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Abstract
In wireless communication CDMA plays a vital role spread 
spectrum transmission schemes which spreads the data to 
increase the channel bandwidth much greater than is required 
by the Nyquist Sampling theorem. The spreading codes for data 
spreading have to be carefully chosen for efficient communication 
systems. The technique for generating code sequences should be 
aimed at a large family of sequences in order to accommodate 
a large number of users with an impulsive-type autocorrelation 
which enhances system synchronization and possibly with low 
cross-correlation functions, to reduce multiple access interference. 
Since the existing CDMA codes Fail to satisfy all these properties, 
a new PN sequence Generated based on RNS is proposed.

Correlation properties of the generated code are compared with 
other standard PN sequences since it defines the amount of 
interference generated from multiple users. Finally, multiple access 
properties of the spread spectrum is analyzed and an analytical 
model for evaluating the system performance is made.

I. Spreading Codes in CDMA
Many problems of a communication system based on CDMA 
technology stem from the unitary spreading codes/sequences, 
which includes two sub-categories,
One being the orthogonal codes, such as Walsh-Hadamard 
codes and OVSF codes, and the other being pseudo-random 
or PN sequences, such as Gold sequences, Kasami sequences, 
m-sequences, etc. Long codes in IS-95 is an m-sequence generated 
by a polynomial of  Degree   n=42. Channelization codes on the 
downlink are Walsh codes. In UMTS, Gold Codes are used for 
scrambling. Different channels of the same user on the uplink are 
separated by using OVSF codes. A large set of Kasami codes is 
used in the primary and secondary synchro channel.
Maximal Length Sequence
Pseudo Random Binary Sequences (PRBSs), also known as 
pseudo noise, Linear Feedback Shift Register (LFSR) sequences 
or maximal length binary sequences (m sequences), are widely 
used in digital communications. This sequence is generated using 
a shift register and modulo-2 adders. Certain outputs of the shift 
register are modulo-2 added and the adder output is fed back to 
the register. An m-stage shift register can generate a maximal 
length sequence of 2m-1 bits. Only certain outputs, or taps, can 
generate a maximal length sequence.

II. Gold Sequence
Gold Sequence was proposed by Robert Gold [51]. These are 
constructed by modulo-2 addition of two m-sequences of the 
same length generated from Shift Register Generator (SRG) 
with each other. These code sequences are added chip by chip 
through synchronous clocking, for a Goldsequence of length 
m = 2ℓ-1, one uses two linear feedback shift register (LFSR), 
each of length m = 2ℓ-1. Choosing LFSRs appropriately, Gold 
sequences givebetter cross-correlation properties than maximum 
length LSFR sequences.

Fig. 1: Generation of Gold Sequence from m-sequences

III. Kasami Sequence
Kasami sequence sets are one of the important types of binary 
sequence sets because of their very low cross-correlation. For 
sequence generation, a sequence A0 is formed from an m-sequence 
A by decimating A by 2n/2 + 1. It can be verified that the resulting 
A0 is an m-sequence with period 2n/2 - 1. Now, by taking N = 2n/2 
- 1bits of sequences A and A0, a new set of sequences is formed 
by adding, modulo-2, the bits from A and the bits from A0 and 
all 2n/2 – 2 cyclic shifts of the bits from A0. By including A in the 
set, a set of 2n/2 binary sequences
Of   length N = 2n/2 - 1is obtained .

IV. Orthogonal Variable Spreading Factor Codes: 
(OVSF)
OVSF Codes are generated by using tree structure as shown in 
Figure .Starting from C1 = 1, a set of 2K spreading codes can be 
generated at the kth layer (k = 1; 2,…  K) from the root of the tree. 
Let Cb

k be an OVSF code on kth layer with bth branch where k = 
0; 1,2…  and b = 0, 1,2… 2k - 1. The code length of the kth layer 
is 2K chips. The generated codes of the same layer form a set of 
WH codes and they are orthogonal.

Fig. 2: Code Tree for Generation of OVSF Codes
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V. RNS Based PN Sequence Generator
In most communication systems, spreading codes or sequences 
can be generated in an off-line way and is saved in a look-up table, 
which can be called whenever needed. Similarly RNS based PN 
sequence generation [7] also consists of an off-line process for the 
generation of Initial Primal Vector and finally the generation of 
the required PN sequence from the stored primal vectors which is 
done on-line .The external inputs to these blocks include spreading 
factor, β and the Cross Correlation Threshold (CF). Moduli set, 
M, for a given β are selected either by consecutive method or 
exponential method.

VI. Simulation Results and Discussion
The difference in the cross correlation factor is directly reflected 
in the system performance. The superior performance of residue 
arithmetic code shows that it has better resilience to inter-user 
interference than other standard PN sequences.

BER performance versus the Number of Active Users with 
spreading factor, β = 8 for Maximal Length Sequence, Gold 
Sequence and RNS based 
PN Sequence.

Comparison of RNS based PN sequence with Gold codes, Kasami 
codes and Maximal Length sequence based on BER Plot for 5 
Users DS-CDMA System, β = 64

VII. Summary
The performance variations in different channels and the error 
floor reduction with increase in spreading factor shows that the 
proposed sequence behaves like PN sequences. In addition, the 
above results illustrate that it also incorporate real operational 
conditions with a provision to vary the correlation properties as 
per the system requirements. For applications which require better 
performance, the cross-correlation threshold should be reduced 
further so as to mitigate the Multiple access interference.
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