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Abstract 
This paper compares the performances of Direct Sequence 
Code Division Multiple Access (CDMA) and Frequency 
Hopping (FH) schemes in a cellular multiuser environment. 
Our multiuser channel model incorporates the effects of 
propagation, frequency selective fading, and interference 
among users in the presence of a constrained system band- 
width. The CDMA and FH systems are compared using 
BPSK modulation. The main point of contrast between 
these systems is that the orthogonal hopping patterns in a 
FHsystem result in a decreased additive interference power, 
however the frequency spreading nature of CDMA results in 
the ability to combat fading. An information theoretic anal- 
ysis is presented, which shows that system capacity is larger 
for CDMA than for FH. Hence, for this channel, with suf- 
ficient coding the CDMA system can achieve a higher level 
of performance than the FH system. However, it  is unclear 
what level of complexity would be required to achieve such 
performance, and what effect such complexity would have 
on the practicality of the system. 

Summary 

In this paper we compare the performances of direct se- 
quence Code Division Multiple Access (CDMA) and Fre- 
quency Hopping (FH) in a cellular multiuser environment. 
We assume that there is a fixed system bandwidth, B,  and 
a fixed data rate, R, at which each user communicates. The 
normalized traffic of a system, p ,  is defined to be the number 
of users per sector, N B ,  divided by the ratio of B to R. We 
find that the FH system sees less interference power than 
the CDMA system, however, the FH system is susceptible 
to frequency selective fades whereas the wide band nature 
of CDMA offers a level of diversity to such fading. Thus, a 
tradeoff in performance exists and the FH system performs 
better at higher levels of trafEc with relatively high proba- 
bility of bit error, and the CDMA system perform better 
at lower levels of traffic, with relatively low probability of 
bit error. 

At this point, we consider the use of coding and present 
an information theoretic analysis. Assuming that there is no 
cooperation among the userg in the system on the level of 
coding, the capacity of the system is defined to be the largest 
possible value of normalized traffic, p ,  for which each user 
in the system can communicate reliably at rate R. The ca- 
pacity of FH and CDMA are computed and we find that 
the CDMA system has a larger capacity. This is due to the 
fact that the the FH system does not allow for the use of 
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very low code rates because using a low rate code a relatively 
small number of users would occupy the entire system band- 
width and thus result in a small amount of traffic. It turns 
out that, from an information theoretic viewpoint, that the 
ability of CDMA to use low rate codes is an advantage over 
the lower interference power in the FH system. 

Since the information theoretic results are obtained 
over arbitrarily complicated coding schemes, and thus, ar- 
bitrarily long delays, we investigate the performance of spe- 
cific coding schemes and the effects of a finite, controlled, 
delay using interleaving. These results are obtained primar- 
ily through simulation. Making some assumptions about 
the vehicle speed and transmitter frequency, we evaluate 
performance using a finite amount of interleaving delay by 
taking into account the actual amount of correlation among 
channel samples as seen from one codeword symbol to the 
next. We have evaluated the performance of several rep- 
etition codes aa well as an (8,4) bi-orthogonal block code. 
These coding schemes perform far below information t h e  
oretic capacity, and yield performance curves for FH and 
CDMA that cross with FH performing better higher levels 
of traffic with relatively high probability of bit error, and 
the CDMA performing better at lower levels of traffic, with 
relatively low probability of bit error. 
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