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Abstract—Many different types of RAKE receiver have been 
appeared with the development of mobile telecommunication. It 
is necessary to evaluate their application value. In this paper, the 
models of DIRAKE, CORAKE and CLRAKE receiver and their 
specific implementations are put forward. Moreover, their 
performances are also discussed when MPI and MAI exist. 
According to the results of performance simulation, it can be 
found that CORAKE receiver has better performance than 
CLRAKE receiver, and is easier to be realized. When the beam is 
formed in baseband, the performance of DIRAKE receiver is 
influenced greatly by the change of MS’s position, which will 
introduce instability into the system.   
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I. Introduction 

With the increasing number of wireless Internet users and 
the development of wireless multimedia services, 3G mobile 
communication system should provide high-quality and 
high-speed downlink data services for its users. However, in 
mobile communication system, due to the mobility of the 
terminals and the existence of many reflectors, signal received 
by the receiver is the superposition of multi-path signals with 
different time-delay and amplitude attenuation. It will cause 
multi-path fading and affect the performance of the receiver. 
Therefore, many techniques are proposed to overcome this 
phenomenon. However, in the mainstream of 3G standards, 
RAKE receiver is still widely used [1]. 

The classical RAKE receiver (CLRAKE) is the basic 
component of CDMA receiver. It can realize separation, 
time-delay adjustment and superposition of multi-path signals. 
In CDMA downlink receiver, coherent demodulation is used. 
Since there is a carrier phase-difference among the received 
multi-path signals, the coherent carrier twtC LL 11 cos)( =  
recovered in the receiver can only be synchronized with one 
received signal twStS 111 cos)( = , so coherent 
demodulation can be realized. But the phase-difference θ  
between the other carriers of multi-path signals and )(1 tC L  
will introduce amplitude loss, possible polarity reverse and 

interference during demodulation. Assuming the other 
multi-path signal being twS 22 cos  , then the output of the 

demodulator will be θcos2S , and the phase-difference θ  
will influence the amplitude or polarity of the demodulated 
signal. Generally speaking, CLRAKE can use the training 
sequence or other channel estimation methods to estimate the 
polarity of θcos . But none of them can estimate the actual 
value of θcos . 
  References about RAKE receiver such as [2, 3, 4, 5, 6] have 
not yet studied the mentioned problem. References [7, 8, 9, 10] 
present some channel estimation methods to estimate the 
polarity of θcos . The model of multi-path signal coherent 
demodulation RAKE receiver (CORAKE) which can realize 
multi-path signal coherent demodulation is put forward in this 
paper; it can make full use of the energy of multi-path signals.  
  The smart antenna (SA) technique which is based on phased 
array antenna can realize the directional reception, The SA can 
greatly reduce the influence of multi-path interference (MPI) 
and multi-access interference (MAI), however, it needs to 
detect the direction of arrival (DOA) [11, 12, 13] for the 
receiving signal. In the paper, the RAKE receiver based on 
directional reception is introduced, which is called directional 
RAKE receiver (DIRAKE) [14]. 
  Reference [15] proposes a baseband signal beam-forming 
solution, but it doesn’t give the detail solution or discuss their 
performance when MPI and MAI exist. Although the 
baseband beam-forming method can simplify the realization 
of DIRAKE receiver, the study results given by us shows that 
the method have the poor ability to inhibit the interference 
signal. 
  In this paper, the model of DIRAKE receiver, CORAKE 
and CLRAKE receiver and their specific realization are put 
forward, their performances are discussed when MPI and MAI 
are existed.  
II. Three Resolutions of Base Station Receiver 

A. The Classical RAKE Receiver (CLRAKE) 

  The general structure of coherent demodulation RAKE 
receiver for the downlink in CDMA IS-95 system is given in 
Figure 1. After frequency down convertion and analog / digital 



 

transformation, )(tS AD about 10.7MHz could be gotten, and 
it can be sent into digital coherent QPSK demodulator.  

Figure 1. The coherent demodulation RAKE receiver 

  Coherent demodulation needs a local carrier which should 
be synchronized with the received signal carrier. This local 
carrier can be recovered from the received pilot signal by 
reverse modulation and can be expressed as follows: 

twtwtC LCLCL 111 sincos)( −=              (1) 
  Where 1C Lw is the frequency of local coherent carrier. The 

input signals LQPN 1  and LIPN 1  of the reverse modulation 
circuit should be synchronized with cell address code in the 
received pilot signal. Supposing the strongest signal and the 
other two multi-path signals can be expressed as follows 
respectively: 

 
twtPNtWtDtwtPNtWtDtS QI 111111111 sin)()()(cos)()()()( −=

   (2)                                                               
)()( 112 dttStS −=      )()( 213 dttStS −=       (3) 

  In which, )(1 tD is user data and )(1 tW presents the 
combination of user address code and long scrambling code 
sequence using in the downlink of IS-95. )(1 tPNI  and 

)(1 tPNQ are short scrambling codes used as cell address code 
in CDMA IS-95 system.  
  The output signals I and Q of the QPSK demodulator are: 

332233221 sinsincoscos θθθθ QQIIII ++++=        

332233221 sinsincoscos θθθθ IIQQQQ −−++=       

)()()( 1111 tPNtWtDI I=  )()()( 1111 tPNtWtDQ Q=           

)()()( 1111112 dIdd ttPNttWttDI −−−=  

)()()( 1111112 dQdd ttPNttWttDQ −−−=         (4) 
                                                                                   

  Supposing 1dt  is the time-delay of the second path signal 

compared with that of the first one, and then the 
phase-difference 2θ  between the two signals should be the 

remainder of [ ]
π2

)( 111 twttw d −− . The second path 

signal can be expressed as: 
  )sin()cos()( 22222 θθ +−+= wtQwtItS       (5)          
  So the second multi-path signal can’t be demodulated 
coherently. The output will be affected by θ , and the 
amplitude of 2I and 2Q  will be reduced and their polarity 
may even be reversed by (4), on the other hand, it will 
introduce orthogonal interference between I and Q channels 
into the demodulated signal.  

  The block diagram of CLRAKE receiver is shown in Figure 
2. 

 
Figure 2. CLRAKE receiver in the chip class  

  To simplify the block diagram, low-pass filters after each 
correlator are omitted here. Control signals 1dC and 2dC  of 
time-delay circuit can be produced through the comparison 
among LIPN 1 , LIPN 2  and LIPN 3 . The output 21I of 

correlator 1CR  in Figure 2 is: 

IPNI LI ×= 121  
[ ]33223322111 sinsincoscos)()( θθθθ QQIIPNtWtD LI ++++=

 (6) 
  Since LIPN 1  is not synchronized with short PN 
sequences in I2，I3，Q2 and Q3, these four signals cannot be 
de-scrambled, which will then present as CDMA 
self-interference by 1sMAI , 

[ ]3322332211 sinsincoscos θθθθ QQIIPNMAI LIs +++×=    (7) 

  The output of 2CR  should be:  

[ ]33223312

21111222

sinsincos
cos)()(

θθθ
θ

QQIIPN
ttWttDIPNI

LI

ddLI

+++×
+−−=×=     (8)        

  For the random of path delay, 2cosθ  has a probability of 
1/2 to be negative. When it happens, the output signal of the 
second path 22'I  will become reversed with that 
of )()( 11 tWtD . Under this circumstance, the expected signal 
will be reduced rather than be enhanced. Therefore, the 



 

polarity of 2cosθ in CLRAKE receiver should be estimated 

to diminish its ill effect. However, when 3cosθ  is 
considered, the efficiency of CLRAKE receiver will be even 
worse. The last item in (8) represents MPI in CDMA.  
  Although it takes the CLRAKE receiver in downlink for 
example, it can also apply to 3G uplink receiver since it 
transmit uplink pilot in the 3G system. 
B. CORAKE with three-path Coherent Demodulation  
  The QAM coherent demodulation of the CORAKE receiver 
is shown in Figure 3. 

 Figure 3. CORAKE with 3-path carrier coherent demodulation 
 
  When the 3 local coherent carriers are synchronized with 
that of the three-path receiving signals, then there are: 

3322332211 sinsincoscos θθθθ QQIIII t ++++=                                                              
                                              (9)                       
  The other signals Qt1， It2 ，Qt2， It3， Qt3 have the similar 
expression. The RAKE receiving part of I channel in the 
three-path CORAKE is shown in Figure 3. After introducing 
CORAKE receiver, the performance degradation in CLRAKE 
receiver resulted from the loss factor cosθ in non-coherent 
demodulation can be avoid. 
  The Local coherent carrier )(1 tC L  can be recovered by the 
circuit presented in Figure 4. 

 
Figure 4. The local coherent carrier recovery circuit  

 
  The downlink pilot signal can be expressed as follows 

twPNtwPNS QIpilot 11 sincos −=         (10)                                    

  Where 1±=IPN , as well as for QPN . Local ILPN  

and QLPN are converted into LIPN 1 and LQPN 1 after phase 

adjustment, which are synchronized with IPN and QPN  in 

the received signal pilotS .There is: 

twPNPNtwPNS QLILILpilot 11111 sincos −=×   (11)         

  The recovered carrier tw1cos  can be used as the local 

carrier tw L1cos  of QAM demodulator after being 
processed in the narrow band filter NBPF.  
C. The Directional RAKE Receiver (DIRAKE) in        

Baseband 
  The basic structure of SA is 8-element circular array (AE), 
which are separated by 2/λ  on a circle. When the main 
beam towards the direction of nφ , the electric current phase of 
signal received by the kth AE is:  

sin cos( ' ),    k 1,2,...8nk n n kaα μ θ φ φ= − =   (12)             

Where 2 /μ π λ=  let / 2, / 2, ' 2n ka λ θ π φ π= = =  

* ( 1) / ( 1) / 4k N kπ− = − , then, 

cos( ' )nk n kα π φ φ= −                   (13)  
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 Figure 5. The beam-forming of receiving signal in baseband 

  Considering single path and supposing that SA directionally 
receives the signal of user1 in path 1, when the baseband 
implementation as Figure 5 is adopted, the expression of kx11  
is shown as follows: 

111 1 11
1

( ) ( ) ( ) ( )cos( )
N

n n In n
n

x t D t W t PN t w t a
=

= +∑ ,     (14)         



 

As well as for 112 ( )x t  to 118 ( )x t . 
                           

  Supposing that the local carrier of the down conversion 
is twLcos , when L Cw w= , there is: 

111111 cos*)()( nkk atxty =               (15) 

  Neglecting the influence of 1/2 coefficient, after the low 
pass filter (LPF) and de-spreaded by LIL PNW 11 × , for the 1AE , 
there is: 

111 1 111 1 1 11
2

cos cos
N

n n In L I L n
n

y D a D W PN W PN a
=

= + ∑                               

(16)                  

  From the above, the information for carrier phase shift turns 
into the amplitude loss of baseband signal after the down 
converter. All of 111cos a , 112cos a ,....., 118cos a  would be 
less than 1, which will make the amplitude of expected signal 
decline. In Figure 5, after the processing of divider 

1D , 2D .... 8D  and the adder 3M , there is: 

8
1

11 1 1 1
1 2 11

cos8 ( )
cos

N
n k

L n n In L I L
k n k

aI Y D DW PN W PN
a= =

= = +∑∑    (17)                

  Where the first part is the output of user 1 in signal path 1 
after beam-forming, the second part is the self-interference, 
here only one-path interference of (N-1) users is considered. If 
there are 3 path signals for each user, the total number of 
self-interference component is H=N*3-1. Considering the 
value of 1 11cos / cosn k ka a  may be larger than 1, hence the 
value of self-interference in baseband beam-forming may be 
amplified. However, the problem can be avoided in the 
beam-forming solution of carrier phase-shift. If adopting 
coherent demodulation for some-path it will reduce the 
interference of other paths.  

III. Performance Simulation and Analysis 
A. The SNR Gain of CORAKE Compared with     

CLRAKE  
  Assuming the average power of user's data is P and 
attenuation factors in each path is 1α , 2α  and 3α  
respectively.  
The output signal power in each finger of CLRAKE is: 

2
1 1( )S P α= ⋅       2

2 2 2[ cos ]S P α θ= ⋅                                                                         

2
3 3 3[ cos ]S P α θ= ⋅                      (18) 

  Using the similar method, the expression of both noise 

power and signal power in CORAKE receiver and CLRAKE 

receiver can be deduced respectively, where the effect of loss 

factor will be omitted. 

  The SNR gain GS for CORAKE receiver compared with the 

CLRAKE receiver is presented in Figure 6, in which 

2θ , 3θ [0, ]π∈ . The result is similar when 2θ , 

3θ [ ,0]π∈ − . 

 
Figure 6. The GS of CORAKE receiver with 3-path 

  From the result above, we can conclude that the 
performance of CORAKE receiver is much better than that of 
CLRAKE receiver. When 2 3 / 2θ θ π= = , the SNR gain will 
reach its maximum about 10.5dB.  

 
Figure 7. The GS over the CLRAKE with maximum SNR mergence 

  In Figure 7, the GS for CORAKE receiver compared with 

CLRAKE receiver with maximum SNR mergence is about 

4.7dB. 

B. The SNR Gain of DIRAKE Compared with CLRAKE          

  Considering that the maximum user number N=8, the 

number of maximum multi-path component is 3, so 7 other 

users will generate 21 interference signals. Supposing that 

their DOA nmφ  distributed uniformly in space, 



 

nmφ = 2 [3( 2) ] / 21n mπ × − + , n=2, 3....8, m=1, 2, 3            

(19)                                                

  At the same time, the carrier phase-shift nmϕ  of the 21 
interference signals are also uniformly distributed. 

 2 [3( 2) ] / 21nm n mϕ π= × − + , n=2, 3....8, m=1, 2, 3 

                                            (20) 

  As for the expected signal, supposing that the carrier 
phase-shift of the second path and the third path 
corresponding to main path is 12 13 / 4ϕ ϕ π= = , the DOA of 

these two signals are 12 / 4φ π= , 13 3 / 4φ π=  respectively. 

  When the SA beam-forming in baseband is used in the 
supposed situation, the received signal of DIRAKE receiver is 
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(21) 

  Where the second term in the right of the equation is the 
interference of other user's multi-path signal, and the third 
term is MPI of the expected, and 

   
22 cos( )

8nmk nm nm
r kπθ ϕ π φ
λ

= + −            

 11 11
22 cos( )

8k
r kπα π φ
λ

= −               (22) 

  The processing model of three-path signals for CLRAKE 

receiver is given in Figure 8, 

 
Figure 8. The model of three-path signals for CLRAKE 

  The output signal of CLRAKE receiver is 
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Also, the output signal of DIRAKE receiver is:  
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  Here only coherent demodulation is used for path 1 signal, 
11cosϕ =1, both 12cosϕ  and 13cosϕ  don't equal to 1. The 

purpose of that is to compare it with CLRAKE in which only 
coherent demodulation for 1-path signal can be realized. But it 
is easy to realize coherent demodulation of 3-path signals in 
DIRAKE, in which the performance will be improved further. 
Where, 

12 12
22 cos( )
8k

r kπα π φ
λ

= − , 13 13
22 cos( )

8k
r kπα π φ
λ

= −        

(25)  

  From the analysis above, we can get the simulation result 
shown in Figure 9 and Figure 10. 



 

 

Figure 9 The GSA of the DIRAKE with single-path over the CLRAKE                                                                  
with 3-path 

 

Figure 10. The GSA of the DIRAKE over the CLRAKE for 3-path 

   Assuming that the DOA of the other 2-path are / 4π  
and 3 / 4π  respectively, the result of simulation gives the 
relation between GSA and the DOA of the first path. Because 
baseband beam-forming can't utilize the inhabitation of 
coherent demodulation to MPI and MAI, the GSA will be 
influenced greatly by the change of MS's position; therefore, 
the performance of DIRAKE is unstable. 

 
IV. CONCLUTIONS 

 
  In this paper, the performances of 3 RAKE receivers are 
discussed when MPI and MAI exist. By the result of 
performance simulation, it can be found that CORAKE 
receiver have better performance than that of CLRAKE 
receiver, it can get a higher gain GS and is easier to implement. 
Besides, CORAKE receiver can make better use of multi-path 
signal energy and eliminate the impact of non-coherent carrier 
demodulation loss factor existed in the CLRAKE receiver. 
However, the DIRAKE receiver in baseband can’t utilize the 
inhibition of coherent demodulation to MPI and MAI, and the 
GSA of DIRAKE receiver is influenced greatly by the change 

of MS’s position, which will induce great instability to the 
system. 
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