
International Journal of Electronics Signals and Systems International Journal of Electronics Signals and Systems 

Volume 3 Issue 4 Article 14 

April 2014 

A NEW PARALLEL INTERFERENCE CANCELLATION ALGORITHM A NEW PARALLEL INTERFERENCE CANCELLATION ALGORITHM 

FOR RAKE SYSTEMS FOR RAKE SYSTEMS 

G. SWARNALATHA 
ECE Department, Sree Vidyanikethan Engineering College, gswarnalatha88@gmail.com 

C. SUBHAS 
ECE Department, Sree Vidyanikethan Engineering College, schennapalli@yahoo.com 

Follow this and additional works at: https://www.interscience.in/ijess 

 Part of the Electrical and Electronics Commons 

Recommended Citation Recommended Citation 
SWARNALATHA, G. and SUBHAS, C. (2014) "A NEW PARALLEL INTERFERENCE CANCELLATION 
ALGORITHM FOR RAKE SYSTEMS," International Journal of Electronics Signals and Systems: Vol. 3 : Iss. 
4 , Article 14. 
DOI: 10.47893/IJESS.2014.1187 
Available at: https://www.interscience.in/ijess/vol3/iss4/14 

This Article is brought to you for free and open access by the Interscience Journals at Interscience Research 
Network. It has been accepted for inclusion in International Journal of Electronics Signals and Systems by an 
authorized editor of Interscience Research Network. For more information, please contact 
sritampatnaik@gmail.com. 

https://www.interscience.in/ijess
https://www.interscience.in/ijess/vol3
https://www.interscience.in/ijess/vol3/iss4
https://www.interscience.in/ijess/vol3/iss4/14
https://www.interscience.in/ijess?utm_source=www.interscience.in%2Fijess%2Fvol3%2Fiss4%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/270?utm_source=www.interscience.in%2Fijess%2Fvol3%2Fiss4%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
https://www.interscience.in/ijess/vol3/iss4/14?utm_source=www.interscience.in%2Fijess%2Fvol3%2Fiss4%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:sritampatnaik@gmail.com


A NEW PARALLEL INTERFERENCE CANCELLATION 
ALGORITHM FOR RAKE SYSTEMS 
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E-mail : gswarnalatha88@gmail.com,  schennapalli@yahoo.com 
 
 
Abstract- In order to suppres the multi-path interference (MPI) in the DS CDMA system, a new RAKE receiver based on 
parallel interference elimination is first proposed in this paper data symbol tentative decision is obtained by linear decision; 
the multi-path interference are evaluated by tentative decision and known user information. Then the performance over 
Rayleigh fading channel are analyzed and compared to conventional parallel interference cancellation (PIC) and RAKE 
receiver. It is shown that RAKE receiver performance can be improved greatly by using this method with simple structure 
and easy implementation. 
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I. INTRODUCTION  
 
When the Signal through the wireless channel, it will 
produce multiple path fading inevitably.  Turin 
analysed the effects of     multiple path interference to 
the receiver in spread  spectrum  communication and 
disussed  some anti-interference  techniques[1]. The  
common  methods used to suppress the multiple  path  
interference  have as the back detect progression and 
the Rake receiver etc. In the DS CDMA systems, the 
time domain Rake receivers are  used  to  distinguish,  
correct and combine  different time    delay   multi-
path   signal    so  the   inter-symbol interferences  are  
overcome  and  the  path  diversity  is obtained.   By  
the  signal  energy of the  every path, the Rake 
receiver obtains diversity  gain  and as an effective 
anti multi-path technique,  it has become the non-
absent key  technique   in  the  Third  Mobile  
Communication. Meanwhile,  because  of the  multi-
path transmission  in channels,    multi-path    
interferences     exist    between different paths in the  
identity  user. Especially,   when the self-correlation  
between   spread   codes   is   worse, the performance 
about conventional Rake receiver will degrade. So 
combining the Rake receiver to multi-user detector 
especially nonlinear multi-user detector has become 
the research hotspot recently[2~5]. Based on these 
research, a new parallel interference cancellation 
method is proposed in this paper in order to eliminate 
further multi-access and multi-path interference and 
improve the performance of the Rake receiver in 
CDMA systems. 
 
II.  THE SYSTEM MODEL 
 

A. THE TRANSMITTER MODEL 
Considering a single district with K users, the 
baseband signal for the kth user is given by 
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Where Eck , dk (t) stand for the signal power and 
information stream for the Kth user respectively, ωc  
is the carrier frequency, θk is the carrier frequency 
phase, ck (t)  is the signature wave for the Kth user, Tc 
is the chip width,  Ts is the every symbol width for 
user information stream. So the spread gain is 
obtained:      N= Ts/Tc 
 
B. THE CHANNEL MODEL 
Rake receivers are designed as taking out delay line 
model in frequency-selective channel, so the complex 
lowpass equivalent impulse response can be written 
as 
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Here, L is resolvable path number, αl and βl is the 
gain and phase of the lth resolvable path respectively, 
αl obeys to Rayleigh distribution in the Rayleigh 
channel. 
 
C. THE RECEIVING SIGNAL 
For simplicity, a synchronous uplink CDMA system 
in the Rayleigh channel is considered, the received 
signal can be written as 
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In eq 3, n(t) represents the Additive White Gaussian 
Noise(AWGN). 
 
III. THE RECEIVER MODEL 

 

 
Fig. 1 : Rake parallel interference canceller receiver 
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The receiver diagram is shown in figure 1. After the 
received signal is demodulated by carrier correlation 
and low pass filtered, the paths are separated. So the 
output of the lth path through the correlator is 
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Substituting eq 3 in eq 4      
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Where: 
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In the  equation 5 the first item stands for signal, the 
second item is the multi-path interferences of the 
other (L-1) paths to the lth path, shortening for MPI, 
the third is the multiple access interference(MAI) of 
the other (K-1) users to the kth user, the last is the 
additive white Gaussian noise(AWGN). To 
traditional Rake receiver, the result using maximum 

ratio combining is: 
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 In equation 6  kl ,
~  is evaluation value for kth 

user in the lth path. When equation 6 is decided, the 
tentative test value about the symbol is obtained as  

))(()(~ iyDib kk                     (7) 
Here D(.) stands for decision function, which may be 
hard decision or soft decision. Traditional PIC adopts 
hard decision. In this thesis simple soft decision 
linear decision is used.In order to eliminate the MPI 
and MAI in the above equation, a new parallel 
interference cancellation arithmetic is proposed as 
shown in the below figure 5.2 
 

 
Fig.  2:  A New PIC receiver 

 
In the figure 2 taking the ith symbol decision of the kth 

user as example. It can be seen that interference 
estimators estimate the MAI and MPI of each channel 
path according to the tentative test value and other 
known user information (as the spread frequency 

codes of other users, signal amplitude, phrase etc) in 
the interference cancellation stage and subtract them, 
then the correlated outputs after interference 
cancellation for each path are combined, finally, the 
symbol decision result is given in the interference 
cancelling stage, MPI and MAI are reconstructed 

firstly, supposed that test value )(~ ibk can be given by 
paper [9] and [10] 
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To the lth path, according to and other users 
information, reconstructed MPI and MAI can be 
written as respectively: 
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When reconstructed interference being subtracted and 
it can be obtained 
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Finally we obtain the received vector as 
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The final decision for the ith symbol of kth user is 

))('sgn()(ˆ iyib kk                                   (11) 
 
IV. SIMULATION RESULTS 
 
The figure 3 is the BER performance of conventional 
PIC receiver and the proposed PIC in this thesis. It 
can be seen from Figure that when the signal noise 
ratio (SNR) is lower, the two kind receivers show 
little difference, but with the SNR increasing, the 
proposed PIC show superior performance than 
traditional PIC and the PIC system proposed in this 
paper appears the best performance. 
 

 
Fig. 3 : BER versus SNR for performance comparison of the 

two different receivers 
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Fig. 4 : BER versus SNR for performance comparison for 

different values of L. 
 

In Figure 4 the bit error ratios(BER) of the system for 
different path numbers are compared. It can be seen 
that when L=1, the system appears the worst 
performance because only MAI is eliminated. When 
L=3, the performance of the system is better than 
L=2; when L=4, the performance can not be 
improved obviously. So in MPI system, we usually 
set L=3. Because each path power is impossible same 
in practical channel, the receiver performance can be 
improve obviously only through eliminating those 
paths which SNR reach a certain threshold. 
 
V. CONCLUSION 
 
In this paper, a Rake PIC based on linear decision is 
proposed. The theory and simulation indicate that this 
technique can improve greatly the receiver 
performance in the multipath fading channel and have 
lower realization complexity, which will very suit for 
mobile single user receiver restricted by volume and 
hardware. 
 
REFERENCES 
 

[1] Theodore S. Rappaport Wireless communication principles 
and practice,  Second edition. Pearson Education. 

[2] J. G Proakis, Digital communication 3rd edition. New York : 
McGraw-Hill. 

[3] Li-xin Song, zheng-qian Wan and Xiao-bo “A new parallel 
interference  cancellation algorithm for RAKE systems,” 
IEEE international conference Genetic and Evolutionary 
computing, pp.806-809,2009. 

[4] G.L.Turin. “Introduction to spread-spectrum antimultipath 
techniques and  their application to urban digital 
radio,” Proc. IEEE, 1980, 68(3):328-353. 

[5] Baltersee J, Fock G, Schulz-Rittich P. “A novel multipath 
interference  cancellation scheme for Rake channel 
estimation,” IEEE VTC, 2007 Spring 2:1493-1497. 

[6] Junhui Zhao “Improved parallel interference cancellation 
algorithm for  multicode CDMA system” IEEE 
International Conference Neural Networks&Signal 
Processing, 2003(11):1560-1564. 

[7] Rong Hu ,“ Multipath interference cancellation and 
modified RAKE receiver  ”Jorunal of electronics and 
information,2002,24 (6):773-780. 

[8]  Junhui Zhao  “An Improved RAKE Receiver Algorithm of 
the CDMA  System ,”Journal of applied sciences, 
2004,22(3):298-302. 

[9] X.Wang,. “Iterative(Turbo) soft interference cancellation 
and decoding for coded CDMA, ”IEEE 
Trans.Communication volume(47),1999(7):1046-1060. 

[10] Xu Guoxiong,Gan Liangcai,Huang Tianxi. “A New parallel 
interference  cancellation scheme for DS/CDMA system,” 
Wuhan University Journal of  Natural 
Science,2004,9(1):27-30. 

[11] Rong Hu, Aiping Huang “Multipath Interference 
Cancellation and Modified  RAKE Receiver,” 
IEEE pp:1508-1512. 

[12] “Multiusage detection in asynchronous Code Division 
Multiple Access  communications”, by M.K 
Varanasi and Behnaan aazhang, pp: 509-519;1990 

[13] S.Haykins, Digital Communication, Wiley, 1988. 

[14] A. Johansson and A. Svensson, “Successive interference 
cancellation in   multiple data rate DS/CDMA 
systems,” in Proc. IEEE VTC ’95. Chicago, IL, July 26-28, 
1995. 

[15] J. Andrews, "Successive Interference Cancellation for 
Uplink CDMA," Ph.D. Dissertation, Stanford University, 
2002. 

[16] P. Patel and J. Holtzman, “Performance comparison of a 
DS/CDMA system using successive interference 
cancellation (IC) scheme and a parallel IC scheme under 
fading”, Proceedings of IEEE ICC ‘94, pp. 510-514, 1994. 

 
 

 

        International Journal of Electronics Signals and Systems (IJESS), ISSN:2231-5969, Vol-3, Iss-4

292


	A NEW PARALLEL INTERFERENCE CANCELLATION ALGORITHM FOR RAKE SYSTEMS
	Recommended Citation

	A NEW PARALLEL INTERFERENCE CANCELLATION ALGORITHM FOR RAKE SYSTEMS

