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Abstract— Wireless communication technology have been 

developed based on exploring new mobile communications 

frequency bands, reasonable use of frequency resources and 

minimization, portability and multifunction’s of mobile stations. 

The technology of wireless communications with duplex 

transmission is one of the fastest expanding in the world today. A 

very effective solution in achieving network performance in 

terms of system capacity and spectral efficiency with respect to 

the CDMA wireless network is presented in this paper. The effect 

of how interference grows as the number of users increases is 

analyzed. Equally, this paper presents the major problems in 

CDMA as the multiple access interference which arises due to the 

deviation of the spreading codes from orthogonality. 
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I. INTRODUCTION 

Wireless communication technologies have basically been 
developed based on exploring new mobile communication 
frequency bands, reasonable use of frequency resources and 
minimization, portability and multi-functions of mobile 
stations. The concept of cellularization sprung up as the 
demand for mobile communication increased [1].  

It seeks to make an efficient use of available channels by 
employing low-power transmitters so that within certain 
distances, the same frequency could be reused without 
dcisrupting the integrity of the conversation taking place on a 
channel. 

 Cellular services are now being used every day by 
millions of people worldwide. The major objective of a 
cellular system is to be able to handle as many calls as 
possible in a given bandwidth with the specified blocking 
probability (reliability) [2]. An efficient use of the available 
spectrum is achieved by finding ways to allow multiple users 
to share the available spectrum simultaneously. The Code 
Division Multiple Access (CDMA) was designed to achieve 
this feet. CDMA is a form of multiplexing and a method of 
multiple access that divides up a radio channel not by time nor 
frequency, but instead by using different pseudo-random code 
sequence for each user such that the transmitting end 
modulates the signals that it sends using the pseudo-random 
codes, and the receiving end detects the corresponding signals 
by demodulating the mixed signals using the same pseudo-
random code [3]. The pseudo-random code is a periodic 
binary sequence with a noise-like waveform. It is also called 

pseudo-noise codes and is used to differentiate subscribers. 
The codes are shared by both the mobile station (MS) and the 
base station (BS). As a crude analogy to the CDMA scheme, 
imagine a large room (channel) containing many people 
wishing to communicate amongst each other. Possible 
mechanisms for avoiding confusion include: having only one 
person speak at a time (time division) [4], having people speak 
at different pitches (frequency division), or in different 
directions (spatial division). The CDMA approach is to have 
them speak different languages to each other. Groups of 
people speaking the same language can understand each other, 
but not any of the other groups. Similarly, in CDMA, each 
group of users is given a shared code. There are many codes 
occupying the same channel, but only the users associated 
with a particular code can understand each other. We have 
several modes of CDMA. They are; 

1) Direct Spectrum CDMA (DS-CDMA). 

2) Frequency Hopping CDMA (FH-CDMA). 

3) Multi-carrier CDMA (MC-CDMA) 

4) IS-95 CDMA 
Code Division Multiple Access (CDMA) relies on the use 

of spread spectrum techniques to achieve multiple 
communication channels in a designated segment of the 
electromagnetic spectrum. With CDMA, each user's 
narrowband signal is modulated by a high rate special code 
(pseudo-random binary sequence). This causes the spreading 
of the bandwidth of the user's signal resulting in a wideband 
signal. A large number of CDMA users share the same 
frequency spectrum. In the receivers, the signals are correlated 
by the appropriate pseudo-random code which de-spreads the 
spectrum. The other users' signals whose codes do not match 
are not de-spread and therefore only appear as noise and 
represent a self-interference generated by the system. The 
signal-to-interference ratio for CDMA is determined by the 
ratio of the desired signal power to the total interference 
power from all the other users. 

Capacity of cellular systems is of major concern to 
designers due to its economic value. For any multiuser 
communication system, the measure of its economic 
usefulness is not the maximum number of users which can be 
serviced at one time, but rather the peak load that can be 
supported with a given quality and with availability of service 
[5]. The radio channel capacity of a CDMA cellular system is 
defined as the number of subscribers that can access a 
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particular base station of the system simultaneously. The 
capacity of CDMA is therefore only limited to the amount of 
interference that can be tolerated from other users [2].  

II. CDMA CAPACITY DERIVATION 

Using a unique pseudo-random noise (PN) code, a CDMA 
transmitting station spreads the signal in a bandwidth wider 
than actually needed. Each authorized receiving station must 
have the identical PN code to retrieve the information. Other 
channels may operate simultaneously within the same 
frequency spectrum as long as different, orthogonal codes are 
used. The long PN code is called a chip. The chip is 
modulated by the information data stream. The ratio of the 
chip rate Rc to the information data rate Rb is called the 
processing gain G: 

b

c

R

R
G                                (1) 

Because the CDMA carrier bandwidth,  

BT=
c

R ;  

The processing gain, G can also be expressed as 
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Then, if Eb is the average bit energy of any channel’s 
signal, the power spectral density of the transmit signal 
(energy per chip) is: 
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In typical CDMA technology, when speech pauses, the 
transmit signal is switched off to save power. The voice 

activity state of channel n is denoted by  1;0
n

  where 

{0;1} representing both the on and off states. The expected 

value is    
n

E . Instead of switching off the transmit 

power, real systems transmit at a low power and data rate 
during voice inactivity. Therefore   can also be considered 

as the average transmit power divided by the transmit power 

during talk spurts. Let us define  to be the mean value of 
the power spectral density of the interference noise caused by 
other channels. Because there are N channels in total, there are 
N - 1 channels other than the channel under consideration. 
Based on (3), 
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If 
O

N  stands for thermal noise of the system, then the 

mean total noise power spectral density 
tot

I  is the sum of the 

interference noise and the thermal noise. 

tot
I =  

Obo
NGENNI  /1
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(5) 

We can then derive the number of total CDMA channels N 

from (5) to be 
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From [7], Claude Shannon’s work relates the amount of 
information carried, channel bandwidth, Signal-to-noise ratio, 
and detection error probability; it shows the theoretical upper 
limit attainable. 

Shannon’s capacity equation is given as 

C= Bw log2 [1+S/N]                                (7) 

Where Bw= Bandwidth in Hertz, C= Channel capacity in 
bits/second, S/N= Signal-to-noise ratio.  

Capacity is determined by the balance between the 
required SNR for each user, and the spread spectrum 
processing gain. The figure of merit of a well-designed digital 
receiver is the dimensionless signal-to-noise ratio (SNR). 

 
 ⁄  

   SN

S

1
                                     (8)                                               

where, S: power of the received signal from each user, N: 
number of users in the cell, η: Background noise. The SIR 
could be increased (interference reduced) by controlling the 
terms in the denominator of (8). 

Eb/No (Energy-per-bit-to-Noise density ratio) could be 

expressed by: 

  

  
  

 
 ⁄

(   )   ⁄  
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                      (9) 

where,  : Energy per bit seen at the receiver, 

W: spreading bandwidth, 

R: information bit rate, 

  : Noise power spectral density. 

Following from (9), the maximum number of users in the 
cell (capacity) could be expressed as: 

N =1+
 
 ⁄

  
  
⁄
 
 

 
                                              (10) 

Where W/R is the spread bandwidth-to-data rate ratio, 
sometimes called processing gain. This shows that the number 
of users depends on the SNR required by the BS for adequate 
performance. The SNR requirement could be translated into an 
interference level threshold for an SIR admission policy. 
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For a multi-cell system, the base station suffers from inter-
cell interference in addition to the intra-cell interference. The 
effect of this interference on the SNR seen at the BS under 
consideration (B  ) could be observed by simply adding an 
inter-cell interference term to (9). 

 
  

  
  

 
 ⁄

(   )  ⁄    ⁄  
 
 ⁄

                     (11) 

Where, I: the total inter-cell interference seen by 
B  receiver from users in neighbouring cells who are not 
controlled by B  . 

III. INTERFERENCE  

The type of interference experienced in CDMA 
communication systems is the Multiple Access Interference or 
the Multi-user Interference. Multiple Access Interference 
(MAI) is a factor, which limits the capacity and performance 
of CDMA system. In contrast to FDMA and TDMA 
techniques which are frequency bandwidth limited, all users 
transmit in the same frequency band and are distinguished at 
the receiver by the user specific spreading code. All other 
signals are not de-spread because they use different codes. 
These signals appear as interference to the desired user. As the 
number of users increase, the signal to interference ratio (SIR) 
decrease until the resulting performance is no longer 
acceptable. Thus, this multi–user interference must be reduced 
to achieve higher capacities. 

There are several ways of improving CDMA 
communication system capacity. They are: 

Receiver beamforming,voice activation technology, power 
control, multiuser detection, using rake receivers and soft 
handoff. 

A simple equation for the uplink capacity U of a single 
CDMA cell is given by: 

   GNEWGU
Ob

2/1        (12) 

Where the value of     ⁄  represents that required for 
adequate link performance. The scalar σ2 is the background 
noise power and S is the received signal power for each user. 
Finally G is the ratio of the antenna gain for the desired user to 
that of interfering user in that cell. The value of G depends on 
the beam pattern for each user, but will roughly be 
proportional to the array size M. 

As a result, antenna arrays can improve the capacity in two 
ways: 

This reduces the average level of interference from each user 
in the cell, permitting a capacity increase.  

    ⁄  antenna array can provide 
increased space diversity at the base station, which can permit 
the receiver to operate at lower power signal. This increases 
the tolerance of the receiver to multiple access interference. 

IV. SPECTRAL EFFICIENCY 

Direct-Sequence Spread-Spectrum code-division multiple 
access (CDMA) has well-known desirable features: dynamic 

channel sharing, robustness to channel impairments, graceful 
degradation, ease of cellular planning, etc. These advantages 
result from the assignment of “signature waveforms” with 
large time–bandwidth products to every potential user of the 
system. Each signature can be viewed as a vector in an N-
dimensional signal space, where is N the spreading gain or 
number of chips per symbol [12]. The presence of multipath 
fading leads to the loss of orthogonality between signals 
transmitted by the same base station, which results in 
additional self-interference. The existence of this self-
interference renders the problem of computing the spectral 
efficiency even more difficult, as the SINR (Signal-to-
interference plus noise ratio) becomes now a ratio of non-
independent random variables. Consider a downlink CDMA 
multi-cellular system in a frequency-selective Rayleigh fading 
channel and let the composite CDMA downlink signal 
comprises M1 mutually orthogonal signals, which are destined 
to M1 different mobiles in the same cell. Though these signals 
appear orthogonal at the transmitter side, however, the 
orthogonality is lost at the receiver side after being propagated 
over a multipath fading environment, resulting in intra-cell 
interference (self-interference) [13]. This interference adds to 
the noise and the inter-cell interference from neighbouring 
cells. 

The fundamental figure of merit is the spectral efficiency 
C, defined as the total number of bits per chip that can be 
transmitted arbitrarily reliably. Since the bandwidth of the 
CDMA system is (roughly) equal to the reciprocal of the chip 
duration, the spectral efficiency can be viewed as the bits per 
second per hertz (bits/s/Hz) supported by the system. Note that 
if the code rates (bits per symbol) employed by each 
individual user are identical and denoted by R then the 
spectral efficiency is equal to the product. 

C = 
 

 
                                              (13) 

Where K is the number of users and v is the spreading 

factor. 

In a system where no spreading is imposed, the encoders 
are able to control the symbols modulating each chip 
independently. Therefore, the Cover-Wyner capacity region of 
the conventional Gaussian multi-access channel applies to this 
case and the spectral efficiency in the absence of spreading is 
given by: 

C =
 

 
    (  

 

 
   )         (14) 

Once the spectral efficiency is determined, it is possible to 
obtain the minimum bandwidth necessary to transmit a 
predetermined information rate or the maximum information 
rate that can be supported by a given bandwidth. In order to 
compare different systems (with possibly different spreading 
gains and data rates), the spectral efficiency must be given as a 

function of 
  

  
. If the spectral efficiency of the system reaches 

the optimum level, then SNR can be substituted by: 

SNR= 
  

 

  

  
          (15) 
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Despite their overlap in time and frequency, the users can 
be completely separated at the receiver by means of a matched 
filter front-end provided the signature waveforms are mutually 
orthogonal. In that case, single-user error-control coding and 
decoding is sufficient. Moreover, channel distortion (such as 
multipath) and out-of-cell interference are common 
impairments that destroy the orthogonality of signature 
waveforms. Optimal spectral efficiency in non-orthogonal 
CDMA requires joint processing and decoding of users. 

In our analysis of spectral efficiency we consider, in 
addition to optimal decoding (performed by a bank of matched 
filters), some popular linear multiuser detector front-ends: 

• Single-user matched filter, 

• Decorrelator. 

V. SIMULATION AND RESULTS 

From (5),  

            (   )
  
 ⁄     

While writing the codes; 

 is taken as ‘a’= 3/8 (voice activity factor), Eb=2dB 

(1.9953) is taken as ‘E’ (Average bit energy of the 

channel’s signal), N (Number of channels) which 

varies from 5 to 24, No (Noise power spectral density) 

whose values are generated by the MATLAB function 

randn(1,20), G=240 (Processing gain). The generated 

table is shown in table 1. 

A plot of I against K from Program1 produces Figure 1.  

 

Fig 1: Graph of interference against Number of users 

This shows that as the Number of users increase, the 
generated interference also increases. This necessitates the 
need for power control during transmission from MSs (mobile 
stations) to reduce the rate of growth of interference on the 
channel as users increase. 

From (14); C =
 

 
    (  

 

 
   ) 

 During plotting, K/N=B =0.1(Number of users per chip),C 
is taken as C (Spectral efficiency in the absence of spreading), 
SNR (Signal-to-noise-ratio), which ranges from 1 to10.The 
generated table is shown in Table 2. 

TABLE 1 : INTERFERENCE AND NUMBER OF CHANNELS USED BY USERS 
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TABLE 2: SPECTRAL EFFICIENCY AND SNR 

 

A plot of C against SNR from Program 2 produces Figure. 
2. 

 

Fig. 2:  Graph of Spectral efficiency as a function of Signal-to-noise ratio 

It can be seen that at the receiver, as the Signal-to-noise 
ratio increases, the Spectral efficiency increases as well. In 
CDMA, as the number of users increase, multi-user 
interference increases causing the Signal-to-noise ratio at the 
receiver to decrease.  

For acceptable quality of service a threshold Signal-to-
noise ratio is set so that when exceeded, more users would not 
be accommodated. Also, interference reduction schemes are 
used to counter the effects of interference on a received signal 
to improve the efficient use of the allocated spectrum by 
adding more users until the threshold is reached. 

From (15), 

SNR= 
  

 

  

  
  

It follows that C= 0.5B
   

 
 

During plotting, B= K/N (Number of users per chip) which 
is the variable term;  

A= Eb/No= 3 (Noise density ratio);  

SNR= 100dB= 10  

(Signal to noise ratio); C (Spectral efficiency). The 
generated table is; 

TABLE 3: SPECTRAL EFFICIENCY AND NUMBER OF USERS 

PER CHIP 

 

From Program3, a plot of C against B produces Figure 3.  

 

Fig. 3: Graph of Spectral efficiency as a function of Number of users per chip 

It shows that as the Number of users increase, the Spectral 
efficiency increases as well. The implication of this is that 
within the threshold Signal-to-noise ratio already set, the more 
the number of users a channel carries, the better the utilization 
of the channel. 

From (17) and (18), 

 

 

Where = B (Number of users per chip), = G 

(Decorrelator), = F Single-user matched filter). The 
generated table is: 
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TABLE 4: SPECTRAL EFFICIENCY OF SINGLE USERS 

 

From Program4, plots of G against SNR and F against 
SNR produce the graphs in Figure 4.  

  

Fig. 4: Spectral efficiencies of Single-User 

It shows the Spectral efficiencies of Single-user matched 
filter and Decorrelator when used at the receiver. Evidently, 
when faced with the same SNR, the Decorrelator performance 
is better than that of the Single-user matched filter. Hence, for 
effective bandwidth utilization and improved capacity, 
Decorrelators are preferred to Single-user matched filter. 

VI. CONCLUSION  

In this paper, through our simulations, we have analysed 
how interference grows as the number of users increase. We 
have also shown how the summation of interference and noise 
vary the capacity and spectral efficiency of a CDMA 
communication system. We have discussed the major problem 

in CDMA as the multiple Access interference (MAI) which 
arises due the deviation of the spreading codes from perfect 
orthogonality. Finally, the capacity of CDMA is interference 
limited .the obvious way to increase capacity of the CDMA is 
to reduce the level of interference through the methods 
described in this project.  
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