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Capacity of DS/CDMA Communication Systems
with Optimum Spectral Overlap

Jin Hee HanStudent Member, IEEEand Sang Wu KimMember, IEEE

Abstract—We consider frequency overlapped DS/CDMA (FO/  We define the amount of overlap as

CDMA) communication systems where a number of DS/CDMA A B
systems share frequency bands with adjacent systems. We ana- a=s =2 Q)
lyze the multiple-access interference from adjacent systems with By

arbitrary amount of frequency overlap and compare the capacity where B, is the overlapped bandwidth between adjacent sys-
of FO/CDMA with that of single wide-band CDMA (WCDMA).  tems andB,, is the null-to-null bandwidth of each system. For

The optimum amount of overlap increases with the number of ayample = 0 corresponds to the nonoverlapped FD/CDMA
overlapped systems. However the maximum capacity is obtained while @ = 1 corresponds to WCDMA.

when the optimum number of systems are overlapped by half ; C
null-to-null bandwidth. It is shown that the FO/CDMA yields We assume the overall bandwidth is fixed. Then, the con-

higher capacity in the case of relaxed bit error rate requirement figuration of FO/CDMA system is clearly determined by two
and low decay rate of multipath intensity profile. Otherwise, parameters,5 and «. The processing gain of FO/CDMA

WCDMA is superior. systemN is given by
Index Terms—FO/CDMA,  overlap, wide-band CDMA N*
(WCDMA). N = m 2)
where superscript refers to WCDMA. Note that settin§ = 1
[. INTRODUCTION ora = 1in (2) givesN = N*.

ECTRALLY overlapping system was proposed by The fading channel betweekth transmitter and receiver
chilling and Pickholtz [1]. They showed the potential opair is modeled as a multipath tapped delay line [5, p. 730],
the spectrally overlapping scheme and analyzed the capacitpamely

additive white Gaussian noise (AWGN) channels, considering I
the interference from adjacent bands negligible. When hi(7) =S B i8(r — IT2) exp(je A3)
DS/CDMA systems are overlapped, the interference from (") lz:; k18 Jeplier)

adjacent bands for a given carrier spacing was numerica\ll%ere

evaluated by spectral density ratio in [2]. The signal-to-nmselth aﬁ;zf}%"}l%ﬁ;;?i?f é?:zvge?ln\?vr(]adat:seuralatshZ?:\slgg}?tEed
ratio including pulse shaping filter is obtained by numerica P e €SP Y-

. S receiver had. taps and perfectly knows the fading amplitudes
integration in [3]. nd phases of all resolvable multipaths. We assume that the ta|
In this letter, we consider frequency overlapped ps/icbmANY P P ' P

(FO/CDMA) communication systems where a number (%ains are independent Rayleigh random variables, and the tap
: . : Qases are independent and uniformly distributed fxe2x].

DS/CDMA systems share their frequency bands with adjacelh]e number of resolvable multivath componehis aiven b

systems. The spectrum of FO/CDMA system is shown in P P 9 y

Fig. 1 where DS/CDMA systems are partially overlapped. In L=|T,/T.]+1 (4)

[4], the optimum overlap between two DS/CDMA systemghere 7, is multipath delay spread.

was considered. We find the optimum amount of overlap forwhen the overall bandwidth is fixed, the number of re-

general FO/CDMA and compare the capacity of FO/CDMAolvable paths, chip duration, and processing gain are related

with that of single wide-band CDMA (WCDMA) in frequency by

selective Rayleigh fading channel. . .

r_L_N =a+(1—-a)s. (5)

L T+ N

We considerS DS/CDMA systems are overlapped in fre- The signal-to-noise ratios of the dlff(_ere_nt resolyed paths are
. : assumed to decrease exponentially with increasing path delay,
guency bandsK active users are assumed to be unlform%&lt is
distributed intoS DS/CDMA systems. The bandwidth of each 5T
DS/CDMA system is identical, and each user is assumed to E[37 ] 2 O = Qpexp [__*_iz} 1<I<L (6)
use a uniquely assigned random signature sequence. L1z
. . L
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Fig. 1. Spectrum of FO/CDMA systems.

[ll. PERFORMANCE ANALYSIS 1 1 ' , [
The input signal to RAKE receiver of the desired user 1 o9 |-\ ‘ : | i
<oy F 3 ‘ ‘ %
is given by ~ oesl \ ]
K L \:; ; % ;
r(t) = 30D VPR bt — i~ I13) A e S A
‘ar(t — i — U15) cos(2m frt + or,0) +0(t)  (7) T IR S A S S —
where P is the average transmitter power amhg(¢) and § 04\ B S S e 4
ar(t) are data and random signature signal, respectively. The & 03 b ‘ B ]
delayr;, is uniformly distributed ovef0, 7], whereT is the s s f
information bit duration € NT.); f is the carrier frequency g 021 o S .
of userk; andn(t) is AWGN with mean zero and double-sided @ o1 |- ‘ AN S —
power spectral densityV,/2. We assume the desired user 1 ° 0 i 1 \,\
sent “1” as a data bit, then the RAKE receiver output of the 0 05 1 15 2 25 3
desired user can be written as Carrier spacing between adjacent carriers: Af, 1T,

T, L . . . . . . .
. . Fig. 2. Desired to adjacent multiple-access interference ratio versus carrier
9(T5) —/0 Z rt+ (- 1)TC)/31J“1 (t) cos(2m fit + r)dt spacing between two adjacent carriers in AWGN channel.
=1

L K

=\/P/2T, Z/}fl + Zlik,l(m, Afi1)| + N (8) carrier user amounts to about 15% of that from an identical
=1 k=2 carrier user, and 4% wheA f, 1. = 2.

where sy 1(7, Afx,1) is the multiple access interference_l_hWe ass,ume each U.Seh egp(;enenc(;as an |3d(ra]pendgnt fadu;g.

term from thekth user signal with carrier spacingyf ; (= enry,1’s are statistically independent and the variance o

|1 — f1]). We first obtain the bit error rate (BER) conditionedhe multiple access interference is the sum of variance of each

/ . 1. From (8) and (9), the conditional BERfor a given A
ona2 ZIL=1 /7 ; and then average it to calculate the averaq%"’éiven as( ) ®) R g
BER. N is a Gaussian Lrandom variable with zero mean and
variance of(NoT,/4) >, /Jil. p(7s) = Q(, /2%) (12)

Conditioned on the random variabl¢, the mean ofix 1
can be easily shown to be zero, and the varianceof is where

given by [4] K -1 L
No 2A(Afy 1 Te) 2 A
AMAfe T, & D Dl HID DA DTt
Var[’ik, l(Tkv Afk, 1)|A] = % Z /31271 (9) Eb k=2 3N =1 1=1
=1 We can get the probability density function of as in [5]
where .
/ 6 sin(2mx) R T al))
Az) 2 1— . plvs) =) —e Jd, 420 (13)
(@) (2mx)? { 27x } (10) () lz:; Yi
A(z) corresponds to the desired to adjacent multiple-accegRere
interference ratio in AWGN channel, which is shown in Fig. 2. 5
By the L'Hospital’s rule, it can be shown that = H ﬁ
; T — o '
N }:?F_}OA(Afk,ch) 1 (11) _1

K
N, 2A(Afr 1T
which shows that the analysis is consistent with [6, eq. (16)]. Y= =24 Z %

WhenAf;, 1T, = 1, the interference power from an adjacent By i3
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Fig. 3. Capacity versuE,/No = 10 dB; L* = 12,6 = 2, P, _ Fig. 4. Capacity gain of FO/CDMA over WCDMA versis E;, /Ny = 10
101, N* = 1000. o dB; P, = 1071, 6 =2, N* = 1000.
By averaging (12) over (13), the average BER,, is e
obtained as
L [£) i
1 8% 02 \r'i}.
PbI—ZWl 1-— ’Yl_ . (14) A
2 L+
=1
2
IV. NUMERICAL RESULTS AND DISCUSSION Q
[®)

The performance is measured by capacity, which is defined 5,
as the maximum number of admissible users satisfying a BER <
requirement. Fig. 3 indicates that the optimumthat maxi-
mizes the capacity increases with the number of overlapped
systemsS. However, the maximum capacity is attained when
« is near 0.5. Also, the capacity of nonoverlapped system

(o« = 0) considerably decreases &sincreases. In general, oLttt 111 | I —
adjacent multiple access interference increases as the amount 1234567809 101112131415

of spectral overlap «) increases, but the RAKE diversity L (number of multipaths)

gain (number of taps) also increases because of the increasgds. cCapacity versus.*: C., capacity of WCDMA) C,, (capacity of
bandwidth in each system. Fig. 3 indicates that the RAKEO/CDMA with optimum § for § > 2), E;/No = 25dB,

diversity gain more than compensates the capacity loss dué'tg > " = 1000

the adjacent multiple access interference.

Fig. 4 shows the capacity gain of FO/CDMA over WCDMACOmMplexity also decreases, which depends onand the
versusS for several values of.*. The capacity curves havenumber of RAKE receiver taps.
a peak and then decreases &sincreases. This is due to
the reduced RAKE diversity gain for large, caused by the
bandwidth reduction in each system. We also find that th@] p. L. Schilling and R. L. Pickholtz, “Improved PCN efficiency through
optimum S and capacity gain increase A% increases. From the use of spectral overlay,” iRroc. IEEE Int. Conf. on Communica-
Fi_gs.. 3 and.4’ we can inducle that the optimm“rir_]creasgs 2] gogseh%t;lﬁgg:)arllal—i]uggsﬁ%%)n ggggtzrgﬁéﬁiciency of CDMA mobile
with increasingS, but the maximum peak capacity is obtained ~ radio systems,” inProc. IEEE Int. Conf. on Communicationdlew

when the optimum number of systems are overlapped by half Orleans, LA, May 1994, pp. 505-509. _ _

l-to-null bandwidth [3] J. Lee, R. Tafazolli, and B. G. Evans, “Effect of adjacent carrier
nuli-to-nu ) TR ) ) interference on SNR under the overlapping carrier allocation scheme,”
From Fig. 5, it is seen that FO/CDMA is preferable in  Electron. Lett, vol. 32, pp. 171-172, Feb. 1996.

the case of relaxed BER requirement and 16wmOtherwise, [4] J- H. Hanand S. W. Kim, “Optimal spectral overlay of DS/CDMA com-
' munication systems,” ifProc. IEEE Int. Conf. on Universal Personal

WCDMA yields higher capacity. Note FO/CDMA yields abogt CommunicationTokyo, Japan, Nov. 1995, pp. 625-629.

33% higher capacity than WCDMA for frequency nonselective5s] J. G. ProakisDigital Communications2nd Ed. New York: McGraw-
; * Hill, 1989.
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