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ABSTRACT 

In this paper we proposed an analytical method which is used 

for 802.15.3a UWB channel to find out the effect of rake 

receiver finger with Maximal ratio combining (MRC) scheme. 

We used a mathematical model which is derived while 

considering the receiver is MRC rake receiver. In this receiver 

we assigned weights to rake receiver finger in such a way to 

maximize the signal to noise ratio (SNR). With the help of 

maximal ratio combining (MRC) mathematical model we try 

to evaluate the performance result with different rake receiver 

finger.   
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1. INTRODUCTION 
  A widely accepted UWB (Ultra Wide Band) indoor 

communication channel model 802.15.3a developed by 

channel modeling subcommittee and it is define in [1, 2]. 

  According to [2] the 802.15.3a channel model UWB system 

exhibits high frequency selective fading and can be modeled 

as a discrete linear filter whose impulse response is expressed 

as, 

h(t) = β
l
αl

Lmax −1
l=0  t − l               (1) 

  The Lmax  is the maximum number of resolvable multipath 

components (MPCs) and it is decided by the number of 

fingers of rake receiver or sampling resolution of receiver. 

  

  The 𝛼𝑙  is the channel fading coefficient for the lth path and its  

modeled as lognormal random variable, whose parameter  

depends on the arrival time 𝑙  .The 𝑙  is arrival time of lth path  

relative to 1st path (l=0 & 0 = 0 assumed) and  t is Dirac 

delta function.  

  The channel gain 𝛼𝑙  is modeled as  αl = pl  βl
, where 𝑝𝑙 =+1 

/-1 with equal probability it models the random pulse 

inversion that can occur due to reflections it is define in [2]. 

The second term 𝛽𝑙  is a magnitude of lth MPC and it is log 

normally distributed for indoor channels. The parameters of 

lognormal random variable are mean and standard deviation. 

The standard deviation of fading amplitude is in the range of 

3-5dB given in [2] and mean value depends on the parameters 

of channel profile CM1, CM2, CM3, CM4  such as cluster 

arrival rate , ray arrival rate ,cluster decay factor, ray decay 

factor etc given by [1, 2]. 

  These channel profile parameters such as distribution of path 

arrival time sequence 𝑙  and power delay profile (PDP) of the 

channel are chosen to follow the modified Saleh-Valenzuela 

(S-V) model suggested in [3]. 

1.1  Maximal Ratio Combining (MRC) 
It is well known that a RAKE receiver with maximal ratio 

combining (MRC) is optimum when the desired signal is 

distorted by the additive white Gaussian noise (AWGN). 

Maximal-Ratio Combining, first discussed by Brennan, is the 

optimal form of diversity combining because it yields the 

maximal SNR achievable. It requires the exact knowledge of 

SNRs as well as the phases of the diversity signals. [4] 
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Figure 1. Maximal Ratio Combining in RAKE 
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After de-spreading the received symbol from transmitter via 

radio channel the symbols from allocated fingers are 

maximal-ratio-combined to construct the “combined” symbol. 

The output symbols from different fingers are multiplied with 

complex conjugate of the channel estimate and the result of 

multiplication is summed together into the “combined” 

symbol. This is illustrated in Figure 1 and Figure2, given in 

[5]. One more advantage of MRC scheme that it is 

performance similar to minimum mean square error (MMSE) 

combining scheme but complexity lower than MMSE this is 

also proof in [6].   
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Figure 2. RAKE receiver using MRC

 

2. PROBLEM FORMATION 
As in [7] they present the instantaneous signal to noise ratio 

(SNR) model by considering one of the channel impairments 

i.e. intra pulse interference (IPI) according to [7] for a realistic 

UWB system having a finite temporal  resolution Tp i.e. often 

limited by the receiver sampling frequency or the width of 

UWB pulse. The instantaneous signal to noise ratio (SNR) per 

bit can be written as               

γ
𝑖
 =  

E𝑠

N0

 γ
𝑙
2

 
Ti
Tp

 −1

𝑙=0  

= 
E𝑠

N0

 [  β
i
αi ]2

i∈I𝑙

 
Ti
Tp

 −1

𝑙=0                      (2) 

 

From (2), the receiver seems to be a maximum ratio combining 

(MRC) Rake receiver with  
Ti

Tp
  uniformly-spaced fingers, 

where the effective weighting coefficient of the lth finger 

is   β
i
αi ]i∈I𝑙 . 

In this model second summation is taken for accounting the 

intra pulse interference i.e. occurs between MPCs. where I𝑙 is 

set given by: Il = { i | l𝑇𝑝  ≤ 𝜏𝑖< (l + 1) 𝑇𝑝} denotes the 

collection of multipath components (MPCs) arriving in the 

interval [l𝑇𝑝 , (l + 1) 𝑇𝑝], i.e. the number of MPCs in a single 

finite temporal resolution but right now in this paper the 

impairments that we want to model is shadowing not the intra 

pulse interference so width of pulse is adjusted such that 

𝑇𝑝 << 1. In this case γ
𝑙
→ β

𝑙
α𝑙  and equation (2) from the [7] 

can be written as 

 

 

γ
𝑖
=   

E𝑠

N0

 α𝑙
2Lmax −1

l=0                              (3) 

3. PERFORMANCE ANALYSIS 
The major parameters that researchers generally use to figure 

out the performance of UWB channel are outage probability 

and average bit error rate (ABER). In this paper we are using 

the ABER. 

The process of finding the ABER given in [8], the average bit 

error rate can be calculated by averaging the conditional BER 

which is P(𝛾𝑖) over the probability density function (PDF) of 

instantaneous SNR i.e. f (γ
𝑖
) as     

𝑃𝑒= 𝑃(𝛾𝑖) 
∞

0
𝑓 (𝛾𝑖)𝑑𝛾𝑖                        (4) 

The conditional BER for different modulation scheme are 

given in [9]. According to [9] best modulation scheme for 

UWB belongs to antipodal category. The antipodal signal 

scheme in which multiplication of two transmitted symbol is    

-1 and it is Binary phase shift keying (BPSK). 

The classic binary phase shift key (BPSK) can be presented 

using two antipodal Gaussian pulses as shown in Figure 3 

given in [9]. The transmitted binary baseband phase shift 

modulated information signal X (t) can be presented as 

   

X (t) = 𝑑𝑗  * P (t) 

Where P(t) represents the UBW pulse waveform, j represents 

the bit transmitted („0‟ or „1‟) and 

𝑑𝑗  =  
−1    ,           𝑗 = 0
1,                  𝑗 = 1
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Figure 3.  BPSK pulse shapes for ‘1’ and ‘0’ bits 

The conditional BER for fixed set of β
𝑙
 for BPSK is given as                                 

𝑃 𝛾𝑖 = 𝑄 2𝛾𝑖  = Q  
2Eb

𝑁0
  

Where,                  𝛾𝑖  = 
Eb

𝑁0
 = signal to noise ratio. 

For calculating the ABER we require the PDF of instantaneous 

SNR f (𝛾𝑖). There are many methods for calculating the PDF of 

instantaneous SNR. A major section of research in the field of 

UWB has been done for finding the accurate PDF of their 

instantaneous SNR model. In [7] they have suggested three 

methods for approximating the PDF of instantaneous SNR 

model according to severances of fading. The distributions 

used in [7] to approximate the PDF of γ
𝑖
 are coxian, 

Lognormal, Gamma and parameters of these approximation are 

find out using least square error criteria by minimizing the 

mean square error. Our process for finding the PDF of 

instantaneous SNR is little bit different and it is best according 

to our model. In this paper we have computed the PDF of term  

lognormal random variables and estimation of distributions can      

be given by [10]. They have suggested three methods for the 

estimation of distribution. The method which we are using in 

this paper is Wilkinson‟s method. From Wilkinson‟s method 

the PDF of instantaneous SNR given as 

𝑓 (𝛾𝑖)=
1

𝛾1 2𝜋𝑧
2
𝑒
 −

 ln  𝛾1 −𝑧   
2

 

2𝑧
2  

 

Parameter of this PDF is mean (
z
) and standard deviation (σz) 

which comes from [10]. 

4. NUMERICAL RESULT: FRAMEWORK    

     VALIDATION 
These results obtain for different number of rake receiver 

finger. Number of rake receiver finger is L =10, 8, 6 

respectively. To obtain these results the range of SNR  
E𝑠

N0
  is 1 

to 10dB. 

 

 

Figure 4.  BER Performance of the IEEE 802.15.3a UWB channel CM1 with RAKE receiver fingers L = 6, 8, and 10. 



International Journal of Computer Applications (0975 – 8887) 

Volume 122 – No.14, July 2015 

35 

The above result is obtained for channel model 1. This 

channel model is of a line of sight (LOS) case with the 

transmitter and the receiver antenna being separated by a 

distance in the range (0-4 m). The parameters used for these 

result are given in [3]. 

From the figure it is clear that the average bit error rate 

(ABER) for 10 finger rake receiver case of CM1 is below 10-3 

at SNR value of 10dB.  

 

 

Figure 5.  BER Performance of the IEEE 802.15.3a UWB channel CM2 with RAKE receiver fingers L = 6, 8, and 10.

The above result is obtained for channel model 2. This 

channel is a model for a non line of sight (NLOS) case with 

antenna separation being in the range (0-4 m). The parameters 

used for  

these result are given in [3]. From the figure it is clear that the  

average bit error rate (ABER) for 10 finger rake receiver case 

of CM2 is near of 10-3 at SNR value of 10dB.  

 

Figure 6.  BER Performance of the IEEE 802.15.3a UWB channel CM3 with RAKE receiver fingers L = 6, 8, and 10. 

The above result is obtained for channel model3. This channel 

is a model for a non line of sight (NLOS) case with antenna 

separation being in the range (4-10 m).The parameters used 

for these result are given in [3]. From the figure it is clear that 

the average bit error rate (ABER) for 10 finger rake receiver 

case of CM3 is above of 10-3 at SNR value of 10dB.  



International Journal of Computer Applications (0975 – 8887) 

Volume 122 – No.14, July 2015 

36 

 

Figure 7.  BER Performance of the IEEE 802.15.3a UWB channel CM4 with RAKE receiver fingers L = 6, 8, and 10 

The above result is obtained for channel model 4. This 

channel is a model for a extreme NLOS multipath channel to 

fit a 25 ns RMS delay spread. The parameters used for these 

result are given in [3]. From the figure it is clear that the 

average bit error rate (ABER) for 10 finger rake receiver case   

of CM4 is in the mid of 10-2 and 10-3 at SNR value of dB. But 

from all of the above results minimum BER is obtained for 10 

finger rake receiver and maximum BER is obtained for 6 finger 

rake receiver. 

 

Figure 8.  BER Performance of the IEEE 802.15.3a UWB channel CM1, CM2, CM3, CM4 with RAKE receiver fingers L = 10. 

In these result we compare four channel profiles. To obtain these results the number of fingers taken for rake receiver is ten. From the 

figure it is clear that the average bit error rate (ABER) is minimum for CM1 is near about 10-3 and maximum for CM4 it is near about 

10-2 at SNR value of 10dB.
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5. CONCLUSION 
We proposed an analytical method which is too easy to verify 

the performance of 802.15.3a channel model with MRC 

receiver and different rake receiver finger. In this analytical 

method for calculation of ABER we require PDF of 

instantaneous SNR which is estimated from the Wilkinson‟s 

method. Finally we got computable formula for ABER. We 

derived our results for different channel profile with different 

rake receiver finger. The results clearly shows that if number 

of finger is increased then number of MPCs will also 

increased and this will turn increase the SNR at the receiver. 

We know that ABER and SNR inversely related to each other, 

it can also inferences from the Q function which is a function 

of SNR. So increasing of SNR turn to reduce the ABER. One 

interesting research topic that can be extended from this work 

is to apply this method to any multipath fading models with 

other general random arrival process for clusters and rays, 

such as the IEEE 802.15.4a outdoor channel model. 
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