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Abstract: In Digital communications, Code Division Multiple Access (CDMA) is used widely because of its low 

bandwidth requirement and security offered to the information being transmitted. Synchronization is an important issue in 

CDMA which involves two steps. First is a coarse synchronization popularly known as Acquisition is a process where 

locally generated PRN code and the received C/A code are aligned within a timing offset of ±1/2 chip duration? Second is 

a fine synchronization process called tracking? In this paper, a frequency domain Acquisition for CDMA Receiver using 

FFT is proposed. The FFT used is a Radix-22 Single Delay Feedback (SDF) FFT which is an efficient algorithm in 

memory utilization. The FFT is designed using the on-chip available FPGA memory. The Acquisition and the FFT 

algorithms are implemented on Xilinx Virtex4 FPGA. 

 

I.INTRODUCTION 
  

Code Division Multiple Access (CDMA) is a technique introduced to overcome the limitations of the previous multiple 

access techniques like TDMA and FDMA. CDMA is a bandwidth efficient technique. It offers much security to data and 

also Anti-jamming. CDMA allows multiple users to transmit their information within the same frequency using orthogonal 

codes without any interference. For transmitting all the available users information at a single frequency, each users 

information is distinguished from other user by spreading on to different orthogonal codes. These orthogonal codes are 

also known as PRN codes or C/A codes and have much low cross correlation with each other. Here, C/A codes are the 

Gold codes which are a result of Exclusive OR operation of two PN sequences. The spreading scheme used can be either 

direct sequence spread spectrum(DSSS) or a Frequency hop spread spectrum(FHSS). Here DSSS is used to spread user 

data on to the PRN code by employing modulation. 

 

In CDMA systems, to avoid interference the data to be transmitted is spreaded onto the PRN code specific to 

each user and binary phase shift keying(BPSK) modulated with a carrier frequency which gets effected through a channel. 

The shift is due to the line-of-sight velocity of the transmitter or the receiver. Acquisition is a Fine synchronization process 

in which these two parameters are found using either time domain or frequency domain techniques. As the time required 

for acquisition plays a crucial role, time domain acquisition techniques are not used much. Frequency domain techniques 

uses parallel search i.e; keeping one parameter among the two constant, the search for other one takes place which takes 

less time. FFT helps in giving out all the 1023 code phases at one (for 10-bit).  

   

 Unless the locally generated PRN code and the Receiver C/A code are perfectly aligned to each other, the information 

required cannot be retrieved. The shift in carrier frequency known as Doppler shift can be more or less than the center 

frequency. In a worst case, Doppler shift allowed is ±10KHZ depending on low speed and high speed vehicles. Thus the 

code phase and the frequency shift in carrier should be known before demodulation to take place. The two parameters are 

then passed to the tracking loop for retrieving the data.  
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II. ACQUISITION BUILD WITH FFT 
 

 In order to acquire the data in the signal received from the CDMA Receiver, the carrier frequency and the PRN 

code must be removed. The process of removing the PRN code is known as despreading where the received signal is point 

multiplied with the locally generated PRN code. If the received signal and local PRN code are perfectly aligned with each 

other, it results in an autocorrelation peak indicating that despreading is successful and data can be decoded. If a peak 

greater than the threshold is not detected then the same process is repeated for various delays of the locally generated code 

at different Doppler frequency shifts. The phase that results in maximum peak is the PRN code used at the transmitter. 

The amount of Doppler shift varies from ±5 KHz for low speed vehicles to  ±10 KHz for high speed vehicles. The code 

phase is shifted due to delay in transmission and Doppler shift.  

 

The C/A codes used here are the Gold codes which belong to the family of pseudo random noise codes. The 

Gold code is a result of Exclusive OR operation of two PN sequences which are of 10-bit leading to the maximum length 

sequence of 1023 (2n-1) which is periodic. These 1023 code phases are to be searched at the receiver for recognizing the 

one that is used at transmitter. 

The parameters to be considered while designing the C/A code Acquisition system are: 

 

A. Maximum length of the data for acquisition 

   In normal instances, smaller data length is enough to retrieve the signal. But in noisy environment, to acquire the signal 

receiver should process the longer data length. If the data length for acquisition is longer then higher signal-to-noise ratio 

can be achieved. On the other side, use of longer data length for acquisition requires more time for calculation. Moreover, 

the data transition which spreads the spectrum and the Doppler effect on C/A code are the factors that limit the length of 

the data. If the length of data used for acquisition is 20 ms then maximum data record used is 10 ms because if the first 10 

ms of data doesn’t have a transition, then next 10 ms will have it.  

   In order to assure that there is no phase transition in the data, acquisition should be performed on two consecutive set 

of data. 

 

B. Number of Frequency steps 

    Since the maximum Doppler frequency range is ±10 KHz, the number of frequency steps required to cover this 20 

KHz range should be determined. Unless the received signal and the local PRN signal are off by less than 1 cycle, no 

correlation is shown. So, the maximum frequency deviation allowed should be only 0.5 cycle between these two signals. If 

1KHz signal is used for acquisition then the maximum frequency separation between these two signals should be 500 Hz. 

This frequency resolution is inversely proportional to the number of points in FFT. Therefore, the number of operations 

to be performed in acquisition resides on the data length. While considering the speed of acquisition, smaller data length 

sequence should be used for acquisition. 

 

C. Range and Doppler shift 

     The code phase and the Doppler shift are the two factors to be considered for the acquisition of a signal. The 

acquisition technique used should cover the full range of uncertainty in Doppler shift and all the code phases that are 

possible. Since the speed of acquisition plays a vital role, FFT is a frequency domain technique that helps in the fast 

acquisition of a signal by reducing the number of arithmetic operations required on the data samples. The correlation 

between all the local PRN signal code phases with the received signal is known as the Circular Correlation process which is 

performed by FFT. This correlation result can be transformed to time domain using IFFT. 
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Fig 1: Block diagram of Acquisition using FFT 

The input data y(n) is multiplied by a locally generated carrier using numerically controlled oscillator(NCO) in two 

orthogonal planes to convert to baseband frequency. The inphase and quadrature phase components are considered as real 

and imaginary components which are sampled to get 4096 samples separately and then combined to form a complex signal 

D(n). 

D(n) = I(n) + jQ(n) 

The FFT is performed on the complex signal and the C/A code generator output separately. The complex conjugate of 

the D(k) is taken to accomplish circular correlation. The second half of both the complex conjugated signal and the FFT 

performed C/A code are discarded because the second half is just the complex conjugate of first half and doesn’t contain 

much required information in it. Now, these two signals undergoes circular correlation as follows: 

       S(n) = ∑ �(�)�(� + �)���
���            …………. (1) 

 Taking Fourier Transform of equation(1), 

S(k) =   �∗(k)  C(k)     ………(2) 

The frequency domain result is converted back to time domain using IFFT as follows: 

S(n) = IFFT [�∗(k)  C(k) ]   ………..(3) 

The peak detected in correlation output is compared to the predetermined threshold. If the peak value exceeds the 

threshold then the code phase and the amount of Doppler shift can be found using the index of the peak. 

 

III. Radix-22 SDF FFT 
 

The Radix-22 Single-path Delay Feedback or R22 SDF architecture is a new approach for implementation of pipeline FFT 

processor in real-time. The Radix- 22 FFT algorithm has the same multiplicative complexity as Radix 4 but retains the 

Radix 2 algorithm butterfly structure.  

Radix-22 SDF can be designed and implemented in two methods based on resources. 

 Using registers  

 Using on-chip memory of FPGA 

As the Radix-22 FFT using registers requires more number of registers and more space, we have designed the algorithm 

using the available FPGA memory. 

In this algorithm, the first two steps of the decomposition of Radix 2 DIT-FFT are analyzed and a common factor 

algorithm is used to illustrate.  

                   �(�) =  ∑ �(�)������
���          K = 0,1,2…..N-1    ..….(4) 

The index n and k decomposed as: 

                          n = <  
�

� 
 n1 +  

�

�
 n2 + n3  > N 

                          k = <  k1 + 2 k2 + 4 k3  > N 
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substituting  n and K in eq. 4.1, we get 

X( k1 + 2 k2 + 4 k3 ) = ∑ [ �(
�

�

�
���

����  k1 + 2 k2 + 4 k3 ) ��
��(�� � � ��)

 ] ��
����   ……..(5) 

Where,  

�(�� , �� , ��) = �( ��) + (−1)� � � �� +
�

2
 � +  (−�)(������) [  � � �� +

�

4
 �   + (−1)� � � �� +

3�

4
 �  ]     

                                     BF I                                                        BF II 

Eq(5)  is known as the Radix 22 FFT algorithm. 

 
Fig 2: 32-point Radix-22  SDF FFT 

IV. Results and discussion 

 
Fig 3: simulation showing the indices without any Doppler 

The above result shows the output when the local PRN sequence and the received signal are in perfect alignment with 

each other without any shift in frequency showing the output at index 0.  
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Fig 4: simulation showing peak at index 3 

The fig 4 shows the output at index 3 indicating that received signal and local PRN code are in correlation with a 

peak at index 3. 

V. CONCLUSION 
 

The two parameters namely code phase and the Doppler frequency shift are given by acquisition which are 

required to decode the data. To avoid the effect of noise, acquisition is performed on 10 ms of data dividing it into 10 

blocks of each 1 ms. Thus the frequency domain acquisition technique using FFT helps in the fast acquisition of the signal. 
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