

Bz =1 Z i)&, z sl it s~ 88T )
Lat 2 now determias the selontion of A8 for gooup 2 that

mindnizes te rost esn sguare correlstion between the tve
orthmgonsl groups. Todo this, we seleet

BR; 3 F
T i SEN
Naow,
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Y o MR N UISTER A
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o {43
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. &,
Henns, when &S}“-—‘:?,k:‘:@, s WS Bave 0 and

ihorsors, fom sgaation {14} -m-»m .

Socking to doternine whish A8 ars et wad which ae
g, we caloulnte the second ovder pactial devivative

A= % o determing:

* 2k ¢ i
;iﬁg?bt’s when gsvw&%ﬁ&
& :
ag? 2k
82&6‘{:‘3 whas &&’f»‘»wj{;m {173
Hones, &i?‘xn%?wmxmswms o mexine osad
&@’ﬁm provides mindme. Selesting &8, we choose
&

8’*«« ay our misdnw. Figurs 2 plats the rool mess squass

= - (8 ¥
sag rpss {tamimm} iz between the two groups of cades ag R
funstornt A veriiydng o soleciion o 48,
Naw, .
Hexes, i we hawe one ot of ¥ orthogonal users wsing €1
codey, snd we want (o Inoresse systent sapusity o N qses, we
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san intraduns 2 seoond set of N orthogonad users sisousing OI

codes. To best do thet, dn & mintenem inforferance semes,

introdues ¥ second set of CF with ccsdes phane affset by

&&’u% with vespect 1o the Hra st of Clcodes. That s, for
%)

2N waers on the system, nuenbared & to INGE, wach wser should
g,

be assigned the sprending code fe® o7% | e 8V
where
ST & g Mo
X
&y = $h- N}%{?«+% fm BN g 2N~ Ry

Thy totel tansitted signal, with o R} 28 peers; Is then
Wt X
wne 8 b§§: cos 26 ¢ AR + i 1 g (D) {15
FL
where @, 1s seleted ae hown W {18},
1L SYSTEM MODEL ANU PEEFORMANCE RESULTS
Figure 3{a) shows the senal MOGCIMA teaamiiter forwer &
with the spreading code updsted W oowsspond te CVMG
CDMA. Pigoe M) chows e comrosponding CHMOCTIMA
rosiver slmetars,
At the recaivar side, the rinsivind signal i chasyciorized by {as
s ppleal s MOGODRAY

K3 A
iy G Y aOoN O+ DGR $H8 1 IR0 NS £26)
Fa@t &0

where £ is the number of gaers sooupying the systeny aad
corsesponds te 3 valne bebwean F and 3N, o it ihe guin ofthe
#* subcarrier and &, the phase affset o e 2 guboanyier dud to
the channel, snd 30 ropresenty AWGN. To sinplify e
sadysie,  dowslinh comenumication oand  fxeet  phese
syncloonization i sasmemed.

As I8 typical in MOCDMA, the moefved signal s fire
profecied onts the orthonormal basts of the ramsndtted signal
and then dosprosd, suepaiting o {54 o My Fhime

Kt
byt E b g oos] {8 ey

e
Bk

Hews; index & represents the curviey nunber, and 3, B 3

{21}

: i ; Ky
Guussizs random variable with mean O snd vavianow o
F 2
Midrmies? mesr wgeaee ovor sondindng ks emploed o
combiae the £ 75, a8 this has been shows to dewmonaiate the
bt perfavaance, that i,

£}

{ ¥

§-§§:-, B & 8‘“}:‘

where 8 wq® N
i’i, 35 e £ otem
2

& hard declsion devics Ixthen congloyed to copate « Nadd
duenision, &g

The nwmitipah fdlsg chaonel mmdels wveed o mvsemy the
petformanss of the dendde capscity CIMO-UDHMA svaionm s
the Hilly Torddn (HT) chasnel snd Typical Ushban (YU
chaneel taken Som e COST-I0T GEM standard 15 This
channe! model s defined as 2 transverssl Sley with te
varying conflicionts whose avenge powsr is dotormined by the
mulipath powsr defay profile (POP given tn BB In s SRS
DA svatem, e chanmel sast T chaesctsrized o the
Posquenny domsin by (48, the cohopmee bandwidth (defined
fere wy the bandwidth ovir which the frequenty comultion
function is showe §.5} This cxn be spmputed from a mulitipath
powsy delay profile by ustng the aperoximate walstionship i
{6} This leads W the fodlowing colerence bandwidth resuit fiw
HY, 48, = 30370 K for TU, 446, = 178 i This 188,

valwe saticdes
A xl{af ), < ol bandwidh £33

for the usunl GEM bamdeidth snd Ml MOLTMA carties
within that bundwidth. This dndicatss thay the chonnels ae
frequency seleptive over the endire hundwilil, but wol over
sack carder {71 Spocifically; each cavier undorgoss & fial fade,
with the correlation butwen the & subcarrier fads sl tie f°
subearrhir fade chasacturiaed by {8]

1
D o= A RF
T RS

whaze {f— 7,1 indivates the froquency separation between the
R
&

24}

awd the P sibearies. Gensration of Sades with somslation
has been discussed b {8

Sipulstiony we porfonmed assuming thet a total of 8=33
sarriors. Beachmask sosulls vy generated veing the Sllwwing
gystems (11 & taditionsd MOCHMA sysam wosiyes uaing
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H=3F HadanardsWabh codes snd {23 traditional MOODMA
uag pesvdoanthegonst sades whers the st 33 usersise g
set of Gold vodes and next 33 users wse v sovond set of Gold
codes {for x tolal capacily of X=65 users) We sssume 3
synchronous dowalink ahennsl.

Figure 4 presenis bt smvor probability {BER} versmn fhe
swrabor of ey fir BRR=3E fo the BT channel and Figure
3 possnts thess snbts o G TU charpel at SHE=13dB. The
ourve marked with ssterisks zepresents the porformanes »f
traditional MOCIHEA with Hadsoard -Walsh sodes, while the
curvesr oavked with clrcles cepresenty the parformsnce of
CIMCCDMA, and the swrves mosrked with dots ropresents the
porformance of fraditensl MUOCIIMA with Gold codes
{suppariing wp to &F wemd fn CPMCCDA, the Biw 33
users are supported using the st orthogens! growp of
spreading endey, and the nert 27 sers see supported using the
sevond arthogonsl group of sprasding sodss.

These aerves doxnonstrale that the wee of this wovel schame
hwrease capasity offers tromendous porfoomanss beasdlis over
the use of waditional MOCDMA avstem with peeudos
orthegansl coles fur hwreased capselty., Wishout any foss o
perfermenge, onpacity noreases of 3% caw be supponisd
{Figaee &, Figuee 3, and e are peglipidie purfrmance
losses gvan when spaeity increases by W

B COMCLUSIONS

R this wotk 2 powsd mothod  that luvolves  casive

{nterfaremeiry spresding codes ks foverigsted sndiis shown te

fnoresse capachly in MOCDMA systems. By introducing 1we

gooups of arthogonal complex spreading codes With musissn

eross covrelaiion hohwess groups, we domonsirae ingreases in

system sapactly by 100% with no sxivs sxponss i beadwidih

bevesses o capacity sve achieved with only nogligide

porformance Joss ralative 10 Gaditional MUCIRA, ewmd,

orEver, withoxt sy lose of performence, Capasily Raoases

of 80% are supperted.
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