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C미〕ac》iy i朴 MCCDM^ systems '，衣huut any cost t bandwidth 

and with negh繃bie ust m pr성brpa a,, Speci批眺y: (L) 
compLex spreading codes are used iXs1rad .fcgmvemi(m姓 'e8】 

v숍se spreading 鮮 Odcs> (2) two groups 0f 口rt ho軫naL 

心身戮이ex spreadtn寒 codes arc used sii烈俯 neous}y, wnete 
ninimnum Cㅉ）＄즈（0 rriatco exists between the two groups. 
Sina"ations pa卄《）rmed over &syLeigh 仇drng chaxmels using 
these novel codes den ons軫ste 轍at the ! reposed scheme 
enabLes garns } Ot% in inrin of MCC以MA 騁Pam=y with 
ne輧gible prforixianc아《｝尋＄a$, 

조 . 꽈4TR0DUCnON 

MuI汁Carnet coda division muthpe access (MC:DM.A) m 
has emerged as 쵸 power盼l 琺ternative to conveittiaral direct 

$quence CDMA 心＄<:DMA) r'}．· . MCCDMA, eacb user' a 
data bit is tr&ii imxtt械 s汝m Itanecu驪y over N narrow柚ad 
su <mers, with eaci att沁amer 心l coded 맞淞돈 芬 -/ or +1 

(selected from a pieMesmined spreading cod町 Multiple users 
are assigned on淫t ogonal or 多aetsdt3낵》rth수gnnal codes to 
冬』鹹칩났‘亡 珏air ceparatablity at !he rece沙er Jtha朴seen &hown 

that MC《DMA ce血ves 驢8蛇fkant p ormance b蚣｝緘i妹 

over DSCDMA b ecause it et如oits frequency 4ivet ìty instead 
of the usu址 path diver轍Y, 軫쇼8bb짜§ a bettet eornbinli珊 0f 

r <ci'cd signal cnei8y, nj 

柚 MCCDMA, given N casriers, N orth畔oual users can be 
sn驪sorted vIa 毓adamsi泣，WaLr,h codes. rr《ㅈ觸）re than N users are 

t《》 be supported. pseudoot컁mgl）캬요1 .<>des must be employed 
daring system deai i. When doing this, (1) the parforrnsnce of 

system i$ notably dc8radcd even when less than N users are 

present; aric以2) because ㅇf cross＜쟈rreLation b媤 wean pseudo-
'）《1h畦.n小 cones, when the nwnbcr of users csceed芥 N, the 
tota1 ms$} t눠Jser interference 毛s very 贓gh, ceussrg 轍r amnanc 

degra巍tion in Pciibrn心icc. 

In our cad油1 心枉》轍 ！卦i好， we 《｝’交 catne the i8磁 tatIons of MC. 

(DMA by i nr0 ducmg Carrier Intcrferomevy (Cl) codes. Hate, 

the usual + / or -/ ＄材e效ding codes arc replaced by Cu叫dcx 
spremding codes` Specifically, miser k' s code corresponds to the 

linearly ir.cieasIng phase o 'lsmr,.s首e ' ,e *' . . . . ，聊代斗“】狗. " } . in 

the time d乙 nain. 蜘is transmitted signal &ptior 帥>hare coding 

ll g Per1ormatue, HIghC盒p斗city MC.CDMA via Carrier 1ntrtrferometry 

Ziqinng Wu, I毓｝& iii. a力 anismn Natarajan, Cami R,N asser and Steve ShattU 
Departinermi of ECL Celomtio State iimvessity 

Fort cM勵ia. C0 치鱗23`n73 
t. reduce P시：》R) corresponds to a earrer nterFersmmemry 

pattern. i. e. , a periodic mainiohe (the tinit at time 

w(th 5im1e1楡e arti너ty ＜瓣 arring at i楸nitween times. ay car嫌d 

se扼ction .f 쟎t to create ca嫌 겼＄町 ' $ spreading code, we 

den.on'.rrated that, givet난i canieraJIIMC-CDMA supports N 

orthogonal users, and樺f caadty is to be 注crcased further, an 

am址itien瘢 N pseudo-or岱mogormal users can be 心dad. While our 
research dt?l orvrated that ClJMCCDMA (D 硼ers 

orthogonal tiet-fotmnce below N user's and {2) easily 

cmi>asiiusrma MC-CDMA for inure than N users, rsc躇irnmance 
still degrades severely 8$ 矮te nu烈：3er 13fusers increases beyond 

N44 

hi this wom3, we intro緻ce an MC- 珏가汽＾ system employing 
畛radmg andes corresponding to two gre因ts 0汁rthogonal 

ranier intcrfometry (a) complex spreading codes. These 
codes are carefully selected re ensure m仇jrnuom cross-

correlation between the two gmnups. When the nwrther of users 

in the systennnass than N. one om캬奪呼cm꺄 group .f spreading 
Codas is used. When the number of users lit the $Y必em exceeds 
N, The second orthngonat group of spreading codes is 
introduced. Performance of the system degrades 恥斛螂刎y 
frea나ho2Nusera, in版eating 小쇼t these two a姚＄ of or出ogonal 
codes a parsic미3갸y well suit欌 hr use in 贓gh capacity MG 

CDMA. 

Section II briefly reviews CL'MC.CDMA and introduces 企IC 
novel spreading ccdes used m this work, Sect柚It nI presents 

system modeling and simulation results over Raylel助 fading 
나i하넜1磁s,and an analysis and condu繃>n fi沁w. 

U. NOVEL SPREADING CODES FOR. CbMC-CDMA 

in Cl側C.U)MA. user k' s transmitted signal corresponds t＜》 
that of traditiom沁 ㅆC-CDMA with a nov烈 spreading code. 

邦eifichly. 

｝ㅊ (n 毋 b* c* (Og (n n > 
where ba 町－L+1) ref'rstotiser 妾“ ' s bit, e5(t) :efrrs 枷 user k's 

spreading code, and g(r) is a rectangular 鉀恣e of height / for 

the bit duration. No蛾 in DMA, mis in traditional MC 

CDMA, the spreading code corresPends tam 

* Research mmmi꺄ortedbyNSF grant ECS9 9t86f3 "Umra-WIdetmand Wireless ComnmusmIearion from Emergis塼 Multiple Access 

Technology" 

珏’78仍，盼肖咬 1^1足加引(mm) 心7.t聊 無斧r. 
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^r ̂  i 

.*({): ￡ 姻（ 2鞭7》2郊芯〃 『 β｝니 
t斗0 

(2) 

wh弔 " γ ' 卞t.o "sure onhog ality b'r weer suba驪‘" ra, a 

MCCDMA, 附> 締 G org, wheeas hi CI/MC(tMA. 

β｝치 時iOt . That i s, hi MC-CDMA, the s,readthg c0de caii be 

treated as a sequence made uP ` 江 小／ o -1 apphed to each 
carier. whereas in CI!MG《＝DM& the spreathxig code apphed 
to the N carriers correspurds to the 的ate 

off ts{e m ,e"久 ,,．汁‘? .RN..r) ,}, 

The erweope of the C1/MCCDMA code, ck(t) , hi the tirrc 

domain colTesporsds to 

i JY ! 
轍“(TN 2 盼 + 색＊石1n 

j 나－六－빽mㄱ斗．니 
8mt-·&fi47싼” l 

口） 

F3gurc i shows the ezwcope of user k' code hi a c恥b侄G 
Cf)MA systent with N나6 cart轍＄, The errc'el야is of the code 

蚣·幻 is periodic with period 叫 -; demonstrates one 
鼠 ． 

rna3nioie per pence wtui a pear ai time 凸喚밉 ' ㅍ旨 ano a 

慽 ""「” ' !""『 侖；and th v/" ' sd  'eobesP" em period sac " ' 
duiati궁in . 

NW 

A careM selection of f컥 for user k' $ code c (tl and 6/ for 

user fs code 디（ㅇ leads t. orthogontUiry in time between 

users' codes. Sp illca{}y, 勿 r a given 1,, 柳ld 히 , the codes' 

.체rr驪缸men cespceds t〔， 

R (n)' 4-n5'. - i(2XtJfl) 
441 싸 

t小U 

. . N.. - - ' 
t 요겪탰쨍＝.t4m7T i J컨'^ - γ｀ 

R 帥∼．느？-cc 2IrJ外  ,, ,，口蠟J=i；벳급二2，琺昨） 
i쇼r -1 r 季 밌－' r-b t 

Nna 抄 6;i公r료 ; 

2 

鼠 
where T . 

｛抑 

(5) 

27됨v 
n1ems exists 〃＾! .恥aIy s야ced zeros &t 

k ' -, - - - , 니． ' 

"戈FJ心L2,,..,N-4. These ＾나 zeros tndieatc thE 홉 

伶 텍수 

'＇￡ `,} ，甘 ` i 

: >:, 占t ＞ㅍ r( 2rf,r十 2,r'a.ft ·，, 汐， 》宕〈7} 
* 仗. ; -. 

where O騫t席釘璘··．,^7'{, 
Now, if we introduce 各 tixed phase offset to ati users『 phases, 

i.s, reptace 윅 by 8灸 +A心lime at] 죠 values, all users remain 

orthogonat That 奴 the eros-s corn玖atiots between the spreadin1 
codes remarss zero, as is evident from 觸｝, where r depends 
orsty .쵸 the difference i4 ---Op口 （色 4- .$) ..- Wi * ^ α） . 

H蚣ic艮 饉｝蜘 exist ^r orthogonal sprea必n8 codes 朴r any 

selection ot aGe淮2川 . These are {e片 .. 甘／珍，.. . . . , α．＾사‘i磅，}, 

where 呂誓鳶，a히 ㅊ.0工…Y d , Of course, berween me 

osthogonat set .f W eoaes (ㅇ nstrsmeted with 脯 t) and 

another orthogonal set （》rN ct>des (coesstructe*1 'wth B“쇼丹 '}. 

there caists a non-nero cross corre】sh(in. 

CbMOcDMA system, can simu灌t axteousdy sep渺et W 
0rm喀sinaI users by $e佃.ti1堪 

叭：等札＊N'.》L「’∼ ｛햐 
with all 入니＞＄蚣殄爭n茹 users on 小e system, the total transmitted 
莉na1 ci기工＄姓euinm all users is 

？寸 ^ i ]`7 눙， i 

引j》； Z 3:(n : 易 盼：* {'r）寒（n 
`,`m 

（카 

we now determine the two sets of N 0r姓sognaal codes with a 
糖森itn繃 cmos5(oreLat沁n N味 weeo the sets. L.cl 穴n (j,k弘可br 

to the cress correlation between the!5 user in orthogonal cede 
group I (onstrueted with ^8玄 0) and the k'' user in

orthogonal code group2 (eenstnscrcd with 』）, Ai5（더Cr 

小｛.d2 ’邕 ' （시.：《，小，}2f} 
《 ̀ 

pO S -* 

忙) 

represent the m-oce mesa-s 邸쇼ane cross correlarion th s e)轍t5 
between users m group I and group 2. We seet; to find the two 

set or codes (i.e., the ㅅ O' ) that minimize 시,2 , Now, it is 

ea駐iy shown 瘢鮮 

i A'r 
毛2 {,,/ ' *) = 菰7L' eos[ i' (8 ' - (9* + 血8 ' 刻 

i口‘ q 

∼2/sf茗，삐汀푸J 'it-k a& (9} 
it is ai50 ea5V to show that 

Gㅢ2. 
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〃q 〃d 

之(R (J'. k)Y 쑈2/（칙큐'U,*')y' k李k (16) 
Ioo 

That 林 , the total eros舛 orre始tion b心 weea the 玄咬 *ser in 

()nhogoial group 2 and a1{ users in group I is i4enticai to the 

er自4 (̀. rreiatㅊnir between te ㅊ"方 usir in orthoBor,si group 2 
and all ussrs i ia group 1. Using eq驢＄ on (10), we oan rewrite 
哨沙戱J얘 (8》 a$ 

A뇨i r，軫．一 ㅗ ' l 「〃一i . ̀ \ 

／心y4 S鐄嬅4i-^'∥型 ks祺( j-쇼))1 
*m l -*_ 」Y i 坐m 』Y i 
jO Ln0 굽 驪，*（朴 J 

8'-tㅆv}.｀一； ^ 

堪珊；2醱$(騫j-自〃 )昏3f즛，/ -i洲 
尸 i=C. 立콰 " 

YY箕；snt X曳j．漱）}+.nE.1X艱J, I' 
‘坪．于1샌＊빤 t rv /Y , 
/．好t씨 ＊寸i ' 

r鈿巍芬／ ' " " 틉介邵",/ ' i 'M"'}) 
？心. i"m必 憲域｝ 

:Irn巍松？淋《陟父，麗…" ' +雙挻，,/(）·」「畦席 " ' ) 
蠟岫 kㅋd) ／川＊ ｛뻐孕瘢예） 戶d) 

바瑯父邕-寅ksD雄+」jOiy+ Y*/:k，吟(k，」：)N) 

{U 노 
ㅗ2 쇼

＂ 

＾

샅

 

i N; " t 

［孑－乙 (R1·2 (j 
/ 칡 . 

心

 씨
 

and.. using equntitm (i), this heoornes 

珊命執cosl釀， )))2】多 (12 ) 

Let 軫各 now detenr佃e the selee沁n oi " ^() ' ! or group 2 that 

ntb泌功z必the root mean square correlnuon between th. i쨩. 

olt釉갱（놔姓 gg各똬＞8. T. do this, we s이心蝦 

：식’ ， : . (13 ) 
Now 

$＝心 i，珪｝ r＝念 玉m 

幷·盤 

>；榧 
ioO 

＾뇨결 

泌im雹（『^- 加“j 
良珊 

枷． . , 
z1，얹t5：共f wrufo ^8 " 心m련반 ,^* 섰 u山二… , we ｝次 ve 老 麗 u 驪｝氏 

N 

a熬 닉 
甘珍1r탭！br心, from; e결uaLion n』n` 낀二ㅌ시騈 6. 

d^8" 

茨eking to deusntdne whith ^9 are maxinsa and whth are 

nnuxr W （必；u｝心t亡the seo0好d osmier Pat3mal derisu如e at 
士扮 ．. . 

露8 ' =' －낀V 缸H3 以＊沼nn妊3心 
N 

絿！ , 朴j1O)) ' 〕 
糊
乞
艸
 

wh, 49"三쓰큰楓 

＊蜘 一2祭 (17) 
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艸
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뿐卦 

where 

J鮮 ` ·i 

心；. 에 , 고(j,0))2] 

／샀 1 " a쇼e, 
．鮮 月 } 〃__$ 

하차糾at . 8 ' 殄b 
f- U i1,l3 

8^e . 
(l ) 

蜘， 八8': -祭的 Tt5pQ「dS to t&XiTnt and 
^e': (2씹漱p,.vides minima. Seleetmg kO, we dwose 
＾〃'：和， .0「 nnms. Figure 2 多 IOt5 the root snem 因－ 
.rost ennel.孤에 F그 bctween the two g-rops .f codes as a 

funetton of , vaniyW3gour aaIecton of ` O ' , 

H.力Ce, if we have one set 心f N orthog.n芯users using m 

e心d*81a*td we want to anerease system oapam奴y to 2N塔 ers, we 
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sn introduce a secend ,ot 0fN or小ogoaah瞞呑r求aLso us執gCI 

co加L To best do that, in a nh山nuxo interfereice sense 

int;oduce e second $ et 수f c1 with codes pitase .frset by 

＾찮'；훑 with resteet to the first set.「CI codes, That is. for 
2A니ssers on the systan송 numbere戱＞ t《＞ 고〃m each iset should 

he assgoed the sptesding code {e'芯 ., e' , . . . ．.可（糾 ‘"悠） 

w緘re 

. 2呵 
心＊ ==*' -M 

' " N 

f, 戮 《· k- y｝츠효＋쯔‘ 
N N 

* 겸· 包i',,,l 〃－ t 

* 鷺 〃. N +L...y2鉀ㅟ 

The tota' t雰 nsniitted signal, with 朴硼 2쟎 ssers , 拓 then 

窺J,r시 鉀 -l 

7(n: 芝 外x eos(2渺；/+2%ift÷汐，）宕（D (1 ) 
ㅊ 콥d. 沙心 

where f* is seiecLed as sbowti in (i8> 

111 sYS任MM0D臘L AN王) P￡袞FO烈tANCㅌ UL1$ 

Figure 3（卦 shows the usaa MC.cDMA trenstnittct fi r user k 

with th. spreadinp code updated m cnrrespond t. Cl;M(> 

CDMA. Figure 3(b) shows the corresponding C淋伍c(DMA 
receiver 鮮T往쟀trc. 

At the recehrer side, the received 瘢gnal is ehatscte轍zcd by ras 
拓 ty滋ai of MCCDMA) 

犬·4 N4 

r(t)牛Y外y．αH曲즈（wi+2t4ft 4ie＊十呵)g(t) .?7(t) (2(s) 
盆冬 盒0 

where K i$ the nuxnber of users uecupyi.ng th. system a糊출 

corresponds to a value between / and 2N, a{is the gain of the 

！妨subcarrier and 0, the phase ofttet of the i뇨ubearrier duet0 

the channel, and 泓댜represen媤 AWGN, T. subplify the 

analysis, doss耐ink conimu柄.烈ien and exact P｝豫＄之 

syo磁rmisation is aasume<i. 

As ta t月>ic身l ni MCCDMA, the received signal i$ f3r5t 

pr0350ted onto the orthonormal basis of the transmitted &嚼갓al 

an心hen despread, o迂tp ì蠟ting "小如昌｝…1＇찮d} ，礎喀加 

K 小 ̀  

tj + >a1b1 cosri (e- 0k)l+fl m) 
＇텍t논 

γ＊* 

Here, index f represents the canier rwmbei'. 心넙 跳 is a 

Gaussian randera 'esIabie with - 0 帥d ，纖沁沈礎.and varsanec , 
Min油uzed mean 芯u.are error c갸쒔3ixung i$ employed t<> 

comb無e the r ' $' as has becn a枷wn to dcmon? trate the 

best performance, that is. 

〃 -'.t 

" “驪i'. /‘《긱4ㅗ ' . " " > 

where j; ㅉ 

§
 

入`
, 

L
 

A hard decia油｝device is then em신oyed to create a final 

巍cisIon. bk . 

The mul꺄ath fading channel modeLs used to assess the 

performance of the double c야）acity CIJMc-CDMA system are 

the HUy Terrain mT) channel and Typical Urban (113) 
channel taken from the COST-.207 (3SM standard i $). This 

channel mod이 is defined as 入 tra了特v寸r＄斗i 風ter with 板me 

vatying eoeftIcents whose s''crage power is detotmined by 轍唯 
mul淮th power d繃ty vroflLs （赳>P) given in 〔斗 in a Cl/MC-

CDMA s'ssem, 心》. 嫌勿，n就 mttst he dsaractm-ized in the 

frequensy donasui by 侮％ the coherence bandwidth (defined 
here as the bandwi嫩h over winch the frequency cotrdatton 
function is above OS). This can be cempoted from1 a multipath 
rower delay pr. fiic by using the appmoxumste melations꺄t in
[6]. Thin leads to the foIIowin colserzmce bandwidth resulu far 

HT (40 m 3t,72 kHr. or TU. (40c, = ' t'7 kJ.{z. This (4fi 
v忿ue satithes 

班-c-c｛匈鷺 <Ma! ba.'sMdth t'23) 

枋r the usual GSM bandwi出h and N3고 MC'乙DMA c3a統心＄ 
`1轍tm that 浹3tidw涎tin This imd돌．cztes that the charm섰a 4Jt 

什equencv selective over the entire 綸3ndwidth, but not over 

each carrier l기，Specifically, caub carrier uta1er名oes a fiat fade 
with the correlation between the 少 subearrier fatte and the I " 

mbcarrier fade characterized by t83 

i 

β',/ ' !,(（가． i,)/（可X): (24) 
where (j -f indicates the frequency separation between the 

／소and the ./4 subcarriema. (3enerraion of fadus with correlation 
has been discussed in 〔이． 

S奴，sdstions are n心brmed assum찮ing 갔tat a total of N心2 

《苡輾.r岺，Benc}; math results we 吝供i*ra挺dusing the fb上把，板￡竭 
systems; m a traditional MC-CDMA system receiver u柚喀 

(3 4 
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Jv'32 拗daxnasrwaisb. coder, and (2) traii沁ora MC-CDMA 
usmu, 恥沁n小衲）rthuom蛋 eodes where 出e fixt33 users use one 
set 心f Go졸d c0dg求 3i}d next 3$ users use a second set ofG이d 
codes (for a toa cpecvy <>f K牛65 uset). We assume a 
$y쇼bronous dow浦nk c hsnneL 

Fiwre 4 tresenxs bt error probabthty (BER) versus the 
nt}rnber of " users for $NR：샤0dㅉ n the HT cban糾 and F gure 
S pre芬心l ta these res바tsjn 갔e TU tharmel st SI蛾竇｝兄8. " The 
curve marked wth esrerIsks repre5 rots the performance of 
traditiona' MC<:DMA with 撫damard牡繃＄h codes, w脈e the 
curves marked with 衍 tc】es represents tbe Perfonnance of 
c1/l넌GCDMA, and dte ewvca marked with dots represents the 
perfonnance of rradthmai MC-CDMA with Gokt codes 
(supporth驪 up to 65 users). n CL'McCI)M凡 the first 32 
users are supoort姑 usir th. first orTh轉onat "f 
spread油S c에心s, and the nex댜2 users are supported using the 
sCcOud l, rth（졍ansi troup 朴fsprad綸. codes 

Those cun'cs dernonsrare that 錢 c`use af=his nov이 saberoe t() 
increase nspacity offers tre立 mdous perfom特烈 ce b뱁驪＃胤 over 
the n$e 口f tradit油珌 MC-CDMA system with pseudo. 
orthogonal codes for increased capaciry. flror any loss of 
perfiirmance, onpacisy tncreISeS of 50% can be supported 
(Fign懿 4, Figure 5),. and there are negl苾ble performance 
losses even when cspaci外． increases by 1侊% 

IV. cONc且割0NS 

1n this wotk 요 nov締 m令．th耐 that 油vohes carrier 
int螂念r03n5try spreading codes i.s investsgsted and is shown 숯0 
increase capacity i必 M(：ㄴC=}M^ systems. Dy intr耐ucing two 
groups of or쪘sogonal compinx sγeading codes with nainirnum 
or好＄ correlation between gre꺄＞$, we demonstrate increases tn 
system capacity by 100% with no estra erp0n50 in bandwidth. 
Increases in capacity are achiesed with 0n}y ocgii紂le 
手，erfonnance toss r心at沙七to traait沁nal MCCl)MA., at低1 
rnoreo'er. without asy lass ofpe町nnar..'e, capacity increases 
of 50% are supported. 
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