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ABSTRACT
Wireless communication is one of the most demanding areas of the communication. It is the

transfer of the information between two points that are not physically connected. Quality of this
transmission depends upon the number of errors at the receiver. There must be minimum number
of errors. These errors are caused by interference between transmitted data. So Interference
Cancellation(IC) technology is essential for wireless communication. There are various types of
Interference Cancellation(IC) but the most preferably used technology is Successive Interference
Cancellation (SIC). It provides minimum Bit Error Rate and also reduces overall computational
complexity at the receiver Multiple Input Multiple Output Orthogonal Frequency Division
Multiplexing (MIMO OFDM) systems increases capacity of link to a great extent. Minimum
Mean Square Error (MMSE) equalizer with Successive Interference Cancellation reduces
complexity as well as errors.

In this paper we present a review on performance of Minimum Mean Square Error Successive
Interference Cancellation (MMSE SIC) for different single antenna and multiple antenna
Orthogonal Frequency Division Multiplexing systems. We will study which antenna
configuration provides minimum Bit Error Rate (BER).
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INTRODUCTION:

Orthogonal Frequency Division Multiplexing (OFDM) has the most promise as a future high data
rate wireless communication system due to its advantage of high bit rate transmission over a
frequency selective fading channel [2]. Also it provides minimum errors and mitigates Inter
symbol Interference (ISI). The main reasons for the OFDM popularity are (a) the achievement of
a high data rate performance due to the provision of spectral efficiency in comparison to prior
modulation schemes, such as Code Division Multiple Access (CDMA) and (b) the efficient
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adaptation to the frequency selectivity of the channel, due to the orthogonality principle [1]. Also
the quality of service is an important parameter of communication. In OFDM interference at the
receiver causes signal to be distorted and increases errors. More than any other single effect,
interference can lead to quite catastrophic results at a typical OFDM receiver [3], [4].So

interference cancellation (IC) technology plays an important role here.

IC can be divided in two types- Pre IC and Post IC. Pre IC techniques are applied on the
transmitter side. Some examples are Selective Mapping (SLM) and Dirty Paper Coding (DPC) [9]
[5]. These techniques are applicable when interference amount at the receiver is known and there
must be proper Channel State Information (CSI). Although exact CST is difficult to measure,
these techniques are no longer useful. Post IC techniques are applied on the receiver side. They
can be defined as the class of techniques that decode desired information and then use this
information along with channel estimates to cancel a fraction of the received interference from the
overall received signal [3], [6], [7]. They are divided in two types:- Parallel Interference
Cancellation (PIC) and Successive Interference Cancellation (SIC).

In the PIC all the users are detected simultaneously at a time. So this technique requires a large
amount of concentration. Furthermore, PIC requires precious hardware gear in order to operate in

parallel, which makes it unprofitable for numerous practical implementations [8] [3].

SIC operates by detecting all the users successively. Therefore it is more practical approach. If
one user is decoded, then its effect from aggregate received signal is eliminated before next user
is decoded. This process is repeated until all the users are decoded. If we want to decode the user
with highest Signal to Noise Ratio (SNR) first, this is also possible by applying optimal ordering
procedure with SIC [10].

In this paper we are studying various techniques for SIC enabled OFDM systems with MIMO.
The study concerns the conventional single-antenna and the multiple-antenna OFDM transceiver
modes for SIC reception. Different equalizer like MMSE, ZF and ML are also combined with SIC
for reducing complexity. This is also studied in this paper. Finally we are concentrating on the
parameter BER. We are studying BER for various MIMO OFDM systems with MMSE SIC, ZF
SIC and ML SIC receiver.
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STUDY OF SUCCESSIVE INTERFERENCE CANCELLATION

Typically, OFDM provides great spectrum efficiency by allowing adjacent subchannels to
spectrally overlap, yet remain orthogonal in time [11]. Multiple antenna technology is used when
increased capacity of the link is required. It provides increased throughput also. Multiple-antenna
adaptation holds the premise of achieving significant performance improvement and capacity
enhancement in such systems [12]. MIMO OFDM systems are increasing data rate as well as

capacity of the link in communications.

In the paper [1], a comprehensive survey on the performance of SIC for single- and multiple-
antenna OFDM and spread OFDM (OFCDM) systems was presented. They focused on all the
possible OFDM formats that have been developed. They studied the performance of SIC by
examining closely two major aspects, namely the BER performance and the computational
complexity of the reception process. They had shown results for ZF SIC, MMSE SIC and ML
SIC for varying antenna configurations. From all parameters and study, they concluded that

MMSE SIC provides better result in all above equalizers in terms of BER.

In the paper [13], a novel time-domain recursive algorithm was proposed for a minimum-mean-
squared error (MMSE) with successive interference cancellation (SIC) scheme. Here firstly the
classical MMSE SIC scheme for MIMO OFDM is shown. Them they showed their approach and
modifications to the classical approach. They had shown LDL Based algorithm. Here L is lower
triangular matrix, D is diagonal matrix. In the classical method whole channel matrix G was used.
So to reduce more complexity LDL matrix was used in place of channel matrix. Then the result of
MMSE SIC receiver with optimal ordering and without optimal ordering and proposed new
system, for MIMO OFDM were compared. The new algorithm proposed in this paper has shown
better results in terms of BER then older one. Also MMSE SIC with optimal ordering has given
better results than MMSE SIC without optimal ordering.

In the paper [14], the LDL? decomposition based algorithm with backward substitution
(LDBABS), which is shown to require as many multiplications as two other most efficient
algorithms WAS Studied. Then they proposed a modified LDBABS algorithm that utilizes the
scheme of incomplete LDL decomposition together with the initial ordering information. The
modified LDBABS algorithm requires averagely fewer multiplications than any other
implementation algorithm under the independent identically distributed Rayleigh fading channel.

Finally they proposed a fast algorithm for the real-valued MMSE-SIC detector with optimal
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detection order. The number of real-valued multiplications required by this fast algorithm is
approximately 1.57 times that required by the complex-valued LDBABS algorithm. In this paper
they obtain fast algorithms for several MMSE-SIC detectors and the MMSE detector. Then they
apply the idea of initial order to the LDBABS algorithm and arrive at the modified LDBABS
algorithm for the MMSE-SIC-LMSE detector. The modified LDBABS algorithm requires, in the
worst case, the same number of multiplications as the efficient algorithms in [15], [16]; but, it
requires averagely fewer multiplications. Finally, they propose a fast algorithm for the real-valued
MMSE-SIC- LMSE detector. Although the real-valued MMSE-SIC-LMSE detector has 1 dB
performance advantage, it needs to pay approximately 1.57 times more computational cost than

its complex-valued counterpart.

In the paper [16], Detection of transmitted symbols in a V-BLAST system using the minimum
mean squared error criterion with successive interference cancellation (MMSE-SIC) was done.
This process provides satisfactory bit error rate performance at the cost of moderate
computational complexity. Here the Fast Recursive Algorithm proposed in previous papers was
modified to compute an ordered set of nulling vectors from the estimated channel information.
Modified FRA can was used with the transformation based successive interference cancellation
procedure to process a V-BLAST frame that contains the preamble and payload. As compared to
LDL¥ approach in paper [13], they provided well-studied solution for finding the inverse of a
conjugate symmetric positive definite matrix. Finally they concluded by applying their modified
FRA in to compute an order set of nulling vectors and applying the TBSIC procedure to process
the payload, they obtain an implementation algorithm for the MMSE-SIC detection that has the

lower complexity as compared to [17].

From the all above papers we extracted a common algorithm for SIC. We can summarize most

important steps of SIC based reception more specifically as

1) Upon a signal reception, calculate the equalization N x N matrix J, where J could be either
an ML, a ZF or an MMSE detector.

2) Apply an optional detection ordering on J.

3) Calculate < J,y >; where <.>; denotes the I-th row of a matrix. The resulting term
denotes an estimation of the detected symbol x, which can subsequently be decoded

according to the modulation type which is used.
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4) Subtract the decoded information from the remaining signal as ynew = yprevious — x[G];,

where [.]; denotes the I-th column of a matrix.

5) Relax the channel matrix in terms of interference contribution as Gnew =G, , where [’ is

the deflated version of a matrix whose 1,2,...,1-th columns have been zeroed.
6) Repeat steps 1 to 5 until all the OFDM symbols have been decoded.

In all the studied papers that algorithm is common. The channel matrix is taken according to

different assumptions and calculations. But the procedure is common.

CONCLUSION

Interference cancellation represents one of the most remarkable considerations in modern receiver
designs for wireless communication networks. In this paper we studied various aspects of SIC
clarification, because if has shown most effectiveness in interference cancellation. Also OFDM is
most dominant modulation scheme, joint OFDM SIC is studied widely. We also reviewed SIC
implementation strategies for MIMO OFDM systems, in order to survey the performance of SIC
at all the multi-carrier networks. We also studied some equalization techniques and found that
MMSE SIC gives better result in terms of BER.
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