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Abstract: Ultra-wideband (UWB) employs very narrow band pulses of nano-seconds 
duration to provide high data rate communications. Pulses spread the energy over a 
wide frequency because of that it is called ultra-wideband. Ultra wideband (UWB) 
technology is very useful for both communication and sensing applications, uses the 
radio spectrum differently than the majority of radio communication technologies. In 
this paper, we will discuss the brief introduction of UWB communication, its 
transmission and reception using rake receiver configurations in IEEE UWB multipath 
Channel. All the required simulations are carried out using MATLAB software.   
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I.  Introduction 
UWB transmission is a signal, that occupies a bandwidth of more than 25% of a center 

frequency, or more than 1.5GHz greater The basic element in UWB radio technology is the use of 
Gaussian monocycle as shown in figure 1. in both time and frequency. 
 

 
 

Fig.1.UWB bandwidth in time & frequency domain 

UWB signals may be generated by a great variety of methods and the most popular pulse 
shape for UWB communication system is the Gaussian pulse or a derivative of the Gaussian pulse 
due ease of generation. So my present work starts with generating the UWB signal by using the 
Gaussian pulse The Gaussian pulse is defined as 

 

 
Where σ is the standard deviation of the Gaussian [4][5].  
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II.  UWB transmiter  
In this paper we will consider the design considerations of UWB transmitter using Pulse 

Amplitude Modulation Direct Sequence (PAM-DS) multiple access modulation scheme. The digital 
information contained in the bits needs to be mapped to the analog pulses which are transmitted and 
this is done via the help of modulation.  

A binary sequence is generated at the same rate, Rb= 1 /Tb  and the first part of the system is a 
repetition coder which repeats each bit Ns times and generates a new binary bit sequence a at a rate 
of  Rcb = Ns /Tb  =1/ Ts  bits/s. Redundancy is also introduced in this way. The next step is the 
binary series part of the system where the sequence a+ is transformed into a which is composed of 
binary antipodal symbols (±1). code c consisting of (±1)'s and with period  Np  to the sequence a. A 
new sequence d=a*c is generated, consisting of dj = ajcj .  

Sequence d then enters the PAM-modulator where a sequence of Dirac pulses positioned at j 
Ts is generated at a rate Rp = Ns /Tb =1/ Ts.  

The pulses enters the pulse shaper as the shapers main task is making sure that the output is a 
sequence of strictly non-overlapping pulses 

The signal at the output of the PAM-DS transmitter is represented as 

 

 
Fig.2. PAM-DS-UWB Transmitter 

 
The above described model is created using MATLAB software and the transmitted signal is 

generated using PAM-DS multiple access modulation scheme using the following parameters 
(Pw=30,fc=50e9,numbits=3,Ts=3e9,Ns=5,Tc=1e-9). 

where Pw = Average transmitted power (dBm), fc = sampling frequency, numbits = number of bits 
generated by the source ,Ts = frame time, pulse repetition period , Ns = number of pulses per bit. 

 

 
                                                               Bit 

 
Fig.3.UWB PAM-DS after modulation with time shift of 0.5e-9 s. 

III. IEEE UWB Multipath Channel Model 
 

The signal transmitted by the transmitter reaches the receiver via the channel. The channel 
affects the signal by attenuating it, delaying it and distorting it. The UWB signals have a very large 
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bandwidth in the order of 500MHz and the signals constitute of pulses. The traditional channel 
models do not work for the UWB signals as they assume the attenuation due to materials and other 
propagation effects to be constant over the bandwidth. 

AS UWB signals have a very large bandwidth the effects are not constant over the entire 
band. In UWB signals, each pulse may go through distortion in addition to the distortion in the total 
received signal. 

Also it has the presence of multiple paths between transmitter and receiver which introduces 
complexity at both channel model and receiver structure. The channel exhibits time-varying 
properties that must be taken into account into the channel model. Distortion is also present for 
indoor transmissions where propagation is perturbed by a number of interfering objects. 
IEEE 802.15.3a proposed a UWB multipath channel model. The multipath components arrive at the 
receiver in groups, called clusters, with Poisson distribution. The path (ray) within each cluster also 
arrives with Poisson distribution.[6] The channel impulse response is given by: 

 
where L is number of clusters, M is number of paths within a cluster, αnl is the multipath gain of the 
nth path corresponding to lth  cluster. Tl is delay of l th cluster and τnl is the time delay of nth ray of 
the lth cluster. The amplitude fading is defined as αnl = Pnl.ϵl βnl , where  Pnl  is the sign of the 
coefficient and takes 1 with equal probability and accounts for signal inversions due to reflections. 
ϵl is the fading associated with the lth cluster. βnl , is the fading associated with the nth ray of the lth 
cluster.  Using this model IEEE came up with initial set of values for different environmental 
scenarios. The list is as shown in the table below. 

 

Table1. IEEE UWB Channel model parameters 
 

IV. UWB Receiver  
The primary task of a receiver is to collect the received signal which is an attenuated, 

distorted and delayed version of the transmitted signal, and decode the useful signal from it. 
The UWB signal is composed of non-overlapping pulses with each pulse having a specific pulse 
duration within a given time interval. However, the channel can affect the transmitted signal 
introducing varying delays and thus causing inter-symbol interference. The multi-paths will also 
result in delayed replicas of the signal causing ISI. Moreover, when we consider the case of 
multiple users transmitting at the same time, the signal of one user can be interference to that of 
other user [3].  

The multi-path delayed and attenuated versions of the transmitted signals can be 
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efficiently separated at the receiver and then combined in order to improve the signal-to-noise 
ratio with the help of a RAKE receiver that collects the delayed versions of the original signal by 
providing each of multi-path signals a separate correlation receiver. 

The RAKE receiver consists of a correlator, which converts the received signal into set of 
decision variables, {Z} and detector makes a decision on which signal is transmitted based on the 
decision  variable. The transmitter  sends  M  different  waveforms Sm (t ) with m=0,1…,M-1.The  
received  signal  is  cross-correlated  with  the  M  possible   transmitted waveforms and the 
maximum over the M resulting values is selected as the transmitted signal.The received signal can 
be represented as 

r(t ) = ru (t) + n(t)           (5) 
where,  ru (t) is the useful signal at the receiver and n(t ) is additive noise assumed to be 
Gaussian process with PSD /2 

 
Fig.4.  Single correlator scheme for 2PAM-TH-UWB Receiver. 

V. Receiver Configurations 
The different replicas of the transmitted pulse are combined using the Maximum Ratio 

Combining (MRC)  in  which  weighting  factors  are  applied  to  the  different  contributions to 
maximize the SNR.The typical RAKE receiver configurations considered in this section are the 
Ideal or All RAKE, Selective RAKE and Partial RAKE. All RAKE (ARAKE) collect the energy of 
signal from all the resolvable multi-path contributions, the Selective RAKE (SRAKE) combines 
the best  paths out of L paths and PRAKE on the other hand combines the first  arriving 
paths without making any selection decisions on the incoming multi-path contributions using 
Maximal Ratio Combining (MRC). 

 

 
Fig.4. RAKE Receiver with parallel correlators 

 

The transmitter, channel model and the receiver are simulated using MATLAB. The 
modulation scheme used is binary pulse amplitude modulation and the results achieved for code 
repetition of 3 with 2 branches for the Ideal, Selective and the Partial RAKE receivers. 
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Fig.5. Analysis of 2PAM-DS-UWB for Ns = 3 with 2  Branches 

 

 
Fig.6. Analysis of 2PAM-DS-UWB for Ns = 3 with 2and 6 Branches 

 

VI. Conclusion 
In this paper all the basics of UWB modulation transmission and reception are explained in 

the presence of UWB multi path channel model .We have generated the 2PAM-UWB transmitter 
modulation pulses and the 2PAM-UWB receiver using rake receiver configurations. The results 
obtained for the rake receiver configurations shows that The Ideal RAKE Receiver gives the best 
results since it processes all the multi-path contributions resolved at the receiver but difficult to be 
implemented practically. While PRAKE is easy to implement but shows lower performance as 
compared to SRAKE and Ideal one. The PRAKE with 6 branches gives results similar to SRAKE 
with 2 branches. So depending upon the requirement and taking into account the cost of 
implementation the rake configuration can be chosen. 
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