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ABSTRACT 

A joint design of sphere decoding and synchronization algorithms for Multiple-Input–Multiple-Output (MIMO) 

Orthogonal Frequency Division Multiplexing (OFDM) systems is proposed. It is based on progressive parallel 

inter-carrier interference canceller (PPIC) in wireless multipath channels for high speed wireless transmission. 

This algorithm can suppress inter-antenna interferences and cancel inter-carrier interferences iteratively and 

progressively. Using carrier frequency offset (CFO) estimation algorithm the short cycle problem can be solved. 

The proposed PPIC is superior to PIC both in computational complexity and system architecture.  It is very 

suitable for VLSI implementation and it is a potential candidate for data detection/decoding in future high data 

rate and high mobility application. The performance analysis and design optimization of low density parity 

check (LDPC) coded Multiple-Input-Multiple-Output (MIMO) Orthogonal Frequency-Division Multiplexing 

(OFDM) systems is considered for high speed wireless transmission. 

Keywords:Carrier Frequency Offset (CFO),Inter-carrier interference (ICI), Low density parity 

check (LDPC), parallel inter carrier cancellation(PIC), progessive parallel inter carrier 

cancellation (PPIC). 

I. INTRODUCTION  

Multiple input multiple output (MIMO)- Orthogonal frequency division multiplexing (OFDM) is the corner 

stone of future broadband wireless access. Wide band transmission with high spectral efficiency and high 

mobility is required for future mobile radio communications [1-3]. In a MIMO system, as data are 

transmitted/received through different antennas, many channel impairments need to be dealt with, such as 

multipath fading, AWGN noise, inter-antenna interference etc [4-7]. To deal with these channel impairments, 

many types of MIMO detectors such as MAP detector, sphere decoder, MMSE-SIC detector have been 

proposed [8-10]. For OFDM-based systems, the transmission bandwidth is divided into many narrow 

subchannels, which are transmitted in parallel [11]. Channel variations during one OFDM symbol leads to loss 

of subchannel orthogonality known as Inter Sub- Carrier Interference (ICI) which degrades the performance, 

since IC1 can be seen as additional near-Gaussian noise [12-13]. 
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As delay spread increases, symbol duration should also increase in order to maintain a nearly flat channel in 

every frequency sub-band. As a result, the ICI effect becomes more severe as mobile speed, carrier frequency, 

and OFDM symbol duration increases. If it is not compensated, ICI will result in performance loss and an error 

floor that increases with Doppler frequency. ICI reduction methods such as self ICI cancellation scheme, MMSE 

equalisation, sphere decoding (SD) algorithm had been introduced [14-16]. In recent years, the message passing 

data detector/decoder catches the attention of the message passing data detector/decoder is due to that it consists 

of many small, independent detection/ decoding functions to deal with channel impairments. Hardware could be 

implemented according to these independent detectors / decoders and operated in parallel, and it potentially 

leads to a very-high-speed detector/decoder[17-20]. This aspect is particularly important in data transmissions 

where data rate requirements are high, and processing delay must be low. A popular message passing algorithm 

on factor graphs is the sum-product algorithm, which efficiently computes all the marginal of the individual 

variables of the function. 

Based on Factor Graph[21], a joint design of message passing MIMO data detector/decoder with a progressive 

parallel intercarrier interference canceller (PPIC) for OFDM based wireless communication systems is 

proposed. With the insertion of cyclic prefix in OFDM, the time domain ISI can be avoided. With the message 

passing MIMO detector known as MPD detector, the space domain inter-antenna interference can be suppressed 

and with the aid of PPIC, the frequency domain ICI can be cancelled [22-23]. The computational complexity of 

the proposed PPIC architecture is relatively lower than the standard PIC architecture. The system architecture is 

also simpler and more suitable for the VLSI implementation. 

II. INTER CARRIER INTERFERNCE (ICI) IN OFDM DUE TO FREQUENCY OFFSET 

Evaluate the impact of the frequency shift that causes interference between the signals (ICI) while receiving a 

modulated OFDM symbol. First, we will discuss the transmission and reception OFDM, the effect of the 

frequency shift and then define the loss of orthogonality and the consequent loss of the signal-to-noise ratio 

(SNR) due to the presence of the frequency shift. 

 

2.1 OFDM Transmission 

As discussed in the publication on the understanding of an OFDM transmission, for sending a modulated OFDM 

symbol, we use multiple sinusoids with frequency separation, where the period of the symbol is. The 

information to be sent on each sub-carrier is multiplied by the corresponding carrier and the sum of said 

sinusoidal modulated by the transmission signal. Mathematically, the transmission signal is 

S(t) =a0g0(t) + a1g1(t) + …… + ak-1gk-1(t)(1) 

   =    (2) 

  =   (3) 

http://en.wikipedia.org/wiki/Sum-product_algorithm
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2.2 OFDM Reception 

In an OFDM receiver, the signal received with a correlator bank is integrated during the period. The correlators 

to extract the information sent on the subcarrier K. 

The integrals,  

 

              =   0   ,m ≠ k 

Where m takes values from 0 till K-1. 

2.3 Carrier Frequency Offset 

In a typical wireless communication system, the signal to be transmitted is upconverted to a carrier frequency 

prior to transmission. The receiver is expected to tune to the same carrier frequency for down-converting the 

signal to baseband, prior to demodulation. However, due to device impairments the carrier frequency of the 

receiver need not be same as the carrier frequency of the transmitter. When this happens, the received baseband 

signal, instead of being centered at DC (0MHz), will be centered at a frequency , where 

    (4) 

The baseband representation is  

    (5) 

y(t) is the received signal  

s(t) is the transmitted signal 

is the frequency offset 

 

The proposed algorithm detects the transmitted data iteratively, by jointly dealing with channel fading effects, 

AWGN noise and interferences in time domain, frequency domain and space domain. With the insertion of 

cyclic prefix, the time domain ISI can be avoided. With the message passing MIMO detector (denoted as MPD 

in the following sections), the space domain inter antenna interference can be suppressed and with the aid of 

PPIC, the frequency domain ICI can be cancelled. Fig.1, which explains about the message passing data 

detection and ICI cancellation. Besides, the computational complexity of the proposed PPIC architecture is 

relatively lower than the standard PIC architecture. The system architecture is also simpler and more suitable for 

the VLS Implementation. 
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Fig 1: Block diagram of message passing data detection and ICI cancellation scheme. 

 

III. PROGRESSIVE PARALLEL INTER CARRIER INTERFERNCE CANCELLER 

The PPIC architecture is modeled as a factor graph. The subcarrier nodes represented as blocks for ICI 

cancellation execute the function of interference reconstruction and cancellation.As shown in Fig 2, Explain 

about the PPIC architecture. The message type is soft data symbol. The estimated soft data symbols are 

exchanged between adjacent subcarrier nodes and stored. At the 1stiteration, the nthsubcarrier node receives 

and stores the soft symbols from the (𝑛+1)thsubcarrier node and the (𝑛−1)thsubcarrier node. These soft data 

symbols are used for ICI reconstruction and cancellation. 

So, the ICI from the (𝑛+1)thsubcarrier and the(𝑛 – 1)thsubcarrier are reconstructed and cancelled. At the 

2nditeration, the 𝑛𝑡ℎ  subcarrier node receives and stores the soft symbols, which are estimated at the 

2nditeration, from the(𝑛+1)thsubcarrier node and the (𝑛−1)thsubcarrier node, and the soft symbols, which are 

stored at the 1stiteration, from the (𝑛+ 1)thsubcarrier node and the (𝑛 – 1)thsubcarrier node.These stored data 

symbols are actually estimated by the (𝑛+ 2)thsubcarrier node and the (𝑛 – 2)thsubcarrier node at the 

1stiteration. So, the ICI from the (𝑛+ 1)thsubcarrier, (𝑛+ 2)thsubcarrier, (𝑛 – 1)thsubcarrier and(𝑛 – 

2)thsubcarrier are reconstructed and cancelled. 

` 

Fig 2: PPIC Architecture 
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In this way, the ICI are reconstructed and cancelled iteratively and progressively from the received signal. At the 

1
st
 iteration, the two strongest interfering subcarriers are cancelled. At the 2nditeration, the two strongest and the 

two adjacent less strong interfering subcarriers are cancelled. At the ithiteration, the ICI from 2iadjacent 

subcarriers are cancelled. 

IV. SIMULATION RESULTS 

The BER performance of the proposed message passing algorithm on factor graph for data detection/decoding 

and ICI .With interleaving vs. without interleaving. Performance comparison of message passing MIMO 

detector and MMSE-SIC MIMO detector. Cancellation in bit-interleaved LDPC-coded MIMO-OFDM systems 

are simulated with 𝑁𝑡= 𝑁𝑟= 2 and QAM modulation. Gallager code with codeword length 20 is used. The 

dimension of the parity check matrix of Gallager code is15×20 with row weight 𝑑𝑐= 4 and column weight 𝑑𝑣= 

3. 

The FFT size of OFDM modulator is 1024. An 𝑆-random inter leaver of length 8192, 𝑆= 64 is used after the 

LDPC encoding. The multipath channel model is the ITU vehicular A channel. The fading channel model used 

is the Jakes’ model. In the case of imperfect channel estimation, two different models are used to model the 

variance of channel estimation error: 

a) 𝜎2𝐸is independent of the SNR.  

b)  𝜎2𝐸is a decreasing function of SNR.  

The carrier frequency is 2.5 GHz, bandwidth is 10 MHz, sampling frequency is 11.2MHz, subcarrier spacing is 

10.93 kHz, useful OFDM symbol duration is 91.43 𝜇s and the length of cyclic prefix is 1/8 .The vehicular 

speeds are 350 km/h which are corresponding to maximum Doppler frequency 810 Hz and normalized Doppler 

frequency 0.07. 

The performances of the proposed algorithm with interleaving and without interleaving are compared in Fig3. It 

is obvious that the system performance is not improved with LDPC code without interleaving. This is because 

the cycle condition of the coded case is more serious than the un coded case as the cycles not only exist in the 

space domain but also in the frequency domain. In order to optimize the system performance and deal with the 

short cycle problem, an 𝑆-random interleave is used after the LDPC encoding. The performance of the proposed 

algorithm is improved significantly and the length-four cycle problem is solved. 

Compared to Minimum Mean Square Equalization with simple inter carrier interference cancellation case, 

addition of optimal ordering results in around 5.0dB of improvement for BER of 10
-3

. The performance is now 

closely matching with curve 1 transmit 2 receive antenna MRC case. 
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Fig 3: BER modulation with 2x2 MIMO and MMSE-ICI 

The comparison of MPD and MMSE-SIC is shown in Fig.3. When the 𝐸𝑏/𝑁0 is smaller than 12 dB, the 

performance of MPD and MMSE-SIC are almost the same. However, when the 𝐸𝑏/𝑁0 is larger than 12 dB, 

MPD outperforms MMSE-SIC. When the BER is 10
-5

, the performance of MPD is 1∼2 dB better than MMSE-

SIC at the 2𝑛𝑑and3𝑟𝑑iteration. MMSE-SIC still has an error floor when the𝐸𝑏/𝑁0 is larger than 12 dB. which 

cancels 12 adjacent interfering subcarriers at every iteration, and an ICI Self-canceller. Fig 4, explain about the 

performances of PPIC ICI canceller and PIC ICI canceller are almost the same. Before the 6𝑡ℎ  iteration, 

although the PIC ICI canceller cancels more interfering subcarriers than PPIC ICI canceller, it does not 

outperform PPIC ICIcanceller. The reason is that if the estimated data symbols are not accurate enough, the ICI 

may be increased instead of reduced after cancellation. For the ICI self-cancellation, a data pair (𝒮,−𝒮) is 

modulated on to two adjacent subcarriers where 𝒮is a complex data symbol. 

 

Fig 4: PPIC to various ICI cancellation 
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In comparison with Fig 5, the minimum average quadratic equalization with the case of interference cancellation 

between simple vectors, in addition to the optimal sorting results in about 5.0 dB improvement for BER of 10
-3

. 

The performance now closely matches the MRC frame of the transmitting 1 receiving antenna of curve 1. 

 

Fig 5: Frequency offset ofPPIC algorithm under Eb /No= 30 

V. CONCULSION 

A joint design of message passing MIMO data detector/decoder with PPIC ICI canceller for OFDM-based 

wireless communication systems is proposed. The proposed algorithm can suppress inter-antenna interferences in 

space domain and cancel inter-carrier interferences infrequency domain iteratively and progressively. With a 

proper designed message passing schedule and CFO Estimation, the short cycle problem will be solved. 

Computer simulations will show that the performance of MPD outperforms MMSE-SIC. 
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