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EDITORIAL

Iis a great pleasure for me to have this special issue on 
Coding in Communications. Being active in nonparamet-
rlc statistics I am an outsider lover of coding. In the early 

70's, when I started, coding techniques had some role only 
in military communications. However, in the 80's, based 
on the developments in microelectronics and because of 
the demands of multiple user communications, coding be-
came an every-day practice implying new challenging re-
search problems. 

The papers by István Vajda and Anders Lundqvist are 
on such modern topics where algebraic codes are used not 
for error detection or correction, but for constructions of 
spreading signals or protocol sequences for code division 
multiple access channels. Here one has to design a 
code family which makes possible communication via a 
common channel not assuming a central intelligence. Each 
code from the family is assigned to a transmitter such 
that the disturbance of the others looks like an additive 
independent noise. Vajda made a survey on the various 
multiple access channel models, on the corresponding 
coding problems, bounds, and constructions. Lundgvist 
considered a specific case, made an efficient selection 
procedure in order to get codewords which have full cyclic 
order and are cyclically distinct. 

The survey of Tamás Linder, Gábor Lugosi and Kenneth 
Zeger is on lossy universal source coding. In classical 
source coding (data compression) theory, on the one 
hand perfect reconstruction is required, on the other hand 
the probability distribution of the source is known. In 

many real life situations (speech, image, etc.) one allows 
some distortion, but the source distribution is unknown. 
Universality means that looking at a block of the source, 
the encoder is adapted to the actual source approaching 
the performance of codes designed according to the 
(unknown) probability distribution of the source. 

The paper by Kálmán Elek and József Gaál suggests 
to revisit classical principles of communication engineers. 
Until the recent years, the main job of a communication 
engineer was to make an almost perfect channel for the 
given physical medium. It resulted in MODEM'S, and the 
application of coding was very rare. Quite a few people 
questioned the conventional structure: coding -~ modu-
lation -* channel -* demodulation -* decoder. It turned 
out that there are essential reasons for changing this struc-
ture: either at the transmitter to make coded modulation, 
or at the receiver to combine the demodulation and de-
coding at some extent. This paper proves that it is really a 
good way to go, and it can be implemented using existing 
technology. 

The paper by András Pataricza and Endre Selényi is on 
a recent interesting application of algebraic codes outside 
of communications: constructions of sequences for hard-
ware testing. Although in testing and in communications 
the requirement on the sequences applied are very differ-
ent, the structural properties of these codes, mainly Reed-
Solomon codes, imply some of their applications in testing. 
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CODE CONSTRUCTIONS FOR CODE DIVISION 
MULTIPLE ACCESS CHANNELS 

I. VAJDA 
DEPARTMENT OF TELECOMMUNICATION 
TECHNICAL UNIVERSITY OF BUDAPEST 

H-1111 BUDAPES1 SZTOCZEK U. 2. 

In the early 90's several significant civil applications showed up in 
the field of Code Division Multiple Access (CDMA) communications 
systems. One of the most important design points is the construction 
of CDMA code sets. This paper gives a brief overview on the basic 
approaches of code constructions together with presenting a few new 
results. 

1. INTRODUCTION 
Assume that there are T potential users in the commu-

nication system using the same channel. Simultaneously 
at most M users can be active out of T users, where M 
is typically much less than T. An active user can access 
the channel randomly in time, and typically there is no 
central time coordination in the system. Similarly there is 
no central coordination and access control in the available 
frequency domain. From these assumptions follows that 
the signals of active users can collide in the channel, which 
leads to the destruction of parts of messages. The effect 
of superposition of signals is described by channel models. 

In order to minimize this unavoidable bad effects, some 
type of distributed control is established in such a system. 
One solution is to construct sets of signals for the T 
users where degradation is minimized in a random access 
enviroment. The signal sets are typically some mappings 
of codeword sets where the mapping is performed by some 
type of modulation. Fortunately the optimal selection can 
be made on codeword sets, because the signals inherit the 
optimality of codeword sets in these systems. 

The task is to construct a set of codes C = {C1, C2, 
... , CT}, where C; is the code of user i containing 
ICt I codewords. A codeword c = (ci, c2, ..., cL) is a 
sequence of length L and the elements of the codewords 
(characters) are from finite set F, shortly c E FL. 

When designing the code usually we assume that the 
different users are time asynchronous at codeword level, 
but synchronous at character revel. The reason for this 
assumption is the tractability of mathematical description. 
The results for case of character synchronism for typical 
systems can be generalized to character asynchronous 
channels. And also there are systems where a common 
character clock can be a practical assumption. 

A multi-access code generally solves three-fold task: 
• identification of active users (protecting the address 

information) (task i.), 
• encoding data and its protection (data error or erasure 

correction at the receiver) (task ii.), 
• synchronisation capability (reliable finding of the code-

word time frames at the receiver) (task iii.). 

A typical approach is when a so called protocol se-
quence (or signature sequence) is assigned to each user. 
Let the set of protocol sequences be denoted by C' 

C '  = {C(1), c(2), . . . , C(T)}, E F L. (1) 

In direct-sequential (DS) systems and in frequency-
hopping (FR) systems these sequences are called signature 
sequences because each sequence is assigned to a user 
which identifies it. The term protocol sequence is mainly 
used in time hopping (TH) systems, where these are binary 
sequences and the ones of the sequences assign the time 
segments where a user may transmit a data packet. All 
these systems are called Code Division Multiple Access 
(CDMA) systems. 

One design approach is when C' is contructed first in 
a way which solves tasks i.) and iii.). lb get multi-access 
code an additional coding is superimposed on C' having 
data error protection capabilities. Here our main concern 
will be on underlying code C', but also show solutions on 
the secondary coding. There are methods where these 
two parts of code a:e constructed in one step in the 
same algebraic structure. In the sequel we describe the 
main code construction approaches for DS-, FH- and TH-
CDMA systems. 

2. DS-CDMA SYSTEMS 
On Fig. 1. the block scheme of a DS-CDMA transmitter 

can be seen. 
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Fiit 1. The transmitter 

The type of modúlation is digital phase modulation, 
most often binary PSK The output signal of the signature 
generator is a binary, +1, —1 valued c,,, n = 0,1, .. . 
sequence 

c(t) = c,a, nT0 =< t < (n + 1)T~, 

where T is the elementary time length (chip-time). The 
output of the channel encoder also a binary, +1, —1 
valued dm, m = 0, 1 . . . sequence 

d(t) dm, mTe <t < (m+ 1)T8, 
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