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Abstract 

OFDM is a very much important scheme for wireless 

communication.  Various pilot patterns and each pattern have 

various in effects on Bit Error Rates (BER), efficiency and 

Symbol Error Rates (SER). Pilot is a reference signal 

employed by both transmitter side and receiver side. Select 

particular pilot pattern and can be reduced BER, SER, and 

also increase efficiency. Finding pilot pattern design and how 

many pilot symbols are required for inserting. Studying and 

analyzing with different available pilot patterns. Particular 

applications have required particular types of pilot patterns. 

With efficient pilot placement can get good result and 

improve efficiency, reduce BER and SER. Also reduce the 

computational complexity with particular pilot allocation. 

Keywords: OFDM, wireless communication, pilot patterns, 

channel estimation, Inter-symbol interference. 

 

INTRODUCTION 

OFDM is important   scheme in wireless channels. It is a 

parallel transmission technique so increase data levels.  Some 

change makes at receiver and converts a big channel into 

narrow parallel small channels. It is known sub-channels. The 

whole bandwidth will be divided into small bandwidth. Here 

time domain waveforms are orthogonal, so the overlap sub-

carriers in frequency domain. Due to overlap, the total 

bandwidth is used effectively using OFDM systems. Some 

applications of OFDM are in DAB, HDTV, Wireless LAN, 

LTE and LTE advanced etc. [1]. 

In wireless environment, information will be transmitted, 

reaches at receiver through a channel. Because of channel 

effect, noise and multipath fading, signal which will be 

scattered in time domain and frequency domain. So the 

original signal looks very difference in the frequency and time 

domain. This can drop using with estimation Different 

techniques are proposed. The pilot-assisted scheme has been 

important method in wideband mobile channels. Thus, Pilot-

assisted is mostly used today [2]. Now, many channel 

estimation methods are available. From this only three 

methods are well-known which are Pilot based, semi blind 

and blind based.  Pilot pattern will be based on the using 

training data, which is pilot inserted with original data, sent 

from transmitter and it is known a priori at the receiver [3]. 

 

SYSTEM MODEL  

Today OFDM is very powerful role in wireless 

communication. Using OFDM, send more data with good 

efficiency. OFDM is a parallel modulation technique. Instead 

of data transmitting serially at a high-speed with a single 

carrier, using an OFDM modem organize the data into N 

lower rate sub-streams and send the data in the different sub-

streams at with different carrier frequencies. 

Here figure 1 shows OFDM system with block diagram. In 

this system, after insertion of pilot between data sequence, it 

is in frequency domain at the transmitter, the result data will 

be modulated by IDFT on N parallel subcarrier which 

converts in time domain. At receiver side it will be 

transformed back to frequency domain by DFT. Every 

subcarrier will be formulated as follows [4]: 

 

                                    Sb(t)=Ab(t)
[ ( )]i wct c te 

                       (1) 

Where, Ab (t) and Фc (t) are respectively amplitude and phase. 

Get different values in different symbols for Ab (t) and Ф c (t). 

Signal of OFDM subcarrier will be described as follows: 

 

                        Sb (t)=

1

0

1 N

nN





 An(t)
[ ( )]j Wn n te 

                  (2) 

Where wn=wo+n∆w 
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Figure 1: OFDM System [1] 

 

Using cyclic prefix, in OFDM, it can protect from ISI and ICI. 

The transmitted data, because of channel and noise, received 

data is as follows:  

 

                                yo(n)=xi(n) hi(n)+wi(n)                      (3) 

Where, xi is the transmitted data, yo is the received signal, and 

ωi   is the AWGN. Equation (4) shows after received signal, 

removing cyclic prefix with applying FFT on it. 

 

                             Yo(k)=Xi(k)Hi(k)+Wi(k)                            (4)     

Here Wi and Hi are the Fourier transform of the wi and hi 

respectively. Pilot subcarrier will be estimated channel and   

interpolation; data will be detected as follows: 

                                   Xi(k)=Yi(k)/Hi(k)                                 (5) 

 

Here, Yi (k) is Fourier transform of yo (n).  Xi (k) is the 

transmitted data and Hi(k) is the estimated channel 

respectively. 

Here channel estimations are available in various types. Out 

of many methods, LS and MMSE method are most popular 

methods. In LS, is very simple but the problem is that it high 

mean square error (MSE) [4]. 

 

Pilot Design 

Here the design, where and how many pilot symbols will be 

inserted in it. Interval of pilot will be adjusted small, so that it 

can track efficient for the frequency selection and time-varying 

in channel. From this make decision with using BER [5], [6].  

How to design? 

 

The Pilot Interval 

Here two important parameters like the first is maximum 

multipath delay and second is ɽm maximum doppler frequency 

offset fm. The Nyquist's theory, time and frequency intervals 

should meet respectively the following formulas. 

 

                                       Nf ≈1/ 2∆fɽmax                                                  (6) 

 

                                        Nt ≈  1/2fmLs                                                   (7) 

 

Here Ls is   OFDM symbol length and ∆f is the sub-carrier 

frequency interval. 

Practical, equations (6) and (7) will be re-written respectively 

in modified to   

 

                                    Nf ≈ ½ •1/ 2∆fɽmax                                               (8)  

 

Optimal pilot number  

The total pilots numbers in one frame will be calculated 

 

                                 Nt ≈ ½  •1/2fmLs                                    (9)   

Here also consider the phase noise and oscillating frequency 

drift [5].              
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                                 Ngrid = [Nsc/Nf] * [Ns/Nt]                    (10) 

Where Ngrid is the pilot symbols number, Ns is the OFDM 

signal number and Nsc is the number of subcarrier, in one 

frame, and [.] stands for floor operation. Using equation (10) 

chooses the optimal pilot symbols to estimate channel [7]. 

 

Criterion for performance evaluation  

Frequency resource will waste because of pilot insertion. The 

overhead will be expressed as 

 

                                       ˄ = Ngrid                                      (11)    

 Nsc*Ns 

    The loss of SNR is [6]  

 

                                     Vpilot=10 lg (1)                                (12)  

                                                 1-˄ 

The BER is [7], 

             

              BER = The number of error bit                             (13)                    

                      The total number of transmission bit 

 

The efficient data transmission rate 

We insert the more pilot, the better estimation performance it 

will be. But the system overhead will be larger. On the 

contrary, the less pilot we insert, the worse estimation 

performance it will be. But the system overhead will be 

smaller. How to counterpoise the both? Besides the BER 

criteria, it must combine with the other factors (such as the 

inserted pilot number and the unmistakable data transmission 

rate). So we define a new parameter DTR, that is, data 

transmission rate in one frame, just as [7]. 

 

          DTR= The data symbols number in one frame         (14)                             

          The total symbols in one frame    

Or 

 

DTR=           The data symbols number in one frame         (15)                                                            

          The data symbols number in one frame +    pilot    

           symbols number in one frame 

 

Based on it, the other new parameter EDTR (efficient data 

transmission rate) will be defined in one frame as  

                                EDTR = DTR *(1-SER)                      (16)                                                    

                                                        

                          Where SER=symbol error rate 

 

Present Pilot Pattern 

For different channels applications, select different pilot 

patterns.  

 

Comb-type pilot  

By periodical pilots inserting at subcarrier in every OFDM 

block called a Comb-type shows that figure 2.  

 

 

Figure 2: Comb-type arrangement 

 

Comb type pilot is useful in the fast fading. So it is applicable 

to the fast fading channel application but not for slow fading 

[3]. 

 

Block-type pilot. 

In this type, estimation symbols are sending periodically, so 

all sub-carriers are used as pilots which are shown in figure 3.  

From the figure, it is used for slow fading channel but not fast 

fading [3]. 

 

            

              Figure 3: Block-type arrangement 
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Hybrid-type pilot  

Combination of comb and block type pilots which are shown 

in figure 4. It increases the frequency efficiency capability and 

channel tracking. But more computer complexity [5], [8]. 

 

 

Figure 4: Hybrid pilot structure    

 

During transmitting, OFDM symbols inserted in each sub 

channel and every frame should have multiple pilot symbols 

[5]. 

 

Scattered-type pilot  

With Nyquist, insert pilot from time and frequency domains 

that is shown in figure 5.  It has advantage that it has because 

of small pilot symbol numbers; spectral use is high but 

increased computer complexity and difficult to realize it [5]. 

 

 

                  Figure 5: Scattered-type pilot 

 

Diagonal-type pilot 

Pilot symbols will be inserted linearly, so full use of 

information of the frequency and time domains. It reduces 

computer complexity compared with the Wiener filtering 

algorithm [3]. Pilot-symbol in doubly selective channel 

estimation, diamond-shaped pilot is optimal Mean Square 

Error [9], [10], [11]. It is shown in figure 6.   

 

 

                   Figure 6: Diagonal-type pilot 

 

 Clustered-type pilot 

Two neighbouring grouped pilots as one cluster and will be 

spaced equal [12], [13] as shown in figure 7. Equi powered 

and spaced pilot symbols will be led to smallest MSE [14]. It 

advantage is that it decrease half power noise in the pilot sub 

channel estimation [3].  

 

 

Figure 7: (a) Equi-spaced pilots, (b) clustered pilots 

 

New pilot pattern will be designed with clustered; the pilots 

can shifts every block [15]. Efficient pilot placement will be 

possible for compressed sensing based channel estimation [9].  

What is the method to select between nearby pilot-symbols 

distance and data symbol distribute power between same 

times [14]. Different types of interpolation available likes low 

pass linear, second order, time domain and spline cubic etc. 

[16]. The Least Square estimator is easy to implement but it 

has less complexity but not good performance while the other 

MMSE estimator has good performance with compare LS but 

disadvantage is that it has high complexity [17].  Now 

computational complexity is also problem. Therefore 

placement of pilot allocation will be reduced computational 

complexity [18].   

 

CONCLUSION  

In this paper, shown the design of different pilot patterns and 

implementing with channel estimation, improvement is 

possible to get good efficiency, high precision and less 

complexity. Particular application has particular pilot design 
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is required. Compressed sensing (CS) is one of a new 

technology. It is very much useful in pilot pattern design. 

Using CS, get the same performance with less pilots and so 

efficiency will increase. It is very much useful in MIMO-

OFDM.  
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