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Abstract 

Detrimental impact of imperfect channel estimation is the main disadvantage in the transmission scheme. The proposed method 
for channel estimation is a Kalman-based channel estimator that runs on parallel single input single-output (SISO) channels. Soft-
decision-feedback interference cancellation is employed to reduce the multi input multi-output (MIMO) channel estimation 
problem into multiple SISO channel estimation problems. Unlike existing methods, however, the natural correlation that exists 
among the output samples of the successive interference canceller is concealed by vigilant puncturing of observation samples. 
The quality of soft decisions and channel estimates are also continuously monitored and integrated in the Kalman filter update 
process. After estimating the channel, the estimated channel information is driven to the transmitter section with the help of a 
feedback channel. Based on the estimated channel information, the transmitter side adopts different types of modulation 
techniques and yields for better data transmission. The enhancement method selects the transmit parameters (transmit antenna, 
modulation method, coding rate) so as to capitalize the instantaneous system throughput.  
 
 
Key words—Kalman Filter; Soft decisions; Soft Viterbi; MIMO; PER; Transmission control; Adaptive modulation; 
Throughput.  
 
 

I. Introduction  
 

The method for channel estimation is a kalman based channel estimation technique with low complexity. 
This method is useful for turbo receivers. Iteration latency and high computational complexity are the two major 
difficulties when we go for the channel estimation. The kalman based method rectifies these two difficulties, so it 
can be considered as a low complexity version of channel estimation. For practical algorithm design, the IEEE 
802.11n wireless LAN system is used which is suitable in spatial-multiplex (SM) MIMO-OFDM techniques. A 
convolutional encoder output bit sequence gets divided into Nt spatial streams in a MIMO-OFDM transmitter (TX). 
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Each spatial stream is interleaved independently, and the interleaved bit stream is transformed into a symbol stream 
via M-ary quadrature amplitude modulation (M-QAM).The M-QAM symbol sequence in each spatial stream is 
transmit through a wireless channel by an OFDM TX. The received signal for a particular frequency tone can be 
written as  

nnnn NSHz +=                                                                                   (1)
 

where Zn = [z(1)n , z(2)n , ・ ・ ・ , z(Nr)n ]
T  denotes the signal samples obtained at the Nr receiver (RX) 

antennas, Hn is the channel response matrix matching to all TX-RX antenna links with its (r, t) element denoting 
the link between the tth TX antenna and the rth RX antenna, Sn =[s(1)n , s(2)n , ・ ・ ・ , s(Nt)n ]T  are the 
transmitted symbols from the Nt TX antennas, and Nn is an Nr × 1 vector of additive white Gaussian noise 
(AWGN) samples with zero mean and variance N0. for initial channel estimation, an IEEE 802.11n packet is also 
used with a special training sequence.  

 

 
Fig.1 Block diagram of Turbo Receiver 

The initial channel estimation is performed by the least square (LS) estimator as in  
 

                                                          
1)(ˆ −= T

trtr
T

trtr SSSZH
                                                                             (2)

 

Where, Ztr and Str are the training received signal matrix   and, the training symbol matrix respectively. The 
symbols Str is a predetermined orthogonal-matrix with which direct matrix inversion is ignored.  
 

The turbo-equalization strategy can be used to the MIMO-OFDM communication receiver. The turbo 
equalizer consists of a SISO demapper and soft-input soft-output (SISO) decoder as well as a channel estimator, as 
shown in Fig.1. In the channel estimation process, the soft MMSE-de mapping algorithm is used for the SISO 
demapper and the soft output Viterbi algorithm (SOVA) is used for the SISO decoder realization. The extrinsic 
log-likelihood-ratio (LLR) fed back from the decoder is used for the channel estimation. For suppressing the 
correlation in successive estimator input samples, the extrinsic LLRs are selectively fed to the estimator with the 
help of a switching scheme.  
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2. Proposed system model 

2.1 Linear successive Interference cancellation Based on Soft Decisions 

By interferences coming from other TX antenna, the transmitted signal through a given TX-RX antenna 
link is affected. By linearly canceling interference using soft-decision feedback is the most recent channel estimate. 
The iterative detection algorithm with successive interference cancellation (SIC) produces soft decisions when 
counting the effect of soft-decision errors within the noise variance estimate. Monitoring the potential decision 
errors is useful in mitigating error propagation observed in decision-feedback schemes. Error propagation is due to 
the channel estimation error and the feedback decision error. Here, the technique is to implement a low-complexity 
technique that avoids matrix inversion during channel estimation. The proposed channel estimator uses SIC to 
resolve complex MIMO estimation into a single-input single-output. The potential impact of the channel estimation 
and feedback soft decision errors is monitored while applying SIC by estimating and tracking the interference 
variance. Using the soft decisions fed back from the soft decoder the MIMO channel interference is cancelled. The 
soft symbol decision is defined as the average of the constellation symbols with the averaging by the estimated 
symbol probabilities [1]. 
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Where P(Sj) can be taken as the “extrinsic probability" obtained from conversion of the available extrinsic 

LLR. It is clear that not all symbols in the M-QAM constellation has significant probabilities. Only those QAM 
symbols associated with high extrinsic probabilities are considered. For example, the soft symbol decision [1] is 
approximated as 
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The SIC scheme using soft decision [1] can be summarized as          
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Where z�n	
(r,t) represents the received signal associated with the tth TX– rth RX channel link. Subscript n corresponds 

to the received OFDM symbol time index, and variable i denotes for the IDD iteration number (0 ≤ i ≤ Nitr), where 
Nitr represents the number of the IDD iterations required to obtain satisfactory error rate performance. For each 
OFDM symbol, IDD iterations are applied sequentially. For each n value, index I increases from 0 to Nitr. Fig 2 
shows the iteration process. 

 

Fig.2. OFDM Symbol procedure 
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2.2 Soft-Decision-Directed Kalman Channel Estimator 

An innovation sequence is a white series that is a causal and casually invertible linear conversion of the 
observation sequence. But, the observation signal cannot lead to a consistent innovation sequence to develop a 
Kalman filter, in an attempt to derive a scalar version of the Kalman channel estimator, the innovation sequence 
can be set up [1] as 
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Where εn [i]  and ϵn 
�r,j�[i]   are defined respectively as 
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Here the focus is on a specific channel link, the TX– RX antenna indices t and r are dropped from (5) to decrease 
notation cluttering. 
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The sequence [ x0[0], .., x0[N itr], x1[0], ..., x1[N itr], ..., xn[0], ..., xn[N itr] ] becomes an innovation sequence, if εn[i] 
and en[i] in “(6)” are uncorrelated over time n and iteration i. However, it is easy to see xn[i] is a correlated 
sequence. First, the AWGN noise component cannot be de correlated during iterations, because the noise sample 
Nn remains constant for i = 1, .., Nitr. So, the amount of correlation in the sequence xn is at least No since E [xn[i − 
k]xn*[i]] ≥ No (k > 0). Secondly, when the IDD makes incorrect decisions, εn[i] and en[i] are correlated with εn[i−k] 
and en[i−k], respectively, correlated errors pass among IDD modules as well as the channel estimator in iterations.       
The technique is to filter out the samples with correlated errors, i.e., drop the samples for which| βn[i] | > cNo.           
The positive constant c is a modifiable parameter that determines the threshold level. Thus, the samples with high 
correlated errors are blocked from entering the channel estimator; this can be done by defining the switching 
function. 

ωn(i) = 1, when i = 1 
ωn(i) = 0, otherwise. 

 
The sequential Kalman-based estimator [1] incorporating the puncturing scheme of (4) can be summarized as 
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Where  Kn 
' [i] is the adapted form of the Kalman filter gain with puncturing, and  h	n [i] represents the channel 

estimate based on the current inspection. The initial estimate can be obtained from the initial preamble-based 
channel estimator. The initial error variance M−1 is resulting from the mean square error (MSE) analysis as 
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The signal power of training symbol can be denoted by Es. Lastly in order to complete the estimator, there is a need 
to find:  
 
(i) The noise-plus-interference variance σu 

2 [i] and 

(ii) The channel estimate   h	n [i].              

                      

2.3 Transmission Control 

 The received SNR at each channel can be estimated if the noise power and the branch gain between all 
transmit antennas and receive antennas are obtained. The ZF algorithm leads to serious throughput degradation 
sometimes occurs with the channel condition. Here the selection scheme of the transmit channel, coding rate and 
modulation method in the instantaneous throughput maximization criteria is proposed. In transmission control 
scheme the modulation method and coding rate information of each channel are fed back to the transmitter.                                                              
The throughput enhancement algorithm is shown in fig.3. The steps of the algorithm are 

 

Fig 3 Throughput enhancement process 

2.3.1 Channel Estimation 

      The channel estimation process is done by the help of kalman based algorithm. By using the kalman algorithm, 
the matrix inversion needed in the previous channel estimation process is avoided. The branch gain of each 
subcarrier between transmit antennas and receive antennas are estimated. 
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2.3.2 Calculation of Average SNR 

 The SNR in each subcarrier in each channel is evaluated. The SNR is calculated about all the combinations 
we can realize. There are 15 selection patterns in the case of 4 transmitting antennas and 4 receive antennas. We 
define “channel X” as the channel which is transmitted using the transmit antenna X.  

2.3.3 AMC set selection and throughput calculation 

        Based on the average SNR and the AMC set selection table, the AMC set for each channel in each selection 
pattern is selected. AMC set is “Adaptive Modulation and Coding set” that is a mixture of the modulation method 
and coding rate. From this information the system throughput in each selection pattern can be calculated. The 
throughput can be defined as the number of transmit bits per subcarrier. 

2.3.4 Selection of Transmit Scheme 

 The system throughput is compared with all selection patterns and the AMC set with the maximum 
throughput should be selected. This AMC set information is shared between the transmitter and the receiver with the 
help of a feedback channel. In the receiver section, demodulation process is performed with this information. The 
SNR information in each subcarrier is utilized for the weight in the Viterbi decoding. 

 

3. Performance evaluation 

 Based on matrix operations, the existing channel estimators for MIMO channel links are designed. The 
computation load is mainly due to the corresponding multiplication operations. Assuming    Nr = 4 and Nb = 4 
(buffer size), the channel estimation algorithm requires 23NtNr + 18Nt multipliers and no matrix inversions and the 
EM estimator uses a total of O(Nt

3) + 4Nt
2Nb + 4Nt(3NbNr+Nr) + NbNr + 4Nb

3   Multipliers. The number of multipliers 
used by the Kalman estimator is 2NrO(
�	

�)+4Nt 
2(Nr+2NbNr+Nt(10NbNr+Nb	

2 Nr+4Nr+3Nb).The data transmission rate 
is increased based on the estimated channel information at the receiver side. Different AMC techniques are adapted. 

 

4. Simulation results 

 

Fig: 4 Initial channel estimation 

The channel estimation process is shown in fig 4.This is the initial channel estimation process. This channel 
estimation process is based on a given input sequence. Now it is important to calculate the each channel gain for the 
TX-RX links. 
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Fig: 5 Kalman Gain 

The kalman gain is shown in fig 5. As the number of TX-RX links increases, the kalman gain also increases since 
parallel MIMO channels are assumed as single SISO links. Here the kalman gains for two channels are shown 

 

 
 

Fig: 6 Kalman based channel estimation 

 
PER simulation results are shown in fig 6. In the Fig, the initial channel estimate is shown in green colour. 

The perfect channel estimation is shown in red colour. The channel estimation for the proposed method is shown in 
blue colour. By analyzing the graph, it is clear that the proposed method is almost equal to the perfect channel 
estimation. When compared, the proposed method with the existing other methods, it will be found that the proposed 
method has much better responses than the other existing methods. 

The complexity calculations of kalman based Channel Estimation is shown in fig 7. It can be found that the 
number of multipliers needed for the algorithm is about 500-600. If instead of the kalman based approach, the other 
methods for channel estimation may take 1000-4000 multipliers. Hence the complexity is reduced in kalman based 
channel estimation process. 



Sreejith.H, IJRIT  172 
 

 
 

 
Fig: 7 Complexity comparison 

The different modulation technique schemes are shown in Fig 8. The scheme uses different modulation 
techniques. Initially it uses the basic BPSK transmission scheme. After estimating the channel information at the 
receiver section, then based on this information different modulation techniques are adapted accordingly 
 

 
 

Fig: 8 Adaptive modulation techniques 

 
The throughput enhancement is shown in Fig 9. The initial throughput was shown in green colour that uses 

a QPSK modulation technique. After estimating the channel at the receiver side based on the channel, throughput 
enhancement process is done. In the enhancement process, different modulation technique can be used to strengthen 
the data rate. The throughput enhancement with 16 QAM modulation techniques is used and compared with the 
initial QPSK modulation technique. 



Sreejith.H, IJRIT  173 
 

 
 

Fig :9 Throughput Enhancement 

 

 
5. Discussion and conclusion  

 The kalman based channel estimation algorithm resolves the MIMO channel estimation problem into 
multiple SISO channel estimation problems by SIC. The technique also uses a puncturing technique that drops 
correlated observation samples at the channel estimator input. Puncturing has a tendency to correct this erroneous 
and harmful assumption. The channel estimation algorithm can be suitable for iterative receivers, providing good 
performance with a low computation load. The transmit channel control scheme uses a little feedback information in 
the MIMO–OFDM systems. Here, the modulation method and coding rate are selected for maximizing the 
instantaneous system throughput based on the estimated SNR. This technique can attain the throughput enhancement 
compared with the conventional fixed transmit scheme. So the enhancement scheme is effective to improve the 
MIMO–OFDM system performance. 
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