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 This paper deals with the blind channel estimation technique in OFDM 
system with receiver diversity to analyze the bit error rate with respect to the 
number of symbols. The paper clearly brings out the advantage that is being 
offered by the use of Blind channel estimation technique in terms of SNR 
requirements. Also a comparative study has been made for the analysis of 
BER variation with the amount i.e. number of symbols being transmitted. 
The work also explores the possibility of obtaining an optimum value of 
number of receivers that may lead to desired BER for threshold value of SNR 
in an OFDM system. 
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1. INTRODUCTION 

Channel estimation forms an important part of communication systems. It is used for detecting the 
received signal, improving efficacy of orthogonal frequency division multiple access (OFDMA) systems and 
improving the BER of the system. Channel estimation can be classified into three categories namely 
Training-based channel estimation, Blind channel estimation and Semi blind channel estimation. The blind 
channel estimation utilizes the statistical information of the channel and certain characteristics of the 
transmitted signals. Although improved bandwidth efficiency can be obtained in blind techniques due to the 
lack of training overhead, the convergence speed and estimation accuracy are comparatively poor. 
Additionally, the time-varying nature of the channel in wireless applications forces the pilot/training 
sequence to be transmitted periodically, resulting in degraded channel throughput. 

Channel estimation plays an important role in digital communication systems. For estimating a 
channel, its transfer function has to be identified directly or indirectly. The problem originates from the fact 
that the transmitted signal to an unknown channel is not available at the receiver input. Hence the 
conventional MMSE approaches are not applicable. The possible resolution to the blind identification 
problem can be found in [1] which utilizes the higher order statistics of the channel output. On the contrary 
[2] presented results that are based on the second order statistic. The basic blind channel estimation process 
utilizes a channel model shown in Figure 1, where only the observation signal is available for processing in 
the identification and estimation of channel. Training sequences tends to use more transmission bandwidth, 
for a time varying channel. Hence blind estimation techniques exploiting a known property of the source 
have become popular [3]. These usually exploit the second or higher order statistics [4] for channel 
estimation. The statistical methods rely on assumptions on the input sequence statistics while the latter 
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method make no such assumption [5], [6]. Deterministic methods are generally suggested when the input 
statistics are unknown, or there is insufficient time samples for estimation. Blind estimation methods are 
blind in the sense that the system (channel) input is not used in the estimation but they do require some 
statistical assumptions. In the scenario of not enough data samples to find a reasonably accurate statistical 
estimate, it may be assumed that the estimates of the signal are close enough to their true (known) values. 
Hence, it may be easier to solve this problem by treating the input as a deterministic signal which has been 
done in [5],[6]. 

 
 

2. PROPOSED RESEARCH METHOD  
Orthogonal frequency-division multiplexing (OFDM) combined with multiple antennas have 

become significant in its capability to overcome the multipath fading and boosting the system capacity, [7]. 
The SS method having simple structure achieves good performance, but it leads to several difficulties when 
applied to MIMO OFDM systems [8],[9]. Firstly, more number of receive antennas than transmit antennas 
are essential which adversely effects the symmetry of links in wireless transmission standards, e.g. the 2×2 
MIMO for IEEE 802.11n equipment. However, for oversampling at the receiver, the case 𝐴𝑅 ≤ 𝐴𝑇 is also 
possible [10]. Besides, equal number of the transceiver antennas is obviously used in the current SISO 
OFDM transmission schemes, e.g. IEEE 802.11a standard. Secondly, for the systems with more receive 
antennas, the knowledge of the channel order must be obtained, which is not very convenient. Considering 
𝐴𝑇 transmit and 𝐴𝑅 receive antennas for a MIMO-OFDM system, employing 𝐴𝐶subcarriers. Let 𝑥[𝑘] ≝
[𝑥1[𝑘]𝑥2[𝑘] … … … . 𝑥𝐴𝑇[𝑘]𝑇] and 𝑦[𝑘] ≝ [𝑦1[𝑘]𝑦2[𝑘] … … … .𝑦𝐴𝑅[𝑘]𝑇]. Where 𝑥𝑞[𝑘] 𝑎𝑛𝑑 𝑦𝑝[𝑘]the 
transmitted symbols at the qth are transmit antenna and the symbol received at the pth receive antenna 
respectively. Hence the input vector can be written as. 

 
𝑥 ≝ 𝑥[0]𝑇𝑥[1]𝑇...... 𝑥[𝐴𝐶 − 1]𝑇]𝑇       (1) 
 

and the observation 
 
𝑦 ≝ 𝑦[0]𝑇𝑦[1]𝑇......𝑦[𝐴𝑐 − 1]𝑇]𝑇        (2) 
 

Let the noise be n, then the input–output relation of the MIMO-OFDM system may be expressed by 
 
y=Hx+n          (3) 
 

Where matrix H ≝ diag(H[0] ・ ・ ・ H[𝐴𝐶 − 1]) has size (𝐴𝑅𝐴𝐶)× (𝐴𝑇𝐴𝐶), with diagonal blocks  
defined as 

 

H[K]=

⎣
⎢
⎢
⎡ ℎ1,1[𝑘] ℎ1,2[𝑘] ⋯
ℎ2,1[𝑘] ℎ2,2[𝑘] …

⋮
ℎ𝐴𝑅,1[𝑘]

⋮
ℎ𝐴𝑅,2[𝑘]

⋱
…

 

ℎ1,𝐴𝑇[𝑘]
ℎ1,𝐴𝑇[𝑘]

⋮
ℎ𝐴𝑅,𝐴𝑇[𝑘]⎦

⎥
⎥
⎤
 

 
Where ℎ𝑝,𝑞[𝑘] denotes the frequency response from the qth transmit to the pth receive antenna over the kth 
subcarrier. In this paper point of significance is the blind estimation of the channel coefficients, i.e., ℎ𝑝,𝑞[𝑘], 
directly from the observation y. 

The proposed approach aims at analyzing the variation of bit error rates for OFDM systems using 
blind channel estimation. OFDM systems utilizing the blind channel estimation have been used numerous 
times as they offer advantages of optimum bandwidth with maximum data rates which in combination with 
OFDM also leads to reduced inter symbol interference. The signal is BPSK modulated by modulating the 
orthogonal subcarriers and is then transmitted over the channel. The system used in this approach utilizes the 
blind channel estimation technique with subspace based approach. It utilizes the concept of receiver diversity 
which is tested for a system with five receiving antennas. 

Using the subspace based approach for blind channel estimation, the received signal is estimated & 
compared for BER with the transmitted signal. The process starts with analyzing the BER with a receiver 
diversity scenario which is initialized using a single receiver and is further continued by increasing the 
number of receivers up to a maximum of five. A gradual trend is observed in the values obtained for SNR 
required for a desired value of BER i.e. bit error rate .This trend is analyzed for different number of receiver 
antennas and finally a conclusion can be obtained from the values of SNR requirement and the desired BER. 
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Another aspect of the proposed work can be explored by observing the behavior of SNR 
requirement in accordance with the increase in the number of symbols transmitted which directly analyses 
the efficiency of the system with the increase in its transmission capacity. this for and also a detailed analysis 
is made by varying the number of receivers for a single value of N i.e. the number of symbols being 
transmitted .Also the analyses is continued by varying the amount of transmitted data i.e. the number of 
symbols and observing the trend with respect to the amount of data transmitted. 
 
 
3. RESULTS AND ANALYSIS 

As can be inferred from the Figure 1 with the receiver diversity ranging from 1 to 5 analysis of bit 
error rate for the system gives an interesting relationship with the signal to noise ratio (SNR) requirement for 
a desired value of BER. It is observed that with gradual increase in the number of receivers although there is 
an increase in the SNR requirement for which an optimum number of receivers can be easily obtained 
through the observations of the curves. This analysis was further continued so as to find an amicable solution 
for the SNR requirements for a desirable and acceptable error probability for high data rates or for higher 
values of N. It can be deduced from the curves of BER Vs SNR for various values of N. The values of SNR 
requirement for desirable BER for values of N=104,105 & 106 analyzed and observed to be following a trend 
which clearly indicates that irrespective of the number of symbols being transmitted i.e. the amount of the 
data transmitted, the SNR requirement of the OFDM system with blind channel estimation technique for a 
desired value of BER i.e. bit error rate does not show any major shift in the values in terms of Signal to noise 
ratio, hence for the modern communication systems which generally work at high data rates whether it may 
be 3G or 4G/LTE this conclusion can serve as a milestone for deciding the receivers specifications and 
parameters. Some of the interpretations from Figure 1-Figure 4 can be summarized as under: 
a. With increasing values of SNR for different data rates or ‘N’, BER the values more closely fall in line 

with the theoretical results i.e. the difference between the theoretical and simulated values decreasesFor 
lower values of desired bit error rates the SNR requirements increase irrespective of the diversity 
scenario or the number of receiving antennas. 

b. For achieving a desired bit error rates the system with less number of receivers shows better performance 
with reduced SNR power requirement. 

c. It can be observed from Figure 1, Figure 2, Figure 3 & Figure 4 that for different values of N i.e. at 
102,103,105 & 106 the SNR requirement for a desired value of BER i.e. bit error rate in a receiver 
diversified scenario does not change considerably hence this observation indicates that quality of a signal 
can be monitored by keeping a check on the signal SNR level in a receiver diversity system which can be 
further utilized for improved data rates for OFDM systems. 

 
 

 
 

Figure 1. BER for BPSK for N=103 
 
 

As can be inferred from the curves of Figure 1, Figure 2, Figure 3 and Figure 4 that with only a 
slight change in the Signal to Noise power ratio at the receiver there can be tremendous improvement in the 
amount of data that can be transmitted in communication system that too also with a desired range of Bit 
Error. 
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Figure 2. BER for BPSK for N=102 
 
 

 
 

Figure 3. BER for BPSK for N=105 
 
 

 
 

Figure 4. BER for BPSK for N=106 
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Rate the given curves of Figure 1, Figure 2, and Figure 3 and Figure 4 justify the above conclusion 
with reference to the variation in the values of N, i.e. the number of symbols transmitted which is also an 
indicator of the transmitted data. 

 
 

4. CONCLUSION  
The proposed work in this paper aimed at the analysis of an OFDM system in context to the Signal 

to noise power ratio required at the receiver for correct estimation of the received data. The work firstly 
observed the SNR requirement with respect to a desired BER in a receiver diversity scenario in which it was 
found that there is a significant amount of shift in power for received signal for different number of receivers 
but this can be easily optimized by selecting the appropriate number of receivers. Another aspect explored in 
this work was that irrespective of the number of symbols being transmitted i.e. the amount of the data 
transmitted, the SNR requirement of the OFDM system with blind channel estimation technique for a desired 
value of BER i.e. bit error rate does not show any major shift in the values in terms of Signal to noise ratio, 
hence for the modern communication systems which generally work at high data rates whether it may be 3G 
or 4G/LTE this conclusion can serve as a milestone for deciding the receivers specifications and parameters. 
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