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Iterative Decoding for LDPC Coded MIMO-OFDM Systems with
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ABSTRACT

A multiple input multiple output orthogonal frequency division multiplexing (MIMO-OFDM) system using
low-density parity-check (LDPC) code and iterative decoding is presented. The iterative decoding is performed by
combining the zero-forcing technique and LDPC decoding through the use of the “turbo principle.” The proposed
system is shown to be effective with high order modulation and outperforms the space frequency block code
(SFBC) method with iterative decoding.

1. Introduction

To provide high data rate and reliable commu-
nications for next generation mobile communica-
tion systems, OFDM is an effective technique that
can be applied. By transmitting multiple signals in
parallel on different mutually orthogonal sub-
carriers, robustness against frequency selective fad-
ing and high spectral efficiency are achieved us-
ing the OFDM modulation. Furthermore, by using

multiple transmit and receive antennas, enormous
capacity gain can be achieved in rich scattering
environments [1]. It has been shown in [2], by
combining the MIMO technique with error correc-
tion code through “turbo principle” [3], pro-
gressive performance improvement can be ach-
ieved for convolutional coded MIMO-OFDM
systems. LPDC codes [4], originally invented by
Gallager, has received much attention recently due
to its low decoding complexity and performance
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approaching the Shannon limit. In this paper, we
propose a receiver with iterative decoding scheme
for LDPC coded MIMO-OFDM systems with
SFBC encoding. The proposed receiver uses
zero-forcing algorithm with LDPC decoder to iter-
atively detect and decode the transmitted data
through an exchange of soft information increas-
ing the overall performance.

II. System Model

There are three main approaches to MIMO
channel modeling: The correlation or METRA
model, the ray-tracing model, and the scattering
model. The METRA model was used to simulate
the MIMO channel in this paper. The METRA
model characterizes spatial correlation by combin-
ing independent complex Gaussian channel ma-
trices at the transmitter and receiver [8], [9]. For
multipath fading, the ITU model [10] is used to
generate the power delay profile and Doppler
spectrum. Since this model is based on ITU’s
generalized tap delay line channel model, the
model is simple to use and backward compatible
with existing ITU channel profiles. The procedure
for generating MIMO channel characteristics from

Table 1. MIMO channel parameters

the METRA model is shown in Fig. 1. The pro-
cedure is divided into two major phases. In the
first phase, a correlation matrix is generated for
each mobile station (MS) and base station (BS)
based on the number of antennas, antenna spac-
ing, number of clusters, power azimuth spectrum
(PAS), azimuth spread (AS), and angle of arrival
(AoA). These two correlation matrices are com-
bined to create a spatial correlation matrix using
the Kronecker product. In the second phase, a
correlated signal matrix is created using fading
signals derived from various Doppler spectra and
power delay profiles, and a symmetrical mapping
matrix based on the spatial correlation matrix.
Some of the parameters that can be used in the
METRA channel model are shown in table 1
(source: 3GPP TR 25.876).

Furthermore, we consider MIMO-OFDM systems
with M transmitting and N receiving antennas.
The data symbols are LDPC encoded using
Richardson’s parity check matrix [5] shown in Fig.
2, where A is (m-g)x(h-m), B is (m-g)xg, T is
(m-g)x(m-g), C is gx(n-m), D is gxg, and E is
g*(m-g) binary matrices.

coeCaseA b KaseBoo o 1 CaseC oo CaseDy
Rayleigh: - Macrocell S Macrocell Microcell/Bad-urban
- unconelated L Peda L Veha PedB
Number of paths 1 4 6 6
PDP N/A ITU Pedestrian A ITU Vehicular A ITU Pedestrian B
Doppler spectrum Classical Classical Laplacian Laplacian
Speed(kmyh) 3/40/120 3/40/120 3/40/120 3/40/120
Topology N/A 0.5\ spacing 0.5) spacing 0.5) spacing
PAS N/A Path#1, Rician, K=6dB Laplacian, AS=35 Laplacian, AS=35
VE (Uniform over 360) {Uniform over 360) (Uniform over 360)
DoM(deg) NA (/] 25 22,5
22.5(odd paths)
AOA(deg) N/A 25 67.5(all path) -67.5(even paths)
Uniform linear array:
Topology N/A 1)0.5A spacing
2) 4.0A spacing
Node B PAS NA ;“;,f;la‘:mSﬂ"/sn Laplacian, AS=2%/5° Laplacian, AS=295°
or 2 . S aﬂ"‘gh‘- 500 for 2° RMS angle 50° for 2°RMS angle
Spreac per pa spread per path spread per path
AOA N/A 20°for 5°RMS angle 20° for 5° RMS angle 20°for 5°RMS angle
spread per path spread per path spread per path
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Figure 1. METRA MIMO model generation

Figure 2. Richardson’s parity check matrix

The LDPC encoded symbols are interleaved
and SFBC [6] encoded across frequency i and
i+] that can be expressed as

dM —1 dM ]T (1)

< { d d, d, d,
~d; di-d; d; - -d, d,

where (@) and (@) represent transpose and
conjugate operations. The symbols across the row
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1 in (1) represents the SFBC encoded symbols on
frequency i and the symbols across the row 2
represents the SFBC encoded symbols on fre-
quency i+1. As for the symbols across the col-
umns j in (1), they represent the data to be trans-
mitted using antenna j. The SFBC encoded sym-
bols are transformed into OFDM symbols through
IFFT operation and transmitted across M antennas.
At the receiver, receive antenna receives MIMO
signals, First, CP is removed from each received
signals. Processed by FFT blocks, the time domain
signals are transformed into frequency domain
signals. Since we are processing subcarrier re-
ceived signals, the received signal is represented
as

R=HX* +Z* V)

where R € V7 is the received signal, and

Ky ke - B
HE = Wy Ko - Brom
hkN,l hkN,Z e hkN,M

is the channel with complex coefficients modeling
random phase shift and channel gain, X* € &7
is the transmitted SFBC signal, Z* € V7 is the
AWGN, T is the codeword length in frequency
and k =1 - L.

Il. Proposed System

Fig. 3 shows the proposed receiver with iter-
ative decoding for LDPC coded MIMO-OFDM
system with SFBC encoding. The signals trans-
mitted from each transmitting antennas are re-
ceived by N antennas and transformed into fre-
quency domain signals using FFT operation. The
zero-forcing a posteriori probabilities(ZF-APP) de-
tector contains a zero-forcing(ZF) detection unit
and a log-likelihood ratio(LLR) computation unit.
The ZF detection unit takes OFDM demodulated
signal and SFBC decoding is done using a nul-
ling matrix given by [2]
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Figure 3. MIMO-OFDM receiver with iterative decoding
Gk = (JkHJk)-leH (3)

where (')T represents hermitian operation, and
for 4x2 antenna configurations J can be expressed
as

1 k k
Bao B B B
k ¥
Ha  B'n Bn b
o . . o
RPRREY LR LI A

o . . X
Rn —h*'n K -k

I =

where h;j are independent complex Gaussian
channel coefficients for j" transmit and i” receive
antenna arrays. The LLR computation unit com-
putes the LLR by using the ZF detection unit
output and a priori information from the LDPC
decoder in an iterative manner. The LLR for ith
bit and jth transmitting antenna may be written as
P, =0|R) ,Zs:nP(R I X)P(X)
P, =1{R)  ~ Y P(R|X)P(X)

Xe§

L(b))=log @

where So = {X: bij = 0} is the set of code-
words X such that b = 0. The LDPC decoder
receives the deinterleaved LLR for each bit and
estimates the value of each bit by using the
sum-product algorithm.

IV. Results

Simulations were performed using OFDM sym-
bols with the number of subcarriers equal to 1024
and the carrier frequency set to 2GHz. The
METRA channel model [7], which is based on

independent transmitter and receiver spatial
correlation matrices, with the ITU pedestrian A
delay profile with mobile speed of 3km/h was
used to model the MIMO channel. A regular 1/2
rate LDPC code using Richardson’s H matrix as
described in the previous section was employed.
In addition, we assume perfect channel estimation
and synchronization at the receiver. Fig. 4 shows
the packet error rate (PER) results using the
proposed ZF-APP detector with different iterations
for 2x1 antenna configuration with 1/2 rate LDPC
code and QPSK modulation. PER result using the
conventional SFBC scheme with same 1/2 rate
LDPC code is also shown for performance
comparison. It is shown that the performance of
ZF-APP is similar to the conventional SFBC
scheme for the first iteration. However, with
increasing iterations, we could see the
performance improvement with ZF-APP detection.
A PER of 107 is achieved at an Eb/No of ~
6.2dB after three iterations. Fig. 5 shows the

results for 2x1 antenna configuration

—=— ZF-APP (no. of iteration = 1)
10* | [~®~ ZF-APP {no. of iteration = 2)

& ZF-APP (no. of iteration = 3)
—v— SFBC

Es/No, dB

Figure 4. PER performance of MIMO-OFDM systems
with QPSK modulation

10°

—W— 2F-APP (no. of ftaration = 1
10 b |~%— 2F-APP (no. of eration = 2)
4~ ZF-APP {no, of iteration = 3)
—v— SFBC

10°* ——
4 5 6 7 8

Es/No, dB

Figure 5. PER performance of MIMO-OFDM systems
with 16-QAM modulation
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and 16-QAM modulation. We can observe that
the ZF-APP outperforms the SFBC with increas-
ing iterations and achieves PER of 107 at an
Eb/No of ~7.4dB after three iterations using
16-QAM modulation.

V. Conclusions

We have investigated the use of iterative de-
coding based on zero-forcing detection and LDPC
decoding in a MIMO-OFDM environment. It was
shown that the proposed scheme performs effec-
tively with high order modulation and outperforms
the SFBC method with iterative decoding.
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