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Abstract. This paper introduces the Multiple Input Multiple Output (MIMO), Orthogonal Frequency
Division Multiplexing (OFDM) and Low Density Parity Check Code (LDPC). Then, this paper gives
the improved log domain Back Propagation (BP) decoding algorithm optimizing the variable nodes
and simplifying the check nodes. The ameliorate approach can reduce the decoding complexity, at the
same time improving the decoding performance. Finally, builds a MIMO-OFDM communication
system. Then it studies the application of LDPC on the MIMO-OFDM systems. Taking use the
software simulation, this paper compares the influence of Bit Error Rate (BER) performance of
different parameters on the system.

1 Introduction

MIMO technology is wireless communication systems based on the multiple-antenna, this
technology can make wireless communication channel more efficient without increasing the
bandwidth. In addition, MIMO can effectively convert the multipath effect into favorable factors and
use them, multiplied improve the wireless channel capacity, spectral efficiency and data transmission
rate!. It also can improve the stability and performance of the communication system. OFDM
technology have long symbol period. Therefore, it can effectively improve the impact caused by
frequency selective fading, and reduce the inter-symbol interference. The MIMO technology combine
with OFDM technology used in modern wireless communication systems, will play a significant role
in the development of wireless communication field. LDPC with superior encoding performance in
MIMO-OFDM Systems become an ideal choice for a new generation wireless communications.

2. LDPC-MIMO-OFDM System

Multipath effect will cause signal fading, therefore it considered harmful factors. MIMO system
can minimize the multipath effect, and can make good use of the respective multi-path components,
thereby improving system performance. But MIMO systems are unable to improve the effects caused
by frequency-selective fading!?. OFDM technology can divide a transmission channel of the
communication system into a number of subchannels, subchannels signal bandwidth is narrower than
the bandwidth of the original channel; the original channel frequency selectivity acting on
subchannels can be regarded as flat fading, thereby eliminating the effect of Inter Symbol Interference
(1SN, Because of the orthogonality between sub-channels each, OFDM can transform high-speed
serial data stream into low-speed parallel sub-data stream, and the quadrature signal separation can be
realized at the receiving side, which can further reduced Inter-Carrier Interference (ICI)!!.

MIMO-OFDM system is combine MIMO and OFDM, data transmission rate can be highly
raised by spatial multiplexing; Space-time diversity and OFDM make communication system
reliability and availability of spectrum resources significantly improved ©!. Applying error correcting
coding in MIMO-OFDM system can improve system reliability and anti-interference ability.
MIMO-OFDM with superior performance LDPC become an ideal choice for wireless
communications.
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3. Optimization of LLR-BP Algorithm

BP algorithm based on LDPC codes for Tanner graph structure. In the iterative process,
reliability of information passes through the graph edges between nodes. The values obtained through
a number of iterations tends to be stable, optimal decoding decisions accordingly. BP algorithm is
used in LDPC codes, there are more close to the Shannon capacity limit performance. The main idea
of BP algorithm is the transmission of information in the Tanner graph through updating of
information between variable nodes and check nodes with the preset iterations.

The complexity of the algorithm can greatly reduce, if using the likelihood ratio to represent the
transmission information that between nodes. The algorithm is called logarithmic domain likelihood
ratio belief propagation algorithm, referred to log-domain BP algorithm or LLR-BP algorithm.

3.1 Optimization of Variable Message

BP decoding algorithm use received information to iterative calculation in check node and
variable node of the Tanner graph. Variable nodes collect useful message and make a judgment!®!. In
the Tanner graph acyclic or substantially acyclic, variable node message can converge until a posterior
probability while iterative decoding number tends to infinity.

However, in practice applications, limit of LDPC codes length causes the Tanner graph with a
loop exists, a shorter loop the decoding of LDPC codes has a significant performance impact.
Therefore, This paper introduces a multiplicative weakening related factor basis on LLR-BP
algorithm that can compensated variable correlation between the messages in the process variable
message.

Variable node messages processing of LLR-BP optimization algorithm is added a related factor
of multiplicative weakening 4 € (0,1)
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Multiplicative weakening need to determine by simulation. The algorithm adds a multiplication
operation to the iteration and the computational complexity of the algorithm does not increase.
3.2 Simplified Check Node

Simplify validation information updating process of exponential, logarithmic and multiplication
that can reduce the computational complexity of the decoding of each check (variable) node in
LLR-BP algorithm. Therefore, simplified check nodes is an effective method to reduce LLR-BP
complexity!’).
#(x) is a known transfer function:

H(x) = — |n[tanh[%)j — In(zi iﬂ 2)

As we know, #(x) have large function values while the independent variables small. ¢(x)
increases rapidly decay when the independent variables. Function #(x) has the following two
properties:

#(p(x))=x 3
$7(x)=¢(x) @)
In the LLR-BP decoding, the check node calculation can be expressed as:
LLR(')(rij):Ztanh'{ 1 tanh@ LLR“-”(q”)j]: Hsgn(LLR("l)(qij))xq{ D ¢LLR("1)(qijU ()
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(1) is the number of iterations.
Based on the analysis nature of function, simplify the update process of check message:

(1) When Trni(r;\_‘LLR“f”(qJ > A, check nodes messages will be updated as follows:
JeN(i\j
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A 1s a certain value.
(2)When A__rni(r}\_‘LLR('_l)(qij1<i , a degree d check nodes degree d will sort
TeN(i\j
‘LLR("l)(qij} (T eN(@)\j) as order of small to large. Place the smallest q ] of

‘LLR("l)(qij] (7 eN(i)\ j) into set N,, 2<qg<d —1. Check nodes messages update as:

LLRY(r )= TTson(LLR" (g, ))Xsf{~ > ALLRa, 1} "

IO TeNg (M

In calculating the updated of check nodes messages, the minimum and the second minimum of
argument nodes messages’ absolute value have the greatest impact on reliable information'® 1 is
selected by computing similar parameter value of rapid convergence algorithm in Literature [9],
therefore 4 =5.3.

According to this two methods, the computational of improved algorithm is less complexity than
LLR-BP. Moreover, the decoding performance of improved algorithm is almost consistent with
LLR-BP .

4. Simulation Analysis

Simulation analysis LDPC decoding algorithm impact on system performance based on different
factors in LDPC MIMO-OFDM system. This paper compares the BER performance of the system.
The basic parameters are set as follows: Simulation experiments use irregular QC-LDPC codes, code
length n=1010 bit, code rate R=1/2, coding method based on Gaussian elimination, decoding
algorithm using LLR-BP algorithm and improved algorithm, decoding iterations number is 50.
Rayleigh fading channel, multipath number is 6.

4.1 Different Iterations Effect on the System

LDPC code has a sparse parity check matrix H, so that it has the characteristics of random code.
Iterative decoding algorithm made a longer LDPC codes length. These two factors also make LDPC
codes have excellent error correction performance channel. This paper use different iterative number
of LLR-BP to simulation.

Eb/Mo (dE)

Fig.1. Effect of Different Iterations to the System

As can be seen in Fig.1, with the increasing number of iterative decoding, system error rate
gradually decreased, and the larger number the faster convergence. A "waterfall area™ appear Between
SNR 7 ~ 9Db. The number of decoding algorithm iteration have a great impact on the performance of
LDPC decoding. However, when the number of iterations large enough, widely increases the number
of iterations have no obvious improvement on the BER performance, such as compare the result of
50 iterations with 100. Therefore, we can not blindly increase the number of iterations to improve
system performance, besides, increasing the number of iterations will increase decoding time, which
resulted in reducing the effectiveness of communication system.

181



4.2 Different Modulation Mode Effect on the System

Transmitted messages by LDPC encoding required constellation mapping, different modulation
mapping will have a direct impact on LDPC-MIMO-OFDM. Figure 5 shows BER performance while
the modulation scheme is BPSK, QPSK, 8PSK, 16PSK and 32PSK.

SMR/E

Fig.2. Comparison of Different Modulation

In Fig.2, with gradually increases of hexadecimal number, BER performance of the system is
getting worse. Besides, BPSK get optimal performance, 32PSK get the worst performance. With the
hexadecimal number increasing, the difference between message symbols become small. Therefore,
decision is more difficult when demodulating. With the decrease of hexadecimal number, bandwidth
efficiency is reduced, which resulted in wasting of spectrum resources. Therefore, modulation is
important to LDPC-MIMO-OFDM system.
4.3 Different Antenna Number Effect on the System

Multi-antenna system resist fading by using multiple antennas transmit and receive diversity.
Therefore, the number of transmit and receive antenna is a main factor affecting the channel capacity
and reliability of the system.

SNR/dB

Fig.3. Comparison of Different Antenna Number

This experimental simulations using multiple transmitting and receiving antennas. As can be
seen in Fig.3, using 2 transmit 2 receive antenna works best, the improved algorithm improved BER
0.05~0.1dB during SNR 7~8dB, but improved algorithm do not have a obvious performance improve
at other SNR.
4.4 The Number of OFDM Subcarriers Effect on the System

As can be seen from Fig.4, the solid line shows that LDPC-MIMO-OFDM system BER
performance is reduced while the number of OFDM subcarriers is gradually increased. This is due to
the increased number of subcarriers, the high speed transmission data stream turn into lower speed
data streams. Therefore system anti-frequency selective fading performance have effectively
improved so that BER performance has been gradually improved.
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The dotted line results is the improved algorithm. Due to LDPC-MIMO-OFDM high complexity
of the system itself, and channel for Rayleigh fading channel, the improved algorithm have less
contribution to resistance to frequency selective fading while the data stream speed becoming low, the
improved performance was not obvious. Improved decoding performance improvement were
maintained at an average level. In the case of a different number of subcarriers, improving decoding
algorithm improve the system performance about 0.1dB whileBER=10".
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Fig.4. Compare the Number of OFDM Subcarriers

5 Summary

This paper firstly introduces LDPC-MIMO-OFDM system, and analyzes the theoretical basis of
the iterative decoding algorithm.Then this paper optimizes the LLR-BP algorithm. Simulation
analyze system performance in case of different variable arguments. Therefore the improved
decoding algorithm do not have a obviously BER improvement of LDPC-MIMO-OFDM system
Improved decoding algorithms do not damage to the system's performance, but there is a stable
tendency.
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